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Declaration by the scientific representative of the project coordinator (1)
I, Prof. Stefan Blankenberg UNIVERSITAETSKLINIKUM HAMBURG-EPPENDORF , as scientific
representative of the coordinator of the project BiomarCaRE and in line with the obligations as stated in Article
II.2.3 of the Grant Agreement declare that:

The project has achieved most of its objectives and technical goals for the period with relatively minor
deviations.

The attached periodic report represents an accurate description of the work carried out in this project for this
reporting period.

The public website is up to date.

To my best knowledge, the financial statements which are being submitted as part of this report are in line with
the actual work carried out and are consistent with the report on the resources used for the project (section 6)
and if applicable with the certificate on financial statement.

All beneficiaries, in particular non-profit public bodies, secondary and higher education establishments,
research organisations and SMEs, have declared to have verified their legal status. Any changes have been
reported under section 5 (Project Management) in accordance with Article II.3.f of the Grant Agreement.

Name Prof. Stefan Blankenberg
UNIVERSITAETSKLINIKUM
HAMBURG-EPPENDORF

Date 31/05/2016

This declaration was visaed electronically byBiomarCaRE COORDINATOR(ECAS user name ncoordbi) on
31/05/2016
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1. Publishable summary
Summary description of project context and objectives

Biomarkers are considered as tools to enhance cardiovascular risk estimation. However, the value of
biomarkers on risk estimation beyond European risk scores, their comparative impact among
different European regions and their role in the drive towards personalised medicine remains
uncertain. Based on harmonised and standardised European population cohorts we have built
significant research collaboration, expertise and infrastructure in the EU. We apply highly innovative
SME-driven technologies and perform large-scale biomarker determination to assess the predictive
value of existing and emerging biomarkers.

Selection of emerging biomarkers is based on integrated cutting-edge quantitative proteomic,
transcriptomic, metabolomic, and miRNomic datasets established by private and public consortium
members. Existing biomarkers are selected based on their association with cardiovascular risk and
phenotypes. After SME-guided development of innovative assay systems biomarkers are tested and
validated in a stepwise fashion among European populations in population and diseased cohorts. In
addition to their impact on risk prediction, their association with lifestyle determinants and
cardiovascular phenotypes assessed by ultrasound and MRI technique is evaluated.

The overall goal was to establish a BiomarCaRE panel of selected biomarkers, which leads to
improved disease prediction among different European populations. International collaborations with
world-class clinical trial investigators added data on the interaction of the BiomarCaRE panel with
risk-lowering medication and lifestyle changes. The most promising biomarkers underwent an
economic assessment. This determination of cost-effectiveness guides further clinical evaluation.

Description of work performed and main results

Reporting Period 3 is characterised by full-scale biomarker measurement and data analysis.

The Cavadis 4-plex assay (WP2) and the Biocrates AbsoluteIDQ p180 Kits (WP4) were successfully
applied in measuring biomarkers. An effective ELISA protocol for one of the candidate biomarkers
of the 4-plex assay (serpin F2) was applied in the case cohort setting. In addition, a further effective
ELISA protocol has been developed for a transcriptomics-based candidate biomarkers (GPR15) that
has provided utility in analysis of samples (WP3).For 21 miRNAs an advanced miRNA assay was
designed, including miR-21, miR-150-3p, miR-210, miR-223, miR-423-5p, miR-451a, miR-718,
miR-1228-3ü, miR-1238-3p, miR-1273f, miR-4298, miR-4459, miR-4787-3p, miR-1825, miR-3135,
miR-34a, miR-133a, miR-133b, miR-378, miR-499a, miR-16 (WP5)

Biomarker data from phase I cohorts, the SerpinF2 ELISA, and the metabolite assay were completed
and data were transferred to THL. Sets of biomarkers have been measured in Phase II cohorts (GHS
and MONICA Italy Rome finished, Catalonia ongoing). Transcriptomics-based biomarkers GPR15
and CRIP1were measured in selected cohorts. Final miRNA panel was tested and validated with first
measurements started (WP6).

The data harmonization has continued to be a successful process and has produced a valuable data
resource and infrastructure not only for BiomarCaRE but also for future collaborative research on
biomarkers and cardiovascular diseases. Data analysis has provided clearly significant results (WP7):
• We found that the addition of troponin I to variables of established risk score improves prediction
of cardiovascular death and cardiovascular disease.
• We disproved an old hypothesis according to which excess and winter peaks in cardiovascular
disease and death in temperate countries were caused by hypovitaminosis D.
• We added to the knowledge about the social gradients of coronary heart disease (CHD) death rate
by observing that in Central and South European populations they were explained largely by
inequalities in case fatality of heart attacks whereas in the north they were mostly explained by
differences in CHD incidence. The major determinant of inequalities in CHD incidence were
smoking in men and HDL cholesterol in women.
• We demonstrated that even at older ages, smoking cessation is beneficial in reducing the
cardiovascular, cancer and mortality excess risk caused by smoking.
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As for the economic assessment, the results confirm the current ESC guidelines for preventive lipid
lowering medication. In patients recommended to receive statins according to the guidelines, there is
no role for an additional combined biomarker test. The most effective and cost-effective strategy is to
give statins to all in this group.
In individuals with lower risk who are not recommended to receive statins without further testing or
lifestyle intervention, the results indicate that there may be a role for this test. Additional quality
adjusted life years may be gained if more individuals are given statins. The most effective strategy is
to give statins to all above a biomarker score of -0.75SD below the mean score. Depending on the
willingness-to-pay threshold, this strategy may not be cost-effective. With a threshold of
€50,000/QALY, the most cost-effective strategy is to give statins to all above a biomarker threshold
above +1SD above the mean score. This strategy would potentially yield 3.65 quality-adjusted life
days per person.

Expected final results and potential impacts

Highly efficient, collaborative risk factor collection and identification pushed European
population-based research into the leading international position. Consequently, the next step should
be the orchestrated, target-oriented assessment of cardiovascular risk at the population and individual
level, based on the precious groundwork of past decades. Individualized risk prediction is mandatory
for public health policies that aim to reduce the overall population risk of cardiovascular disease.
Biomarkers are expected to support identification, risk assessment, clinical decision-making and
clinical outcomes in cardiovascular disease. This explains the interest of a European global operating
diagnostic company in this consortium. Also pharma industry is highly interested in biomarkers.
They are looking for solutions to increase technical success rate and reduce R&D costs. Only 8% of
new compounds entering phase I trials finally reach the market. To increase success rate, biomarker
based results obtained much earlier on in the development process can be a decisive factor in
determining whether or not to continue research on a compound.

Potential impact:

Scientific and technological
• Implementation of highly innovative, emerging biomarkers by SMEs;
• Assessment of incremental benefit over existing risk prediction by use of biomarkers;
• Evaluation of emerging biomarkers for cardiovascular risk prediction across European populations;
• Detection of subclinical disease based on imaging data;
• Appraisal of cost effectiveness of biomarker use.
• SME driven technological innovations towards (1) establishment of emerging biomarker assays and
(2) translation into every day clinical practice (e.g. point-of-care).

Public health
• Biomarker driven cardiovascular risk assessment to guide and enforce public health activities;
• Contribution to the development of personalised medicine by testing the interaction between
lifestyle/biomarker and medication/biomarker;
• Optimize cost-benefit ratios through biomarker guided interventions;
• Increase public awareness of cardiovascular disease risk in politics, lay populations, science, and
funding agencies;
• Good visibility of biomarker research through BiomarCaRE will continue to strengthen its role and
advocate improved population-based health in an international, global community;
• Potential to decrease cardiovascular disease incidence and morbidity and consequently increase life
expectancy and promote healthy ageing.

Economical
• Establishment of private-public partnerships through a research pipeline that involves the efforts of
SMEs and academic/public partners throughout the different levels within the programme.
• BiomarCaRE is expected to reach beyond the collaboration between private and public partners of
the consortium as any opportunities to create synergies between the biomarker providing SMEs and
novel technology delivering companies are expected to evolve during the course of the project and
potential multiple applications and spin-off collaborations with global pharma and diagnostic
companies.
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• Impact on pharmaceutical companies for new therapies with higher efficacy in smaller targeted
patient groups through the use of biomarkers that can serve as surrogate measure of outcome to test
safety and efficacy of the various drugs under development.

Project public website address: http://www.biomarcare.eu

2. Core of the report
Project objectives, Work progress and achievements, and project management during the
period

The Project Summary Pdf document contains the core of the report.
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3. Deliverables and milestones tables

Deliverables (excluding the periodic and final reports)

Del.
no.

Deliverable name VersionWP no. Lead beneficiary Nature Dissemination
level

Delivery date from
Annex I (proj

month)

Actual / Forecast
delivery date

Status Comments

1 List of selected biom arke
rs

1.0 1 UNIVERSITA
ETSKLINIKUM

HAMBURG-
EPPENDORF

Report CO 5 30/05/2013 Submitted

1 Immunoassays 1.0 2 CAVADIS BV Other CO 18 30/05/2013 Submitted

1 Immunoassays for tran
scriptome biomarkers

1.0 3 FLEET BIOP
ROCESSING

LIMITED

Report CO 54 31/07/2015 Submitted

1 Metabolomics assays 1.0 4 BIOCRATES
LIFE SCIENCES

AG

Other CO 39 31/07/2015 Submitted

1 Method for miRNA mea
su rement

1.0 5 UNIVERSITA
ETSKLINIKUM

HAMBURG-
EPPENDORF

Other CO 54 31/03/2016 Submitted

1 Biomarker data 1.0 6 UNIVERSITA
ETSKLINIKUM

HAMBURG-
EPPENDORF

Other CO 54 31/03/2016 Submitted

1 BiomarCaRE panel and
im pact

1.0 7 TERVEYDEN JA
HYVINVO

INNIN LAITOS

Report CO 54 31/03/2016 Submitted

1 Biomarker data analys is 1.0 8 HELMHOLTZ
ZENTRUM MU
ENCHEN DEU
TSCHES FOR

SCHUNGSZEN
TRUM FUER

GESUNDHEIT
UND UMWELT

GMBH

Report CO 54 31/03/2016 Submitted

1 Economic biomarker as
sessment

1.0 9 UMIT- PRIVATE
UNIVERSITAT

Report CO 54 31/03/2016 Submitted
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FUER GESU
NDHEITSWIS

SENSCHAFTEN,
MEDIZINISCHE
INFORMATIK

UND TECHNIK
GMBH

1 Project website online 1.0 10 RESEARCH N
ETWORK SER

VICES LIMITED

Other PU 3 30/05/2013 Submitted

2 Ethical approvals 1.0 10 TERVEYDEN JA
HYVINVO

INNIN LAITOS

Report CO 5 30/05/2013 Submitted

3 Final management repor t 1.0 10 UNIVERSITA
ETSKLINIKUM

HAMBURG-
EPPENDORF

Report CO 54 31/03/2016 Submitted

1 Final impact report 1.0 11 FLEET BIOP
ROCESSING

LIMITED

Report PU 54 31/03/2016 Submitted

Milestones

Milestone
no.

Milestone name Work package no Lead beneficiary Delivery date from
Annex I

Achieved Yes/No Actual / Forecast
achievement date

Comments

1 Relevant marker sele
ction data

1 UKE 31/01/2012 Yes 31/01/2012

3 Biomarker eligibility cri
teria

1 CAVADIS 29/02/2012 Yes 29/02/2012

2 Exosome extraction and
normalization method d

efined

2 CAVADIS 31/01/2012 Yes 31/01/2012

5 Identification of ex
osome protein biomar
ker panels for primary
and secondary events

2 CAVADIS 31/05/2012 Yes 31/07/2012 M8 for secondary, M10
for primary

10 Two exosome protein
multiplex assays transfer

red

2 CAVADIS 31/03/2013 Yes 30/06/2013 1 multiplex Luminex
assay for the secondary--
# and 1 ELISA for the pri
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mary study

11 Transcriptome immuno
assays transferred to Pa

rticipants 1 (UKE)

3 FLEET 31/05/2015 Yes 31/05/2015 completed fully for the S
erpin F2 ELISA

4 FIA/LC/MS--# MS assa
y

4 BIOCRATES 31/03/2012 Yes 31/05/2012

8 Absolute IDQ p180 kits,
first set

4 BIOCRATES 30/09/2012 Yes 04/03/2014

9 Concept multiplex assay 5 BIOCARTIS 31/12/2012 Yes 30/09/2012 POC achieved for 3--#
plex concept assay. Fur

ther development is
ongoing

7 Phase 1 samples 6 UKE 30/09/2012 Yes 31/05/2013 Samples of phase 1 c
ohorts available at partn
er 1 laboratories, No. of

samples, IDs, and v
olume available & ma
tched information pr
ovided by the cohorts

6 Interim report for report
ing period

10 UKE 31/07/2012 Yes 15/06/2012

15 Absolute IDQ p180 Ki
ts, second set

4 BIOCRATES 30/11/2014 Yes 11/11/2014

22 Implementation of the
model and technical deb

ugging finished

9 UMIT 30/11/2014 Yes 30/11/2014

12 Phase 1 biomarker data 6 UKE 31/07/2015 Yes 31/07/2015 Measurements of Phase I
biomarkers in Phase I

cohorts finalized

13 Phase 2 samples 6 UKE 30/04/2015 Yes 30/04/2015 Phase II samples mostley
available at UKE lab

oratory

21 Phase 2 biomarker data 6 UKE 29/02/2016 Yes 29/02/2016 Phase II cohorts started,
Monica Rome, GHS me
asured, formatted and dat
a transferred, analyses o

ngoing for Catalonia

14 Selection of biomarkers
for Phase 2 laboratory

7 THL 30/06/2015 Yes 12/09/2015 Decision by the Steering
Group
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analysis

17 Risk estimation models 7 THL 29/02/2016 Yes 31/03/2016 Multiple biomarker h
azard models were added
to the routine analysis, S
pecific risk estimation m
odels are being tailored
continually for different
end-points in the various

analysis projects

20 Draft of model structure
with health states and ev

ents completed

9 UMIT 31/05/2014 Yes 31/05/2014

16 Interim report for report
ing period 2

1 UKE 31/01/2014 Yes 31/01/2014 Protocol of extended
Steering Group meeting

19 Training, dissemination
and exploitation plans

11 FLEET 31/03/2014 Yes 31/03/2014

23 Selection of biomarkers
for the BiomarCaRE Pa

nel

7 THL 30/06/2015 Yes 31/03/2016 Preliminary selection of
ten established biomarker

s (see D7.1)

24 Feasibility of a multi-ma
rker panel for the diagno
sis or prognosis of cardi

ovascular diseases

7 CAVADIS 30/11/2015 No 30/11/2015 due to insufficient predi
ctive value the 4-plex Lu
minex assay cannot be
further developed as a

multi-marker panel for th
e diagnosis or prognosis
of cardiovascular disease

25 Samples of clinical trials 6 UKE 31/12/2014 Yes 31/12/2014 Samples available at
UKE laboratory

26 Statistical analysis plan 8 UULM 29/02/2016 Yes 31/03/2016

27 BiomarCaRE Panel data
in clinical trial

8 UKE 31/12/2015 Yes 29/02/2016

28 Cost data included in
model, cost-effectivene
ss analysis can be perfor

med

9 UMIT 31/07/2015 Yes 31/07/2015
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4. Explanation of the use of the resources
The explanation on the use of resources was removed from the scientific periodic reports in SESAM. These deta ils now have to be entered in the cost statement forms in
FORCE instea d.
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Attachments BiomarCaRE_RP3_core_2016-05-30_f.pdf

Grant Agreement number: 278913
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Project end date: 31/03/2016
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project's coordinator and organisation:
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Name

Date 31/05/2016
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2.	Core	of	the	report	
	

Project	Objectives	
	
Cardiovascular	risk	assessment	based	on	classical	risk	factors	only	partially	explains	the	distribution	
of	risk	in	the	general	population,	and	provides	variable	results	across	European	regions	(Kuulasmaa	
et	al.,	Lancet,	2000;	Conroy	et	al.,	Eur	Heart	J,	2003).	Novel	biomarkers	have	been	associated	with	
cardiovascular	risk.	However,	the	improvement	of	risk	estimation	needs	to	be	assessed	across	
European	regions.	Biomarker	discovery	and	validation	studies	in	the	field	of	coronary	artery	disease	
have	not	led	to	the	widespread	application	of	new	diagnostic	technologies	in	primary	prevention	or	
in	a	clinical	setting	so	far.			
	
In	the	BiomarCaRE	consortium,	private	and	public	partners	cooperated	to	combine	(1)	innovation	
in	biomarker	discovery	for	cardiovascular	disease	prediction	with	(2)	a	validation	of	biomarker	
effectiveness	in	a	large	collaboration	of	well-defined	European	cohorts	in	population	and	diseased	
cohorts,	based	on	a	long-standing	history	of	epidemiological	data	harmonization.	The	BiomarCaRE	
consortium	measured	success	in	terms	of	technology	development	and	subsequent	clinical	utility.	An	
academic	participant	coordinated	the	consortium	but	the	focus	of	the	research	plan	was	constructed	
around	the	emerging	biomarkers	and	innovative	technology	derived	from	SMEs.		
	
The	primary	objective	of	the	BiomarCaRE	consortium	was	to	establish	the	value	of	existing	and	
emerging	biomarkers	potentially	leading	to	an	integrated	panel	for	cardiovascular	disease	
prediction.	Innovative	assays	were	developed	and	tested	and	could	subsequently	be	
commercialised	in	a	clinical	setting	or	as	a	point-of-care	test.	To	achieve	the	objectives,	the	
consortium	performed	a	multilevel,	integrated,	continuous	work	flow	by	selection	of	biomarkers,	
assay	development	and	assay	selection	,	measurement	of	biomarkers	and	statistical	analyses.	 	
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Work	progress	and	achievements	during	the	period	
	

WP	1	Selection	of	existing	and	emerging	biomarkers	related	to	cardiovascular	
disease	
	
Workpackage	1	was	completed	in	reporting	period	1.	
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WP	2	Assay	development:	exosome		
	
Progress	towards	objectives	and	details	for	each	task	
	
The	deliverable	and	milestones	for	these	tasks	have	been	described	in	the	previous	reports.	The	
summary	of	the	previous	reports	has	been	printed	in	italics:	

- Cavadis	has	driven	the	development	of	one	of	its	deliverables	close	to	commercialization.	
Product	is	manufactured	and	packaged	by	Future	Diagnostics.	Cavadis	has	developed	user	
manual,	material	safety	data	sheet,	logo	and	an	XTRΛCTT™	webpage	and	has	been	probing	
the	interest	of	third	parties	to	inlicense		XTRΛCTT™.		

	
The	competitive	market	for	exosome	isolation	proedures	has	been	emerging	the	last	two	years.	The	
XTRΛCTT™	kit	has	been	applied	by	researchers	active	in	BiomarCare	with	consistent	results.	
However,	the	demands	of	the	market	for	purified	and	more	fractionated	exosome	samples	will	make	
it	difficult	to	generate	a	strong	business	case	at	this	moment	fort	the	XTRΛCTT™	kit.		

- SerpinF2	was	measured	in	two	additional	cohorts:	Brianza	cohort	(n=655)	and	KORA	cohort	
(n=712).		In	2014,	the	Steering	Committee	decided	to	have	all	Brianza	and	KORA	
measurements	re-done	during	summer	and	the	statistical	analyses	were	delivered	in	August	
2014.	SerpinF2	results	showed	some	predictive	value,	but	not	a	strong	as	in	the	PROSPECT	
and	FinRisk	cohorts.	According	to	the	statisticians	there	were	not	enough	events	to	
demonstrate	predictive	value.	The	Steering	Committee	decided	that	more	data	were	needed	
to	reach	conclusive	results	and	Serpin	F2	measurements	will	continue	in	additional	cohorts.	

- Partner	Fleet	Bioprocessing	developed	the	separate	SerpinF2	ELISA	assay	and	tested	a	series	
of	50	exosome	lysates	on	its	ELISA	assay	and	compared	the	results	with	theSerpinF2	data	of	
the	4-plex	Luminex.	The	two	tests	showed	an	excellent	correlation	for	SerpinF2.	The	assay	
was	sensitive	enough	to	start	measuring	SerpinF2	concentrations	in	the	BiomarCaRE	
population	based	cohorts.	Fleet	delivered	SerpinF2	ELISA	250	kits	to	UKE	in	August	2013.	
Detailed	report	of	the	SerpinF2	ELISA	development	will	be	provided	by	FLEET	

	
					

	
	
The	final	results	from	the	Moli-Sani	and	Glostrup	cohorts	were	demonstrated	during	the	last	annual	
BiomarCare	meeting	(see	above).	It	appears	that	high	levels	of	exosomal	Serpin	F2	was	associated	
with	lower	event	numbers	in	both	men	and	women.	The	concept	was	that	the	test	would	be	specific	
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for	female	gender,	but	sex	specific	differentiation	could	not	be	confirmed.	After	adjustment	for	
established	risk	factors	the	predictive	value	was	not	strong	enough	to	consider	further	
commercialisation.	Cavadis	has	contacted	a	global	operating	diagnostic	company	to	discuss	the	
results	but	this	confirmed	our	idea	that	we	should	not	further	pursue	the	commercialisation	of	the	
singleplex	kit.		
	
	

- The	BiomarCaRE	Steering	Committee	decided	to	test	the	4-plex	Luminex	assay	in	two	
diseased	cohorts:	Atherogene	(n=2700)	and	Karola	(1140)	as	well	as	in	the	case	cohort	set	of	
the	population	–based	cohort	Moli-Sani	
	
please	see	WP7	for	details.		

	
	
Deliverables	
	
No	deliverables	due	in	reporting	period	3.	
	
Milestones		
	
No	milestones	due	in	reporting	period	3.	
	
	
Use	of	resources	
	
The	overall	use	of	resources	 is	according	to	the	progress	reported	and	includes	the	continuation	of	
the	patent	application	process,	as	discussed	in	conjunction	with	the	second	periodic	report	In	spite	of	
the	decision	to	not	commercialize	the	4-plex	test	based	upon	the	current	data,	Cavadis	aims	to	sell	
the	patent	rights	to	third	parties	for	whom	the	4-plex/SerpinF2	data	may	be	useful	in	the	context	of	a	
larger	biomarker	panel.			
The	individual	person	months	are	given	in	the	financial	statements.	
	
	 	



Pagle	5	of	76	
C	O	N	F	I	D	E	N	T	I	A	L	C	O	N	F	I	D	E	N	T	I	A	L	

WP	3	Assay	development:	transcriptome		
	
Progress	towards	objectives	and	details	for	each	task:	
	
	
Task	3.1:	Assay	Development	for	Transcriptomics-derived	Biomarkers	
The	biomarker	panel	initially	agreed	for	development	within	Workpackage	3	comprised	ELISAs	for	
the	following	four	biomarkers:	

• Serpin	F2,	aka	α2-antiplasmin	or	plasmin	inhibitor	
• ATP-binding	cassette	transporter	protein	A1	(ABCA1)	
• ATP-binding	cassette	transporter	protein	G1	(ABCG1)	
• G-protein	coupled	receptor	15	(GPR15,	aka	GPCR15)	

During	Reporting	Period	2,	R&D	work	on	ABCA1	and	ABCG1	was	discontinued.	The	BiomarCaRE	
project	team	proposed	new	candidates	for	which	ELISAs	could	be	developed.	Based	on	input	from	
UKE	and	UMCU,	the	following	candidates	were	agreed	for	further	attention:	

• Lamin	A/C	
• MYADM	
• Titin	
• MST-4	

The	serpin	F2	ELISA	was	adapted	from	an	existing	fluorescent	multiplex	immunoassay	developed	by	
CAVADIS	in	collaboration	with	Future	Diagnostics,	the	format	of	which	was	unsuitable	for	the	
BiomarCaRE	application.	All	other	ELISAs	were	ab	initio	developments.	
Following	adverse	experiences	with	the	ABCA1	development,	it	was	considered	appropriate	to	avoid	
the	use	of	unvalidated	commercial	reagents,	and	instead,	where	possible,	to	generate	well-
characterised	antigen	and	antibodies	within	the	BiomarCaRE	project	for	use	as	the	basis	of	ELISA	
development.	This	approach	was	followed	throughout	the	third	reporting	period.	
Serpin	F2	
At	the	start	of	the	reporting	period,	the	assay	design	for	the	serpin	F2	ELISA	had	been	established	
and	successfully	transferred	to	UKE.		
Issues	were	observed	during	May	2015	with	lower	signal	than	expected	being	recorded	for	the	high	
standards.	Fresh	standards	were	manufactured	and	freeze-dried	to	replace	the	standards	in	use	at	
UKE	which	were	stored	frozen.	However,	initial	results	with	the	new	standards	remained	lower	than	
expected	(approximately	OD	1.3	for	top	standard	compared	to	the	expected	OD	of	2).	Following	
further	investigation,	this	issue	was	traced	to	a	particular	bottle	of	substrate,	with	replacement	of	
the	substrate	resolving	the	problem.	
Since	this	incident,	no	issues	were	noted	with	the	assay	and	the	performance	of	the	serpin	F2	ELISA	
continued	to	meet	the	design	requirements	for	the	remainder	of	the	case	cohort	testing	programme.	
	
ABCA1	
On	review	by	the	BiomarCaRE	project	team	(Tromsø,	18th	June	2014)	it	was	agreed	that	no	further	
work	would	be	carried	out	on	ABCA1.	This	was	reported	as	part	of	Reporting	Period	2.	
	
ABCG1	
On	review	by	the	BiomarCaRE	project	team	(Tromsø,	18th	June	2014)	it	was	agreed	that	no	further	
work	would	be	carried	out	on	ABCG1.	This	was	reported	as	part	of	Reporting	Period	2.	
	
GPR15	
At	the	start	of	this	reporting	period,	recombinant	GPR15	was	not	available	from	UKE	for	use	as	
antigen	to	raise	antibodies	for	assay	development.	Fleet	had	submitted	a	proposal	for	consideration	
whereby	Generon	Ltd.	(Maidenhead,	UK)	would	be	contracted	to	produce	a	peptide-based	GPR15	
antigen	for	use	generating	antibody	reagents	that	Fleet	would	then	use	for	assay	development.	This	
proposal	was	reviewed	by	the	BiomarCaRE	project	team	and	implemented.	
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Monoclonal	antibody	development:	A	peptide	antigen	based	on	GPR15	residues	1	to	30	was	
generated	and	used	to	raise	both	polyclonal	and	monoclonal	antibodies.	By	the	time	that	the	
monoclonal	antibodies	became	available,	UKE	had	been	able	to	supply	full	length	recombinant	
GPR15	lysate	for	use	characterising	the	antibodies.	From	the	monoclonal	fusions,	42	initial	hits	were	
identified	against	the	peptide	antigen.	Unfortunately,	none	of	these	hits	bound	to	the	full	length	
recombinant	GPR15.	

Fusion	
supernatant	

Generon	
GPR15	
peptide-BSA	
@	1ug/mL	

Fleet	Full	
Length	
GPR15	(UKE)	
@	10ug/mL	

Fleet	BSA	@	
10ug/mL	 Status	

EC1	 3.044	 0.052	 0.052	 Cloned	
IB9	 2.169	 0.062	 0.052	 Cloned	

IA2	 0.395	 0.047	 0.045	
Cloned	-	
negative	
following	cloning	

IG4	 0.633	 0.077	 0.063	
Cloned	-	
negative	
following	cloning	

BG5	 2.009	 0.045	 0.045	 Back	up	
DD1	 2.621	 0.051	 0.044	 Back	up	
AC2	 2.031	 0.042	 0.047	 Back	up	
FF10	 1.848	 0.046	 0.046	 Back	up	
	
Four	of	the	hits	were	taken	into	cloning,	with	a	further	four	frozen	down	as	backups.	Two	of	the	cell	
lines	were	found	to	be	negative	following	cloning	by	limiting	dilution.	EC1	and	IB9	monoclonal	
antibodies	were	purified.	Based	upon	the	lack	of	recognition	for	immobilised	UKE	full	length	GPR15	
lysate,	the	monoclonal	antibodies	were	put	aside	at	this	point	and	development	activities	
concentrated	on	the	polyclonal	antisera.	
Polyclonal	antibody	development:	The	polyclonal	rabbit	antisera	produced	by	Generon	were	protein	
A	purified	and	assessed	for	assay	development	utility	in	combination	with	a	commercial	anti-GPR15	
polyclonal	rabbit	antibody	purchased	from	Abcam.	The	details	of	the	antibodies	investigated	can	be	
seen	below.	

Product	Code	 Species	 Immunogen	description	

Abcam	AB116446	 Rabbit	 Synthetic	peptide	conjugated	to	KLH,	corresponding	
to	amino	acids	330-360	of	Human	GPR15	

Generon	RB53447	 Rabbit	 Synthetic	peptide	conjugated	to	BSA,	corresponding	
to	amino	acids	1-30	of	Human	GPR15	

Generon	RB53448	 Rabbit	 Synthetic	peptide	conjugated	to	BSA,	corresponding	
to	amino	acids	1-30	of	Human	GPR15	

	
Western	blot	analysis	of	the	three	polyclonal	antibodies	was	performed.	The	UKE	GPR15	lysate	was	
diluted	to	200	and	100µg/mL	and	subjected	to	SDS-PAGE	before	being	probed	with	the	polyclonal	
antibodies.	AB116446	was	used	at	2.5µg/mL	whilst	RB53447	and	RB53448	were	used	at	2µg/mL.	The	
expected	molecular	weight	of	GPR15	was	38kDa.	
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AB116446	@	2.5µg/mL	

	
All	three	antibodies	detected	GPR15	at	the	expected	molecular	weight	of	38kDa,	although	it	was	
noted	that	the	response	of	the	Generon	antibodies	was	a	little	faint	compared	to	the	response	seen	
with	AB116446.	
UKE	performed	additional	Western	blot	analysis	of	the	antibodies.	Spleen	samples	from	GPR15	
knockout	(KO)	and	GPR15	wild	type	(WT)	mice	were	subjected	to	SDS-PAGE	prior	to	being	probed	
with	the	Generon	antisera	at	1	in	1000	dilution.	
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GPR15	was	not	detected	at	the	expected	molecular	weight	of	38kDa.	Whilst	a	number	of	other	bands	
were	stained,	there	was	no	discernible	difference	between	the	knockout	and	wild	type	mice.	
Mouse	peripheral	blood	mononuclear	cell	samples	were	subjected	to	SDS-PAGE	and	probed	with	all	
three	polyclonal	antisera	at	1	in	1000	dilution.	

