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Key features

Overall objective: Unleash the potential of pharmacometabolomics to provide
‘smart’ prescription of antihypertensive therapy, based on well-phenotyped, large-
scale cohorts, with validation in a randomised controlled trial.

Primary output: Metabolomic profile-based clinical decision support tool that uses
advanced data analytics and robust artificial intelligence algorithms to personalise
and optimise the choice of blood pressure treatment.

Sustainability: Development of the clinical decision support tool as a companion
diagnostic, and a roadmap for its uptake in the routine care for patients with
hypertension across Europe and beyond.
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Why hypertension?

Share of people with high blood pressure, 2019

(% of population 15+)
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Latvia €516

Lithuania €745
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€630 per capita across EU
(ppp-adjusted)

ec.europa.eu/eurostatis
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care (3%) careL(4/>) (5%) €636
Emergency Ph . >
armaceuticals Denmark q_ .
Estonia €521
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Slovakia €447

Inpatient care Belgium
(28%) 1% €529 Hungary €572
Luxembourg Slovenia €585
€502

Romania €637

Informal care Bulgaria €517

o

(28%) { Croatia €421
2% Portugal Malta Greece ) Cyprus
— €428 €407 cugq €381

% of GDP % of health and
social care budget

Luengo-Fernandez: Eur Heart J. 2023

The EU's budget in 2022 was around €170bn. h



Why hypertension?

@ESC

European Society

of Cardiology

AInitial monotherapy preferred
* Elevated BP category (120/70—139/8% mmHg)
* Moderate-to-severe frailty
* Symptomatic orthostatic hypotension
* Age =85 years

I Low-dose double
combination? therapy ¢ I
ACEi or ARBs / CCBs / Diuretics
| (Class I) |

I |

BP controlled after 1-3 months
(assessment at | month preferred if possible)

?
%)

Low-dose triple

combination therapy
ACEi or ARBs / CCBs / Diuretics

FU at least every year <+ Y —

—

(Class )
At any step:
l add beta-blockers
BP controlled after 1-3 months if compelling indications

FU at least every year < Y —e (angina, post-myocardial
infarction, systolic heart failure,
1

or heart rate control)
%

Y (Class 1)

Maximally tolerated triple
combination therapy
ACEi or ARBs / CCBs / Diuretics
(Class )

l

BP controlled after 1-3 months
(assessment at | month preferred if possible)

t
W

\Il

Apparent resistant hypertension

(assessment at | month preferred if possible)

— 00

FU at least every year «+— Y —

Test for adherence

(Class lla)

Refer to hypertension clinic

(Class lla)

Add spironolactone
(Class lla)

See section on management of resistant
hypertension for further steps as needed

@ESCc—

McEvoy... Touyz; Eur Heart J. 2024
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Substantial variability in an individual’s BP response
Potential 4.4 mmHg improvement with a personalised approach

Contrast

Population mean difference
between best vs fixed choice
(mmHg)

Best choice vs candesartan

53

Best choice vs lisinopril

3.1

Best choice vs amlodipine

4.6

Best choice vs
hydrochlorothiazide

9.7

@ What combination?
Account for side effects
Enhance compliance
Avoid adverse outcomes

Sundstrém... Ostlund; JAMA. 2023



Why hypertension?

Treating systolic BP can improve prognosis
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Reduction in systolic blood pressure between treatment groups (mm Hg)*

5mmHg drop in systolic blood pressure lowers major cardiovascular

events by 10%

BPLTTC.2021. Lancet

Funded by
the European Union

Poor adherence &
side effects

Non-specific use of
existing drug therapy

| Q
Control of blood pressure in
<50% of patients

l

I,

TA

Hypertension-related
health impact

|

8 High EU healthcare expenditure




Funded by
the European Union

Scheme of work

HYPERMARKER: going beyond the state of the art

+ m + ' 6 First large-scale study of
' - pharmacometabolomics
N for hypertension
treatment

4000+ blood samples
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Structure

WP1: Project
management

WP4: Multimodal data
analytics and prediction
models

WP3: Pan-European WP5: Prospective
cohort metabolomics & randomised clinical
exposomics validation