	
Once	again,	GPR15	was	not	detected	at	the	expected	molecular	weight	of	38kDa	with	any	of	the	
antibodies	investigated.	A	number	of	larger	bands	were	detected,	but	the	banding	pattern	differed	
between	the	three	antibodies.	
Application	of	polyclonal	antisera	to	GPR15	ELISA:	Assay	development	proceeded	using	the	three	
polyclonal	antisera.	The	Generon	antibodies	were	conjugated	to	HRP,	generating	a	panel	with	varying	
levels	of	HRP	incorporation.	These	conjugates	were	assessed	in	a	sandwich	ELISA	format	with	
AB116446	immobilised	on	the	plate	at	1µg/mL.	Initially,	it	was	attempted	to	optimise	a	single	step	
assay	using	the	following	protocol:	

• 50µL	per	well	standard/sample	+	50µL	per	well	antibody-HRP	conjugate	
• Incubate	1hr	shaking	at	37°C	
• Wash	(x3)	
• 100µL	per	well	Sure	Blue	Reserve	substrate	
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• Incubate	10	min	at	room	temperature	
• Quench	reaction	with	100µL	per	well	1M	HCl	
• Read	at	450nm	

Conjugates	were	assessed	using	a	10µg/mL	concentration	of	the	UKE	full	length	GPR15	lysate	as	
standard.	It	should	be	noted	that	the	stated	concentration	of	the	GPR15	lysate	is	based	upon	the	
total	protein	content	of	the	lysate,	not	GPR15	alone.	Antibody	binding	to	the	GPR15	lysate	standard	
was	seen,	demonstrating	the	potential	utility	of	the	antibodies	for	assay	development,	but	the	signal	
from	the	10µg/mL	standard	was	lower	than	optimal	(0.35	OD	vs	optimal	1.5	to	2.5).	
	

HRP	CJ	Conc	(µg/ml)	 OD	

DV138/32-1	
RB53447	
(HRP:IgG	=	1.2)	

2	 0.3515	
1	 0.2295	
0.5	 0.1477	
0.1	 0.0681	

DV138/32-2	
RB53448	
(HRP:IgG	=	1.3)	

2	 0.3252	
1	 0.2325	
0.5	 0.1586	
0.1	 0.0699	

	
In	order	to	increase	the	top	signal	generated	and	the	dynamic	range	of	the	assay,	optimisation	
activities	switched	to	investigating	a	two-step	sandwich	ELISA	format	using	the	following	protocol:	

• 50µL	per	well	standard/sample	
• Incubate	30	min	shaking	at	37°C	
• Add	50µL	per	well	antibody-HRP	conjugate	
• Incubate	1hr	shaking	at	37°C	
• Wash	(x3)	
• 100µL	per	well	Sure	Blue	Reserve	substrate	
• Incubate	15	min	shaking	at	37°C	
• Quench	reaction	with	100µL	per	well	1M	HCl	
• Read	at	450nm	

Optimal	results	were	seen	with	directly	coated	AB116446	at	1µg	as	capture	antibody	and	RB53447-
HRP	(HRP:IgG	incorporation	ratio	2.2)	at	4µg/mL	as	detection	antibody.	Using	the	UKE	lysate	as	
standard,	it	was	possible	to	generate	the	following	dose-response	curve.	

	
	

y	=	0.0044x2	+	0.1415x	+	0.1514	
R²	=	0.99943	
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The	dose-response	curve	seen	was	considered	extremely	promising,	and	randomly	selected	human	
serum	and	plasma	samples	gave	responses	within	the	curve	range.	Signal	to	noise	ratio	(top	OD/zero	
OD)	was	8.14.	Background	noise	was	considered	to	be	slightly	greater	than	ideal	but	adequate	
discrimination	of	the	standards	from	background	was	observed.	
Sample	analysis:	As	a	result	of	the	promising	GPR15	prototype	assay,	UKE	provided	a	number	of	
serum	and	EDTA-plasma	samples	for	analysis	in	the	assay.	46	sera	and	36	EDTA	plasma	samples	were	
analysed	and	the	results	provided	to	UKE.	EDTA	plasma	appears	to	be	the	preferred	sample	material	
for	this	assay.	The	majority	of	serum	samples	gave	responses	below	the	assay	range.	
Based	on	the	preliminary	data,	it	seems	that	the	MI	groups	(young	MI	and	NSTEMI)	gave	significantly	
different	GPR15	results	from	patient	samples	where	no	MI	had	occurred.	As	noted	earlier,	the	
concentrations	reported	were	based	upon	the	total	protein	content	of	the	GPR15	lysate	rather	than	
the	GPR15	content	alone.	None	the	less,	the	utility	of	the	assay,	even	in	this	early	prototype	form,	
was	demonstrated.	
Replacement	of	GPR15	ELISA	standard:	Due	to	depletion	of	the	first	batch	of	GPR15	lysate,	UKE	
provided	an	additional	batch	for	use	with	the	assay.	However,	when	this	batch	was	tested	in	the	
assay,	no	response	was	seen.	A	further	two	batches	were	supplied	by	UKE,	one	of	which	failed	to	
produce	a	response	in	the	assay	whilst	the	other	did	give	a	response.	
The	four	lysate	batches	were	analysed	by	Western	blot,	probing	with	the	AB116446	capture	antibody	
and	the	RB53447	detection	antibody.	

	
GPR15	was	detected	at	the	expected	molecular	weight	in	lysate	batches	1	and	4	(dated	23/1/15	and	
9/12/15	respectively)	but	not	in	batches	2	and	3	(dated	26/7/15	and	18/9/15	respectively).	This	
confirmed	the	respective	activities	in	the	assay.	
Due	to	the	variation	seen	in	the	GPR15	lysate,	recombinant	GPR15	was	sourced	from	Abnova	as	a	
potential	alternative	standard.	This	recombinant	GPR15	was	found	to	be	active	in	the	assay	and	so	
the	standard	range	was	assessed.	At	the	same	time,	the	assay	was	reoptimised	in	order	to	attempt	to	
reduce	the	background	noise	seen	in	the	assay.	The	background	was	successfully	reduced	by	the	
addition	of	0.1%	Pluronic	and	increased	BSA	to	the	conjugate	buffer.	Coating	and	detection	antibody	
working	strengths	remained	unchanged.	Following	this	exercise,	the	following	standard	curve	was	
achieved.	
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Background	was	reduced	to	acceptable	levels.	Curve	fit	was	assessed	and	5PL	fit	with	1/y2	weighting	
was	selected.	
GPR15	ng/mL	 OD	 Calc	 Recovery	
20	 2.2448	 19.8868	 99.43%	
10	 0.9528	 10.2887	 102.89%	
5	 0.3949	 4.8305	 96.61%	
1	 0.1349	 1.0668	 106.68%	
0.50	 0.1126	 0.5257	 105.14%	
0.00	 0.0978	 		 		
		 		 Mean	 102.15%	
	
Using	the	revised	assay,	the	preliminary	samples	supplied	by	UKE	were	re-analysed	against	the	
recombinant	GPR15	standard	curve	and	the	resulting	data	submitted	to	UKE.		
Application	of	monoclonal	antibodies	to	GPR15	ELISA:	The	assay	is	making	use	of	polyclonal	antisera	
which,	by	their	very	nature,	will	be	of	limited	supply.	Therefore	further	investigation	of	the	
monoclonal	antibodies	(potentially	of	unlimited	supply)	was	carried	out	to	determine	if	they	had	any	
utility	in	the	assay	and	if	they	had	any	recognition	of	the	recombinant	GPR15	standard.	
An	experiment	was	performed	where	the	detection	antibody-conjugate	was	replaced	by	monoclonal	
antibodies	EC1	or	IB9,	with	binding	of	the	monoclonal	antibody	being	detected	using	anti-mouse	IgG	
conjugate.	No	dose	response	was	seen.	Further	investigations	attempted	to	induce	competition	in	
the	GPR15	assay	by	spiking	the	monoclonal	antibodies	at	4µg/mL	(the	same	concentration	as	the	
detection	antibody)	into	the	standards	in	order	to	displace	the	detection	antibody	conjugate.	No	
displacement	was	seen.		
GPR15	
ng/mL	 Unspiked	

EC1	
spiked	

IB9	
spiked	

20	 2.1667	 2.6252	 2.5433	
10	 0.9129	 0.9341	 0.8762	
5	 0.4646	 0.2956	 0.4489	
1	 0.1462	 0.1615	 0.1556	
0.5	 0.1364	 0.1287	 0.1440	
0.25	 0.1068	 0.1089	 0.1132	
0.1	 0.0967	 0.0926	 0.1141	
0	 0.0897	 0.0974	 0.1109	
	

0.0000	

0.5000	

1.0000	

1.5000	

2.0000	

2.5000	

0	 2	 4	 6	 8	 10	 12	 14	 16	 18	 20	

OD
	

[GPR15]	ng/mL	



Pagle	12	of	76	
C	O	N	F	I	D	E	N	T	I	A	L	

It	was	concluded	that	monoclonal	antibodies	EC1	and	IB9	do	not	recognise	full	length	GPR15.	
Additional	back	up	monoclonal	antibodies	remain,	but	based	upon	the	earlier	results	it	is	suspected	
that	these	would	also	not	be	suitable	for	GPR15	assay	use.	
Final	GPR15	assay	protocol:	In	summary,	polyclonal	GPR15	antibodies	have	been	successfully	raised	
and	applied	to	the	development	of	an	ELISA	protocol.	The	resulting	assay	has	been	used	to	analyse	
patient	EDTA	plasma	samples.	The	details	of	the	GPR15	ELISA	protocol	can	be	found	in	the	updated	
Deliverable	3.1	document.	
	
Assay	performance	verification	data	for	the	GPR15	ELISA	is	limited.	Initial	sample	analysis	was	carried	
out	using	a	prototype	assay,	and	the	final	assay	conditions	were	only	defined	late	in	the	project	
lifespan.	Reagent	stability	has	not	been	assessed.	
	
Lamin	A/C	
Following	cessation	of	ABCA1	and	ABCG1	development	work,	MYADM	and	Lamin	A/C	were	identified	
as	replacement	candidates	and	resource	transferred	to	them.	In	collaboration	with	Generon,	a	lamin	
A/C	recombinant	antigen,	based	on	residues	436	to	552	from	the	globular	tail	region,	was	produced	
and	used	to	raise	polyclonal	and	monoclonal	antibodies.	
Monoclonal	antibody	development:	Only	three	weak	hits	from	the	monoclonal	fusions	were	
identified	so	additional	screening	was	carried	out	for	IgM	positives.	This	identified	an	additional	two	
hits.	Cells	from	all	five	hits	were	frozen	down	but	were	not	taken	into	limiting	dilution	cloning	due	to	
the	weak	nature	of	the	hits.	
Polyclonal	antibody	development:	Dot-blot	analysis	of	the	rabbit	polyclonal	antisera	raised	showed	
that	the	peptide	antigen	was	recognised	and	bound	down	to	a	1	in	25,000	dilution	of	the	antisera.	
The	sera	were	protein	A	purified	and	assessed	for	assay	development	utility.

	
Assay	optimisation	with	peptide	standard:	Optimisation	experiments	were	performed	with	the	
polyclonal	antisera,	using	immobilised	peptide	antigen	in	a	competitive	format.	It	was	possible	to	
produce	a	working	assay	detecting	free	peptide	antigen.	Non-specific	binding	and	precision	of	the	
assay	were	acceptable,	although	the	sensitivity	achieved	was	poor.	Optimal	conditions	used	antibody	
from	rabbit	#11	at	10µg/mL	against	peptide	coated	at	1µg/mL.	
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Use	of	assay	with	full	length	recombinant	lamin	A/C:	Further	investigation	was	carried	out	using	full	
length	recombinant	lamin	A/C	as	the	standard.	Unfortunately,	whilst	displacement	had	been	seen	
with	the	free	peptide,	no	competition	occurred	with	the	full	length	protein.	

	
The	cost	and	availability	associated	with	the	recombinant	lamin	A/C	prevented	investigation	of	
standards	at	concentrations	greater	than	100ng/mL.	None	the	less,	based	upon	the	complete	
absence	of	displacement	with	the	full	length	protein,	it	was	concluded	that	the	antibodies	raised	
were	not	suitable	for	further	assay	development.	
	
MYADM	
Following	cessation	of	ABCA1	and	ABCG1	development	work,	MYADM	and	Lamin	A/C	were	identified	
as	replacement	candidates	and	resource	transferred	to	them.	In	collaboration	with	Generon,	a	
MYADM	recombinant	antigen,	based	on	residues	250	to	300	from	the	extracellular	region,	was	
produced	and	used	to	raise	polyclonal	and	monoclonal	antibodies.	
Monoclonal	antibody	development:	Four	hits	from	the	monoclonal	fusions	were	taken	into	cloning	
with	an	additional	four	frozen	down	as	back	up.	Of	the	four	taken	into	cloning,	only	two	remained	
positive	following	limiting	dilution.	Purified	antibody	was	produced	from	these	two	cell	lines	and	
shipped	to	Fleet	for	assessment	as	to	assay	development	utility.	
Polyclonal	antibody	development:	Dot-blot	analysis	of	the	rabbit	polyclonal	antisera	raised	showed	
that	the	peptide	antigen	was	recognised	and	bound	down	to	a	1	in	25,000	dilution	of	the	antisera.	
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The	sera	were	protein	A	purified	and	assessed	for	assay	development	utility.	

	
Antibody	characterisation:	Western	blots	demonstrated	that	both	polyclonal	sera	and	both	
monoclonal	antibodies	recognised	and	bound	to	the	peptide	antigen.	
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Rabbit	polyclonal	antisera	against	200µg/mL	peptide	antigen.	Antisera	diluted	1/250	and	detected	
with	1/6000	secondary	antibody-HRP	conjugate.	
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Mouse	monoclonal	antibodies	against	200µg/mL	peptide	antigen.	Antibodies	diluted	to	2µg/mL	and	
detected	with	1/1000	secondary	antibody-HRP	conjugate.	
Application	of	antibodies	to	assay	development:	Optimisation	experiments	were	performed	using	
immobilised	peptide	antigen	with	the	antibodies	in	a	competitive	format.	For	initial	investigations,	
antibody	binding	was	detected	using	HRP	conjugated	anti-mouse	or	anti-rabbit	IgG	as	appropriate.	
Despite	a	number	of	conditions	and	concentrations	being	assessed,	the	same	results	were	seen	with	
all	of	the	antibodies	investigated.	The	antibodies	would	bind	to	the	immobilised	antigen	but	could	
not	be	displaced	with	free	peptide	even	at	100µg/mL	concentrations.	Further	investigation	was	
carried	out	using	an	overexpressed	MYADM	lysate	(ie	full	length	protein	as	opposed	to	the	peptide	
fragment	initially	investigated)	but	displacement	with	free	analyte	was	still	not	seen	at	up	to	
150µg/mL.	As	a	result,	it	was	concluded	that	the	antibodies	raised	were	not	suitable	for	use	in	
developing	an	assay	for	MYADM.	
	
Titin	
Following	cessation	of	ABCA1	and	ABCG1	development	work,	MYADM	and	Lamin	A/C	were	identified	
as	replacement	candidates	and	resource	transferred	to	them.	Titin	and	MST4	were	mooted	as	
possible	additional	candidates,	but	of	lower	priority	than	lamin	A/C	and	MYADM.	Discussions	were	
held	with	Generon	regarding	production	of	antigen	and	antibody	reagents	for	titin	assay	
development,	and	quotes	for	this	work	were	obtained.	However,	given	the	resource	available	to	
evaluate	the	resulting	reagents,	it	was	decided	that	this	would	be	better	focussed	upon	the	GPR15,	
lamin	A/C	and	MYADM	assays.	Therefore,	no	further	work	was	carried	out	on	this	biomarker.	
	
MST-4	
Following	cessation	of	ABCA1	and	ABCG1	development	work,	MYADM	and	Lamin	A/C	were	identified	
as	replacement	candidates	and	resource	transferred	to	them.	Titin	and	MST4	were	mooted	as	
possible	additional	candidates,	but	of	lower	priority	than	lamin	A/C	and	MYADM.	Discussions	were	
held	with	Generon	regarding	production	of	antigen	and	antibody	reagents	for	MST-4	assay	
development,	and	quotes	for	this	work	were	obtained.	However,	given	the	resource	available	to	
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evaluate	the	resulting	reagents,	it	was	decided	that	this	would	be	better	focussed	upon	the	GPR15,	
lamin	A/C	and	MYADM	assays.	Therefore,	no	further	work	was	carried	out	on	this	biomarker.	
	
Task	3.2:	Manufacturing	of	Transcriptomics-Derived	Biomarker	Assay	Reagents	
Serpin	F2	
At	the	start	of	the	reporting	period,	three	main	tranches	of	reagents	had	been	manufactured	for	the	
serpin	F2	reagents,	with	two	of	these	shipped	to	UKE	and	one	remaining	to	be	shipped.	These	
remaining	reagents	were	shipped	to	UKE	to	support	the	remainder	of	the	case	cohort	testing.	
As	noted	under	Task	3.1,	issues	were	encountered	with	lower	than	expected	signal	being	generated	
by	the	standards.	As	a	result,	an	additional	set	of	standards	were	manufactured	and	freeze-dried	
prior	to	shipping	to	UKE.	Initially,	the	fresh	standards	continued	to	report	lower	than	expected	signal,	
but	investigation	traced	the	issue	to	a	specific	bottle	of	substrate.	Once	this	substrate	bottle	was	
replaced,	signal	returned	to	expected	levels.	No	further	issues	were	noted	during	the	reporting	
period.	
At	the	same	time	as	the	standards	were	being	manufactured,	additional	plates,	assay	buffer,	wash	
buffer	and	substrate	were	required.	These	were	manufactured	and	shipped	to	UKE	in	May	2015.	
Once	the	old	substrate	had	been	replaced,	no	issues	were	noted	with	any	of	the	new	reagents	and	
the	assay	performance	continued	to	meet	the	design	goals.	
The	remaining	manufacturing	activities	consisted	of	regular	supply	of	assay	buffer	to	support	the	
remaining	testing	being	performed	at	UKE.	Once	testing	was	completed,	leftover	reagents	were	
returned	to	Fleet	in	October	2015.	
	
ABCA1	
No	manufacturing	activities	were	required	for	this	biomarker	following	the	agreed	cessation	of	
ABCA1	R&D	work	(Tromsø,	18th	June	2014).	
	
ABCG1	
No	manufacturing	activities	were	required	for	this	biomarker	following	the	agreed	cessation	of	
ABCG1	R&D	work	(Tromsø,	18th	June	2014).	
	
GPR15	
The	finalised	design	for	the	GPR15	ELISA	was	only	arrived	at	late	within	Reporting	Period	3.	Based	
upon	the	issues	seen	with	transfer	of	the	serpin	F2	ELISA	to	UKE,	it	was	decided	that	further	sample	
testing	using	the	GPR15	ELISA	would	be	performed	at	the	Fleet	facility.	The	numbers	of	samples	
involved	were	such	that	the	testing	could	be	performed	with	R&D	scale	reagents.	As	such,	no	
manufacturing	activities	were	required	for	this	biomarker.	
	
Lamin	A/C	
No	manufacturing	activities	were	required	for	this	biomarker	due	to	no	finalised	assay	design	being	
available.	
	
MYADM	
No	manufacturing	activities	were	required	for	this	biomarker	due	to	no	finalised	assay	design	being	
available.	
	
Titin	
No	manufacturing	activities	were	required	for	this	biomarker	due	to	no	finalised	assay	design	being	
available.	
	
MST-4	
No	manufacturing	activities	were	required	for	this	biomarker	due	to	no	finalised	assay	design	being	
available.	
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Task	3.3:	Transfer	of	Transcriptomics-Derived	Biomarker	Assay	Reagents	
Serpin	F2	
At	the	start	of	the	reporting	period,	the	assay	design	for	the	serpin	F2	ELISA	had	been	successfully	
established	and	transferred	to	UKE.	A	number	of	post-transfer	issues	had	been	noted	and	
successfully	addressed.	QC	data	was	monitored	for	the	duration	of	case	cohort	testing.	

	

	
Performance	of	the	serpin	F2	ELISA	remained	acceptable	throughout	the	case	cohort	testing	period	
at	UKE	(July	2014	to	September	2015).	Once	case	cohort	testing	was	completed	at	UKE,	remaining	
reagents	were	returned	to	Fleet.	
	
ABCA1	
No	transfer	activities	were	required	for	this	biomarker	following	the	agreed	cessation	of	ABCA1	R&D	
work	(Tromsø,	18th	June	2014).	
	
ABCG1	
No	transfer	activities	were	required	for	this	biomarker	following	the	agreed	cessation	of	ABCG1	R&D	
work	(Tromsø,	18th	June	2014).	
	
GPR15	
The	finalised	design	for	the	GPR15	ELISA	was	only	arrived	at	late	within	Reporting	Period	3.	Based	
upon	the	issues	seen	with	transfer	of	the	serpin	F2	ELISA	to	UKE,	it	was	decided	that	sample	testing	
using	the	GPR15	ELISA	would	be	performed	at	the	Fleet	facility.	In	total,	532	samples	were	analysed	
(initial	group	of	82	samples	followed	by	a	subsequent	batch	of	450)	using	the	ELISA,	and	the	
corresponding	results	were	provided	to	UKE	for	data	analysis.	
	
Lamin	A/C	
No	transfer	activities	were	required	for	this	biomarker	due	to	no	finalised	assay	design	being	
available.	
	
MYADM	
No	transfer	activities	were	required	for	this	biomarker	due	to	no	finalised	assay	design	being	
available.	
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Titin	
No	transfer	activities	were	required	for	this	biomarker	due	to	no	finalised	assay	design	being	
available.	
	
MST-4	
No	transfer	activities	were	required	for	this	biomarker	due	to	no	finalised	assay	design	being	
available.	
	
	
	
Deliverables	
Del.	
no.		

Deliverable	
name	

Lead		
benefi
ciary	

Nature	 Dissemin
ation	
level	
	

Delivery	
date	from	
Annex	I		

Actual	/	
Forecast	
delivery	
date	

Comments	

3.1B
*	

Immunoassays	
for	
transcriptome	
biomarkers.	

10	 O	 CO	 31/03/201
6	

(M54)	

31/03/20
16	

(M54)	

completed	fully	for	the	
Serpin	F2	ELISA,	and	
partially	for	the	GPR15	
ELISA,	for	which	full	
performance	
verification	studies	had	
not	been	completed	at	
the	end	of	the	project	

	
*this	is	an	update	of	the	document	delivered	in	June	2015	
	
Milestones		
	
Milesto
ne	no.	

Milestone	
name	

Lead	
beneficiary	

Delivery	
date		from	
Annex	I	

Achieved	 Actual	/	
Forecast	
achievement	
date	

Comments	

MS11	 Transcriptome	
immunoassays	
transferred	to	
UKE		

10	 31/05/2015	
(M45)	

Y	 31/05/2015	
(M45)	

completed	fully	for	
the	Serpin	F2	ELISA	

	
	
Highlight	clearly	significant	results:	
	
As	described	in	Task	3.1	above,	an	effective	ELISA	protocol	for	one	of	the	candidate	biomarkers	
(serpin	F2)	had	been	developed	during	reporting	period	2	and	transferred	to	UKE.	This	assay	
continued	to	perform	as	designed	during	reporting	period	3	and	supported	case	cohort	setting.	
In	addition,	a	further	effective	ELISA	protocol	has	been	developed	for	another	of	the	candidate	
biomarkers	(GPR15).	Whilst	the	assay	has	not	been	fully	optimised	and	characterised,	it	has	provided	
utility	in	analysis	of	samples	provided	by	UKE.	Please	see	also	below	and	the	WP6	report.	
	
Antibody	reagents	were	generated	for	another	two	candidate	biomarkers	(MYADM	and	Lamin	A/C)	
but	these	could	not	be	applied	to	assay	development	due	to	their	failure	to	recognise	the	full	length	
protein	analytes.	
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Deviations	from	Annex	I		
	
The	availability	of	well-characterised	antigens	to	the	targets	has	been	a	considerable	issue	
throughout	the	project.	Previously	it	had	been	reported	that	the	delays	in	obtaining	suitable	GPR15	
antigen	had	impacted	ELISA	development,	but	lack	of	suitable	antigen	was	also	an	issue	for	lamin	A/C	
and	MYADM	biomarkers.	Therefore,	an	alternative	strategy	was	developed	at	Fleet	based	upon	
collaboration	with	Generon	to	produce	peptide	antigens	and	raise	antibodies.	Whilst	this	was	
successfully	implemented	in	terms	of	generating	antibodies,	the	success	of	this	approach	was	less	
useful	in	terms	of	generating	reagents	suitable	for	assay	development.	
The	peptide	antigen	approach	was	very	successful	with	GPR15,	leading	to	a	working	assay	being	
developed	and	applied	to	case	cohort	sample	analysis,	demonstrating	the	utility	of	the	approach	
adopted.	However,	the	same	approach	was	unsuccessful	for	MYADM	and	lamin	A/C.	Antibodies	were	
raised,	but	they	failed	to	recognise	the	full	length	proteins	as	opposed	to	the	peptide	antigens.	
Issues	with	the	consistency	of	the	GPR15	lysate	also	caused	delays	to	the	ELISA	development.	Whilst	
the	initial	batch	was	active	in	the	assay	and	successfully	used	as	a	standard	for	initial	development,	
once	this	was	exhausted	the	next	two	batches	received	proved	to	be	inactive	in	the	assay.	Whilst	the	
fourth	batch	supplied	was	active	in	the	assay,	this	lack	of	consistency	led	to	the	decision	to	replace	
the	standard	used	in	the	GPR15	prototype	assay.	
Once	the	recombinant	standard	had	been	successfully	implemented	in	the	GPR15	assay,	the	
timelines	were	such	that	transfer	of	the	assay	to	UKE	would	have	been	potentially	problematic.	
Considering	the	issues	encountered	with	the	previous	transfer	of	the	serpin	F2	assay,	which	was	
more	thoroughly	characterised	than	the	GPR15	assay	was	at	this	point,	it	was	decided	that	the	
analysis	of	the	samples	at	Fleet	was	the	best	use	of	the	time	available.	Hence	the	transfer	of	the	
GPR15	assay	to	UKE	was	not	undertaken.	The	numbers	of	samples	provided	by	UKE	for	GPR15	
analysis	were	sufficiently	small	that	the	analysis	could	be	accommodated	with	research	scale	
reagents.	Therefore	the	large	scale	production	of	GPR15	ELISA	reagents	was	not	undertaken.	
	
	
Use	of	resources	
	
This	was	below	the	planned	usage	at	partner	10	(Fleet).	The	allocated	resource	allowed	for	full	
development	and	transfer	to	UKE	of	ELISAs	for	all	three	biomarkers	still	under	active	development	
(GPR15,	MYADM,	Lamin	A/C),	and	for	manufacture	of	bulk	reagent	batches	to	support	their	use	in	
case	cohort	testing.	In	practice	the	poor	performance	of	the	antibodies	and	antigens	generated	for	
Lamin	A/C	and	MYADM	did	not	warrant	further	ELISA	development,	and	the	delays	due	to	the	batch-
to-batch	variation	of	UKE	recombinant	GPR15	did	not	allow	formal	transfer	of	this	ELISA	either.	
Therefore	a	portion	of	the	resource	allocated	for	was	not	used.	
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WP	4	Assay	development:	metabolomics	
	
Progress	towards	objectives	and	details	for	each	task	
	
Task	4.4:	Manufacturing	and	delivery	of	remaining	125	kits	to	Partner	1	
	
125	AbsoluteIDQ	p180	Kits	(second	part	delivery)	produced	and	provided	by	Biocrates	to	UKE	
(Partner	1).	The	Kits	were	provided	by	Biocrates	and	collected	in	the	name	of	Partner	1	on	
11/11/2014.	
	
In	agreement	with	UKE	(Partner	1),	Erik	Werner	(project	manager)	and	Biocrates,	the	UKE	(Partner	1)	
was	provided	with	15	additional	AbsoluteIDQ	p180	Kits.	The	Kits	were	collected	in	the	name	of	
Partner	1	on	27/10/2015.	
Use	of	additional	15	AbsoluteIDQ	p180	Kits	was	required	due	to	instrumental	issues	that	occurred	at	
Partner	1	during	the	first	reporting	period	and	the	remaining	capacities	of	Partner	1	to	analyse	
further	samples	within	the	BiomarCaRE	project.	
	
Deliverables		
	
	
Del.	
no.		

Deliverable	
name	

Lead	
beneficiary	

Nature	 Dissemi
nation	
level	
	

Delivery	
date	from	
Annex	I		

Actual	/	
Forecast	
delivery	date	

Comments	

D4.1	 Metabolomics	
assay	

6	 O	 CO	 30/11/2014	
(M38)	

11/11/2014	
(M38)	

	

	
	
Milestones		
	
Milest
one	
no.	

Milestone	name	 Lead	
beneficiar
y	

Delivery	
date		from	
Annex	I	
dd/mm/yyyy	

Achieve
d	
Yes/No	

Actual	/	
Forecast	
achievement	
date	
dd/mm/yyyy	

Comments	

MS15	 Absolute	IDQ	p180	
kits,	second	set	

6	 30/11/2014	
(M38)	

Y	 11/11/2014	
(M38)	

	

	
Deviations	from	Annex	I		
	
n.a.	
	
	
Use	of	resources	
	
The	overall	use	of	resources	is	according	to	the	progress	reported.	The	individual	person	months	are	
given	in	the	financial	statements.	
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WP	5	Assay	development:	miRNA	
	
Due	to	the	termination	of	the	grant	agreement	of	partner	11	(Biocartis)	by	the	end	of	the	second	
report	period,	the	envisioned	multiplex	assay	applied	on	the	Evaluation	System	could	not	be	finalised	
and	used	(please	see	the	grant	agreement	documentation	for	all	details).	
	
Therefore,	miRNA	isolation	and	assay	protocols	for	establishment	of	work	were	transferred	to	and	
performed	by	partner	1	(UKE).	This	is	reported	in	WP6	below.	
	
	
Deliverables		
	
Del.	
no.		

Deliverable	
name	

Lead		
beneficiary	

Nature	 Dissemi
nation	
level	

Delivery	
date	from	
Annex	I	

Actual	/	
Forecast	
delivery	date	

Comments	

D5.1	 miRNA	assay	 01	 O	 CO	 31/03/2016	
(M54)	

31/03/2016	
(M54)	

	

	
Milestones		
	
No	Milestone	due	 in	 reporting	period	3.	Note	 that	Milestone	MS18	 (transfer	of	 final	miRNA	assay)	
was	deleted	in	the	course	of	the	grant	agreement	amendment.	
	
	
Significant	results	
	
21	miRNAs	advanced	miRNA	assay	were	designed,	including	miR-21,	miR-150-3p,	miR-210,	miR-223,	
miR-423-5p,	miR-451a,	miR-718,	miR-1228-3p,	miR-1238-3p,	miR-1273f,	miR-4298,	miR-4459,	miR-
4787-3p,	miR-1825,	miR-3135,	miR-34a,	miR-133a,	miR-133b,	miR-378,	miR-499a,	miR-16.	
	
	
	
Deviations	from	Annex	I	
	
n.a.	
	
Use	of	resources	
	
The	overall	use	of	resources	is	according	to	the	progress	reported.	The	individual	person	months	are	
given	in	the	financial	statements.	
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WP	6	Measurements	of	biomarkers	in	population	based	and	clinical	samples	
	
	
Progress	towards	objectives	and	details	for	each	task:	
	
	
Task	6.1:	Logistics	of	sample	transfer	from	Cohort	Centres	to	the	BiomarCare	laboratories	
	
During	this	reporting	period,	samples	from	the	following	population	cohorts	have	been	transferred	to	
the	BiomarCaRE	laboratory	at	partner	1,	UKE.	
	

• FINRISK02	(Partner	02)	(n=8,448)	
• Estonia	(Partner	22)	(n=4,947)	
• SHIP	Trend	(partner	16)	(n=2,300)	

	
Disease	cohorts:	

• No	samples	have	been	transferred	
	
Clinical	Trials:	

• No	samples	have	been	transferred	
	
During	this	reporting	period,	samples	from	the	following	disease	cohort	have	been	transferred	from	
the	BiomarCaRE	laboratory	back	to	partner:	
	

• KAROLA	(Partner	27)	(n=1,141)	
	
An	overview	about	the	sample	sorting	and	shipment	status	of	all	cohorts	is	given	in	Table	1	below:	
	
No.	 Participant		 Contributed	Cohort	

Samples	
Status	Sample	
sorting	

Status	Shipment	

1	 University	Medical	
Center	Hamburg-
Eppendorf	(UKE)	

AtheroGene	
	

ü	 ü	

1	 University	Medical	
Center	Hamburg-
Eppendorf	(UKE)	

stenoCardia	 ü	 ü	

2	 National	Institute	for	
Health	and	Welfare	
(THL),	Helsinki	

ATBC		
	

ü	 ü	

2	 National	Institute	for	
Health	and	Welfare	
(THL),	Helsinki	

FINRISK97	
FINRISK02	

ü	 ü	

5	 Helmholtz	Zentrum	
Muenchen	(HMGU)	

KORA	MONICA		 ü	 ü	

13	 University	Medical	
Center	of	the	
Johannes	Gutenberg	
University	Mainz	
(UMCM)	

Gutenberg	Heart	Study	
(GHS)	

ü	 ü	

14	 University	of	Tromsø	
(UIT)	

Tromsø	Study		 ü	
	partly	

--	

15*	 Università	Cattolica	 ACB	 --	 --	
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No.	 Participant		 Contributed	Cohort	
Samples	

Status	Sample	
sorting	

Status	Shipment	

del	Sacro	Cuore	
(UCSC),	Roma	

16	 Ernst-Moritz-Arndt-
Universität		Greifswald	
(EMAUG)	

SHIP-TREND		 ü	 ü	

17	 University	College	
London	(UCL)	

HAPIEE		 ü	 (ü)	
	partly	

18	 The	Queen's	
University	of	Belfast	
(QUB)	

Caerphilly		
	

ü	 ü	

18	 The	Queen's	
University	of	Belfast	
(QUB)	

PRIME	Belfast	 ü	 ü	

19	 Institut	Pasteur	de	
Lille	(IPL)	

PRIME	France		 ü	 ü	

20	 Catalan	Institute	of	
Cardiovascular	
Sciences	(ICCC),	
Barcelona		

Catalonia		 ü	 ü	

21	 Umeå	Universitet	
(UMU)	

Northern	Sweden		 ü	 ü	

22	 University	of	Tartu	
(UTARTU)	

Estonia		 ü	 ü	

23	 Research	Centre	for	
Prevention	and	Health	
(RCPH),	Glostrup	

Glostrup		 ü	 ü	

24	 University	of	Insubria	
(UIV),	Varese	

Italy	MONICA		 ü	 ü	

25	 University	of	Dundee	
(UDUN)	

SHHEC		 ü	 Samples	shipped	
back		

26	 Universitätsspital	
Basel	(USB)	

APACE	 --	 --	

27	 Universität	Ulm	
(UULM)	

KAROLA	
	

ü	 	Samples	shipped	
back	

28	 Hamilton	Health	
Sciences	Corporation	
(HHS),	Hamilton,	
Canada	

TRANSCEND(d)	 --	 --	

29	 University	of	Sydney	 LIPID	 ü	 (ü)	
	partly	

30	 Harvard	Medical	
School,	Brigham	and	
Women's	Hospital	
(HMS),	Boston	

WHS	
	

--	 --	

30	 Brigham	and	Women's	
Hospital	(BWH,	Boston	 JUPITER	

ü	 (ü)	
	partly	

31	 NEUROMED;	Pizzoli	 Moli-Sani	 ü	 ü	
	
	
Task	6.2:	Acquisition	of	biomarker	levels	in	the	BiomarCaRE	laboratories	and	quality	control	
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1.	Biomarkers	
During	this	reporting	period,	the	BiomarCaRE	laboratory	at	UKE	measured	the	following	markers	in	
the	several	studies	as	shown	below.	
	

a) Moli	Sani	
hsTnI	(Abbott)	
Vitamin	D	(Abbott)	
c-Peptide	(Abbott)	
Insulin	(Abbott)	
Testosterone	(Abbott)	
Cystatin	C	(Abbott)	
Creatinin	(Abbott)	
Glucose	(Abbott)	
HDL-	Cholesterol	(Abbott)	
LDL-Cholesterol	(Abbott)	
Triglycerides	(Abbott)	
CRP	(Abbott)	
Lp(a)	(Abbott)	
ApoA	(Abbott)	
ApoB	(Abbott)	
NT-proBNP	(Roche)	

	
b) Brianza	

hsTnI	(Abbott)	
Vitamin	D	(Abbott)	
c-Peptide	(Abbott)	
Insulin	(Abbott)	
Testosterone	(Abbott)	
Cystatin	C	(Abbott)	
Creatinin	(Abbott)	
Glucose	(Abbott)	
HDL-	Cholesterol	(Abbott)	
LDL-Cholesterol	(Abbott)	
Triglycerides	(Abbott)	
CRP	(Abbott)	
Lp(a)	(Abbott)	
ApoA	(Abbott)	
ApoB	(Abbott)	
NT-proBNP	(Roche)	

	
c) SHIP	Trend	

hsTnI	(Abbott)	
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d) GHS	

hsTnI	(Abbott)	
Vitamin	D	(Abbott)	
c-Peptide	(Abbott)	
Insulin	(Abbott)	
Testosterone	(Abbott)	
Cystatin	C	(Abbott)	
Lp(a)	(Abbott)	
NT-proBNP	(Roche)	
NGAL	(Abbott)	

	
e) KORA		

hsTnI	(Abbott)	
Vitamin	D	(Abbott)	
c-Peptide	(Abbott)	
Insulin	(Abbott)	
Testosterone	(Abbott)	
Cystatin	C	(Abbott)	
Creatinin	(Abbott)	
Glucose	(Abbott)	
HDL-	Cholesterol	(Abbott)	
LDL-Cholesterol	(Abbott)	
Triglycerides	(Abbott)	
CRP	(Abbott)	
Lp(a)	(Abbott)	
ApoA	(Abbott)	
ApoB	(Abbott)	
NT-proBNP	(Roche)	

	
f) MONICA-Rome	

hsTnI	(Abbott)	
ApoA	(Abbott)	
ApoB	(Abbott)	
Vitamin	D	(Abbott)	
c-Peptide	(Abbott)	
Insulin	(Abbott)	
Testosterone	(Abbott)	
Cystatin	C	(Abbott)	
Lp(a)	(Abbott)	
NTproBNP	(Roche)	

	
	
For	each	marker,	quality	performance	of	the	assay	kit	was	determined	(linearity,	intra-/inter	
coefficient	of	variation,	internal	controls).	
	
2.	4-plex	assay	
For	measurement	of	CAVADIS	exosomal	biomarkers	as	4-plex	Luminex	assay	(SerpinF2,	SerpinG1,	
CD14,	CystatinC)	it	had	been	decided	within	the	consortium–	based	on	the	results	from	the	disease	
cohorts	–	to	measure	the	4-plex	Luminex	assays	in	samples	from	a	population-based	study	to	analyse	
the	predictive	value	of	the	4	markers	of	the	assay.	Samples	from	the	Moli-Sani	study	were	aliquoted	
in	the	laboratory	in	Hamburg	and	were	send	to	Partner	4	in	Utrecht.	In	this	laboratory	the	4-plex	
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assays	had	been	established	before	and	samples	could	be	measured	immediately.	This	action	was	
taken	to	increase	the	throughput	of	total	samples	measurement	within	BiomarCaRE.	
	
3.	SERPINF2	ELISA	
SerpinF2	was	measured	by	an	ELISA	provided	by	Fleet	(Partner	10)	in	the	following	case	cohort	sets:	
Glostrup	and	Moli-Sani.	Quality	performance	of	the	ELISA	was	determined	(linearity,	intra-/inter	
coefficient	of	variation,	internal	controls).	
	
4.	Metabolome	
For	targeted	metabolome	analysis	the	AbsoluteIDQ	p180	Kit	from	Biocrates	Life	Science	(partner	6)	
has	been	used.	Measurements	were	done	using	the	mass	spectrometry	instrument	TSQ	Vantage	
(ThermoFisher).	Measurements	of	the	entire	case	cohort	set	were	finalized.	These	included	the	case	
cohort	sets	KORA,	SHHEC,	FinRisk,	Moli-Sani	and	Brianza.	
For	each	sample	plate	quality	checks	were	made	at	two	levels:	a)	one	AbsoluteIDQ	p180	kit-internal	
quality	controls	per	96-well	plate	(QC2)	and	b)	two	own	quality	controls	(mixed	gender	pooled	
human	serum	samples,	Seralab)	per	96-well	plate	in	order	to	monitor	inter-assay	variability.		
QC	was	performed	to	i)	define	coefficient	of	variations	for	each	metabolite,	and	ii)	accuracy	of	
measurements.	
	
5.	miRNA	panel,	RNA	isolation	and	miRNA	measurements	
The	selection	of	miRNAs	to	be	included	in	the	BiomarCaRE	miRNA	panel	was	finalized.	18	miRNAs	
based	on	literature	as	well	as	22	miRNAs	from	the	miRNA	profiling	(12	miRNAs	for	AF,	6	miRNAs	for	
HF,	4	miRNAs	for	MI),	performed	in	the	last	reporting	period,	were	selected.		
For	measurements,	several	technical	options	were	tested	including	the	Microarray	Cards	of	Applied	
Biosystems,	single	TaqMan	miRNA	assays	as	well	as	single	TaqMan	advanced	miRNA	assays.	
For	this,	RNA	isolated	from	serum	samples	was	tested.	The	best	assay	performance	combined	with	
efficient	handling	of	reagents	for	RT-reaction	and	PCR	was	observed	for	the	advanced	miRNA	assays	
of	Applied	Biosystems.	This	assay	includes	a	one-step	RT-reaction	with	a	universal	primer	and	fast	
PCR	reaction.	For	21	miRNAs	an	advanced	miRNA	assay	could	be	designed.	These	included	miR-21,	
miR-150-3p,	miR-210,	miR-223,	miR-423-5p,	miR-451a,	miR-718,	miR-1228-3p,	miR-1238-3p,	miR-
1273f,	miR-4298,	miR-4459,	miR-4787-3p,	miR-1825,	miR-3135,	miR-34a,	miR-133a,	miR-133b,	miR-
378,	miR-499a,	miR-16.	
To	increase	the	throughput	of	the	measurements,	the	use	of	duplex	assays	(combination	of	two	
single	assays	including	two	different	dyes	(FAM,	VIC)	for	detection)	was	additionally	tested.	Different	
combinations	of	each	miRNA	assay	labelled	with	FAM	with	miRNA	assays	labelled	with	VIC	were	
measured	by	real-time	PCR.	Based	on	the	Ct	values	of	the	duplex	assays	compared	with	Ct	values	of	
each	single	assays,	the	following	assay	combinations	were	chosen	for	final	assay	combinations	(Table	
1).	Note,	that	for	miR-34	and	mIR-133b	no	duplex	assays	could	be	designed,	therefore,	both	were	
used	a	single	assays	on	the	final	BiomarCaRE	panel.	C.	elegans	miR-39	has	been	used	as	spike	in	
control;	miR-16	has	been	used	as	normalization	control,	as	already	described	in	the	previous	report.	
	

	
	
	
	
	
	
	
Table	1:	Final	miRNAs	selection	for	the	BiomarCaRE	panel		
Note:	miR-34	and	miR-133b	were	used	as	single	assays	
	
	

Duplex	assay	(dye)	
miR-423-5p	(FAM)/miR-21	(VIC)	
miR-150-3p	(FAM)/miR-133a	(VIC)	
miR-3135	(FAM)/miR-210	(VIC)	
miR-16	(FAM)/miR-223	(VIC)	
miR-451a	(FAM)/miR-718	(VIC)	
miR-378	(FAM)/miR-499a	(VIC)	
miR-34(FAM)/	
miR-133b	(VIC)	
C.	elegans	miR-39	(spike	in)	
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Subsequently,	these	combinations	of	the	duplex	assays	were	put	onto	custom	microtiter	plates	in	a	
384well	format.	The	layout	of	this	plate	is	given	in	Figure	1.	Sufficient	custom	plates,	reagents	of	the	
RT	reaction	as	well	as	PCR	buffer	to	measure	samples	of	the	case	cohort	were	ordered	from	Applied	
Biosystems.	
	

Figure	1:	Plate	Layout	for	miRNA	assays.	For	each	plate,	48	samples	can	be	measured.	
	
Isolation	of	miRNA	from	the	case	cohort	subset	has	been	performed	at	the	UKE	lab.	Total	RNA	of	
serum	samples	have	been	isolated	using	the	BiomarCaRE	isolation	protocol.	Measurement	of	the	
isolated	RNA	samples	is	performed	since	March	2016,	and	expected	to	be	completed	by	July	2016,	
too	late	to	be	included	in	this	report	but	still	being	an	important	part	of	the	overall	project	results	
that	will	be	continued	to	be	analysed	after	the	project	end	(by	using	own	resources	of	the	
consortium).	
	
6.	Transcriptomics-based	biomarker	
Measurement	of	GPR15	
GPR15,	one	transcriptomics-based	marker,	has	been	identified	by	partner	1(UKE)	as	marker	for	early	
onset	myocardial	infarction.	Partner	10	(Fleet)	had	been	generating	an	ELISA	assay	for	GPR15.	To	
generate	efficient	antibodies	as	well	as	good	control	material	for	the	GPR15	ELISA,	GPR15	protein	
was	overexpressed	in	cell	culture,	and	total	extracts	were	send	to	Fleet.		
After	generation	of	the	GPR15	ELISA	prototype	the	following	samples	were	send	to	Fleet	for	testing	
of	the	ELISA:	

• 20	serum	and	20	EDTA	plasma	samples	of	early	onset	myocardial	infarction	patients	
• 20	serum	and	20	EDTA	plasma	samples	of	patients	with	documented	coronary	artery	disease,	

stable	phase	
• 20	serum	and	20	EDTA	plasma	samples	of	patients	with	acute	myocardial	infarction	
• 10	serum	samples	of	healthy	controls	subjects	

	
Results	of	these	tests	were	analysed	at	the	UKE	with	the	following	results	(see	also	Figure	2).	
	

1. GPR15	levels	could	only	be	detected	in	EDTA	plasma	samples;	In	serum	samples,	GPR15	
could	not	be	detected	at	all	

2. GPR15	levels	were	highest	in	patients	with	myocardial	infarction	(acute	myocardial	infarction	
as	well	as	early	onset	myocardial	infarction)	

3. GPR15	was	not/at	very	low	levels	detected	in	patients	with	coronary	artery	disease	
	

	
	
	
	
	
	
	
Figure	2:	Preliminary	results	from	GPR15	ELISA	

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
A 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
B 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
C 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
D 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
E 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
F 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
G 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
H 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
I 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
J 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
K 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
L 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
M 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
N 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
O 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
P 423-21_z 423-21_z 423-21_z 150-133a_z150-133a_z150-133a_z3135-210_z3135-210_z3135-210_z16-223_z 16-223_z 16-223_z 451-718_z 451-718_z 451-718_z 378-499_z 378-499_z 378-499_z 34_z 34_z 34_z 133b_z 133b_z 133b_z
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These	data	indicate	GPR15	as	novel	cardiovascular	biomarker.	In	order	to	confirm	these	results	in	a	
larger	set	of	samples,	the	following	EDTA	plasma	samples	were	send	to	Fleet.	
	

• 250	EDTA	plasma	samples	of	early	onset	myocardial	infarction	patients	
• 150	EDTA	plasma	samples	of	patients	with	documented	coronary	artery	disease,	stable	

phase	
• 60	EDTA	plasma	samples	of	patients	with	acute	myocardial	infarction	
• 100	EDTA	plasma	samples	of	incident	early	onset	myocardial	infarction	
• 250	EDTA	plasma	samples	of	controls	

	
These	samples	were	collected	and	matched	to	each	other,	based	on	the	age	of	the	subjects	as	well	as	
their	smoking	status,	as	GPR15	expression	is	dependent	on	smoking.	
	
Measurement	of	CRIP1	
CRIP1,	another	transcriptomics-based	marker,	has	been	identified	by	partner	1	(UKE)	as	marker	
associated	with	blood	pressure	and	hypertension	(as	risk	factors	for	cardiovascular	disease)	as	well	as	
renal	function.	In	order	to	assess	the	predictive	value	of	CRIP1	protein	levels	for	incident	events,	
CRIP1	protein	levels	were	measured	in	selected	samples	of	the	Moli-Sani	cohort	(n=400,	100	heart	
failure,	100	stroke,	100	CHD/MI,	100	controls).	The	Moli-Sani	cohort	was	chosen	because	of	the	long-
term	follow	up	available	on	heart	failure,	stroke	and	coronary	heart	disease/myocardial	infarction	
(squeal	of	hypertension)	as	well	as	availability	of	sufficient	serum	material	for	measurements.	
Measurements	of	CRIP1	protein	levels	were	performed	using	the	Biomatik	CRIP1	ELISA.	Analyses,	
performed	at	the	UKE,	showed	that	CRIP1	protein	levels	were	predictive	for	stroke	in	Moli-Sani	
(Table	2),	indicating	the	potential	value	of	CRIP1	as	novel	biomarker	for	cardiovascular	risk	factors	
(hypertension)	as	well	as	stroke.	Currently,	CRIP1	protein	levels	are	measured	longitudinally	in	serum	
samples	of	the	GHS	(partner	13)	at	baseline	and	5-year	follow	up	in	the	same	participants	in	order	to	
assess	whether	changes	in	CRIP1	level	over	time	correlate	with	blood	pressure	changes	over	time.	
	

Endpoint	 Hazard	
Ratio	

Lower		
95%	CI	

Upper		
95%	CI	

P-value	

Stroke		 1.0536	 1.0239	 1.0842	 0.0004	
Heart	Failure		 1.0126	 0.9899	 1.0359	 0.2795	
Coronary	Heart	
Disease		

1.0114	 0.9886	 1.0347	 0.3303	

Table	2.	Preliminary	results	from	association	analysis	of	CRIP1	serum	protein	levels	to	cardiovascular	
endpoints	in	subjects	of	the	Moli-Sani	Project.	
	
Task	6.3:	Laboratory	sample	and	data	management	
The	infrastructure	at	the	UKE	(instruments	and	Connecting	Solution	(CS)	System)	has	been	
maintained.	The	quality	control	system	for	the	biomarker	data	has	been	used	to	quality-control	
biomarker	data	from	the	laboratory	and	to	format	results	data	for	transfer	to	partners	2	(THL)	and	5	
(UHSH).	This	was	done	by	using	predefined	and	harmonized	standard	processes.	
	
Task	6.4:	Transfer	of	biomarker	results	to	Data	Centres	for	analyses	
Data	of	the	above	mentioned	biomarker	measurements	including	cohorts	Moli-Sani,	Brianza,	SHIP-
Trend,	GHS,	and	KORA	were	quality	controlled.	Quality	controlled	data	were	sent	for	data	analyses	to	
the	data	centre	THL	(partner	2).		
Data	of	the	SerpinF2	measurements	in	the	case	cohort	sets	of	Glostrup	and	Mol-Sani	were	quality	
controlled.	Quality	controlled	data	were	sent	for	data	analyses	to	the	data	centre	THL	(partner	2).		



Pagle	30	of	76	
C	O	N	F	I	D	E	N	T	I	A	L	

Data	of	the	metabolite	measurements	in	the	case	cohort	sets	of	FINRISK,	SHHEC,	Glostrup,	KORA,	
Brianza	and	Moli-Sani	were	quality	controlled.	Quality	controlled	data	were	sent	to	the	data	centre	
THL	(partner	2).	Data	on	metabolites	as	well	as	respective	phenotypic	data	were	transferred	back	to	
the	UKE	from	THL	as	processing	of	the	metabolite	data	as	well	as	prospective	analyses	have	been	
performed	at	the	UKE	(see	also	WP7).		
All	data	files	included	biomarker	results,	date	of	measurements,	units	per	biomarker,	measuring	
range	of	assay	and	specific	comments.	
	
Deliverables	
Deliv
erabl
e	no.	

Deliverabl
e	name	

Lead	
benefi
ciary	

Natur
e	

Disse
minat
ion	
Level	

Delivery	
date	from	
Annex	I	

Achieved	 Comments	

D6.1	 Biomarker	
data		

1	 O	 CO	 31/03/2016	
(54)	

(31/03/2016	
(54))	

Partially	ongoing.	
Biomarkers	Phase	I	
finalized	
Biomarkers	Phase	II	
ongoing,	analyses	
ongoing,	
Measurements	
Clinical	Trials	
finalized,	
Metabolome	
finalized,	
miRNA	panel	tested	
and	validated;	
measurements	
ongoing	

	
Milestones	
	
Milesto
ne	no.	

Milestone	
name	

Lead	
benefic
iary	

Delivery	
date	from	
Annex	I	

Achieved	 Comments	

MS12	 Phase	I	
biomarker	data		

1	 46	 YES	 Measurements	of	Phase	I	
biomarkers	in	Phase	I	cohorts	
finalized	

MS13	 Phase	II	
samples	

1	 43	 YES	 Phase	II	samples	mostly	available	
at	UKE	laboratory	

MS21	 Phase	II	
biomarker	data	

1	 53	 (YES)	 Phase	II	cohorts	started,	Monica	
Rome,	GHS	measured,	formatted	
and	data	transferred,	analyses	
ongoing	for	Catalonia	

MS25	 samples	of	
clinical	trials	

1	 39	 YES	 Samples	available	at	UKE	
laboratory	

	
	
	
	
	
	
Significant	results	
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• Biomarker	data	from	phase	I	cohorts	are	transferred	to	THL.	
• SERPINF2	data	(ELISA)	from	the	case	cohort	are	transferred	to	THL	
• Metabolite	data	from	the	case	cohort	are	transferred	to	THL	
• Set	of	biomarkers	have	been	measured	in	Phase	II	cohorts	(GHS	and	MONICA	Italy	Rome	

finished,	Catalonia	ongoing)	
• CRIP1	and	GPR15	identified	as	innovative	and	potential	novel	biomarker	for	cardiovascular	

disease,	immune	assay	for	GPR15	designed	by	Fleet	(partner	10).	
• Transcriptomics-based	biomarkers	CRIP1	and	GPR15	measured	in	selected	cohorts	
• Final	miRNA	panel	tested	and	validated;	first	measurements	have	been	started	

	
Deviations	from	Annex	I	
	
Despite	extended	efforts	and	a	runtime	extension,	the	BiomarCaRE	partnerscould	not	complete	all	
aspects	of	the	work	plan	in	time	before	the	project	end.	In	detail:	
	
1.	Biomarkers	Phase	II	
Measurement	of	phase	II	cohort	samples	are	completed	for	Monica	Rome	and	GHS;	measurements	
for	Catalonia	are	ongoing.	For	further	cohorts	samples	from	Northern	Sweden,	Estonia,	ATBC	and	
FinRisk02	analysis	are	subsequently	performed	within	the	enxt	12	months	using	own	resources.		
	
2.	miRNA	panel	
The	final	miRNA	panel	was	selected,	assays	were	tested	and	validated,	the	plate	layout	designed,	and	
measurements	have	started.	However,	the	measurements	are	still	ongoing,	with	first	results	
available	soon.	
	
Those	outstanding	measurements	and	analyses	will	be	completed	too	late	to	be	included	in	this	
report.	However,	the	BiomarCaRE	consortium	is	fully	committed	to	continue	those	activities	using	
own	resources	and	to	complete	and	publish	the	results.	The	current	status	is	reported	here	which	
nevertheless	leaves	Milestones	MS21	as	well	as	Deliverable	D6.1	as	partially	achieved	only.	An	
updated	deliverable	report	can	be	provided	upon	request,	when	the	work	is	indeed	completed.	This	
is	expected	to	be	the	case	in	October	2016.	
	
Use	of	resources	
	
The	overall	use	of	resources	is	according	to	the	progress	reported.	The	individual	person	months	are	
given	 in	 the	 financial	 statements.	 It	 should	 be	 noted	 that	 the	 overall	 resources	 required	 for	
measurements	of	biomarkers	during	the	project	exceeds	the	estimated	resources	greatly.	Especially	
partner	 1	 (UKE)	 was	 committed	 to	 increase	 person	months,	 consumables	 and	 add	 own	 resources	
during	the	complete	course	of	the	project	to	fulfil	the	objectives	of	the	project	and	will	continue	to	
do	so	until	the	bring	all	planned	work	to	a	successful	end.	
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WP	7	Data	harmonization	and	statistical	analysis	
	
Progress	towards	objectives	and	details	for	each	task:	
	
Task	7.1	Harmonization	of	cohort	data	
	
Population	cohorts:	
By	the	end	of	the	second	reporting	period,	most	of	the	data	from	the	population	cohorts	had	already	
been	harmonized	to	the	MORGAM	Data	Centre	(MDC,	Partner	2-THL).		During	this	reporting	period,	

• Many	of	the	Partners	provided	new	cohorts	and/or	extended	the	period	of	follow-up	of	their	
cohorts,	and/or	provided	the	follow-up	data	on	the	new	end-points:	

o Partner	13-UMCM:	
§ Gutenberg	 Health	 Study	 cohort:	 The	 Partner	 transferred	 the	 baseline	 data	

and	the	follow-up	data	on	total	mortality	but	not	on	the	causes	of	death	or	
the	follow-up	data	on	non-fatal	events.	Some	outstanding	questions	on	the	
baseline	data	remain	unresolved.	

o Partner	14-UIT	
§ Tromsø	 cohort:	 	 Outstanding	 question	 on	 the	 transferred	 baseline,	 re-

examination	and	 follow-up	data	were	 resolved	and	 the	data	harmonization	
was	completed.	

o Partner	17-UCL	
§ HAPIEE	 cohorts:	 Several	 outstanding	 questions	 on	 the	 transferred	 baseline	

and	 follow-up	 data	 from	 cohorts	 in	 Czech	 Republic,	 Kaunas,	 Krakow	 and	
Novosibirsk	 for	 transfer	 to	 the	 MDC	 were	 resolved.	 However,	 critical	
unresolved	issues	limit	the	usability	of	the	data	for	analysis.	

o Partner	18-QUB	
§ PRIME/Belfast	cohort:	Outstanding	questions	of	the	extension	to	the	follow-

up	data	were	resolved	and	the	data	harmonization	was	completed.	
o Partner	20-ICCC	

§ Catalonia	cohorts:	Data	harmonization	of	cohort	2	was	completed.		
o Partner	21-UMU	

§ Northern	 Sweden	 cohorts:	 Outstanding	 questions	 of	 the	 extension	 to	 the	
follow-up	data	were	resolved	and	the	data	harmonization	was	completed.	

o Partner	22-UTARTU	
§ The	baseline	and	follow-up	data	for	a	case-cohort	set	of	5,000	persons	were	

transferred	and	the	data	harmonization	was	completed.	
o Partner	23-RCPH	

§ Glostrup	cohorts:	The	data	harmonization	for	the	extensions	to	the	MONICA	
cohorts	 was	 completed	 in	 the	 previous	 reporting	 period.	 Some	 last	
amendments	were	made	during	the	current	reporting	period.	The	transfer	of	
data	for	two	additional	cohorts	(Health2006	and	Inter99)	did	not	take	place.		

o Partner	24-UIV	
§ Rome	 cohorts:	 Outstanding	 questions	 of	 the	 extension	 to	 follow-up	 data	

were	resolved	and	the	data	harmonization	was	completed.	
§ Brianza	cohorts:	Baseline	data	on	pregnancy	status,	heart	rate	and	glycated	

hemoglobin	(HbA1c)	were	transferred	to	the	MDC.	
o Partner	30-NEUROMED	

§ Moli-sani	 cohort:	 Outstanding	 questions	 on	 the	 transferred	 follow-up	 data	
for	 coronary	 and	 stroke	 end-points	 were	 resolved	 and	 the	 data	
harmonization	was	completed.	
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The	data	 transfer	 involved	preparation	of	 the	data	 from	 the	 local	 to	 the	MORGAM	
format	 by	 the	 data	 provider	 and	 assessment	 of	 the	 quality	 of	 the	 data	 at	 the	
MORGAM	 Data	 Centre	 at	 THL.	 This	 was	 usually	 repeated	 several	 times	 until	 the	
transferred	data	met	the	quality	requirements	of	the	Project.	
	
The	 number	 of	 subjects	 and	 incident	 events	 are	 shown	 in	 Table	 7.1.	 During	 the	
reporting	 period,	 the	 number	 of	 incident	 acute	 coronary	 events	 has	 increased	 by	
1326,	 strokes	 by	 832,	 atrial	 fibrillation	 by	 13,	 diabetes	 by	 9,	 venous	
thromboembolism	by	209	and	cancer	by	3.	The	expansion	of	the	MORGAM	database	
was	funded	jointly	through	the	CHANCES	(FP7)	and	BiomarCaRE	projects.	

• Collection	 of	 additional	 baseline	 data	 items	were	 initialized	 by	 the	MDC.	 These	 data	were	
provided	by:	

o Pulse	 rate:	 2-THL,	 5-HMGU,	 18-QUB,	 20-ICCC,	 22-UTARTU,	 24-UIV	 and	 30	
NEUROMED;	

o Pregnancy	 status:	 2-THL,	 5-HMGU,	 20-ICC,	 21-UMU,	 22-UTARTU,	 24-UIV	 and	 30	
NEUROMED.	

	
• Caerphilly	was	selected	to	the	set	of	cohorts	for	Phase	I	biomarker	determinations	and	ATBC	

and	 the	 French	 PRIME	 cohorts	 were	 removed	 from	 it	 during	 the	 reporting	 period.	 The	
eventual	Phase	I	cohorts	were:	

o Glostrup	
o FINRISK	1997	
o Augsburg	(KORA)	
o Gutenberg	Health	Study	
o Brianza	
o Moli-sani	
o Belfast	
o Caerphilly	
o Scottish	Heart	Health	extended	cohort	

	
• Case-cohort	sampling	for	the	analysis	of	emerging	biomarkers	was	carried	out	in	the	MDC	for	

Moli-sani	 and	 Northern	 Sweden.	 The	 eventual	 case-cohort	 set	 comprises	 6,317	 incident	
acute	coronary	events,	4,010	strokes,	3,416	heart	failures,	3,196	diagnosed	atrial	fibrillations	
and	3,369	new	diagnoses	of	type	2	diabetes	mellitus.	

• The	 biomarker	 data	 transfer	 system	was	 adapted	 for	 the	metabolite	 data	 in	 collaboration	
between	Partners	1-UKE	and	2-THL.		

• Biomarker	data	were	 received	 from	Partner	1-UKE	 (see	WP6).	 	 These	were	 linked	with	 the	
other	 data	 from	 the	 cohorts	 and	 the	 distributions,	 by	 cohort	 and	 also	 by	 plate	 where	
relevant,	 were	 computed	 and	 reviewed.	 Unusual	 findings	 were	 discussed	 with	 Partner	 1.	
Some	biomarkers,	measured	locally	by	the	Partner,	were	received	directly	from	the	Partners.	
This	concerns:	

o Partner	2-THL:	C-reactive	protein,	Gamma-Glutamyltransferase;	
o Partner	 5-HMGU:	 C-reactive	 protein,	 Cystatin	 C,	 Glycated	 haemoglobin,	 LDL-

cholesterol;	
o Partner	 13-UMCM:	 Apoliprotein	 A1,	 Apoliprotein	 B,	 C-reactive	 protein,	 Creatinine,	

Glucose,		LDL-cholesterol,	N-terminal-pro	B-type	natriuretic	peptide,	hs	Troponin	I;	
o Partner	22-UTARTU:	Glycated	haemoglobin;	
o Partner	24-UIV:	Glycated	haemoglobin.	

• Biomarker	values	received	from	Partner	1-UKE	were	returned	by	THL	to	the	Partners	which	
had	provided	the	samples:	5-HMGU,	18-QUB,	23-RCPM,	24-UIV,	25-UDUN,	30-NEUROMED.	

• The	 MDC	 (Partner	 2-THL)	 performed	 29	 transfers	 of	 individual	 level	 analysis	 data	 sets	 to	
Partners	1-UKE,	4-UMC,	18-QUB,	24-UIV	and	30-NEUROMED.		
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• Descriptions	 of	 the	 participating	 cohorts	 were	 completed	 and	 published	 in	 the	 series	
MORGAM	Project	e-publications	(http://www.thl.fi/publications/morgam/cohorts/).	

• The	 report	 Description	 and	 quality	 assessment	 of	 MORGAM	 data	 was	 completed	 for	 the	
baseline	data	on	smoking,	blood	pressure,	cholesterols,	anthropometric	measurements	and	
history	of	 coronary	heart	disease,	 stroke	and	diabetes.	These	are	 currently	being	prepared	
for	publication	in	the	series	MORGAM	Project	e-publications.	

	
Table	7.1.	Population	cohort	data	currently	in	the	MORGAM	Data	Centre	

Study	
Years	of	
exam.	

Re-
exam.	
of	

Person
s	

Follow
-up	
time	
(years)	

Incident	events	

CHD	 Stroke	

Heart	
failur
e	

Atria
l	fibr.	 Diabetes	

Periph.	
vasc.	
diseas
e	

Venous	
thrombo-
embolism	

Cance
r	

ATBC	 1984-88	 		 29133	 14	 5929	 3509	 		 		 		 		 772	 		

1986-93	 1984-88	 3701	 		 		 		 		 		 		 		 		 		

1992-93	 1984-88	 20278	 		 		 		 		 		 		 		 		 		
Finrisk	 1997	 		 8444	 13	 559	 363	 565	 452	 602	 121	 186	 664	

2002	 		 9485	 9	 241	 151	 226	 209	 390	 52	 67	 358	
Augsburg	 1994-95	 		 4692	 13	 239	 171	 		 		 290	 		 		 		

1999-01	 		 4221	 9	 116	 82	 		 		 163	 		 		 		

2006-08	 1999-01	 3063	 		 		 		 		 		 		 		 		 		
GHS	 2007-10	 		 	9949	 	5	 		 		 		 		 		 		 		 		
Tromsø	 1986-87	 		 20458	 20	 1564	 767	 		 		 		 		 		 		

1994-95	 1986-87	 26914	 		 1027	 739	 		 		 		 		 		 		
Moli-sani	 2005-10	 		 24325	 4	 351	 90	 613	 414	 352	 		 		 		
SHIP-TREND	 2008-12	 		 		 		 		 		 		 		 		 		 		 		
HAPIEE	Czech	 2002-05	 		 8480	 8	 326	 211	 248	 		 		 		 		 		
HAPIEE	Kaunas	 2005-08	 		 7161	 4	 171	 93	 		 		 		 		 		 		
HAPIEE	Krakow	 2002-04	 		 10012	 7	 277	 82	 		 		 		 		 		 		
HAPIEE	Novos.	 2002-05	 		 9349	 6	 329	 159	 		 		 		 		 		 		
Caerphilly	 1989-93	 		 	2171	 	20	 	529	 	313	 		 		 		 		 		 		

2001-05	 1989-93	 	1143	 		 		 		 		 		 		 		 		 		
Belfast	 1991-94	 		 2745	 16	 370	 113	 		 		 263	 		 		 495	
Lille	 1991-93	 		 2633	 10	 156	 47	 		 		 		 		 		 		
Strasbourg	 1991-93	 		 2612	 10	 158	 27	 		 		 		 		 		 		
Toulouse	 1991-93	 		 2610	 10	 158	 23	 		 		 		 		 		 		
Catalonia	 1986-88	 		 2571	 10	 46	 8	 		 	13	 		 		 		 		

1990-92	 		 2934	 8	 42	 4	 		 		 		 		 		 		
N-Sweden	 1986	 		 1625	 23	 264	 166	 121	 169	 97	 		 		 323	

1999	 1986	 1316	 		 		 		 		 		 		 		 		 		

1990	 		 1576	 20	 203	 110	 91	 114	 80	 		 		 218	

1999	 1990	 1258	 		 		 		 		 		 		 		 		 		

1994	 		 1893	 16	 238	 147	 129	 162	 84	 		 		 266	

1999	 1994	 1562	 		 		 		 		 		 		 		 		 		

1999	 		 1789	 12	 134	 84	 76	 107	 48	 		 		 139	

2004	 		 1863	 8	 73	 35	 46	 67	 21	 		 		 102	

2009	 		 1704	 3	 15	 10	 6	 11	 14	 		 		 16	
Estonia	 2001-10	 		 	4971	 	7	 	815	 	544	 		 		 		 		 		 		
Glostrup	 1982-85	 		 4052	 23	 641	 473	 428	 388	 306	 		 	122	 		

1987-90	 1982-85	 3078	 		 		 		 		 		 		 		 		 		

1993-95	 1982-85	 2753	 		 		 		 		 		 		 		 		 		

1986-87	 		 1504	 22	 181	 136	 102	 105	 100	 		 	49	 		

1991-92	 		 2026	 17	 236	 184	 159	 167	 103	 		 	38	 		
Brianza	 1986-87	 		 1659	 21	 127	 52	 		 		 		 		 		 		

1989-90	 		 1599	 18	 99	 42	 		 		 		 		 		 		

1993-94	 		 1674	 14	 67	 31	 		 		 		 		 		 		
Friuli	 1994	 		 1786	 4	 12	 8	 		 		 		 		 		 		
Rome	 1993-96	 		 2519	 10	 60	 70	 		 		 		 		 		 		

1993-96	 		 1970	 10	 42	 16	 		 		 		 		 		 		
Scotland	 1984-87	 		 11573	 21	 1856	 704	 860	 852	 711	 413	 		 1519	



Pagle	35	of	76	
C	O	N	F	I	D	E	N	T	I	A	L	

1992	 		 1754	 15	 240	 126	 167	 141	 74	 72	 		 206	

1995	 		 1656	 14	 117	 49	 56	 64	 46	 35	 		 98	

1989	 		 1017	 19	 122	 58	 49	 61	 43	 38	 		 112	
Total	

	 	
278118	

	
18130	 9997	 3942	 3496	 3787	 731	 1234	 4516	

	
	
Diseased	cohorts:	
	
No	new	data	was	added	during	the	report	period.	
	
	
Task	7.2	Analysis	of	lifestyle,	socio-economic	and	imaging	data	
	
The	analysis	of	socio-economic	data	in	the	population	cohorts	continued	under	the	leadership	of	24-
UIV:	

• The	analysis	of	educational	class	inequalities	in	the	incidence	of	coronary	heart	disease	was	
completed	 and	 a	 paper	was	 published	 (Veronesi	 G,	 Ferrario	MM,	 Kuulasmaa	 K,	 Bobak	M,	
Chambless	LE,	Salomaa	V,	Soderberg	S,	Pajak	A,	Jørgensen	T,	Amouyel	P,	Arveiler	D,	Drygas	
W,	Ferrieres	J,	Giampaoli	S,	Kee	F,	Iacoviello	L,	Malyutina	S,	Peters	A,	Tamosiunas	A,	Tunstall-
Pedoe	H,	Cesana	GC.	Educational	class	inequalities	in	the	incidence	of	coronary	heart	disease	
in	Europe.	Heart.	E-pub	2016.	doi:10.1136/heartjnl-2015-308909)	

o Contributors:	24-UIV,	2	-THL,	5-HMGU,	17-UCL,	18-QUB,	19-IPL,	21-UMU,	23-RCPH,	
25-UDUN,	30-NEUROMED.	

• The	analysis	of	educational	class	inequalities	in	the	incidence	of	stroke	was	completed	and	a	
manuscript	is	in	preparation.	

• The	analysis	of	the	interaction	between	social	classes	and	risk	factors	on	the	risk	of	coronary	
heart	 disease	 or	 stroke	 was	 completed	 and	 a	 manuscript	 is	 under	 review	 in	 a	 scientific	
journal.	

	
The	socioeconomic	patterning	of	low-grade	inflammation	and	the	role	of	health-related	behaviours	
in	 the	 Moli-sani	 cohort	 was	 analysed	 by	 partner	 30-NEUROMED.	 The	 resulting	 manuscript	 was	
submitted	for	publication	in	Social	Science	and	Medicine.	

• Results:	 In	 a	 multivariable	 model	 controlled	 for	 major	 chronic	 diseases,	 low-grade	
inflammation	 was	 inversely	 associated	 with	 education	 (odds	 ratio	 of	 being	 in	 the	 upper	
versus	 lower	 third	 of	 low-grade	 inflammation:	 OR=1.28;	 95%CI:	 1.14-1.43	 ;),	 income	
(OR=1.39;	1.10-1.77),	 housing	 tenure	 (OR=1.61;	1.35-1.91),	 occupation	 (OR=1.30;	1.16-1.46	
for	semi-skilled/unskilled	vs	professional/managerial).	Engagement	in	sport	activity	and	body	
mass	 index	 explained	 up	 to	 32.1%	 and	 71.4%	 respectively	 of	 the	 disparities	 in	 low-grade	
inflammation	observed	for	each	SES	indicator.	

• Conclusions:	 Low-grade	 inflammation	 is	 socially	 patterned	 in	 a	 large	 Mediterranean	
population.	 Health-related	 behaviours	 explain	 the	 greatest	 part	 of	 this	 association	 with	 a	
prominent	role	of	body	mass	index	and	physical	activity.	

	
Smoking	 data	 was	 analysed	 jointly	 with	 the	 CHANCES	 project	 and	 resulted	 in	 three	 publications	
which	showed	that	smoking	cessation	still	at	older	age	is	beneficial:	

• Mons	U,	Müezzinler	A,	Gellert	C,	Schöttker	B,	Abnet	CC,	Bobak	M,	de	Groot	L,	Freedman	ND,	
Jansen	 E,	 Kee	 F,	 Kromhout	 D,	 Kuulasmaa	 K,	 Laatikainen	 T,	 O’Doherty	 MG,	 Bueno-de-
Mesquita	B,	Orfanos	P,	Peters	A,	van	der	Schouw	YT,	Wilsgaard	T,	Wolk	A,	Trichopoulou	A,	
Boffetta	P,	Brenner	H,	on	behalf	of	the	CHANCES	consortium.	Impact	of	smoking	and	smoking	
cessation	 on	 cardiovascular	 events	 and	 mortality	 among	 older	 adults	 –	 Meta-analysis	 of	
individual	 participant	 data	 from	 prospective	 cohort	 studies	 of	 the	 CHANCES	 consortium.	
BMJ.2015;350:h1551.	doi:	10.1136/bmj.h1551.	
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o BiomarCaRE	contributors:	2-THL,	5-HMGU,	14-UIT,	16-EMAUG,	17-UCL,	18-QUB,	20-
ICCC,	21-UMU,	23-RCPH,	24-UIV.	

• Müezzinler	A,	Mons	U,	Gellert	C,	Schöttker	B,	Jansen	E,	Kee	F,	O’Doherty	MG	Kuulasmaa	K,	
Freedman	ND,	Abnet	CC,	Wolk	A,	Håkansson	N,	Orsini	N,	Wilsgaard	T,	Njølstad	I,	Mathiesen	
EB,	 Leenders	 M,	 Bueno-de-Mesquita	 B,	 van	 der	 Schouw	 YT,	 Peeters	 PH,	 Streppel	 MT,	 de	
Groot	 LCPGM,	 Peters	 A,	 Schneider	 A,	 Orfanos	 P,	 Linneberg	 A,	 Pisinger	 C,	 Lorbeer	 R,	
Tamosiunas	A,	Baceviciene	M,	Luksiene	D,	Bernotiene	G,	Jousilahti	P,	Schaan	B,	Wennberg	P,	
Petterson-Kymmer	U,	Jansson	JH,	Söderberg	S,	Eriksson	S,	Jankovic	N,	Kromhout	D,	Geelen	A,	
Sánchez	MJ,	Veronesi	G,	Sans	S,	Drygas	W,	Trichopoulou	A,	Boffetta	P,	Brenner	H.	Smoking	
and	All-cause	Mortality	 in	Older	Adults	 -	Results	 from	the	CHANCES	Consortium.	Am	J	Prev	
Med.	2015;49:e53-e63.	doi:	10.1016/j.amepre.2015.04.004.	

o BiomarCaRE	contributors:	2-THL,	5-HMGU,	14-UIT,	16-EMAUG,	17-UCL,	18-QUB,	20-
ICCC,	21-UMU,	23-RCPH,	24-UIV.	

• Ordóñez-Mena	 JM,	 Schöttker	 B,	 Mons	 U,	 Jenab	 M,	 Freisling	 H,	 Bueno-de-Mesquita	 B,	
O’Doherty	MG,	Scott	A,	Kee	F,	Stricker	BH,	Hofman	A,	de	Keyser	CE,	Ruiter	R,	Söderberg	S,	
Jousilahti	 P,	 Kuulasmaa	 K,	 Freedman	 ND,	 Wilsgaard	 T,	 de	 Groot	 LCPGM,	 Kampman	 E,	
Håkansson	N,	Orsini	N,	Wolk	A,	Nilsson	LM,	Tjønneland	A,	Pająk	A,	Malyutina	S,	Kubínová	R,	
Tamosiunas	A,	Bobak	M,	Katsoulis	M,	Orfanos	P,	Boffetta	P	Trichopoulou	A,	Brenner	H;	on	
behalf	 of	 the	 Consortium	 on	 Health	 and	 Ageing:	 Network	 of	 Cohorts	 in	 Europe	 and	 the	
United	 States	 (CHANCES).	 Quantification	 of	 the	 smoking-associated	 cancer	 risk	 with	 rate	
advancement	 periods:	 meta-analysis	 of	 individual	 participant	 data	 from	 cohorts	 of	 the	
CHANCES	consortium.	BMC	Med.	2016;14:62.	doi:	10.1186/s12916-016-0607-5.	

o BiomarCaRE	contributors:		2-THL,	14-UIT,	17-UCL,	18-QUB,	21-UMU.	
	
Analysis	 of	 data	 on	 alcohol	 consumptions	 and	 its	 relationship	with	 social	 status	 and	 biomarkers	
was	started	under	the	leadership	of	Partner	30-NEUROMED.	The	analysis	will	be	completed	after	the	
BiomarCaRE	project:	

• Variations	in	the	effect	of	alcohol	consumption	on	the	incidence	of	cardiovascular	diseases	
o Rationale:	As	the	pattern	of	CVD	risk	factors	in	a	given	population	changes	over	time,	

this	 might	 result	 in	 corresponding	 changes	 in	 incidence	 rates	 of	 CVD.	 Previous	
findings	 from	 MONICA	 project	 showed	 that	 changes	 in	 major	 cardiovascular	 risk	
factors	 (serum	 cholesterol,	 blood	 pressure	 and	 cigarette	 consumption)	 seemed	 to	
explain	 only	 partly	 the	 variation	 in	 population	 trends	 of	 incidence	 rates	 of	 CVD.	
Alcohol	consumption	was	not	included	in	these	analyses,	and	it	would	be	of	interest	
to	investigate	to	which	extent	alcohol	consumption	could	further	explain	variation	in	
population	trends	of	incidence	rates	of	CVD.	This	information	may	be	of	importance	
in	 relation	 to	 strategies	 for	 prevention	 of	 CVD.	 The	 BiomarCare	 study	 provides	 a	
unique	opportunity	to	investigate	the	effect	of	alcohol	on	the	incidence	of	CVD	in	a	
large	international	multicentre	study	collaboration	with	standardized	methodology.	

o Objectives:		
§ To	 investigate	variations	 in	the	effect	of	alcohol	consumption,	and	the	type	

of	 alcoholic	 beverage,	 on	 the	 incidence	 of	 CVD	 between	 different	
populations/countries;	

§ To	 investigate	whether	 changes	 in	 alcohol	 consumption	 explain	 changes	 in	
the	incidence	of	CVD;	

§ To	 investigate	 the	effect	of	 alcohol	 consumption	on	different	 types	of	CVD	
(including	atrial	fibrillation	and	heart	failure)	outcome	and	diabetes;	

§ To	 investigate	 to	 which	 extent	 the	 effect	 of	 alcohol	 consumption	 on	 the	
incidence	of	CVD	is	dependent	on	the	type	of	alcoholic	beverage	consumed;	

§ To	 investigate	 to	 which	 extent	 the	 effect	 of	 alcohol	 consumption	 on	 the	
incidence	of	CVD	is	dependent	on	the	pattern	of	alcohol	consumption.	
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o Contributors:	 30-NEUROMED,	 2-THL,	 5-HMGU,	 14-UIT,	 16-EMAUG,	 18-QUB,	 19-IPL,	
21-UMU,	22-UTARTU,	23-RCPH,	24-UIV,	27-UULM.	

• Are	 detrimental/beneficial	 effects	 of	 alcohol	 consumption	 different	 according	 to	 social	
status?	

o Social	status	is	considered	a	confounder	variable	in	the	relationship	of	alcohol	intake	
with	healthy	outcomes.	However,	recent	evidence	has	found	that	subjects	at	higher	
levels	 of	 socio-economic	 status	 appear	 to	 have	 fewer	 adverse	 effects	 of	 alcohol	
consumption.	 Our	 project	 aims	 at	 evaluating	 whether	 the	 health	 outcomes	 of	
moderate/excessive	alcohol	drinking	may	differ	across	socioeconomic	groups	either	
as	a	risk	or	a	protective	factor.	Beneficial	and	detrimental	health	outcomes	deriving	
from	alcohol	intake	are	a	crucial	issue	in	public	health.	Identifying	possible	different	
effects	 of	 alcohol	 intake	 across	 socioeconomic	 strata	 represent	 a	 paramount	 task	
both	 for	understanding	the	pathophysiological	mechanism	of	action	and	for	setting	
appropriate	strategies	of	prevention/intervention	for	future	public	health	activities.	

o Objectives:	To	evaluate	whether	the	health	outcomes	of	moderate/excessive	alcohol	
drinking	 may	 differ	 across	 socioeconomic	 groups	 either	 as	 a	 risk	 or	 a	 protective	
factor.	 Additionally,	 different	 mediating	 pathways	 will	 be	 explored,	 such	 as	 main	
drinking	 patterns	 (i.e.	 consuming	 alcohol	 during	main	meals,	 binge	 drinking,	when	
available)	or	biological	mechanisms	that	may	be	modified	either	by	alcohol	drinking	
or	socioeconomic	status.		

o Contributors:	 30-NEUROMED,	 2-THL,	 5-HMGU,	 14-UIT,	 16-EMAUG,	 18-QUB,	 19-IPL,	
21-UMU,	22-UTARTU,	23-RCPH,	24-UIV,	27-UULM.	

	
	
Task	7.3	Risk	model	development	
	
Established	biomarkers	in	population	cohorts	
	
The	 system	 for	 data	 analysis,	 developed	 by	 Partner	 2-THL	 for	 the	 population	 cohorts	 during	 the	
second	reporting	period,	was	extended	to	include:	

• measures	of	prediction	improvement	for	single	biomarkers	(net	reclassification	index	and	C-
index);	and	

o automatic	multiple	biomarker	model	selection	using	both	the	LASSO	method	and	
o non-parametric	biomarker	selection	using	random	survival	forests.	

	
These	 analyses	 were	 run	 routinely	 for	 all	 study	 end-points	 whenever	 new	 biomarker	 data	 were	
received	from	the	laboratory.	They	serve	the	various	specific	analysis	projects	of	BiomarCaRE.	They	
were	also	used	for	the	selection	of	the	established	biomarkers	for	Phase	2	measurement.			
	
Selection	of	established	biomarkers	for	Phase	2	
Biomarker	selection	was	carried	out	in	Phase	1	cohorts	and	the	16	biomarkers	selected	earlier	in	WP	
1.	 The	 combination	of	 available	biomarkers	 varied	between	 cohorts.	We	used	 the	LASSO method 
with the semiparametric Cox survival models. The	 analysis	 was	 repeated	 for	 each	 maximal	
combination	of	biomarkers	and	cohorts.	The	used	study	end-points	were:	

• CHD4	 -	 myocardial	 infarction	 or	 stable	 angina.	 Those	 with	 history	 of	 MI	 or	 stroke	 were	
excluded.	

• STROKE1	-	stroke.	Those	with	history	of	MI	or	stroke	were	excluded.	
• CVD3	-	myocardial	infarction,	stable	angina,	unclassifiable	death,	cardiac	revascularization	or	

cerebral	infarction.	Those	with	history	of	MI	or	stroke	were	excluded.	
• HF	 -	 heart	 failure.	 Those	with	 history	 of	MI,	 stroke,	 heart	 failure	 or	 atrial	 fibrillation	were	

excluded.	
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• AF	-	atrial	fibrillation.	Those	with	history	of	MI,	stroke,	heart	failure	or	atrial	fibrillation	were	
excluded.	

• Type	 2	 diabetes	 (T2D).	 Those	with	 history	 of	MI,	 stroke,	 heart	 failure,	 atrial	 fibrillation	 or	
diabetes	were	excluded.	

• Death	-	death	from	any	cause.	No	exclusions.	
	
The	Cox	regression	models	were	adjusted	for	sex,	age,	cohort,	systolic	blood	pressure,	BMI,	smoking	
status,	history	of	diabetes	and	treatment	for	hypertension.	Because	the	distributions	of	some	of	the	
biomarkers	were	highly	skewed,	transformed	values	of	the	biomarkers	were	used.	Biomarkers	which	
were	measured	 in	 the	 cohort	but	missing	 for	 some	 subjects	were	multiply	 imputed.	 The	Augsburg	
cohorts	were	not	included	in	the	analysis	because	most	of	the	biomarkers	were	missing	for	nearly	all	
cases.	The	summary	of	the	results,	reflecting	five	multiply	imputed	datasets	were,	by	biomarker:	
		

• Apo	A1	and	HDL	cholesterol:	Although	these	are	correlated,	one	of	 them,	and	usually	both	
became	systematically	selected	to	the	models	for	CHD4,	CVD3,	HF,	T2D	and	Death.	They	did	
not	become	selected	for	STROKE1	or	AF.	

• Apo	 B	 and	 LDL-cholesterol:	 Although	 these	 are	 correlated,	 both	 became	 nearly	 always	
selected	 to	 the	 models	 for	 CHD4	 and	 CVD3,	 but	 not	 so	 for	 Stroke1,	 HF,	 AF	 or	 T2D.	 LDL-
cholesterol	became	always	selected	for	Death	but	with	negative	coefficient.	

• Triglycerides	 became	 fairly	 systematically	 selected	 to	 the	 models	 for	 STROKE1,	 T2D	 and	
death,	but	not	so	clearly	for	the	other	end-points.	

• LP(a)	became	selected	to	all	models	for	CHD4	and	CVD3	but	not	for	the	other	end-points.	
• Creatinine	became	selected	to	most	models	for	CHD4	and	STROKE1	but	with	varying	sign	of	

the	coefficient.	The	sign	(i.e.	 the	direction	of	effect)	 is	variable	also	 in	the	single	biomarker	
analyses.	

• CRP	became	selected	to	nearly	all	models	except	for	AF.	
• Cystatin	 C	 became	always	 selected	 for	Death.	 It	 also	 became	often	 selected	 for	 CHD4	 and	

CVD3	but	with	negative	coefficient.	
• NTproBNP	became	 selected	 to	 all	models	but	with	negative	 coefficient	 for	 T2D.	 It	was	 the	

only	biomarker	clearly	associated	with	AF.	
• hsTnI	became	selected	to	nearly	all	models	except	for	AF.	
• C-peptide	 and	 Insulin:	 These	 were	 highly	 correlated.	 Insulin	 but	 not	 C-peptide	 was	 nearly	

always	selected	for	CHD4,	CVD3	and	Death.	Either	one	was	nearly	always	selected	for	HF	and	
T2D.	

• Glucose	was	always	selected	for	CVD3,	T2D	and	Death,	and	nearly	always	for	HF.	
• Testosterone	became	only	occasionally	selected	to	any	model.	
• Vitamin	D	was	always	selected	 for	CHD4,	CVD3,	HF	and	Death,	and	often	 for	STROKE1.	For	

T2D	the	results	were	mixed.	
	
Based	on	the	results,	the	inclusion	of	Apo	A1,	Apo	B,	HDL-cholesterol,	LDL-cholesterol,	Triglycerides,	
LP(a),	CRP,	Cystatin	C,	NTproBNP,	hsTnI,	 Insulin,	Glucose,	Vitamin	D	 in	Phase	2	measurements	was	
obvious.	 After	 further	 consideration,	 the	 Steering	 Group	 decided	 to	 include	 the	 remaining	
biomarkers	 C-peptide,	 Testosterone	 and	 Creatinine.	 Their	 measurement	 required	 little	 additional	
resources.	
	
The	analysis	was	later	repeated	using	minimal	depth	thresholding	random	survival	forests	(RSF).	The	
results	supported	the	importance	of	the	biomarkers	which	were	strong	also	in	the	LASSO	selection.		
For	 the	 other	 biomarkers	 the	 results	 were	 unstable,	 and	 therefore	 did	 not	 add	 to	 the	 overall	
conclusions.	However,	 comparison	between	 the	Cox	models	 and	 random	survival	 forests	 indicated	
that	the	Cox	models	have	better	predictive	ability.	
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The	 RSF	 model	 selection	 also	 gave	 some	 guidance	 about	 the	 importance	 the	 biomarkers	 in	 risk	
prediction.	 ApoB	 and	 CRP	 seemed	 to	 be	 the	 strongest	 and	 ApoA	 and	 vitamin	 D	 the	 weakest	
predictors	when	modelling	CHD4.	The	strongest	predictors	of	STROKE1	appeared	to	be	HDL	and	NT-
proBNP	and	the	weakest	were	CRP,	LDL	and	Lp(a).	For	all-cause	mortality,	cystatin	C	seemed	to	be	
the	strongest	predictor	and	ApoB,	Lp(a)	and	testosterone	weakest.	
		
To	 see	 if	 the	 number	 of	 biomarkers	 could	 be	 further	 reduced	 without	 decreasing	 the	 predictive	
power	 for	cardiovascular	diseases,	 the	model	 including	all	biomarkers	was	compared	with	a	model	
where	 the	 weak	 biomarkers	 (C-peptide,	 testosterone	 and	 creatinine)	 and	 strongly	 correlated	
biomarkers	 (HDL-cholesterol,	 LDL-cholesterol	 and	 Triglycerides)	 were	 excluded.	 This	 left	 ten	
biomarkers:	Apo	A1,	Apo	B,	LP(a),	CRP,	Cystatin	C,	NTproBNP,	hsTnI,	Insulin,	Glucose	and	Vitamin	D.	
The	 comparison	 was	 carried	 out	 using	 data	 from	 the	 four	 cohorts	 with	 highest	 availability	 of	 the	
biomarkers:	 Brianza,	 Moli-sani,	 FINRISK	 97	 and	 Scotland	 cohorts.	 	 Models	 for	 ten-year	 risk	 were	
developed	using	Cox	proportional	hazards	models.	
	
The	models	with	 10	 biomarkers	 showed	 clear	 improvement	 to	 the	models	with	 no	 biomarkers.	 In	
particular	 the	 net	 reclassification	 index	 (NRI,	 with	 cut-points	 6%	 and	 20%)	 showed	 improved	
prediction	of	 the	 cases	 (Table	 7.2).	Addition	of	 the	6	weaker	biomarkers	did	not	 show	meaningful	
improvement	to	the	prediction.		
	

Table	7.2:	Prediction	improvement	between	the	models	with	classic	risk	factors	only	(smoking,	
systolic	blood	pressure,	blood	pressure	treatment,	diabetes	and	BMI),	models	with	ten	
biomarkers	and	models	with	16	biomarkers.		For	men,	all	values	more	than	1%	were	highly	
significant.	

	 	 	 	 	 	 	 	
Disease	
end-point		

Number	
of	cases	

10	biomarkers	vs.	no	biomarkers	 16	biomarkers	vs.	10	biomarkers	
NRI	

C-index	
improvement	

NRI	
C-index	

improvement	Cases	 Non-
cases	 Cases	 Non-

cases	
Men	

CHD4	 930	 8	%	 2	%	 0.03	 1	%	 0	%	 0.00	
Stroke1	 362	 7	%	 0	%	 0.01	 0	%	 0	%	 0.00	
CVD3	 1420	 6	%	 5	%	 0.03	 0	%	 0	%	 0.00	
		 		 		 		 Women	 		 		 		
CHD4	 347	 8	%	 0	%	 0.02	 2	%	 0	%	 0.01	
Stroke1	 224	 4	%	 0	%	 0.01	 2	%	 0	%	 0.00	
CVD3	 527	 7	%	 1	%	 0.02	 1	%	 0	%	 0.00	
	
	
	
Analysis	of	the	CAVADIS	4-plex	data	in	diseased	cohorts	
	
The	 analysis	 of	 CAVADIS	 4-plex	 (see	 also	WP2)	 data	 on	Cystatin	 C,	 CD14,	 Serpin	 F2	 and	 Serpin	G1	
from	reporting	period	2	was	followed	up	by	Partner	7-UZL	 in	collaboration	with	1-UKE,	4-UMC	and	
27-UULM.		We	compared	the	standard	approach	Cox	regression	with	Random	Survival	Forests	(RSF)	
using	our	new	implementation	ranger	(Wright	and	Ziegler,	J	Stat	Softw		2016	in	press).	
	
In	terms	of	the	importance	of	covariate	effects	Cox	regression	and	RSF	show	comparable	results	(Fig.	
7.1	and	Fig	7.2).		When	looking	at	the	effect	of	the	CAVADIS	4-plex	biomarkers	(Fig.	7.3),	we	observed	
no	improvement	in	prediction	accuracy	when	adding	the	biomarkers	to	the	model.		
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Figure	7.1:	Cox	regression	for	endpoint	cardiovascular	event	with	95%	confidence	intervals.	
	
	

	
Figure	7.1:	RSF	for	endpoint	cardiovascular	event,	boxplots	show	distribution	over	10	multiple	imputation	

chains.	
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Figure	7.2:	Comparison	of	RSF	prediction	errors	for	models	with	and	without	4-plex	biomarkers.	

	
Our	 data	 analysis	 confirmed	 two	 well-known	 problems:	 The	 first	 one	 is	 the	 biased	 split	 point	
selection	 (Strobl	 et	 al.,	 BMC	Bioinformatics,	 2007),	where	 variables	with	many	 possible	 values	 are	
selected	more	 frequently.	 Conditional	 inference	 forests	 (CIF,	 Hothorn	 et	 al.,	 J	 Comput	Graph	 Stat,	
2006),	 are	 proposed	 to	 circumvent	 this	 problem.	 However,	 CIF	 are	 not	 implemented	 for	 RSF.	
Furthermore,	 they	 are	 computationally	 intensive,	making	 them	 impractical	 to	 combine	 them	with	
multiple	imputation.	Therefore,	we	developed	an	approach	based	on	the	idea	of	maximally	selected	
rank	statistics	(MSR)	(Wright	et	al.,	submitted)	and	applied	it	to	the	data.	The	unbiased	estimates	of	
the	 prediction	 error	 show	 improvements	 over	 the	 standard	 RSF	 (Fig.	 7.	 4).	 However,	 the	 general	
trend	 of	 the	 CAVADIS	 4-plex	 biomarkers	 being	 non-informative	 for	 the	 prediction	 of	 secondary	
cardiovascular	events	remains.	
	
	
	

	
Figure	7.3:	Comparison	of	MSR-RSF	prediction	errors	for	models	with	and	without	4-plex	biomarkers.	
	
The	 second	 problem	 is	 known	 as	 End	 Cut	 Preference	 (ECP;	 Ishwaran,	 Mach	 Learn,	 2015),	 which	
means	that	for	continuous	variables	the	supposedly	optimal	split	points	are	often	located	to	the	tails	
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of	the	observed	range.	We	developed	a	new	splitting	criterion	based	on	Harrell’s	C	to	circumvent	this	
problem	(Schmid	et	al.,	submitted	2016).			
Our	study	showed	that	Harrell’s	C	has	a	lower	ECP,	making	it	more	suitable	for	low-dimensional	data	
sets,	 such	as	 the	one	given	here	 for	 the	diseased	 cohorts.	 The	 standard	approach	 in	RSF	 (log-rank	
splitting)	is	suitable	for	high-dimensional	and	somewhat	noisy	data,	e.g.	data	from	Omics-Studies.		
When	applied	to	the	BiomarCaRE	data	the	non-effect	of	the	biomarkers	remains,	though	(Fig.	7.5).		
	
In	 summary,	 both	 approaches	did	not	 improve	 the	performance	of	 the	models.	We	 thus	 conclude	
that	 there	 is	no	evidence	 for	 the	effectiveness	of	 the	CAVADIS-4plex	panel	 in	predicting	secondary	
cardiovascular	events,	given	the	BiomarCaRE	diseased	cohorts	data.	
	

	
Figure	7.5:		Comparison	of	prediction	errors		for	RSF	with	Harrell’s	C	as	splitting	criterion,	for	models	with	

and	without	4-plex	biomarkers.	
	
	
	
	
	
Quality	control	and	analysis	of	metabolite	data	
	
Metabolite	 concentrations	 were	 measured	 in	 the	 case-cohort	 set	 of	 Glostrup,	 FINRISK,	 Augsburg	
(KORA),	 Brianza,	 SHHEC	 and	Moli-sani	 cohorts	 by	mass	 spectrometry	 (MS)	 using	 the	 AbsoluteIDQ	
p180	Kit	assay	from	Biocrates	(see	WP6).	 	The	data	analysis	was	done	by	Partner	1-UKE	with	some	
assistance	from	Partner	2-THL.	
	
Data	normalization	
After	measuring	 the	metabolite	 concentrations	 by	mass	 spectrometry	 (MS)	 using	 the	AbsoluteIDQ	
p180	Kit	 assay	 from	Biocrates,	 its	 integrated	 software	 called	MedIDQ	was	used	 to	pre-process	 the	
data.	 This	ensured	 to	automate	 the	entire	measurement	process,	 including	 sample	administration,	
plate	layout,	technical	validation,	and	normalization.		
	
For	normalizing	the	metabolite	concentrations,	we	used	an	algorithm	suggested	by	Biocrates.	Here,	
each	metabolite	concentration	was	corrected	by	a	factor	which	is	determined	from	the	ratio	of	the	
mean	of	all	reference	samples	and	the	mean	of	the	reference	samples	from	the	corresponding	plate.		
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First,	 we	 normalized	 all	 metabolite	 concentrations	 separately	 for	 each	 cohort	 (cohort-specific	
normalization),	second	for	the	entire	BiomarCaRE	case	cohort	(global	normalization).	All	subsequent	
data	 quality	 control	 analyses	 were	 first	 performed	 on	 each	 cohort	 individually	 to	 detect	 cohort-
specific	 outliers,	 technical	 and	 batch	 effects.	 Subsequently,	 the	 same	 data	 quality	 control	 was	
performed	 on	 the	 entire	 BiomarCaRE	 case	 cohort	 (pooled	 dataset)	 before	 the	 data	 analyses	were	
performed.		
	
Data	preparation	
The	 following	 data	 quality	 control	 analyses	 were	 first	 performed	 on	 each	 cohort	 individually,	 and	
second	on	the	entire	BiomarCaRE	case	cohort	(pooled	dataset).		
	
Exclusion	 of	metabolites	 and	 samples.	The	AbsoluteIDQ	p180	 Kit	 provides	measurements	 for	 184	
metabolites.	However,	for	some	metabolites	we	observed	multiple	measurements	to	be	incomplete,	
missing,	 below	 or	 larger	 than	 certain	 thresholds	 (e.g.	 Limit	 of	 Detection	 (LOD),	 Lower	 Level	 of	
Quantification	(LLOQ),	Upper	Level	of	Quantification	(ULOQ),	and	Coefficient	of	Variation	(CV)).	The	
AbsoluteIDQ	 p180	 Kit	 provides	 plate-specific	 LOD	 values	 for	 each	 metabolite	 for	 the	 FIA	 (flow	
injection	 analysis)	 part,	 while	 the	 LOD	 values	 for	 the	 LC	 (liquid	 chromatography)	 part	 are	 defined	
globally	and	 independent	of	 the	plate.	Here,	we	defined	a	global	LOD	value	 for	each	metabolite	of	
the	FIA	part	that	 is	the	highest	LOD	value	across	all	plates	being	measured.	This	ensures	to	use	the	
most	conservative	and	reliable	threshold	of	metabolite	concentration	detection	limit.		
To	 exclude	 metabolites	 from	 the	 data	 analyses,	 at	 least	 one	 of	 the	 following	 criteria	 had	 to	 be	
fulfilled:	 (1)	>	30%	of	measurements	were	missing	 for	FIA	and	LC	part,	 (2)	>	50%	of	measurements	
were	below	LOD,	(3)	>	50%	of	measurements	were	below	LOD	in	a	case-control	comparison,	or	(4)	>	
30%	of	measurements	were	missing.	Additionally,	we	excluded	samples	from	the	analyses	if	>	50%	of	
metabolite	 concentrations	were	missing.	 Table	 7.3	 provides	 details	 about	 the	 number	 of	 excluded	
metabolites	 and	 samples	 from	 the	 individual	 cohorts	 after	 both,	 cohort-specific	 and	 global	
normalization:	
	

Table	7.3:	Excluded	metabolites	and	samples	from	the	data	analysis	after	cohort-specific	and	global	
normalization		

		 		 Brianza	 FinRisk	 Glostrup	 KORA	 Moli-
sani	 SHHEC	 pooled	

dataset	

	Original	no.	samples	 674	 2638	 4145	 1583	 2319	 3698	 15057	

cohort-specific	normalization	

No.	
excluded	
samples	

>50%	missing	data	 7	 353	 260	 120	 144	 687	 na	

PCA-based	outliers	 0	 5	 2	 1	 5	 4	 na	

Missing	phenotypic	information	 0	 73	 0	 0	 0	 0	 na	

Prevalent	disease	reported	 0	 0	 0	 10	 0	 0	 na	

Final	no.	samples	 667	 2207	 3883	 1452	 2170	 3007	 na	

No.	excluded	metabolites	 55	 59	 59	 65	 61	 48	 na	

Final	no.	metabolites	 129	 125	 125	 119	 123	 136	 na	

global	normalization	

No.	
excluded	
samples	

>50%	missing	data	 91	 354	 261	 119	 147	 759	 1731	

PCA-based	outliers	 0	 3	 4	 3	 3	 2	 15	

Missing	phenotypic	information	 0	 73	 0	 0	 0	 0	 73	

Prevalent	disease	reported	 0	 0	 0	 10	 0	 0	 10	

Final	no.	samples	 583	 2208	 3880	 1451	 2169	 2937	 13228	

No.	excluded	metabolites	 55	 58	 58	 64	 60	 50	 43	

Final	no.	metabolites	 129	 126	 126	 120	 124	 134	 141	
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As	the	excluded	samples	and	metabolites	were	highly	consistent	between	cohort-specific	and	global	
normalization,	we	used	the	globally	normalized	datasets	in	all	subsequent	analyses.	This	allowed	us	
to	 analyze	 the	 entire	 BiomarCaRE	 case	 cohort	 as	 a	 pooled	 dataset	 with	 13328	 samples	 and	 141	
metabolites	 in	 total	 without	 the	 need	 of	 a	 subsequent	 meta-analysis	 combining	 the	 individual	
cohorts.	
	
Imputation	of	missing	data.	In	metabolomics	data	analyses	missing	data	are	often	imputed.	Here,	we	
used	a	well-established	multiple	 imputation	method	that	was	 implemented	as	 the	R	package	mice.	
During	 imputation,	 all	missing	 values	were	 first	 imputed	 10	 times	 and	 subsequently	 pooled	 into	 a	
single	value.		
	
Imputation	of	measurements	<LOD.	Metabolite	concentrations	that	were	below	LOD	or	larger	than	
ULOQ	were	imputed	by	a	random	distribution	between	LOD	and	LOD/2.		
	
Distribution	 of	metabolites.	All	 data	 analyses	were	 performed	 after	 log	 transformation	 to	 change	
left-skewed	 distribution	 of	metabolite	 concentration	measures	 into	 distributions	 closer	 to	 normal.	
After	 log	 transforming	 the	 metabolite	 concentrations,	 most	 of	 the	 metabolites	 were	 normally	
distributed.		
		
Plate	 effects.	We	 analyzed	 potential	 plate	 effects	 for	 all	 metabolites	 in	 each	 cohort	 individually,	
revealing	individual	outliers	for	some	metabolites	that	were	excluded	from	the	dataset.		
Additionally,	we	observed	in	all	individual	cohorts	a	large	variability	of	some	metabolite,	while	other	
metabolites	showed	consistent	measurements	across	plates.	As	we	could	not	identify	specific	plates	
causing	specific	problems,	we	adjusted	for	plate	effects	in	all	subsequent	data	analyses.		
	
Removal	of	outliers.	We	detected	and	removed	outliers	from	the	data	using	a	Principal	Component	
Analysis	 (PCA)	 (Fig	 7.6).	 First,	 outliers	were	 removed	 for	 individual	 cohorts,	 second	 on	 the	 pooled	
dataset.	This	enabled	us	to	detect	and	remove	15	outliers	in	total	in	the	pooled	dataset.	
	

	
Figure	 7.6:	 PCA	 of	 pooled	 dataset	 coloured	 by	 individual	 cohorts,	 left:	 normal	 scale	 data,	 right:	 log	
transformed	data.	
	

	

Normal	scale																																																																							log	scale 
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Data	analysis	
Single	biomarker	analysis:	association	with	risk	 factors.	Baseline	characteristics	of	 the	case-cohort	
set	for	which	the	metabolites	were	measured	are	given	 in	Table	7.4.	 	To	determine	the	association	
between	metabolites	and	individual	risk	factors	(age,	systolic	blood	pressure,	cholesterol,	BMI,	male	
gender,	smoking	status,	diabetes),	we	computed	correlation	coefficients	(Spearman	and	Pearson	for	
continuous	 risk	 factors,	 Pearson	 for	 dichotomous	 risk	 factors).	 This	 analysis	 revealed	 only	 weak	
correlations	 with	 -0.4<R2<0.4	 for	 these	 risk	 factors,	 while	 both	 correlation	 coefficients	 showed	
consistent	values.	
	
Association	analysis	for	cardiovascular	endpoints.	We	determined	the	association	between	the	141	
metabolites	from	the	pooled	dataset	and	the	following	cardiovascular	endpoints:	

• Incident	Coronary	Heart	Disease	(CHD)	–	variable:	CHD4	
• Incident	Stroke	–	variable:	Stroke1	
• Incident	Cardiovascular	Disease	(CVD)	–	combination	of	CHD4	and	Stroke1	
• Incident	Heart	Failure	(HF)	–	variable:	HF1	
• Incident	Atrial	Fibrillation	(AF)	–	variable:	AF1	

	
	
Table	7.4:	Baseline	characteristics	for	the	cardiovascular	endpoints	of	interest	(CHD,	Stroke,	CVD,	HF,	and	AF)	
across	all	six	cohorts	

	
All	 CHD	 STROKE	 CVD	 HF	 AF	

	 	 Case	 Control	 Case	 Control	 Case	 Control	 Case	 Control	 Case	 Control	

Total	No.	of	individuals	 13228	 2166	 11062	 1516	 11712	 3427	 9801	 1679	 9515	 1437	 9757	

Age	(mean)	 56	 56	 56	 57	 55	 56	 56	 60	 55	 59	 55	

Gender:	Men	(No.)	 7832	 1463	 6369	 866	 6966	 2163	 5669	 976	 5602	 846	 5732	

Gender:	Women	(No.)	 5396	 703	 4693	 650	 4746	 1264	 4132	 703	 3913	 591	 4025	

BMI(mean)	 27	 27	 27	 27	 27	 27	 27	 29	 27	 28	 27	

Systolic	BP	(mmHg)	(mean)	 138	 140	 138	 140	 138	 140	 138	 145	 136	 142	 137	

Diastolic	BP	(mmHg)	(mean)	 83	 84	 83	 84	 83	 84	 82	 84	 82	 83	 82	

Nt-proBNP	(pg/ml)	(mean)	 120	 126	 118	 159	 116	 132	 116	 245	 99	 270	 102	

Total	cholesterol	(mg/dl)	(mean)	 233	 248	 230	 236	 232	 243	 229	 232	 232	 230	 232	

HDL	(mg/dl)	(mean)	 61	 61	 61	 62	 60	 62	 60	 60	 62	 61	 62	

LDL	(mg/dl)	(mean)	 265	 280	 262	 292	 262	 286	 258	 179	 174	 170	 175	

Triglycerides	(mg/dl)	(mean)	 1239	 1122	 1262	 1459	 1210	 1276	 1226	 171	 152	 154	 155	

	
For	 all	 endpoints	 we	 excluded	 individuals	 (samples)	 with	 prevalent	 disease	 conditions,	 including	
prevalent	 CVD,	 prevalent	 HF,	 and	 prevalent	 AF.	 All	 endpoints	 were	 consistently	 coded	 as	 binary	
variables	 (0:	 control/no	 event,	 1:	 case/fatal	 or	 non-fatal),	 while	 individuals	 (samples)	with	missing	
information	 about	 an	 endpoint	 of	 interest	 were	 excluded.	 All	 metabolite	 concentrations	 were	
processed,	globally	normalized	and	log	transformed	as	described	above.	To	increase	the	power,	we	
computed	 the	 associations	 based	 on	 the	 pooled	 dataset	 consisting	 of	 all	 6	 cohorts	 after	 global	
normalization.	Subsequent	regression	analyses	were	performed	using	the	endpoint	as	the	dependent	
variable	and	the	metabolite	concentrations	together	with	covariates	(gender,	age,	cohort,	and	plate)	
as	independent	variables	in	a	multiple	linear	regression	model:		
ŷi	=	β0	+β1	metabolitei	+β2	agei2	+β3	genderi3	+β4	cohorti4	+β5	platei5	+	εi	
R-code:		lm	(endpoint	~	metabolite	+	age	+	gender	+	cohort	+	plate)	
All	resulting	p-values	were	corrected	for	multiple	testing	(after	BH)	and	a	significance	level	of	α=5%	
was	used.	For	testing	an	enrichment	of	metabolite	classes,	we	applied	the	Fisher	Exact	test.		
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Incident	 CHD:	We	 identified	 47	metabolites	 significantly	 associated	 with	 incident	 CHD,	 while	 they	
were	 significantly	 enriched	 for	 Glycerophospholipids	 (p-value	 =	 0.017)	 and	 Sphingolipids	 (p-value=	
0.034).	Most	of	the	significant	lipids	were	long-chained	lipids.	Among	the	significant	Amino	Acids	we	
could	 detect	 Methionine,	 Arginine,	 Aspartate,	 Glutamate,	 Glutamine,	 Phenylalanine,	 and	 Proline.	
Only	one	Biogenic	Amine	was	significant	(Putrescine).	
	
Incident	Stroke:	We	 identified	 five	metabolites	 significantly	associated	with	 incident	Stroke,	among	
which	we	identified	three	Sphingolipids,	one	Glycerophospholipid,	and	one	Amino	Acid	(Glutamate).	
	
Incident	 CVD:	We	 identified	 43	 metabolites	 significantly	 associated	 with	 incident	 CVD,	 while	 they	
were	 enriched	 for	 Sphingolipids	 (p-value=	 0.064)	 and	 Amino	 Acids	 (p-value=0.069).	 Most	 of	 the	
significant	 lipids	 were	 long-chained	 lipids.	 Among	 the	 significant	 Amino	 Acids	 we	 identified	
Glutamate,	Methionine,	Glutamine,	Arginine,	Aspartate,	Phenylalanine,	Asparagine,	Proline,	Alanine,	
and	 Leucine.	 Among	 the	 significant	 Acylcarnitines	 we	 could	 detect	 Carnitine	 and	 Acetylcarnitine,	
while	only	one	Biogenic	Amine	was	significant	(Methioninesulfoxide).	
	
Incident	 HF:	We	 identified	 30	 metabolites	 significantly	 associated	 with	 incident	 HF,	 which	 were	
enriched	for	Amino	Acids	(p-value=0.155,	not	significant),	among	which	we	detected	Phenylalanine,	
Glutamate,	Proline,	Valine,	Alanine,	Tyrosine,	and	Isoleucine.	Most	of	the	significant	lipids	were	long-
chained	 lipids.	 Only	 one	 Acylcarnitine	 (Carnitine),	 and	 one	 Biogenic	 Amine	 (Serotonin)	 were	
significant.		
	
Incident	AF:	We	could	not	identify	any	metabolites	significantly	associated	with	incident	AF.		
	
An	overview	of	the	number	of	significant	metabolites	for	the	different	end-points	is	given	in	Table	7.5	
and	volcano	plots	of	the	effects	of	the	metabolites	are	given	in	Figure	7.7.	
	
Table	7.5:	Overview	of	number	of	significant	metabolites	from	association	analyses	with	cardiovascular	
endpoints	of	interest	(significance	level	α=5%)	

	
CHD	 STROKE	 CVD	 HF	 AF	

No.	of	sign.	Glycerophospholipids	 35	 1	 27	 17	 0	
No.	of	sign.	Sphingolipids	 1	 3	 1	 3	 0	
No.	of	sign.	Acylcarnitines	 2	 0	 2	 1	 0	
No.	of	sign.	Amino	Acids	 7	 1	 10	 7	 0	
No.	of	sign.	Biogenic	Amines	 1	 0	 1	 1	 0	
No.	of	sign.	Monosaccharides	 1	 0	 1	 1	 0	

Total	No.	of	sign.	metabolites	 47	 5	 42	 30	 0	
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Figure	7.7:	Volcano	plots	of	effects	of	metabolites	on	cardiovascular	endpoints	of	interest.		
	
	
Manuscripts	on	the	metabolite	analyses	are	being	prepared	for	publication.	
	
	
Analysis	of	specific	biomarkers	and/or	end-points	in	the	population	cohorts	
	
The	 manuscript	 on	 vitamin	 D	 as	 a	 risk	 factor	 in	 the	 Scottish	 cohorts	 was	 completed	 under	 the	
leadership	of	Partner	25-UDUN	and	published:	

• Tunstall-Pedoe	H,	Woodward	M,	Hughes	M,	Anderson	A,	Kennedy	G,	Belch	J,	Kuulasmaa	K,	
for	 the	 MORGAM	 Investigators.	 Prime	 mover	 or	 fellow	 traveller:	 25-hydroxy	 vitamin	 D’s	
seasonal	variation,	cardiovascular	disease,	and	death	in	the	Scottish	Heart	Health	Extended	
Cohort	(SHHEC).	Int	J	Epidemiol.	2015;44:1602-12.	doi:	10.1093/ije/dyv092.	

• Contributors:	25-UDUN,	01-UKE,	02-THL	and	18-QUB.	
	
Analysis	 titled	 “Risk	 stratification	 by	 high	 sensitivity	 assayed	 troponin	 I	 among	 the	 European	
population	–	a	path	to	individualize	cardiovascular	prevention?”	was	led	by	Partner	1-UKE.	

• Rationale:	 Troponin	 is	 a	 cardiac	 specific	 biomarker,	 which	 holds	 promise	 to	 improve	
prediction	 of	 cardiovascular	 risk	 beyond	 classical	 risk	 factors.	 So	 far,	 high	 sensitivity	
measured	 troponin	 I	 (hsTnI)	 is	 the	 only	 routinely	 available	 troponin	 assay	 which	 enables	
detection	 in	 about	 95%	 of	 the	 general	 population.	 This	 opens	 new	 avenues	 for	
cardiovascular	risk	stratification.	

• In	 the	 analysis	 based	 on	 ten	 prospective	 population	 cohorts	 including	 74738	 participants	
free	 of	 cardiovascular	 disease	 at	 baseline,	 the	 addition	 of	 troponin	 I	 to	 variables	 of	
established	 risk	 score	 improves	 prediction	 of	 cardiovascular	 death	 and	 cardiovascular	
disease.	
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• The	manuscript	has	been	published	“Blankenberg	S,	Salomaa	V,	Makarova	N,	Ojeda	F,	Wild	
P,	 Lackner	 KJ,	 Jørgensen	 T,	 Thorand	 B,	 Peters	 A,	 Nauck	 M,	 Petersmann	 A,	 Vartiainen	 E,	
Veronesi	G,	Brambilla	P,	Costanzo	S,	 Iacoviello	L,	 Linden	G,	Yarnell	 J,	Patterson	CC,	Everett	
BM,	 Ridker	 PM,	 Kontto	 J,	 Schnabel	 RB,	 Koenig	 W,	 Kee	 F,	 Zeller	 T	 Kuulasmaa	 K,	 for	 the	
BiomarCaRE	 Inverstigators.	 Troponin	 I	 and	 cardiovascular	 risk	 prediction	 in	 the	 general	
population	-	the	BiomarCaRE	Consortium”,	Eur	Heart	J.	2016.	[Epub	ahead	of	print].	

• The	results	will	be	presented	in	the	annual	congress	of	European	Society	of	Cardiology	(ESC)	
in	Rome	in	2016.	

• Contributors:	 1-UKE,	 2-THL,	 5-HMGU,	13-UMCM,	18-QUB,	 23-RCPH,	 24-UIV,	 25-UDUN,	27-
UULM,	30-NEUROMED	

	
The	analysis	of	the	value	of	microvesicle	α-2	antiplasmin	(serpinF2)	in	improving	cardiovascular	risk	
prediction	in	primary	prevention,	which	was	started	during	the	2nd	reporting	period,	was	continued	
under	the	leadership	of	Partner	4-UMCM.	The	analyses	were	carried	out	by	2-THL.	

• Contributors:	4-UMC,	1-UKE,	2-THL,	5-HMGU,	23-RCPH,	24-UIV,	30-NEUROMED.	
	
The	 assessment	 of	 the	 added	 prognostic	 value	 of	 GDF-15,	 hsCRP,	 hsTnT,	 and	 NT-proBNP	 in	 the	
context	of	 the	European	SCORE	risk	estimation	system,	 the	new	AHA/ACC	ASCVD	risk	score,	and	
the	Framingham	risk	score	was	led	by	Partner	9-MHH.	

• Analysis:	The	purpose	of	the	study	was	to	examine	the	added	value	of	biomarkers	(GDF-15,	
along	with	CRP,	hs-cTnT,	and	NT-proBNP)	for	assessing	10-year	risk	of	cardiovascular	disease	
events	beyond	ACC/AHA	ASCVD,	the	SCORE,	and	the	Framingham	risk	score.	In	the	analyses	
we	focused	on	the	risk	score	specific	target	populations,	using	the	outcomes	predicted	by	the	
scores,	 and	 calculated	 reclassification	 of	 individuals	within	 the	 established	 risk	 cut-offs	 for	
therapeutic	decision	making	(e.g.	statin	therapy).		GDF-15	measurements	were	performed	at	
MHH	(n=3,664	individuals	with	no	prevalent	cardiovascular	disease).	The	statistical	analyses	
were	performed	by	Partner	2-THL.	

• Results:	Statistical	analyses	were	performed	by	Partner	2-THL.	Higher	GDF-15	concentrations	
were	 found	 to	 be	 associated	 with	 an	 increased	 risk	 of	 cardiovascular	 disease	 endpoints	
during	 follow-up.	GDF-15	 improved	 risk	 prediction	when	 added	 to	 each	 of	 the	 established	
risk	scores.	

• A	manuscript	is	in	preparation.	
• Contributors:	9-MHH,	2-THL,	1-UKE.	

	
We	 also	 measured	 GDF-15	 and	 sST2	 in	 5,000	 individuals	 from	 the	 population-based	 Gutenberg	
Health	 Study	 (Partner	 13-UMCM).	 The	 aim	 of	 this	 study	was	 to	 explore	 the	 value	 of	 GDF-15	 and	
other	 biomarkers	 (sST2,	 CRP,	 and	 NT-proBNP)	 to	 diagnose	 individuals	 with	 heart	 failure,	 to	
discriminate	between	heart	 failure	patients	with	reduced	(HFrEF)	and	preserved	ejection	fraction	
(HFpEF),	and	to	determine	the	prognostic	value	of	the	biomarkers	for	all-cause	mortality	during	a	
mean	follow-up	of	6.9	years.	

• Results:	Among	these	biomarkers,	GDF-15	had	the	greatest	area	under	the	curve	 (AUC)	 for	
the	 detection	 of	 heart	 failure.	 Higher	 circulating	 concentrations	 of	 all	 biomarkers	 were	
associated	with	 increased	all-cause	mortality	during	 follow-up.	Using	GDF-15,	CRP,	and	NT-
proBNP,	we	created	biomarker	indices	to	discriminate	between	HFrEF	and	HFpEF.	

• A	manuscript	will	soon	be	submitted.	
• Contributors:	9-MHH,	13-UMCM.	
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Assessment	 of	 repeated	 measurements	 of	 the	 growth	 differentiation	 factor	 15	 (GDF-15)	 as	 a	
prognostic	marker	for	heart	failure,	fatal	cardiovascular	events	in	the	BiomarCaRE	cohorts	Glostrup	
and	Caerphilly	is	led	by	Partner	1-UKE:	

• Rationale:	 GDF-15	 is	 known	 to	 be	 associated	 with	myocardial	 stress	 and	 remodelling,	 for	
example	due	to	myocardial	infarction	and	pressure	overload	leading	to	chronic	HF.	

• Objective:	To	evaluate	 if	 repeated	measurements	of	GDF-15	and	 its	 long	term	changes	are	
predictive	for	cardiac	death	and	HF.	

• Results:	Optimal	 cut-offs	 for	GDF-15	 to	 predict	 deathly	 CHD	 (531.4	 pg/ml)	 for	 incident	HF	
(471.1	 pg/ml)	 were	 derived.	 Cox	 regression	 models	 using	 the	 first	 GDF-15	 measurement	
revealed	 significantly	 increased	 hazard	 ratios	 for	 GFD-15	 for	 incident	 heart	 failure	 and	
deathly	CHD.	Joint	models	(survival	and	longitudinal)	showed	an	association	of	the	repeated	
measurements	of	GDF-15	with	incident	HF.	Thus,	GDF-15	is	a	promising	new	diagnostic	non-
invasive	tool	for	prediction	of	cardiovascular	fatal	events	and	development	of	HF.	

• The	 results	 were	 presented	 in	 the	 annual	 congress	 of	 the	 German	 Society	 of	 Cardiology	
(DGK)	 in	 2015.	 The	 analysis	mentioned	 above	were	 done	 for	 Glostrup	 and	 had	 yet	 to	 be	
performed	for	Caerphilly.	A	manuscript	is	in	preparation.	

o Contributors:	1-UKE,	18-QUB,	23-RCPH.	
	
The	 cryptogenic	 (unexplained)	 myocardial	 infarction:	 “Explaining	 the	 unexplainable”	 is	 being	
analysed	under	the	leadership	of	Partner	1-UKE:	

• Rationale:	 Cardiovascular	 risk	 prediction	 is	 predominantly	 based	 on	 the	 assessment	 of	
traditional,	mostly	modifiable	cardiovascular	risk	factors.	A	comprehensive	understanding	of	
the	 distribution	 of	 cardiovascular	 risk	 factors	 in	 relation	 to	 incident	 myocardial	
infarction/cardiovascular	 event	 in	 Europe	 is	 lacking.	 In	 particular,	 the	 description	 of	 those	
individuals	who	suffer	from	cardiovascular	events	without	or	with	only	minor	cardiovascular	
risk	factors	is	lacking.	

• Objective:	 To	 (1)	 describe	 the	 distribution	 of	 traditional	 risk	 factors	 and	 incident	
cardiovascular	events	across	Europe,	(2)	 identify	the	proportion	of	individuals	who	develop	
cardiovascular	 events	 without	 traditional	 cardiovascular	 risk	 factors,	 (3)	 compare	 the	
prevalence	 and	 predictive	 capacity	 of	 cardiovascular	 risk	 factors	 in	 those	 developing	
cardiovascular	 events	 above	 and	 below	 the	 age	 of	 50	 and	 to	 (4)	 test	 the	 impact	 of	
biomarkers	in	the	“unexplained”	(see	2)	and	“young”	(see	3)	cardiovascular	event	group.	

• The	 analysis	 is	 ongoing.	 Results	 will	 be	 presented	 on	 the	 annual	 congress	 of	 European	
Society	of	Cardiology	(ESC)	in	2016	in	Rome.	A	manuscript	is	in	preparation.	

• Contributors:	 1-UKE,	 2-THL,	 5-HMGU,	 14-UIT,	 18-QUB,	 19-IPL,	 21-UMU,	 22-UTARTU,	 23-
RCPH,	24-UIV,	27-UULM,	30-NEUROMED.	

	
	
Lipoprotein(a)	 levels	 and	 risk	 of	 future	 cardiovascular	 disease	 among	 European	 populations	 are	
being	assessed	under	the	leadership	of	Partner	1-UKE:	

• Rationale:	 During	 the	 past	 decades	 several	 epidemiologic	 studies	 have	 assessed	 the	
association	between	circulating	Lp(a)	levels	and	cardiovascular	diseases,	with	most,	but	not	
all,	 reporting	positive	associations.	Despite	rising	evidence	for	Lp(a)	as	an	 independent	risk	
factor	 for	 cardiovascular	 disease,	 its	 use	 in	 clinical	 practice	 with	 regard	 to	 screening,	 risk	
prediction	and	Lp(a)-lowering	therapies	remains	vague	and	underrepresented.	

• Results:	 Analysis	 of	 six	 population	 cohorts	 with	 56,367	 participants	 showed	 a	 robust	
increased	Lp(a)-associated	risk	for	CVD	and	MI.	These	results	and	in	particular	the	additional	
increased	 Lp(a)-associated	 risk	 for	 MI	 in	 individuals	 with	 diabetes	 may	 lead	 to	 better	
identification	of	target	populations	who	benefit	most	from	Lp(a)-lowering	therapies.	

• The	 results	will	 be	presented	on	 the	84th	 congress	of	 European	Atherosclerosis	 Society	 in	
Innsbruck,	Austria,	in	2016.	A	manuscript	is	in	preparation.	

• Contributors:	1-UKE,	2-THL,	5-HMGU,	18-QUB,	23-RCPH,	24-UIV,	27-UULM,	30-NEUROMED	
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Association	of	repeatedly	measured	high	sensitivity	assayed	troponin	I	with	cardiovascular	disease	
events	in	a	general	population	is	being	analysed	under	the	leadership	of	Partner	18-QUB.	

• Rationale:	 Cardiac	 troponin	 is	 a	 marker	 of	 necrosis	 and	 can	 be	 used	 to	 diagnose	 acute	
myocardial	 infarction	 in	emergency	situations	but	can	also	act	as	a	 long	term	biomarker	 in	
predicting	risk	of	CVD,	heart	failure	and	death	in	the	general	population.	

• Results:	 The	 impact	 of	 changes	 in	 three	 repeated	measures	 of	 hsTnI,	 collected	 five	 years	
apart	 in	 the	 Glostrup	 cohort,	 on	 incident	 CVD	 was	 investigated.	 The	 change	 process	 was	
modelled	using	a	joint	(longitudinal	and	survival)	model	and	compared	to	a	Cox	model	using	
a	 single	 hsTnI	 measure	 adjusted	 for	 classic	 CVD	 risk	 factors,	 and	 evaluated	 using	
discrimination	 statistics.	 The	 change	 in	hsTnI	predicts	10-year	 risk	of	CVD;	 the	 joint	model	
gave	a	HR	1.31	per	interquartile	difference	in	hsTnI	(95%	CI	1.15,	1.48)	after	adjustment	for	
CVD	 risk	 factors.	 The	 joint	model	 performed	only	marginally	 better	 (C-index	 improvement	
0.0094,	p<0.001)	than	using	a	single	hsTnI	measure	(C-index	improvement	0.0052,	p=0.043)	
for	prediction	of	CVD	compared	to	a	model	incorporating	CVD	risk	factors	without	hsTnI	(C-
index	0.744).	

• Additional	 analyses	 are	 being	 performed	 in	 the	 Caerphilly	 cohort	 with	 two	 repeated	
troponin	measurements.	

• A	manuscript	will	be	submitted	to	Clinical	Chemistry	special	issue	on	cardiovascular	diseases	
in	June	2016.	

• Contributors:	18-QUB,	1-UKE,	2-THL,	23-RCPH.	
	
The	 predictive	 value	 of	 testosterone	 in	 the	 FINRISK	 cohort	was	 assessed	 under	 the	 leadership	 of	
Partner	1-UKE.	

• Rationale:	Rates	of	testosterone	therapy	are	increasing	although	the	effects	of	testosterone	
therapy	on	 cardiovascular	 outcomes	 and	mortality	 are	 unknown	and	 epidemiological	 data	
on	 association	 of	 testosterone	 and	 cardiovascular-diseases	 is	 sparse.	 FINRISK	 1997	 would	
present	the	largest	study	to	date	regarding	long-term	prediction	of	major	clinical	endpoints	
in	 initially	 healthy	 subjects.	 This	 raises	 the	potential	 to	 revise	previous	 assumptions	which	
suggested	 an	 association	 between	 low	 levels	 of	 testosterone	 and	 mortality	 and	 would	
extend	existing	rare	data	with	regard	to	the	endpoints	CVD	and	diabetes.	

• Results:	 The	 analyses	 indicated	 that	 low	 testosterone	 concentrations	 are	 associated	 with	
higher	 risk	 of	 future	AF	 and	 ischemic	 stroke	 in	men,	while	 they	 are	 protective	 in	women.	
However,	 low	testosterone	levels	are	not	predictive	for	mortality	or	future	CHD	-neither	 in	
men,	nor	in	women.	Low	levels	of	testosterone	at	baseline	predicted	future	diabetes	in	men,	
but	not	in	women.	

• Results	 of	 this	 study	 will	 be	 presented	 on	 the	 annual	 congress	 of	 European	 Society	 of	
Cardiology	(ESC)	in	Rome	in	2016.	

• Contributors:	1-UKE,	2-THL.	
	
The	 predictive	 value	 of	 multiple	 biomarkers	 for	 atrial	 fibrillation	 is	 being	 assessed	 under	 the	
leadership	of	Partner	1-UKE.		

• Rationale:	 AF	 is	 one	 of	 the	 most	 frequent	 cardiovascular	 diseases	 in	 older	 adults.	 Blood-
based	 biomarkers	 have	 the	 potential	 to	 be	 objective	 tools	 to	 assess	 an	 individual’s	
susceptibility	 for	AF	 and	 therefore	 could	 improve	 risk	 prediction.	Overall,	 the	 evidence	on	
most	of	the	examined	biomarkers	in	relation	to	incident	AF	in	a	head	to	head	comparison	is	
limited.	

• Analysis:	We	investigated	the	predictive	value	of	the	novel	and	established	blood	biomarkers	
determined	within	 the	 BiomarCaRE	 project	 in	 the	 FINRISK	 1997	 and	Moli-Sani	 cohorts	 for	
incidence	 of	 AF	 and	 compared	 them	 with	 the	 risk	 information	 provided	 by	 classical	 risk	
factors	 and	 Nt-proBNP/B-type	 natriuretic	 peptide	 and	 CRP.	 Since	most	 of	 the	 biomarkers	
have	shown	differences	by	age	and	gender	we	also	present	data	by	age	decade	and	sex.	
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• The	analyses	are	ongoing	and	a	manuscript	is	in	preparation.	
• Results	will	be	presented	in	the	Scientific	Sessions	2016	of	the	American	Heart	Association.	
• Contributors:	1-UKE,	2-THL,	21-UMU,	23-RCPH,	30-NEUROMED.	

	
Heart	failure	risk	score	in	the	European	general	population	 is	being	prepared	under	the	leadership	
of	Partner	1-UKE.	

• Rationale:	HF	is	the	common	end	stage	of	diverse	diseases,	most	frequently	coronary	artery	
disease	and	myocardial	 infarction.	 Its	prevalence	and	 incidence	have	been	rising	 in	Europe	
due	to	the	aging	of	the	population	and	better	survival	with	cardiovascular	diseases.	Due	to	
often	unspecific	 symptoms,	diagnosis	of	mild	HF	may	be	delayed.	 In	 the	screening	setting,	
the	identification	of	individuals	from	the	general	population	at	risk	of	developing	HF	is	even	
more	 challenging.	 Risk	 estimation	 algorithms	 were	 recently	 developed	 and	 validated	 in	
American	cohorts.	

• Objective:	We	aim	at	deriving	and	validating	a	risk	algorithm	for	HF	incidence	using	clinically	
available	HF	risk	factors	in	European	cohorts.	

• Expected	results:	We	expect	to	identify	robust	risk	indicators	for	incident	HF	in	the	general	
population.	 The	 combination	 of	 strong,	 selected	 risk	 factors	 will	 permit	 individual	 risk	
prediction	for	long-term	incidence	of	HF.	Established	and	novel	biomarkers	related	to	heart	
failure	will	improve	discrimination	and	calibration	of	the	clinical	risk	algorithm	and	enhance	
reclassification.	 Internal	 validation	 of	 the	 algorithm	 using	 leave-one-dataset-out	 cross-
validation.	External	validation	of	 the	risk	score	 in	different	European	cohorts	will	 show	the	
applicability	and	possible	need	of	recalibration	and	adjustment	across	European	population-
based	samples.	The	North	American	Framingham	Heart	Study	will	provide	an	additional	well-
phenotyped	 external	 validation	 cohort.	 The	 broadly	 replicated	 risk	 algorithm	 will	 be	
suggested	 for	 screening	 in	 individuals	 at	 risk	 in	 Europe	 and	 may	 have	 significant	 public	
health	impact	facing	the	epidemic	of	HF	in	aging	populations.	

• Preliminary	 analysis	 was	 performed	 using	 the	 FINRISK	 1997	 cohort	 and	 the	 results	 were	
presented	on	the	annual	congress	of	German	Society	of	Cardiology	(DGK)	in	2014.	

• Contributors:	1-UKE,	2-THL,	17-UCL,	21-UMU,	23-RCPH,	30-NEUROMED.		
	
	
Gender	differences	in	cardiovascular	disease	risk	factors	and	associations	with	atrial	fibrillation	and	
heart	failure	across	European	cohorts	are	being	assessed	under	the	leadership	of	Partner	1-UKE.		

• Rationale:	 HF	 and	 AF	 are	 common	 cardiac	 diseases	 in	 aging	 populations.	 An	 increasing	
prevalence	and	subsequent	public	health	and	economic	burden	require	research	efforts	 to	
understand	 risk	 factor	 associations,	 disease	 distribution	 and	 interdependencies.	 Risk	 of	
adverse	outcomes	in	heart	failure	or	atrial	fibrillation	also	appears	to	differ	by	sex.	Despite	
the	increasing	public	health	 importance,	sex-specific	associations	of	clinical	risk	factors	and	
these	biomarkers	with	the	two	related	diseases,	HF	and	AF	have	received	limited	attention.	
The	BiomarCaRE	consortium	provides	an	unique	opportunity	 to	understand	risk	 factor	and	
biomarker	 relations	 with	 prevalent	 and	 incident	 disease	 by	 sex	 and	 to	 examine	 regional	
similarities	and	differences	in	the	relations	in	community-based	cohorts	in	Europe.	

• Expected	results:	We	expect	to	show	significant	sex-specific	and	regional	differences	of	risk	
factor	associations	with	outcome	that	will	have	impact	on	prevention	strategies	in	Europe.	

• The	 analyses	 are	 ongoing	 and	 a	 manuscript	 is	 in	 preparation.	 Preliminary	 results	 were	
presented	in	the	annual	meeting	of	BiomarCaRE	in	Catania,	Italy,	in	September	2015.	

• Contributors:	1-UKE,	2-THL,	21-UMU,	23-RCPH,	30-NEUROMED.	
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Analysis	of	 the	association	of	 Serum	Vitamin	D	Levels	and	 risk	of	 cardiovascular	diseases	among	
European	populations	was	initiated	under	the	leadership	of	Partner	30-NEUROMED	and	is	currently	
awaiting	the	completion	of	Vitamin	D	measurement	from	the	Phase	2	cohorts:	

• Rationale:	 In	the	framework	of	the	Moli-sani	Study	(MPC	80),	we	investigated	if	 low	serum	
Vitamin	D	 levels	 are	 associated	with	 incident	HF	 in	 our	 large	 prospective	 cohort	 of	 Italian	
adults.	We	analyzed	18,689	HF-free	individuals	randomly	recruited.	The	cohort	was	followed	
up	 for	 a	 median	 of	 4.2	 years.	 Baseline	 serum	 Vitamin	 D	 was	 categorized	 in	
deficient/insufficient	(<	10	ng/mL),	hypovitaminosis	(10-30	ng/mL),	and	normal	(>	30	ng/mL).	
Subjects	with	normal,	hypo	or	insufficient	levels	of	Vitamin	D	were	12.2%,	79.6%	and	8.2%,	
respectively.	We	identified	412	incident	cases	of	HF	and	the	incidence	of	HF	was	1.1%,	2.2%	
and	 3.9%,	 respectively	 in	 subjects	with	 normal,	 hypo	 and	 insufficient	 levels	 of	 Vitamin	 D.	
After	a	multivariable	analysis,	 considering	a	 large	panel	of	potential	 covariates,	 individuals	
with	deficient/insufficient	 levels	of	serum	Vitamin	D	showed	a	higher	risk	of	developing	HF	
(HR:	1.78,	95%CI:	1.07-2.97)	than	those	with	normal	levels.		

	
An	 abstracts	 has	 been	 presented	 at	 the	 2016	 EPI/Lifestyle	 council	 of	 the	 America	 Heart	
Association,	held	in	Phoenix	(USA)	on	March	1-4,	2016,	and	another	one	has	been	accepted	
at	the	2016	European	Society	of	Cardiology	that	will	be	held	in	Rome	on	27-31	August	2016.	

	
In	this	proposal,	we	aim	to	extend	the	analysis	of	association	between	vitamin	D	and	HF	to	
the	BiomarCaRE	cohorts	with	available	data	of	this	biomarker.	Moreover,	 intend	to	enlarge	
the	analysis	also	to	the	association	of	Vitamin	D	levels	with	other	CVD	events	(ischemic	CVD	
and	 AF),	 cardiovascular	 and	 non-vascular	 mortality,	 considering	 adjustment	 for	 potential	
confounding	by	 risk	 factors	 and	possible	mediation	effect	by	C-Reactive	Protein	or	NT-pro-
BNP.	

• Objectives:	
o To	 evaluate	 the	 regional	 and	 seasonal	 distribution	 of	 Serum	 Vitamin	 D	 levels	 in	

population	cohorts	across	Europe	(separately	by	gender	and	age).	
o To	analyze	 the	association	between	serum	Vitamin	D	 levels	and	 the	 incidence	of	heart	

failure,	among	different	populations/countries	and	separately	by	gender.	
o To	investigate	if	low	levels	of	serum	Vitamin	D	are	associated	with	a	higher	incidence	of	

CVD	(fatal	and	not	fatal)	among	different	populations/countries.	
o To	analyze	 the	association	between	 serum	Vitamin	D	 levels	 and	 the	 incidence	of	 atrial	

fibrillation,	among	different	populations/countries	and	separately	by	gender	and	age.	
o To	 investigate	 the	predictive	 value	of	 vitamin	D	beyond	established	 cardiovascular	 risk	

scores.	
o To	 investigate	 if	 an	 inflammatory	 marker	 such	 as	 C-Reactive	 Protein	 or	 the	

neurohormone	 N-terminal	 pro-B-type	 natriuretic	 peptide	 (NT-pro-BNP)	 could	 at	 least	
partially	 mediate	 the	 possible	 association	 between	 Vitamin	 D	 and	 any	 investigated	
cardiovascular	outcomes.	

• Contributors:	 30-NEUROMED,	2-THL,	5-HMGU,	14-UIT,	 21-UMU,	22-UTARTU,	23-RCPH,	24-
UIV.	

	
Analysis	 of	 the	 value	 of	 Biomarkers	 for	 Ischaemic	 and	 Haemorrhagic	 Stroke	 prediction	 in	 the	
European	General	Population	is	starting	under	the	leadership	of	Partner	30-NEUROMED:	

• Rationale:	The	identification	of	individuals	from	the	general	population	at	risk	of	developing	
stroke	 is	 challenging.	 Several	 risk	 prediction	 algorithms	 were	 proposed,	 but	 the	
discriminative	ability	of	all	available	algorithms	is	very	low.	Therefore,	there	is	still	a	need	to	
improve	 current	 stroke	 risk	 scoring	 systems	 to	 predict	 more	 accurately	 stroke	 risk	 across	
different	 populations/countries.	 The	 inclusion	 of	 biomarkers	 data	 may	 enhance	 risk	
evaluation	for	stroke.	We	therefore	aim	at	deriving	and	validating	a	risk	algorithm	for	stroke	
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incidence	using	clinically	available	stroke	risk	factors	and	novel	blood	biomarkers	of	stroke	in	
independent	European	cohorts.	

• Objectives:		
o To	evaluate	associations	between	blood	biomarkers	available	in	BiomarCaRE	cohorts	

and	the	risk	of	ischaemic	and	haemorrhagic	stroke;	
o To	 combine	 clinically	 available	 variables	 related	 to	 stroke	 incidence	 into	 an	

effortlessly	risk	algorithm	for	new	onset	stroke	in	BiomarCaRE	cohorts	across	Europe,	
with	addition	of	established	and	novel	(from	objective	1)	stroke	blood	biomarkers;	

o To	establish	a	risk	algorithm	specific	for	haemorrhagic	stroke.	
• Contributors:	30-NEUROMED,	2-THL,	5-HMGU,	14-UIT,	16-EMAUG,	18-QUB,	19-IPL,	21-UMU,	

22-UTARTU,	23-RCPH,	24-UIV,	27-UULM.	
	
	
Assessment	of	the	paradigm	shift	on	how	to	assess	the	value	of	biomarkers	 in	cardiovascular	risk	
prediction	was	started	under	the	leadership	of	Partner	4-UMC.	

• Rationale:	 To	 quantify	 clinical	 usefulness	 of	 new	 biomarkers	 in	 prediction,	 several	metrics	
have	been	 introduced.	These	 include	assessment	of	 the	Area	Under	the	Receiver-Operator	
Curve	 (AUC-ROC)	 or	 C-statistic,	 Net	 Reclassification	 Improvement	 (NRI),	 Integrated	
Discrimination	 Index	 (IDI)	 and	Net	Benefit.	 In	 cardiovascular	 research	 alone,	 these	metrics	
have	 been	 used	 in	 over	 500	 papers.	 Yet,	 a	 cut-off	 value	 for	 a	 meaningful	 or	 sufficient	
improvement	is	non-existent	as	values	cannot	directly	be	translated	to	clinical	benefit.	With	
the	popularity	of	these	newly	introduced	metrics,	many	promising	biomarkers	turned	out	to	
have	little	or	no	incremental	value	over	the	variables	already	present	in	the	existing	models.	
Just	 recently,	 viewpoints	 have	 been	 published	 that	 critically	 address	 the	 cons	 of	 these	
metrics,	such	as	their	statistical	underpinnings.		
We	proposed	to	empirically	test	the	value	of	several	of	the	most	widely	used	biomarkers	for	
CVD,	i.e.,	smoking,	diabetes,	total	cholesterol,	HDL	cholesterol	and	systolic	blood	pressure,	to	
improve	10-year	cardiovascular	risk	prediction	in	asymptomatic	individuals	from	the	general	
population.	
Pilot	data	from	the	USE-IMT	study	(~55.000	individuals	in	primary	prevention)	show	little	or	
no	incremental	value	of	traditional	biomarkers	for	the	10-year	prediction	of	first-time	MI	or	
stroke.	 Replication	 of	 these	 findings	 in	 the	 BiomarCaRE	 consortium	would	 strengthen	 our	
message	on	how	to	move	forward	in	the	biomarker	field.	

• Objectives:	
o To	establish	the	added	value	of	traditional	risk	factors	and	biomarkers	incorporated	

in	the	current	prediction	models	when	added	as	a	“novel	biomarker”;	
o Debate	 the	 current	 analytical	 concepts	 of	 “showing	 added	 value	 of	 biomarkers	 on	

top	 of	 traditional	 risk	 factors	 in	 risk	 prediction”	 by	 demonstrating	 that	 clinically	
relevant	risk	factors	would	theoretically	fail	as	“biomarker”.	

• Contributors:	 4-UMC,	 2-THL,	 5-HMGU,	 14-UIT,	 18-QUB,	 19-IPL,	 21-UMU,	 23-RCPH,	 24-UIV,	
27-UULM,	30-NEUROMED.	

	
A	 proposal	 for	 the	 development	 of	 a	 risk	 score	 based	 on	 established	 risk	 factors	 for	 incident	
coronary	heart	disease	and	stroke	in	Europe	was	developed	under	the	leadership	of	Partner	24-UIV.	
The	 score	 can	 be	 used	 as	 a	 benchmark	 to	 evaluate	 the	 additional	 contribution	 of	 biomarkers.	
Preliminary	results	are	available.	
	
Partner	 25-UDUN	 has	 compared	 predictors	 on	 peripheral	 arterial	 disease	 and	 coronary	 heart	
disease,	 both	 based	 on	 atherosclerosis.		 No	 papers	 have	 been	 published	 so	 far,	 but	 some	 new	
biomarkers	contribute.	Interestingly,	some	older	biomarkers	of	smoking	(not	in	BiomarCaRE)	are	very	
powerful	in	peripheral	arterial	disease	and	not	so	in	coronary	heart	disease.	
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Partner	 15-UCSC	 has	 contributed	 to	 definition	 and	 analysis	 of	 the	 proper	 biomarkers,	 including	
micro-RNA	and	of	their	possible	use.	
	
	
Task	7.4	Risk	model	validation	
	
External	 validation	 of	 the	 risk	 models	 in	 Phase	 2	 cohorts	 was	 not	 performed	 yet	 because	 the	
biomarker	data	form	Phase	2	of	WP6	did	not	become	available	during	the	reporting	period.		
	
Deliverables		
	
Del.	
no.		

Deliverable	
name	

Lead		
beneficiary	

Nature	 Disseminati
on	level	
	

Delivery	date	
from	Annex	I		

Actual	/	Forecast	
delivery	date	

Comments	

7.1	 BiomarCaRE	
panel	and	
impact	

2	 R	 CO	 31/03/2016	

(M54)	

(31/03/2016	

(M54))	

partially	
completed,	
see	
“deviations”	
below	

	
	
Milestones		
	
Miles
tone	
no.	

Milestone	name	 Lead	
beneficiary	

Delivery	date		
from	Annex	I	

Achieve
d	

Actual	/	
Forecast	
achievement	
date	

Comments	

14	 Selection	of	
biomarkers	for	
Phase	2	
laboratory	
analysis	

2	 30/06/2015	
(M45)	

yes	 12/09/2015	
(M48)	

Decision	by	the	Steering	
Group	

17	 Risk	estimation	
models	

2	 29/02/2016	
(M53)	

yes	 31/03/2016	
(M54)	

Multiple	biomarker	
hazard	models	were	
added	to	the	routine	
analysis,	Specific	risk	
estimation	models	are	
being	tailored	continually	
for	different	end-points	in	
the	various	analysis	
projects		

23	 Selection	of	
biomarkers	for	
the	BiomarCaRE	
Panel	

2	 30/06/2015	
(M45)	

(yes)	 (31/03/2016	
(M54))	

Preliminary	selection	of	
ten	established	
biomarkers	(see	D7.1)	

24	 Feasibility	of	a	
multi-marker	
panel	for	the	
diagnosis	or	
prognosis	of	
cardiovascular	
diseases	

3	 30/11/2015	
(M50)	

No	 	 see	„deviations“	below	
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Significant	results:	
	
The	data	harmonization	has	continued	to	be	a	successful	process	and	has	produced	a	valuable	data	
resource	 and	 infrastructure	 not	 only	 for	 BiomarCaRE	 but	 also	 for	 future	 collaborative	 research	 on	
biomarkers	and	cardiovascular	diseases.	Examples	of	such	ongoing	collaborations	are	the	extensive	
contribution	of	the	MORGAM	database	to	the	FP7	projects	CHANCES	and	BBMRI-LPC.	
	
All	papers	 from	tasks	7.2	 -3	published	during	 the	reporting	period	have	provided	clearly	significant	
results:	

• We	demonstrated	 that	 even	 at	 older	 ages,	 smoking	 cessation	 is	 beneficial	 in	 reducing	 the	
cardiovascular,	cancer	and	mortality	excess	risk	caused	by	smoking.	

• We	 disproved	 an	 old	 hypothesis	 according	 to	 which	 excess	 and	 winter	 peaks	 in	
cardiovascular	disease	and	death	in	temperate	countries	were	caused	by	hypovitaminosis	D.	

• We	 added	 to	 the	 knowledge	 about	 the	 social	 gradients	 of	 coronary	 heart	 disease	 (CHD)	
death	 rate	 by	 observing	 that	 they	 in	 Central	 and	 South	 European	 populations	 they	 were	
explained	 largely	by	 inequalities	 in	 case	 fatality	of	heart	attacks	whereas	 in	 the	north	 they	
were	 mostly	 explained	 by	 differences	 in	 CHD	 incidence.	 The	 major	 determinant	 of	
inequalities	in	CHD	incidence	were	smoking	in	men	and	HDL	cholesterol	in	women.	

• We	 found	 that	 the	 addition	 of	 troponin	 I	 to	 variables	 of	 established	 risk	 score	 improves	
prediction	of	cardiovascular	death	and	cardiovascular	disease.	

	
	
	
Deviations	from	Annex	I		
	
Despite	extended	efforts	and	a	runtime	extension,	not	all	aspects	of	the	work	plan	were	completed	
in	time	before	the	project	end.	In	detail:	
	
The	 external	 validation	 of	 the	 risk	models	 in	 Phase	 2	 cohorts,	 specified	 in	 Task	 7.4,	was	 not	 done	
during	the	reporting	period	because	of	the	delay	in	the	measurement	of	the	established	biomarkers	
(see	WP6).	Consequently,	Deliverable	D7.1	was	only	partially	completed.	This	has	no	impact	on	other	
tasks	as	they	do	not	depend	on	Task	7.4.	
	
Similarly,	 the	 analysis	 of	 the	 impact	 of	 lifestyles	 in	 the	 biomarker	 levels	 and	 of	 the	 association	
between	biomarkers	and	diagnostic	imaging	phenotypes	could	not	be	completed,	but	these	analyses	
are	ongoing.		
	
The	data	analysis	 resources	reserved	 for	Task	7.4	have	been	used	 fully	 to	enhance	data	analysis	of	
the	Phase	1	cohorts,	as	described	in	the	work	progress	above.	Furthermore,	more	effort	was	put	on	
internal	cross-validation	of	the	risk	estimation	models.	Completion	of	the	biomarker	measurements	
will	make	BiomarCaRE	a	major	data	resource	and	the	Partners	of	BiomarCaRE	will	no	doubt	do	their	
best	in	ensuring	that	these	data	will	be	analysed	as	fully	as	possible.	
	
Milestone	MS24	has	not	been	met	as	due	to	 insufficient	predictive	value	 the	4-plex	Luminex	assay	
cannot	be	further	developed	as	a	multi-marker	panel	for	the	diagnosis	or	prognosis	of	cardiovascular	
disease.		
	
Use	of	resources	
	
The	overall	use	of	resources	is	according	to	the	progress	reported.	The	individual	person	months	are	
given	in	the	financial	statements.	 	
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WP	8	Retrospective	application	of	the	European	BiomarCaRE	panel	in	biobanks	of	
clinical	trials	
	
Progress	towards	objectives	and	details	for	each	task:	
	
Task	8.1:	Sample	transfer,	selection	of	biomarkers,	acquisition	of	biomarker	levels,	quality	control	
and	laboratory	sample	and	data	management	(see	WP	6	and	7).		
	

Measurements	of	the	preliminary	BiomarCaRE	biomarker	panel	(hsTnI	(Abbott),		ApoA	(Abbott),	
ApoB	(Abbott),	Vitamin	D	(Abbott),	C-Peptide	(Abbott),	Insulin	(Abbott),	Testosterone	(Abbott),	
Cystatin	C	(Abbott),	Lp(a)	(Abbott),	NT-proBNP	(Roche) have	been	carried	out	in	IBIS-2	and	LIPID	
clinical	trials.	For	each	marker,	quality	performance	of	the	assay	kit	was	determined	(linearity,	intra-
/inter	coefficient	of	variation,	internal	controls).	For	JUPITER	hsTnI,	and	NT-proBNP	have	been	
measured.	

First	analysis	results	have	been	published:	
	

Tonkin	AM,	Blankenberg	S,	Kirby	A,	Zeller	T,	Colquhoun	DM,	Funke-Kaiser	A,	Hague	W,	Hunt	D,	
Keech	AC,	Nestel	P,	Stewart	R,	Sullivan	DR,	Thompson	PL,	West	M,	White	HD,	Simes	J;	LIPID	study	
investigators	(2015):	Biomarkers	in	stable	coronary	heart	disease,	their	modulation	and	
cardiovascular	risk:	The	LIPID	biomarker	study.	Int	J	Cardiol.	201:499-507	
doi:	10.1016/j.ijcard.2015.07.080	
	
Funke-Kaiser	A,	Mann	K,	Colquhoun	D,	Zeller	T,	Hunt	D,	Simes	J,	Sullivan	D,	Sydow	K,	West	M,	
White	H,	Blankenberg	S,	Tonkin	AM;	LIPID	Study	Investigators	(2014):	Midregional	
proadrenomedullin	and	its	change	predicts	recurrent	major	coronary	events	and	heart	failure	in	
stable	coronary	heart	disease	patients:	the	LIPID	study.	Int	J	Cardiol.	2014	Mar	15;172(2):411-8	
doi:	10.1016/j.ijcard.2014.01.064.	Epub	2014	Jan	24.	

	
Further	analysis	is	ongoing.	
	
	
Task	8.2:	Transfer	of	biomarker	results	to	Clinical	Trial	Data	Centres	
	
Transfer	has	been	completed	end	of	February	2016.	
	
	
Task	8.3	Strategies	for	statistical	analyses	of	the	clinical	trial	data	
	
This	 work	 consequently	 will	 also	 go	 beyond	 the	 reporting	 period	 and	 strategies	 applied	 will	 be	
executed	as	outlined	under	objectives	of	WP	8,	namely		
	

1.	Assessing	the	predictive	value	of	the	BiomarCaRE	panel	adjusted	for	medication	and	stratified	
by	intervention	group	
2.	Assessing	the	change	in	biomarker	levels	from	baseline	to	treatment,	and		
3.	Analysis	of	the	treatment	effect	according	to	biomarker	levels	at	baseline	(high	vs.	low)	
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Deliverables	
	
Del.	
no.		

Deliverable	
name	

Lead		
beneficiary	

Nature	 Dissemina
tion	level	
	

Delivery	date	from	
Annex	I	(proj	month)	

Actual	/	
Forecast	
delivery	date	
dd/mm/yyyy	

Comments	

D	8.1	 Biomarker	
data	analysis	

1,	27	 R	 CO	 31/03/2016	
(M54)	

(31/03/2016	
(M54))	

partially	
achieved	

	
	
Milestones		
	
Milestone	
no.	

Milestone	name	 Lead	
beneficiary	

Delivery	date		
from	Annex	I	

Achieved	
Yes/No	

Actual	/	Forecast	
achievement	date	

Comments	

MS26	 Statistical	
analysis	plan	

27	 29/02/2016	
(M53)	

Yes	 31/03/2016	
(M54)	

	

MS	27	 BiomarCaRE	
panel	data	in	
clinical	trials		

1,	27	 31/12/2015	
(M51)	

Yes	 29/02/2016	
(M53)	

	

	
	
Deviations	from	Annex	I:	
	
Analysis	of	the	data	is	ongoing.	
	
Based	on	an	initial	contract	agreement	between	GSK	(Philadelphia,	USA)	and	UULM	samples	from	the	
IBIS-2	 trial	 (a	1	year	 randomized	controlled	trial	 in	patients	with	stable	coronary	disease	and	acute	
coronary	 syndrome	 treated	 with	 darapladib,	 a	 Lp-PLA2	 inhibitor	 to	 evaluate	 its	 effects	 on	
atherosclerosis	 and	endothelial	 dysfunction)	were	 analysed	at	UULM.	 Since,	 unexpectedly	GSK	has	
prematurely	terminated	its	Lp-PLA2	inhibitor	programme	due	to	neutral	effects	of	this	 intervention	
in	 2	 large	 scale	 clinical	 trials	 (SOLID	 and	 STABILITY)	 detailed	 negotiations	 regarding	 the	 material	
transfer	agreement	(MTA)	and	the	data	sharing	agreement	(DSA)	took	much	longer	than	anticipated	
and	were	only	signed	earlier	 this	year	 for	 the	MTA	and	by	March	2016	 for	 the	DSA.	Consequently,	
biochemical	 analyses	 of	 the	 transferred	blood	 samples	 from	 the	 IBIS-2	 population	had	 to	 be	done	
earlier	 this	year	and,	although	necessary	demographic	and	other	patient	characteristics	meanwhile	
have	been	transferred	to	UULM,	statistical	analyses	according	to	the	objectives	of	WP	8	will	not	be	
expected	before	the	end	of	July	2016.		
	
	
Use	of	resources	
	
The	overall	use	of	resources	is	according	to	the	progress	reported.	The	individual	person	months	are	
given	in	the	financial	statements.		
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WP	9	Economic	assessment	of	the	BiomarCaRE	panel	
	
Progress	towards	objectives	and	details	for	each	task:	
	
Task	9.1	Development	of	a	decision-analytic	model	to	assess	long-term	effectiveness	of	strategies	
guided	by	the	BiomarCaRE	panel	(M32-42,	May	14	to	Mar	15)	
	
The	 last	 interim	 report	described	 the	developed	 structure	of	 the	decision-analytic	model	 to	 assess	
long-term	 effectiveness	 (and	 in	 the	 subsequent	 part	 cost-effectiveness)	 of	 a	 combined	 biomarker	
score	as	an	additional	test	to	assign	patients	to	preventive	statin	medication	for	primary	prevention.	
The	 model	 input	 data	 collected	 at	 the	 time	 of	 the	 last	 report	 were	 described.	 These	 were	 all	
parameters	necessary	to	estimate	long-term	effectiveness	except	for	quality-of-life	data.	Utility	and	
cost	data	were	not	yet	included.		
	
Quality	of	life	data	
In	addition	to	input	data	that	were	reported	in	2014,	we	collected	data	on	quality	of	life.	
The	model	considers	health-state	related	quality	of	 life	estimates	 (utilities)	as	well	as	quality-of-life	
decrements	(disutilities)	or	relative	utilities	for	patients	under	statin	treatment.	
In	 the	 base	 case,	 utilities	 from	published	German	quality-of-life	 studies	were	 used	 for	 the	 general	
population,	for	the	health	state	after	myocardial	infarction	(MI	)	and	for	the	health	state	after	stroke.		
Treatment-related	utility	decrements	reflect	the	effects	of	treatment	on	health-related	quality	of	life.	
They	 are	 partially	 related	 to	 adverse	 events	 caused	 by	 treatment.	 But	 there	 is	 also	 a	 disutility	
associated	with	taking	a	statin	daily.	This	disutility	captures	the	reasons	for	poor	adherence	to	statin	
medication	beyond	the	occurrence	of	adverse	effects.	
A	 table	with	utility	values	and	data	 sources	 is	 shown	 in	 the	model	 report	 submitted	as	deliverable	
9.1.	
Model	development	proceeded	in	parallel	along	two	paths	that	are	described	in	the	following	
	
Model	Variant	A:	
The	 goal	 was	 to	 derive	 transition	 probabilities	 for	 the	 natural	 history	 part	 of	 the	 model	 from	 an	
analysis	 of	 cohorts	 available	 through	 BiomarCaRE	 (Subproject/Publication	 proposal:	 “Developing	
decision	models	for	evaluating	the	use	of	new	biomarkers	in	guiding	primary	prevention	therapy	for	
cardiovascular	disease”).	A	fixed	set	of	conventional	risk	factors,	consistent	with	the	choice	in	the	ESC	
SCORE,	 was	 used	 to	 describe	 population	 heterogeneity.	 A	 computer	 program	 was	 developed	 to	
estimate	transition	probabilities	in	the	framework	of	a	continuous	time	multi	state	Markov	model	on	
the	FINRISK97	cohort,	which	has	complete	baseline	data	on	all	needed	conventional	risk	factors	and	
on	 the	 biomarkers	 C-reactive	 protein	 (CRP),	 B-type	 natriuretic	 peptide	 (NT-proBNP),	 and	 sensitive	
troponin	I	(TnI).	First	results	were	shown	in	the	last	report	and	results	were	updated	and	confirmed	
in	the	third	reporting	period.	The	estimation	of	transition	probabilities	between	all	health	states	of	
the	 decision-analytic	 model	 involved	 time-consuming	 calculations	 on	 a	 supercomputer	 at	 QUB	
Belfast.	 A	 special	 difficulty	 was	 posed	 by	 the	 estimation	 of	 the	 hazard	 ratio	 of	 the	 combined	
biomarker	score	in	a	proportional	hazards	model	for	each	type	of	risk,	with	conventional	risk	factors	
age,	 gender,	 smoking	 status,	 systolic	 blood	pressure	 and	 total	 cholesterol	 as	 additional	 covariates.	
This	was	 performed	 for	 the	 goal	 of	 evaluating	 the	 effectiveness	 of	 using	 the	 combined	 biomarker	
score	 in	 the	 context	 of	 the	 current	 ESC	 guidelines,	 and	 incorporating	 the	 ESC	 SCORE	 to	 assess	
patients.	
Model	Variant	B:	
Because	 these	 estimations	 took	 more	 time	 than	 expected,	 a	 previously	 published	 natural	 history	
model	was	adapted	to	provide	an	alternative	for	the	natural	history	model.	The	hazard	ratios	for	the	
combined	 biomarker	 score	 from	 the	 preceding	 MORGAM	 project	 (Blankenberg	 et	 al.	 2010,	
Circulation)	were	integrated	with	all	further	parts	of	a	cost-effectiveness	model,	that	is,	the	elements	
incorporating	statin	treatment	and	adverse	events,	test	strategies	using	various	cut-off	values	of	the	
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combined	biomarker	score,	assignment	of	quality	of	 life	and	costs	to	treatments,	health	states	and	
adverse	events.	This	allowed	us	to	perform	comprehensive	cost-effectiveness	calculations	in	time	for	
the	respective	milestone	28	due	date	of	July	2015.		
The	 refinements	 to	 the	 model	 structure	 and	 data	 transformations	 necessary	 to	 link	 the	 natural	
history	part	of	the	model	(A)	and	the	newly	estimated	transition	probabilities	and	hazard	ratios	for	
the	biomarker	scores	is	work	that	is	still	ongoing.		
	
Table	1	describes	 the	differences	 and	 the	overlap	between	 the	 two	alternatives.	 Table	2	describes	
strengths	and	limitations	of	the	two	model	variants.		
	
Table	1.		Overview	of	common	and	differing	parts	of	the	two	model	variants	
Model	part	 Variant	A	 Variant	B	
Decision	tree	-	strategies	 Both	variants:	1)	All	 in	the	target	group	receive	statins,	2)	Nobody	

in	 the	 target	 group	 receives	 statins,	 3)	 Statins	 are	 given	 after	
combined	 biomarker	 test	 if	 result	 is	 above	 a	 certain	 cut-off.	 Each	
cut-off	constitutes	a	separate	strategy.	

Natural	 history	 model		
(CVD	 events	 and	
progression)	

Transition	 probabilities	
estimated	 for	 the	 FINRISK97	
population	 in	 the	 framework	 of	
a	state	transition	model.		

Previously	published	model	

Combined	 biomarker	
score	 testing	 and	 risk	
associated	 with	
increased	score	

Hazard	 ratio	 for	 incident	
cardiovascular	 event	 for	 the	
combined	 score	 based	 on	 own	
estimation	 with	 conventional	
risk	factors	of	the	ESC	SCORE	as	
covariates.		

Hazard	 ratio	 for	 incident	
cardiovascular	 event	 for	 the	
combined	 biomarker	 score	
based	 on	 the	MORGAM	 project	
results.	

Statin	medication	 based	
on	 test	 results	 for	 the	
combined	 biomarker	
score;		
Adverse	events	

Same	 structure	 for	 risk	modification	 by	 statin	medication	 and	 for	
adverse	 events.	 Same	 data	 sources	 used.	 Transformation	 of	 data	
for	use	in	model	performed	analogously.	

Quality	of	life	(utilities)	 Same	structure	 for	modelling	of	quality	of	 life.	 Same	data	 sources	
used.	

Cost	 for	 health	 states,	
treatment	 and	 adverse	
events	

Same	 structure	 and	 data	 sources	 for	 costs.	 German	 costs	 in	 both	
models.	

Software	used	 Excel	 TreeAge	
	
	
Table	2.		Strengths	and	Limitations	of	the	Two	Model	Variants	
	 Variant	A	 Variant	B	

Strengths	

• Primary	 event	 probabilities	 and	
biomarker	hazard	ratio	were	derived	
with	 consistent	 conventional	 risk	
factors.	

• Risk	 factors	 are	 those	 of	 the	 ESC	
SCORE	 plus	 LDL,	 i.e.	 all	 those	
appearing	in	the	guidelines	for	lipid-
lowering	medication.		

• Primary	 event	 risks	were	
calibrated	to	the	German	
context.		

• Natural	 hx	 model	 for	
primary	 and	 secondary	
events	 was	 validated	
regarding	 lifetime	
number	of	events.		

Limitations	
• The	model	was	designed	to	estimate	

primary	 event	 probabilities.	
Secondary	 events	 are	 not	

• Risk	 factors	 for	 primary	
risks	 are	 not	 consistent	
with	those	used	to	derive	
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completely	 modelled.	 Cost	 and	
utilities	 after	 first	 events	 have	 to	
include	 the	 missing	 events	
summarily.	

• Transition	probabilities	were	derived	
from	 a	 Finnish	 Cohort	 and	 need	 to	
be	 calibrated	 to	 German	 context	 in	
the	future.	

the	HR	 for	 the	 combined	
biomarker	score.	

• Both	 sets	 of	 risk	 factors	
are	 not	 those	 from	 the	
ESC	SCORE	and	LDL.		

	
	
	
Overview	of	work	related	to	the	analysis	on	the	FINRISK97	cohort	
	

• Estimation	of	risk	modification	through	a	fixed	set	of	conventional	risk	factors,	consisting	
of	 age,	 gender,	 smoking	 status,	 systolic	 blood	 pressure,	 total	 cholesterol	 and	 LDL-
cholesterol	
A	Cox	proportional	hazards	model	for	each	of	the	possible	transitions	between	health	states	
in	 the	 state	 transition	 model	 was	 used	 to	 describe	 the	 population	 heterogeneity	 in	 risk.	
Hazard	ratios	were	estimated	using	the	R	package	msm.	One	novel	biomarker	was	added	to	
the	model	separately	in	addition	to	the	conventional	risk	factors	to	obtain	hazard	ratios	for	
each	of	the	three	novel	biomarkers	CRP,	NT-pro	BNP,	and	Troponin	I.		This	work	was	partially	
reported	 in	 the	 last	 interim	 report.	 It	 was	 updated	 and	 completed	 in	 the	 third	 reporting	
period	(Tables	3,	4,	5).	

	
Table	3.		Hazard	ratios	per	one	unit	increase	in	the	covariates	using	msm	models.	Age,	TC-	
total	serum	cholesterol;	SBP	–	systolic	blood	pressure;	LDL	–	LDL-cholesterol	

	
	
Table	 4.	 	 Hazard	 ratios	 per	 one	 unit	 increase	 in	 the	 covariates	 using	msm	 models.	 	 I.e	
comparing	female	to	male,	and	non-moker	to	smoker.	
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Table	 5.	 	 Hazard	 ratios	 per	 one	 standard	 deviation	 increase	 in	 the	 noel	 biomarker	
covariates	using	msm.	

	
	

	
• Estimation	of	the	hazard	ratio	for	the	combined	biomarker	score	as	an	additional	covariate		

The	 log	 hazard	 ratios	 for	 each	 of	 the	 three	 novel	 biomarkers	 were	 linearly	 combined	 to	
create	 a	 novel	 biomarker	 panel	 score.	 The	 novel	 biomarker	 panel	 score	 forms	 a	 new	
covariate	in	addition	to	the	conventional	risk	factors.	The	msm	models	were	re-run	with	the	
conventional	 risk	 factors	 and	 the	 novel	 biomarker	 panel	 score	 included	 in	 the	 model	 to	
obtain	output	such	as	hazard	ratios	(Table	6)	and	beta	parameters.	

	
Table	6.		Hazard	ratios	per	one	standard	deviation	increase	in	the	biomarker	panel	score.	

	
	
	

• Novel	method	for	estimation	of	transition	probabilities	
Annual	 transition	 probabilities	 by	 age	 and	 gender	 were	 estimated	 in	 the	 framework	 of	 a	
continuous	 time	 state	 transition	model	 under	 exponential	 assumption,	 using	 the	R	 routine	
msm.	The	msm	package	was	extended	by	using	the	output	from	the	models	previously	run	to	
obtain	 hazard	 ratios	 for	 the	 conventional	 risk	 factors	 alone,	 and	 with	 the	 addition	 of	 the	
novel	 biomarker	panel	 score.	One	 year	 transition	probabilities	between	each	of	 the	health	
states	were	calculated	 for	each	year	 starting	at	50	years	of	age	depending	on	 the	use	of	a	
novel	biomarker	panel	score	or	not.		

	
• Reclassification	in	ten-year	risk	of	cardiovascular	death	through	the	additional	covariate	of	

a	combined	biomarker	score	
Using	 the	 one	 year	 transition	 probabilities	 calculated,	 the	 10	 year	 risk	 of	 CVD	 death	 was	
calculated	to	assess	the	prediction	increment	for	the	new	novel	biomarker	panel	score.	The	
10	year	risk	of	CVD	death	was	calculated	using	the	conventional	covariates,	and	again	with	
the	addition	of	the	novel	biomarker	panel	score.	The	movements	for	individuals	between	the	
different	risk	groups	were	observed	and	net	reclassification	indices	calculated.	
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Table	 7.	 	 Net	 reclassification	 index	 calculated	 for	 the	 use	 of	 each	 novel	 biomarkers	 and	
biomarker	panel	score.	

	
	

	
Further	work	in	reporting	period	3	
Work	on	 revising	 and	 improving	 two	 review	papers	 on	 cost-effectiveness	models	 of	 biomarkers	 in	
cardiovascular	 disease,	 developed	 in	 the	 first	 reporting	 period,	 in	 order	 to	 resubmit	 them	 for	
publication,	is	ongoing.	
	
Task	 9.2	 Compilation	 of	 a	 cost	 data	 base	 and	 assessment	 of	 the	 cost-effectiveness	 of	 strategies	
guided	by	the	BiomarCaRE	panel	(M38-47,	Nov	14	to	Aug	15)	
	
Cost	 data	 for	 the	 decision-analytic	 model	 were	 compiled	 and	 added	 to	 the	 model.	 Costs	 for	
additional	 tests	 to	 assess	 risk	 and	 for	 statin	 medication,	 as	 well	 as	 cardiovascular-disease	 related	
costs	 for	 acute	 care	 and	 follow-up	 including	 inpatient	 and	 outpatient	 visits,	 laboratory	 testing,	
medications	 and	 procedures,	 are	 considered	 in	 the	model.	 Costs	 reflect	 the	 health-care	 setting	 of	
Germany.	All	costs	are	reported	in	Euro	for	the	index	year	of	2015.		
All	costs	are	based	on	reimbursement	rates.	Inpatient	rates	were	the	case	flat	fees	[Fallpauschalen-
Katalog	2015]	based	on	 the	German	Diagnosis	Related	Groups	System	with	 the	2015	 federal	base-
case	 unit	 value	 [Bundesbasisfallwert]	 of	 €3231.20	 .	 Outpatient	 rates	 for	 office	 visits,	 diagnostic	
procedures	 and	 laboratory	 tests	were	 based	 on	 the	 2015	 standardized	measurement	 scale	 of	 the	
Federal	 Association	 of	 Physicians	 under	 the	 	 Statutory	 Health	 Insurance	 [Einheitlicher	
Bemessungsmaßstab	(EBM)	der	Kassenärztlichen	Bundesvereinigung	2015].	For	medication	costs,	the	
price	 of	 the	 least	 expensive	 brand	 of	 a	 drug	was	 considered	 according	 to	 reimbursement	 rules.	 If	
fixed	prices	were	set	for	drugs	in	a	certain	class,	reimbursement	is	either	with	this	fixed	price	or	with	
the	 actual	 price	 of	 a	 drug,	 whichever	 was	 lower.	 After	 consideration	 of	 these	 rules,	 the	 average	
among	all	available	drugs	in	a	category	of	drugs	was	calculated.			
Resource	 use	 for	 office	 visits,	 laboratory	 tests,	 patient	monitoring	 and	medication	 (except	 statins)	
after	 a	 cardiovascular	 event	 is	 based	 on	 guidelines	 of	 national	 expert	 associations.	 Dosage	 of	
medication	was	based	on	the	WHO	defined	daily	dose	2015.		
Rehabilitation	costs	after	stroke	and	MI	were	taken	from	recent	German	publications.	Rehabilitation	
costs	were	included	for	patients	over	the	age	of	65	and	excluded	for	patients	under	65	to	reflect	that	
rehabilitation	 costs	 are	 usually	 covered	 by	 a	 the	 statutory	 retirement	 insurance	 [Gesetzliche	
Rentenversicherung]	 instead	of	 the	health	 insurance	 for	 employed	patients.	 Costs	 for	 nursing	 care	
are	 excluded	 as	 these	 costs	 are	 covered	 by	 the	 separate	 statutory	 long-term	 care	 insurance	
[Gesetzliche	Pflegeversicherung].	
	
Detailed	cost	data	tables	are	shown	in	a	model	report	attached	to	this	report	(Deliverable	9.1).	The	
following	table	summarizes	the	cost	data	input	of	the	model.		
	
Table	3	Summary	of	cost	parameters	
	 Cost	in	Euro	

(Without	
rehabilitation)	

Cost	in	Euro	
(With	

rehabilitation)	

Cost	of	a	stroke,	first	year	 13428.28	 21508.98	
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Cost	of	stroke,	subsequent	years,	annual	 376.70	 1295.88	

Cost	of	first	myocardial	infarction,	first	year	 5505.11	 7806.28	

Cost	of	myocardial	infarction,	subsequent	
years,	annual	 376.70	 	

Cost	of	CRP	test	 4.90	 	

Cost	of	NT-proBNP	test	 25.00	 	

Cost	of	Troponin	I	test	 11.25	 	

Cost	for	medication	with	statins		(annual,	
mean	of	low,	medium,	high	dose)	 85.84	 	

			Annual	cost	of	statins	(low	dose)	 61.21	 	

			Annual	cost	of	statins	(medium	dose)	 75.63	 	

			Annual	cost	of	statins	(high	dose)	 120.67	 	

Cost	for	pre-statin	testing	(one	time)	 8.05	 	

Cost	for	adverse	events	of	statins:	 	 	

Diabetes	(annual)	 2912.00	 	

Myalgia	or	muscle	pain	(one	time)	 27.43	 	

	
Results	for	incremental	cost-effectiveness	are	shown	under	Task	9.3.	
	
Task	9.3	Selection	of	potentially	cost-effective	strategies	and	test	cut-offs	for	a	clinical	trial	(M46-
48,	July	15	–	Sep	15)	
	
In	this	section,	base-case	results	based	on	the	mean	point	estimates	of	model	input	parameters	are	
reported.	 Different	 cut-off	 values	 for	 the	 combined	 biomarker	 score	 were	 realized	 as	 different	
strategies.	The	base	case	result	 is	therefore	already	shown	for	a	set	of	different	cut-off	values.	The	
results	were	accomplished	using	model	variant	B.	The	results	show	the	effectiveness,	total	costs	and	
cost-effectiveness	 of	 testing	 a	 combined	 score	 of	 the	 biomarkers	 CRP,	NT-proBNP	 and	 Troponin	 I.	
The	hazard	ratio	derived	in	the	MORGAM	study	(Blankenberg	et.	al	2010,	Circulation)	was	used	in	the	
model	 for	 risk	modification.	 It	was	 assumed	 that	 this	 hazard	 ratio,	 developed	 for	 the	 endpoint	 of	
incident	cardiovascular	event,	modified	the	model	risks	for	primary	fatal	and	non-fatal	MI	and	stroke	
only.		
All	results	are	for	individuals	without	diagnosed	cardiovascular	disease	or	diabetes	at	model	start,	as	
these	conditions	indicate	high	risk	 individuals	who	should	receive	statins	without	further	risk	factor	
assessment.	 Results	 are	 shown	 separately	 for	 the	 segment	 of	 the	 population	 without	 CVD	 and	
diabetes	 that	 is	 recommended	 to	 receive	 cholesterol	 lowering	 medication	 because	 of	 total	 ESC	
SCORE	and	LDL-cholesterol	value	(for	comparison)	and	for	the	remaining	population	that	is	the	target	
group	for	the	model.	
The	model	population	was	based	on	the	FINRISK97	cohort	but	adapted	to	the	German	population	in	
respect	demographic	characteristics	and	average	 level	of	systolic	blood	pressure.	Other	risk	 factors	
were	similar	and	were	not	changed.	A	purely	 synthetic	model	population	could	have	aligned	more	
precisely	 to	 average	 risk	 factor	 values	 in	 the	 German	 population	 but	 any	 correlation	 between	
conventional	risk	factors	and	novel	blood	biomarkers	would	have	been	lost.	Using	the	FINRISK	cohort	
preserves	some	of	that	correlation.	
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The	strategies	based	on	the	combined	biomarker	score	are	named	after	the	cutoff	value	that	is	used	
to	decide	statin	medication.	The	cutoff	used	is	either	the	mean	FINRISK97	score	or	a	higher	or	lower	
score,	in	units	of	standard	deviation	above	or	below	the	mean.	
	
Cohort	1	(Statins	not	immediately	recommended	under	current	ESC	guidelines)		
Figure	1	and	table	4	show	results	for	a	population	that	currently	would	not	immediately	receive	lipid-
lowering	 drugs	 according	 to	 the	 ESC	 guidelines.	 This	 is	 a	 group	 of	 individuals	with	 either	 low	 ESC	
SCORE	(<5%)	or	low	LDL-cholesterol	values.	In	detail,	these	are	individuals	with	total	ESC	score	<	5%	
or	“total	ESC	score	<	10%	and	LDL	<	2.5mmol/L”	or	“total	ESC	score	>=	10%	and	LDL	<	1.8	mmol/L”.	
Long-term	effectiveness	is	increasing	with	each	strategy	that	adds	individuals	to	statin	medication	up	
to	a	combined	biomarker	score	cutoff	of	-0.75	SD	(standard	deviation).	Strategies	adding	individuals	
with	 a	 lower	 score	 to	 statin	medication	 have	 lower	 effectiveness	 despite	 increasing	 costs	 and	 are	
therefore	dominated.	
Cost-effectiveness	 depends	 on	 the	 assumed	 willingness-to-pay	 threshold.	 With	 a	 threshold	 of	
€50,000	 per	 QALY	 gained,	 adding	 individuals	 above	 a	 cutoff	 of	 +1.0	 SD	 is	 cost-effective	 while	 a	
strategy	adding	all	above	+0.75	SD	has	an	incremental	cost-effectiveness	ratio	(ICER)	just	above	this	
threshold.	
The	benefit	in	long-term	effectiveness	for	adding	all	individuals	with	score	>	-0.75	SD	is	0.01	QALY	or	
3.65	quality	adjusted	life	days	per	person.	
The	proportion	of	 the	population	additionally	receiving	statins	under	a	strategy	with	cutoff	+1SD	 is	
14%	of	the	model	population	of	men	and	women	without	diagnosed	CVD	or	diabetes	between	the	
ages	 of	 24	 and	 75	with	 risk	 categories	 currently	 not	 recommended	 to	 receive	 statin	 immediately.	
Projected	onto	the	German	population	this	would	correspond	to	roughly	6	million	men	and	women.	
	
Figure	 1.	 	 Base	 case	 result	 for	 cohort	 1	 (guideline	 does	 not	 recommend	 immediate	 statins):	
Discounted	lifetime	costs,	QALYs	and	ICERs	for	strategies	with	different	values	for	the	cutoff	of	the	
combined	biomarker	score	
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QALY:	Quality-adjusted	life	years.	ICER:	Incremental	cost-effectiveness	ratio.	SD:	Standard	deviation.	
Cutoff	values	are	designated	in	units	of	SD	above	mean.	
	
	
Table	 4	 Base	 case	 result	 for	 cohort	 1	 (guideline	 does	 not	 recommend	 immediate	 statins):	
Discounted	total	and	incremental	lifetime	costs	and	QALYs,	and	ICURs	for	strategies	with	different	
values	for	the	cutoff	of	the	combined	biomarker	score	
	 Cost	(Euro)	 QALYs	 ICER	
Strategy	 Total	 Incr.	 Total	 Incr.	 Cost/QALY	
None	statin	 1107	 	 16.771	 	 	
Cutoff	+1.25	SD	 1305	 198	 16.776	 0.005	 39572	
Cutoff	+1.0	SD	 1380	 75	 16.777	 0.002	 45444	
Cutoff		+0.75SD	 1472	 92	 16.779	 0.002	 50866	
Cutoff		+0.5SD	 1584	 	 16.780	 	 ext	dom	
Cutoff			mean	 1823	 350	 16.783	 0.003	 100306	
Cutoff		-0.5SD	 2186	 363	 16.785	 0.002	 175718	
Cutoff		-0.75SD	 2451	 265	 16.786	 0.001	 294036	
Cutoff		-1SD	 2734	 	 16.785	 	 dom	
Cutoff		-1.25SD	 2986	 	 16.784	 	 dom	
Cutoff		-1.5SD	 3137	 	 16.783	 	 dom	
All	statin	 3150	 	 16.782	 	 dom	
QALY:	 Quality-adjusted	 life	 years.	 ICER:	 Incremental	 cost-effectiveness	 ratio.	 Incr.:	 Increment.		
Dom:	dominated.	Ext	dom:	Extended	dominated.	
	
Cohort	2	(Statins	recommended	under	current	ESC	guidelines)	
Figure	2	and	Table	5	show	results	for	a	population	that	currently	would	receive	lipid-lowering	drugs	
according	to	the	ESC	guidelines.	This	is	a	group	of	individuals	with	either	“total	ESC	score	>=	10%	and	
LDL	 	>=	1.8mmol/L”	 or	 “total	ESC	score	>=	5	 %	 and	 LDL	>=	2.5mmol/L”.	 Compared	 to	 a	 strategy	
without	statin	medication,	long-term	effectiveness	is	increasing	with	each	strategy	that	assigns	more	
individuals	 to	 statin	 medication.	 All	 strategies	 on	 the	 cost-effectiveness	 frontier	 have	 ICERs	 well	
below	50,000	€/QALY.	In	line	with	the	current	ESC	guideline,	the	most	cost-effective	strategy	in	this	
population	is	to	provide	all	individuals	with	statins.	Strategies	excluding	individuals	based	on	very	low	
biomarker	scores	have	less	or	equal	effectiveness	but	are	more	costly	due	to	biomarker	testing	costs.	
These	strategies	are	dominated.	
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Figure	 2.	 	 Base	 case	 result	 for	 cohort	 2	 (guideline	 recommends	 immediate	 statins):	 Discounted	
lifetime	costs,	QALYs	and	ICURs	for	strategies	with	different	values	for	the	cutoff	of	the	combined	
biomarker	score	

	
QALY:	Quality-adjusted	life	years.	ICER:	Incremental	cost-effectiveness	ratio.	SD:	Standard	deviation.	
Cutoff	values	are	designated	in	units	of	SD	above	mean.	
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Table	5.		Base	case	result	for	cohort	2	(guideline	recommends	immediate	statins):	Discounted	total	
and	 incremental	 lifetime	 costs	 and	QALYs,	 and	 ICURs	 for	 strategies	with	different	 values	 for	 the	
cutoff	of	the	combined	biomarker	score.	
	 Cost	(Euro)	 QALYs	 ICUR	
Strategy	 Total	 Incr.	 Total	 Incr.	 Cost/QALY	
None	statin	 1943	 	 8.753	 	 	
Cutoff	+1.5	SD	 2046	 	 8.766	 	 ext	dom	
Cutoff	+1.25	SD	 2073	 130	 8.769	 0.016	 8203	
Cutoff	+1.0	SD	 2107	 	 8.771	 	 ext	dom	
Cutoff		+0.75SD	 2171	 98	 8.778	 0.009	 10526	
Cutoff		+0.5SD	 2219	 48	 8.783	 0.004	 11275	
Cutoff			mean	 2411	 	 8.791	 	 ext	dom	
Cutoff		-0.5SD	 2581	 	 8.802	 	 ext	dom	
Cutoff		-0.75SD	 2634	 	 8.805	 	 ext	dom	
All	statin	 2646	 427	 8.807	 0.025	 17267	
Cutoff		-1SD	 2669	 	 8.807	 	 dom	
Cutoff		-1.25SD	 2686	 	 8.807	 	 dom	
Cutoff		-1.5SD	 2687	 	 8.807	 	 dom	
	QALY:	 Quality-adjusted	 life	 years.	 ICER:	 Incremental	 cost-effectiveness	 ratio.	 Incr.:	 Increment.		
Dom:	dominated.	Ext	dom:	Extended	dominated.	
	
Sensitivity	analyses	
Sensitivity	analyses	showed	that	the	results	are	sensitive	to	the	disutility	associated	with	daily	intake	
of	statin	medication.		
A	scenario	analysis	using	the	price	for	low	dose	statins	instead	of	average	statin	price,	did	not	lead	to	
significantly	different	results.	
In	 a	 subgroup	 of	 cohort	 1	 with	 low	 ESC	 SCOREs	 but	 higher	 LDL-cholesterol	 values,	 the	 combined	
biomarker	 test	 is	cost-effective	with	a	 threshold	of	 -1SD.	91%	of	men	and	women	 in	 this	subgroup	
would	be	selected	by	the	biomarker	score	to	receive	statin	medication.		
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Deliverables		
	
Del.	
no.		

Deliverable	
name	

Lead		
beneficiar
y	

Nature	 Dissemi
nation	
level	
	

Delivery	
date	from	
Annex	I		

Actual	/	
Forecast	
delivery	date	

Comme
nts	

D9.1	 Economic	
biomarker	
assessment	

8	 R	 CO	 31/03/2016	
(M54)	

31/03/2016	
(M54)	

	

	
	
Milestones		
	
Milesto
ne	no.	

Milestone	name	 Lead	
benefici
ary	

Delivery	
date		from	
Annex	I	

Achieved	 Actual	/	Forecast	
achievement	date	

Comme
nts	

22	 Implementation	 of	
the	 model	 and	
technical	
debugging	finished	

8	 30/11/201
4	

(M38)	

Yes	 30/11/2014	
(M38)	

	

28	 Cost	 data	 included	
in	model,	
cost-effectiveness	
analysis	 can	 be	
performed	

8	 31/07/201
5	

(M46)	

Yes	 31/07/2015	
(M46)	

	

	
Significant	results:	
The	results	confirm	the	current	ESC	guidelines.	In	patients	recommended	to	receive	statins	according	
to	the	guidelines,	there	is	no	role	for	an	additional	combined	biomarker	test.	The	most	effective	and	
cost-effective	strategy	is	to	give	statins	to	all	in	this	group.	
In	individuals	with	lower	risk	who	are	not	recommended	to	receive	statins	without	further	testing	or	
lifestyle	 intervention,	 the	 results	 indicate	 that	 there	may	 be	 a	 role	 for	 this	 test.	 Additional	 quality	
adjusted	life	years	may	be	gained	if	more	individuals	are	given	statins.	The	most	effective	strategy	is	
to	give	statins	 to	all	above	a	biomarker	score	of	 -0.75SD	below	the	mean	score.	Depending	on	the	
willingness-to-pay	 threshold,	 this	 strategy	 may	 not	 be	 cost-effective.	 With	 a	 threshold	 of	
€50,000/QALY,	the	most	cost-effective	strategy	is	to	give	statins	to	all	above	a	biomarker	threshold	
above	 +1SD	 above	 the	mean	 score.	 This	 strategy	would	 potentially	 yield	 3.65	 quality-adjusted	 life	
days	per	person.	
	
Deviations	from	Annex	I		
The	 goal	 initially	 was	 to	 evaluate	 the	 cost-effectiveness	 of	 a	 combined	 biomarker	 score	 that	 was	
based	on	new	results	from	BiomarCaRE.	As	biomarker	measurements	and	analyses	were	delayed,	we	
evaluated	 the	 combined	 score	 resulting	 from	 the	 preceding	MORGAM	project	 (Blankenberg	 et	 al.,	
2010,	Circulation).	The	developed	cost-effectiveness	models	can	be	adapted	for	evaluation	of	a	new	
score	in	the	future.	
	
Use	of	resources	
Not	all	work	done	in	this	project	was	financed	through	BiomarCaRE.	Felicity	Lamrock	performed	the	
work	 on	 the	 estimation	 of	 transition	 probabilities	 from	 the	 FINRISK97	 cohort,	 calculation	 of	
reclassification	with	the	biomarker	score	and	implementation	of	the	Excel	model	as	part	of	her	PhD	
and	was	funded	through	other	sources.		 	
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WP	10	Project	Management	
	
	
Progress	towards	objectives	and	details	for	each	task:	
	
Task	10.1:	Support	of	the	scientific	and	administrative	coordination	
	
Please	see	section	“Management	Report”	below	for	details.	
	
	
Task	10.2:	Development	and	maintenance	of	the	project	website	
	
The	project	website	was	maintained	by	upgrading	the	Joomla!	backbone	and	extensions	whenever	
available.	
	
The	internal	part	of	the	website	is	continuously	used	for	communication,	event	organisation	and	the	
management	of	project	processes,	including	subproject	and	core-publication	application	and	
decision-processes.	
	
	
Deliverables	
	
	
Del.	
no.		

Deliverable	
name	

Lead		
beneficiary	

Nature	 Dissemi
nation	
level	

Delivery	
date	from	
Annex	I		

Actual	/	
Forecast	
delivery	date	

Comm
ents	

D10.3	 Final	
Manageme
nt	Report	

1	 R	 CO	 31/03/2016	
(M54)	

31/03/2016	
(M54)	

	

	
	
	
Milestones	
	
No	milestones	were	due	in	reporting	period	3.	
	
	
Deviations	from	Annex	I	
	
n.a.	
	
Use	of	resources	
	
The	use	of	resources	is	according	to	the	plan.	The	individual	person	months	are	given	in	the	financial	
statements.	
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WP	11	Dissemination,	Exploitation	and	Training	
	
Progress	towards	objectives	and	details	for	each	task:	
	
Task	11.1:	Prepare	and	execute	dissemination	plans	for	biomarker	assessment	and	validation		
Task	11.2:	Prepare	and	execute	exploitation	plans	for	the	novel	platform	technologies	and	novel	
biomarker	assays	developed	in	WPs	2	to	5.	
	
Dissemination	 activities	 are	 reported	 in	 the	 Participant	 Portal.	 Specific	 exploitation	 activities	 are	
coordinated	by	 the	 lead	partner	 for	a	 specific	work	package	or	 task	and	 reported	 in	 the	 individual	
work	packages,	see	for	example	in	WP2.	
	
The	BiomarCaRE	Subproject	and	Prepublication	Process	established	before	 (see	reporting	period	2)	
was	 continued	 to	be	used	 in	order	 to	 stay	up	 to	date	and	 to	 comply	with	 consortium	and	partner	
regulations	 (like	 confidentiality,	 protection	 of	 knowledge,	 data	 and	 material	 transfer	 regulations,	
etc.).	A	current	list	of	undertakings	is	given	in	the	WP7	report	above	and	includes	first	results	where	
possible.	
	
	
Task	11.3:	Organise	students	training	and	exchange	
	
Exchange	 of	 personnel	 for	 technology	 transfer	 between	 project	 partners	was	 continued	 individual	
events	are	listed	under	“Project	Meetings”	in	the	Management	Report	below.	Training	of	personnel	
is	also	facilitated	on	a	day-to-day	basis	in	all	partner	laboratories.	At	the	UKE	for	example,	5	medical	
doctorate	 candidates	 were	 involved	 in	 the	 biomarker	 measurement	 activities	 and	 worked	 on	
BiomarCaRE	related	projects.	
	
	
Deliverables	
	
Del.	
no.		

Deliverable	
name	

Lead		
beneficiary	

Nature	 Dissemi
nation	
level	

Delivery	
date	from	
Annex	I		

Actual	/	
Forecast	
delivery	date	

Comm
ents	

D11.1	 Final	
impact	
report	

1/10	 R	 PU	 31/03/2016	
(M54)	

31/03/2016	
(M54)	

	

	
	
Milestones	
	
No	milestones	were	due	in	reporting	period	3.	
	
Deviations	from	Annex	I	
	
n.a.	
	
Use	of	resources	
	
Mostly,	 personnel	 costs	 have	 not	 been	 specifically	 allocated	 to	 WP11	 as	 often	 training	 and	 RTD	
activities	cannot	be	separated	clearly	enough	and	are	generally	allocated	to	the	RTD	activities	in	WPs	
1	to	9.		 	
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Management	Report	
	
	
Financial	management	
	
Second	payment	
After	approving	the	second	period	report,	the	European	Commission	transferred	the	2nd	payment	to	
the	coordinator	in	August	2015	and	subsequently	distributed	to	the	partners	up	to	the	85%	limit.	
	
Project	expenses	
The	partner	expenses	are	reported	and	justified	in	the	financial	statements	(Forms	C)	at	the	
Participant	Portal.	Individual	aspects	related	to	the	use	of	resources	were	added	to	the	related	
workpackage	report	(see	above).		
	
Budget	amendments	
The	Grant	Agreement	was	amended	in	2015	and	included	a	number	of	updates	for	the	estimated	Eu	
contributions.	In	summary:	
	
Beneficiary	 Original	max.	

EC	
contribution	
[EURO]	

Changes		
[EURO]	

New	max.	EC		
contribution		
[EURO]	

Comment	

01	UKE	 791.255	 +	260.000	 	 Metabolites	marker	
measurement	

	 	 +	180.990	 	 miRNA	measurements	

	 	 +	23.680	 1.255.925	 Biomarker	
measurements	

05	HMGU	 322.320	 -	260.000	 	 no	metabolites	marker	
measurement	

	 	 -	10.000	 52.320	 no	IBIS-2	sample	
measurement	

11	Biocartis	 472.880	 -	180.990	 291.890	 exits	consortium	

12	RNSL	 220.000	 +20.000	 240.000	

extended	project	
management	for	an	
extended	project	
runtime	

15	UCSC	 75.239	 -19.027	 56.212	 split	with		
NEUROMED	

27	UULM	 36.418	 +	10.000	 46.418	 IBIS-2	samples	
measurements	

28	HHS	 43.680	 -	43.680	 0	 exits	consortium	

31	NEUROMED	 0	 +19.027	 19.027	 new	beneficiary,	split	
with	UCSC	

	
For	detailed	explanations,	please	the	documentation	of	the	Grant	Agreement	amendment	and	
below.	
	
	
Project	monitoring	and	reports	
	
The	consortium	as	a	whole	provides	this	periodic	report.	The	workpackage	coordinators	took	
responsibility	for	the	respective	workpackage	and	the	coordinator	monitored	the	compliance	by	
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beneficiaries	with	their	obligations	under	the	grant	agreement	as	well	as	the	consistency	of	the	
report	with	the	project	tasks	as	described	in	the	workplan.	All	project	processes	were	supported	by	
the	project	management.	
	
	
Legal	management	
	
Grant	Agreement	(GA)	
A	Grant	Agreement	amendment	as	requested	in	August	2015	and	approved	by	the	European	
Commisison	in	September	2015.	The	amendment	included	the	following	aspects,	in	summary:	
	

• Runtime	extension	from	48	to	54	months	by	extending	the	third	reporting	period	from	12	to	
18	months.	New	end	date:	31/03/2016.	

• Changes	in	the	consortium	(see	below)	
• Addition	of	Special	Clause	10	for	the	Universitätsklinikum	Schleswig-Holstein	(partner	7)	
• Introduction	of	electronic	signatures	
• Update	of	the	Description	of	Work,	including	the	updated	reported	before	for	each	

workpackage	and	the	updated	timing	of	the	milestones	and	deliverables	
	
For	detailed	explanations,	please	the	documentation	of	the	Grant	Agreement	amendment	
	
	
Consortium	Agreement	(CA)	
Attachment	1	and	2	for	partner	16	(EMAUG)	was	amended	as	approved	by	the	General	Assembly	
unanimously.	
	
	
Administrative	management	
	
Competitive	calls	
n.a.	
	
Changes	in	the	consortium	
	
The	following	changes	in	the	consortium	were	part	of	the	above-mentioned	Grant	Agreement	
amendment	(were	detailed	explanations	can	be	found):	

§ IRCCS	Istituto	Neurologico	Mediterraneo	(NEUROMED),	Pozzilli,	Italy	joint	the	consortium	as	
beneficiary	30	with	efficient	date	12	Nov	2013).	

§ The	grant	agreement	was	terminated	for	partner	10,	Biocartis	and	
§ partner	28,	HAMILTON	HEALTH	SCIENCES	CORPORATION	(HHS),	Canada	by	the	end	of	the	

second	reporting	period.	
	
	
Project	Meetings	
	
Please	see	the	table	“Project	Meetings”	below	for	a	list	of	project	meetings.	Consortium	members	
are	in	frequent	contact	to	each	other	to	organise	tasks	and	the	everyday	work	by	using	all	means	of	
communication.	
	
Within	the	third	reporting	period,	the	complete	consortium	has	met	for	an	annual	meeting	in	
Catania,	Italy	(September	2015).	
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Project	planning	and	status,	impact	of	deviations	
	
The	overall	concept	of	the	project	is	still	valid	and	the	consortium	is	confident	that	the	objectives	of	
the	project	are	or	will	be	met.	The	work	plan	had	to	deal	with	delays	throughout	the	project	runtime,	
reported	in	the	first	two	reports	and	also	explained	in	detail	in	the	grant	agreement	amendment	
documentation.	This	leads	to	only	partial	achievements	in	workpackages	6,	7	and	8,	as	explained	
above.	Nevertheless,	most	of	the	project	aims	were	already	achieved	and	the	consortium	is	
committed	to	continue	the	work	with	own	resources	after	the	end	of	the	project	runtime.	
	
	
Co-ordination	activities	
	
The	work	within	workpackages	is	coordinated	by	the	work	package	coordinators	in	close	contact	to	
the	researchers	involved.	This	is	especially	true	for	WPs	6	and	7	where	Tanja	Zeller	(UKE)	and	Kari	
Kuulasmaa	(THL)	are	very	active	to	progress	the	work.	The	overall	coordination	lies	in	the	hand	of	the	
Steering	Committee	(chaired	by	the	project	coordinator,	Stefan	Blankenberg)	that	meets	when	
necessary	and	is	occasionally	extended	by	experts	of	the	consortium,	for	example	Wolfgang	Koenig	
(Ulm)	and	Veikko	Salomaa	(Helsinki).	All	project	activities	are	supported	by	the	project	management,	
Erik	Werner	(RNSL)	and	also	Simone	Schnella	(UKE).	
	
	
Dissemination	and	exploitation	
	
Those	activities	are	listed	at	the	Participant	Portal.	See	also	work	package	11	for	details.	
	
	
Project	Meetings:	meetings	and	communication	between	beneficiaries:	
	
Involved	
Beneficiaries/Groups	

Communication	type,	time,	location	and	short	description	

UKE,	RNSL	 2014-10-30,	2014-11-13,	2015-08-19	Hamburg,	project	
management	and	coordination	meetings	between	S.	Blankenberg,	
T.	Zeller,	S.	Schnella	(UKE)	and	Erik	Werner	(RNSL)	

23	beneficiaries	 2015-09-10	to	12,	Catania,	Italy,	4th	annual	meeting,	47	
participants	from	22	beneficiaries	and	one	guest	(A.	Bashiri	from	
Abbot	Laboratories)	

THL,	Partners	providing	
population	cohorts	

Frequent	communication	using	e-mail	and	skype	on	data	
harmonization	and	data	collection	procedures	and	quality	of	data.	

THL,	UKE	 Frequent	communication	on	the	analysis	procedures,	quality	and	
the	transfer	of	biomarker	data,	

THL,	Partners	analysing	the	
collaborative	data	

Frequent	communication	on	the	interpretation	of	the	data	and	
data	analysis	procedures.	

BIOCRATES,	AG	Zeller	
(Universitätsklinikum	
Eppendorf,	Hamburg),	
Thermo	Fisher	Scientific	
(Germany)	

2nd	Meeting	after	p180	Kit	measurement	start,	2014-10-28,	UKE	
- Discussing	status	of	p180	Kit	measurement	progress:	Due	

to	several	instrument	problems	delayed	metabolomics	data	
acquisition	using	the	p180	Kit	

- 41	weeks	are	expected	to	measure	all	20	000	BiomarCaRE	
samples.	1	year	estimated	to	complete	the	project.	

- Brianza	and	SHHEC	cohorts	are	completely	measured	
(approx.	4500	samples)	

- Speed:	4	plates	per	week	
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- Mass	spectrometer	(MS)	service	and	quality	control	plans	
discussed	

- Approx.	50	unused	Kits	were	remaining	at	the	UKE	
- Second	transfer	of	125	Kits	from	Biocrates	to	Partner	1	

(UKE)	scheduled	to	next	November	11	
AG	Zeller	presented	so	far	acquired	Kit	data.	

BIOCRATES,	AG	Zeller	
(Universitätsklinikum	
Eppendorf,	Hamburg)	and	
further	BiomarCaRE	member	

Workshop	DZHK	meets	BiomarCaRE,	Personalized	Medicine	-	The	
value	of	omics	and	biomarkers,	2014-10-30	till	2014-10-31,	UKE	

- for	schedule	and	attendees	see	agenda	
Conclusion	at	a	glance:	
- There	will	be	a	long	way	from	(prospective)	biomarker	

detection	to	its	application	in	clinical	diagnostics	or	for	
therapy	use.	

- The	BiomarCaRE	project	will	lead	to	a	several	sets	of	
interesting	biomarkers	which	than	have	to	be	validated	by	
independent	cohorts/studies.	

- Personalized	medicine	and	its	cost	coverage	by	the	health	
care	systems	are	under	debate.	

- Personalized	medicine	will	play	an	important	role	in	the	
near	future	in	medicine.	

AG	Blankenberg/	AG	Zeller	hosted	this	meeting.	
BIOCRATES,	AG	Zeller	
(Universitätsklinikum	
Eppendorf,	Hamburg),	
Thermo	Fisher	Scientific	
(Germany)	

3rd	Meeting	after	p180	Kit	measurement	start,	2015-04-14,	UKE	
	

- update	of	MetIDQ	software	to	the	latest	version	
- 4th	meeting	scheduled	to	end	of	August	2015	

	

Status	of	p180	Kit	measurements:	
- throughput:	4-5	plates	per	week	
- approx.	8	000	–	9	000	of	20	000	samples	measured	
- estimated	time	till	all	20	000	samples	are	measured:	early	

autumn	2015	
- estimated	end	of	p180	Kit	measurements	at	UKE:	early	

autumn	2015	
- time	Thermo	TSQ	Vantage	will	be	available	for	AG	Zeller:	

early	autumn	2015	
- most	likely	some	samples	are	too	bad	to	be	measured	
- in	the	end	18	000	measured	samples	expected	to	be	

analyzed	with	p180	Kit	
AG	Zeller	presented	so	far	acquired	Kit	data.	

BIOCRATES,	AG	Zeller	
(Universitätsklinikum	
Eppendorf,	Hamburg)	and	
further	BiomarCaRE	member	

BiomarCaRE	Consortium	meeting	in	Catania,	Italy,	2015-09-10	till	
2015-09-12,	UKE	

- for	schedule	and	attendees	see	agenda	

BIOCRATES,	AG	Zeller	
(Universitätsklinikum	
Eppendorf,	Hamburg),	
Thermo	Fisher	Scientific	
(Germany)	

4th	Meeting	after	p180	Kit	measurement	start,	2015-11-17,	UKE	
- biggest	problem	during	250	Kit	measurements:	LC-MS	

instrumental	issues	
- each	LC-MS	problem	caused	at	least	one	day	of	Kit	

measurements	delay	(for	troubleshooting	and	issue	fixing)	
- estimated	end	of	measurements	(all	cohorts):	December	

2015	
- estimated	samples	measured	in	total:	20	000	
- cases	in	measured	samples	discussed	
- plan	meeting	at	Biocrates	to	give	advises	for	statistic	
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metabolomics	data	analysis	and	to	discuss	first	statistical	
results	with	Partner	1	(UKE)	

AG	Zeller	presented	so	far	acquired	Kit	data.	
BIOCRATES,	AG	Zeller	
(Universitätsklinikum	
Eppendorf,	Hamburg)	

BiomarCaRE	Meeting:	Start	Statistical	Data	Evaluation,	2016-02-04,	
Biocrates	

- to	support	Partner	1	with	the	statistical	data	analysis	of	
metabolomics	result	data	generated	by	the	use	of	
Biocrates	AbsoluteIDQ	p180	Kits	at	Partner	1	

- representatives	of	Partner	1	and	Biocrates	participated	in	
this	meeting	

- first	statistical	results	were	discussed	and	advises	were	
given	to	Partner	1	by	Biocrates	how	to	go	on	with	
statistical	analyses	of	big	metabolomics	data	sets	

UMIT,	QUB	(Felicity	Lamrock,	
Annette	Conrads-Frank,	Uwe	
Siebert,	Frank	Kee	via	phone)	

Workshop	on	WP	status	and	on	methodological	topics	related	to	
the	estimation	of	transition	probabilities	from	cohort	data.		UMIT,	
Hall	in	Tyrol,	Austria,	Mar	5,	2015	

UMIT,	QUB	(Annette	Conrads-
Frank,	Felicity	Lamrock)	

Weekly	communication,	phone	and	email		

FLEET/UKE		 Informal	phone	meetings	were	held	as	required	to	provide	
technical	support	to	UKE	in	the	use	of	the	serpin	F2	ELISA	during	
case	cohort	testing.	

FLEET/Generon	Ltd.	 Informal	phone	meetings	were	held	as	required	to	agree	required	
actions	on	the	development	of	GPR15,	MYADM	and	Lamin	A/C	
immunochemical	reagents.	

Utrecht/UKE	 phone	meetings	and	email	contact	for	discussion	on	analyses	
strategies	and	biomarker	results	

	
	
	
Co-operation	with	other	projects/programmes	
	
BiomarCaRE	group(s)	 Other	projects/programmes	 Description	of	co-operation	
THL,	UKE	and	Partners	
providing	population	
cohorts	

MORGAM	Consortium	 The	population	cohorts	are	
harmonized	to	BiomarCaRE	within	the	
MORGAM	Consortium	

All	Partners	providing	
population	cohorts		

CHANCES,	FP7	large	scale	
integrating	project	

MORGAM	participated	also	in	
CHANCES,	and	Partners	2	(THL),	14	
(UIT),	17	(UCL),	18	(QUB)	and	21	
(UMU)	were	also	partners	of	CHANCES.	
The	data	harmonization	activities	at	
the	MORGAM	Data	Centre	at	THL	were	
funded	jointly	through	BiomarCaRE	
and	CHANCES.	

All	Partners	providing	
population	cohorts	

BBMRI-LPC,	FP7	-infrastructure	 The	MORGAM	cohorts	are	represented	
in	BBMRI-LPC	through	Partner	2	(THL).	
Also	BiomarCaRE	Partners	5	(HMGU)	
and	22	(UTARTU)	are	partners	of	
BBMRI-LPC.	

UKE,	THL,	HMGU,QUB,	
IPL	and	UIV	

The	Exome+	Array	CHD	
Consortium	

The	population	cohorts	collaborate	
with	the	Exome+	Array	CHD	
Consortium	which	has	done	the	
Exome+	genotyping	of	450,000	
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markers	in	the	MORGAM	case-cohort	
set.	

UTARTU,	THL	 ePerMed		
H2020	Twinning	grant	

Mutual	visits	between	UTARTU	and	
THL/FIMM	(also	partner	of	
BioMarCare)	for	further	studies	on	
cardiovascular	diseases.	

UTARTU	 BBMRI-LPC		
FP7	grant		

Bothe	have	mutual	topic	-	harmonizing	
biobanks	and	sample	collections.	

UTARTU	 BestAgeing	FP7	grant	 The	main	aim	of	BiomarCaRE	and	
BestAgeing	consortia	projects	is	to	
develop	and	validate	novel	omics-
based	biomarkers	of	cardiovascular	
diseases	that	may	complement	or	
substitute	traditional	biomarkers	for	
more	accurate	or	earlier	diagnosis,	
better	risk	assessment	and	appropriate	
guidance	of	therapies,	overcoming	
limitations	inherent	with	traditional	
biomarkers.		

	
	