WP6: Clinical decision
WP2: Governance, ethics support and companion

and patient and diagnostics
stakeholder engagement

WP8: Dissemination and
communication

WP7: Health economic
evaluation




Data modelling

Dr. Animesh Acharjee
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Acharjee's Lab
Integrative Analytics & Al

f Ak 1

Multi-omics & Diagnostics/ Method /Workflow
modal Integration _ Biomarker Development
identification

| B

O « M ~
-Using multi-modal data sets ‘Feature identification -Novel workflow/methods
K gl Aaedl -Stability of the marker -Design of experiments
Cehannes -Causal discovery -Mathematical modellin
-Mechanistics g



https://sites.google.com/view/acharjee-lab/home

Objectives of WP4

Develop robust predictive models for
antihypertensive drug response

dentify stable metabolic and clinical
oredictors

dentify metabolite pathways with a causal
influence on blood pressure regulation




Cohort overview

Funded by
the European Union

Comparison of Four Key Cardiovascular Research Cohorts

Designs, Populations, Interventions, and Blood Pressure Monitoring Approaches

PHYSIC AFHRI AOC UCC-SMART
: gglg :‘Zgﬁqggsm" ® o 8 Referred Past M o 20 2 " Secondary
e Untreated/ gg:giolo years) facto:lsS
monotherapy 18-85 9y 18-90
_ - Qo £
Study Design / _/\: —> - v—| Prospective —> v—| Prospective
: v —r\ cohort v =\ cohort
Intervention \ — 4 BP drugs _@ EPA-DHA 400 mg/d _@
(monotherapy) &/or ALA 2g/d
Country + @ Sweden = @ Netherlands _ @ Netherlands

Blood Pressure
Variables

o

Repeated office Repeated
_ &ambulatory BP /___ office BP
S NS

Repeated
office BP

M
~ - S
;\»\

Repeated
office BP

w"

Legend: Blue icons represent cohorts/populations and standard measurements. Orange/Yellow icons indicate flags and specific interventions. SBP = Systolic Blood Pressure.
MI = Myocardial Infarction. CVD = Cardiovascular Disease. BP = Blood Pressure. EPA-DHA = Eicosapentaenoic Acid-Docosahexaenoic Acid. ALA = Alpha-Linolenic Acid.

Precision Hypertension Care (PHYSIC) ;Atrial Fibrillation in High-Risk Individuals (AFHRI) ;The Alpha Omega Cohort (AOC) ;Utrecht Cardiovascular
Cohorts — Second Manifestations of Arterial Disease (UCC-SMART) Population



Cohort & metabolite overview

Meta-analysis of existing data

Discovery based on analytics

Sample
handling &
preparation
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Pan-European cohorts 9
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Dataset and Methods Summary

Dataset used:

« Combined clinical and metabolite features from
AFHRI + AOC + SMART + PHYSIC cohorts

Methods implemented:
» 5-fold nested / stratified cross-validation

Step 1:
Outer 5-fold CV for
model evaluation

=
3,
‘3
<
S
o)
[%2]
-+

Step 2:
* Inner 5-fold CV for
hyperparame ter
tuning

Step 3:

Model training

Step 4:
Model testing

Clinical

Metabolite
Medication




Baseline model
oclinical features only

Full model Without Regularization With Regularization ‘
oclinical + all metabolite features iy oy

Feature-selected model (Reduced

Model)

oclinical + LASSO metabolites
Evaluation metrics: macro-AUC,

n p
precision, recall, F1 Lasso Loss = Z(yi — Yoi)? + AZ‘BJ‘
i=1 =1




Selecting the best predictive features

« Based on the performance : AUC/F1 score
* Optimized
« Plateau observed between K = 20-30 features
« Beyond K > 30, performance gradually declines (likely overfitting)
« Selected : 28 metabolites features
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Causal Modelling



Funded by
the European Union

Pathway03

*DAG represent causal relationships among metabolites
organised by biological pathways

*Blue dashed edges - metabolite—metabolite interactions

*Solid edges to M = direct causal effects on blood
pressure

eStrong within-pathway clustering indicate coordinated
biochemical processes

*Cross-pathway links highlight key metabolic interaction
points

M acts as a sink node, integrating signals from multiple
pathways

=47 UNIVERSITYOF
=.5 BIRMINGHAM
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Intervention Interface

Metabolome data

PRO and clinical data

Model Output

Site

A

Blood pressure data

] ooo
ooo

Dietary data

O

Data transfers

Automated data transfer (via API)

s

Read-only Access

PRO, Patient reported outcome; UoB, University of Birmingham; API, Application Programming Interface



Randomized Controlled Trial
Dr. Mathew Chapman
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Trial methodology - Patient and Public Involvement

Patient & Public Involvement and Engagement

Key trial documents
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'iqu Participant trial procedures
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HYPERMARKER STUDY
PATIENT VIDEO

Funded by
_ _ the European Union
_ _ This project was funded by the European Union under

Grant Agreement number 101095480.

Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the
European Union. Neither the European Unionnor the
granting authority can be held responsible for them.

| fighting heart disease
4 1 ) and stroke

european heart network
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Trial Design

UNIVERSITYOF

Eligible adults with systolic Sponsor' BIRMINGHAM

BP =140 mmHg in need of
antihypertensive therapy

( Enrolment )

Study: Proof-of-concept, pragmatic, multicentre, adaptive,

i il I el open-label strategy trial embedded into routine clinical practice
with stratified individual patient randomisation across 4
( — European sites
Randomisation )
Group A Group B
Initial standard of care Pharmacometabolomic approach

1 week at-home BP recordings

BP therapy change C.) C.) BP therapy change

4 weeks at-home BP and ePROs

Updated pharmaco- Updated pharmaco-
metabolomic approach metabolomic approach
(BP therapy change) (BP therapy change)

4 weeks at-home BP and ePROs

( End of trial (plus optional visit) )




Trial Design

P = == = e e e e e e e e e e e o = e =
I Eligible adults with systolic
| BP =140 mmHg in need of
I antihypertensive therapy
|
|
| Enrolment
Informed Baseline Metabolomics Baseline Study app and BP
| consent assessment blood test ePROs device setup & training
L e e e e e e e e e e e e e e e e e e e == -
C Randomisation )
Group A Group B

Initial standard of care

BP therapy change C.)

Updated pharmaco-
metabolomic approach

(BP therapy change)

Pharmacometabolomic approach

1 week at-home BP recordings
CO) BP therapy change

4 weeks at-home BP and ePROs

Updated pharmaco-
metabolomic approach

(BP therapy change)

4 weeks at-home BP and ePROs

End of trial (plus optional visit)

Funded by
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UNIVERSITYOF

Sponsor: BIRMINGHAM

400 adults with a systolic blood pressure
>140mmHg and a clinical indication for
treatment for hypertension will be
recruited by opportunity during routine
clinical practice across multiple European
secondary care sites
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Trial Design

_ UNIVERSITYOF
— — Sponsor: BIRMINGHAM
igible adults with systolic
BP =140 mmHg in need of
antihypertensive therapy
C | Enrolment . )  Stratified randomisation
Informed Baseline Metabolomics Baseline Study app and BP
consent assessment blood test ePROs device setup & training ° S|te (fo urs |tes)
Fe--- -y -~ === ': * Participant age (18-69 & >70 years)
' P—— Y + Baseline SBP (SBP 140-159mmHg or >160mmHg)
I
: Group A Group B I
Initial standard of care Pharmacometabolomic approach ° . . : .
L TormmmmREREE . eEinREIssSeeens | 1:1 allocation to intervention or control

1 week at-home BP recordings

hera t t k . . .
B thetapychange: () () EP thampy changs * Intervention: Use of a smart pharmacometabolomic-guided

4 weeks at-home BP and ePROS drug class approach to assist clinicians in the choice of
antihypertensive treatment class(es).

Updated pharmaco- Updated pharmaco-
metabolomic approach metabolomic approach
e Control: Standard of care as defined by the European Society of
(BP therapy change) (BP therapy change) Cardiology hypertension guidelines.

4 weeks at-home BP and ePROs

( End of trial (plus optional visit) )




Trial Design

Eligible adults with systolic
BP =140 mmHg in need of
antihypertensive therapy

( Enrolment )

Informed Baseline Metabolomics Baseline Study app and BP
consent assessment blood test ePROs device setup & training

C Randomisation >

_________________________ -
I Group A Group B I
l Initial standard of care Pharmacometabolomic approach I
: I
| 1 week at-home BP recordings |
: BP therapy change CO) COD BP therapy change |
I 4 weeks at-home BP and ePROs l
I |
I Updated pharmaco- Updated pharmaco- l
| metabolomic approach metabolomic approach |

|
| (BP therapy change) (BP therapy change) I
: 4 weeks at-home BP and ePROs |

|
: I
|< End of trial (plus optional visit) )l
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UNIVERSITYOF

Sponsor: BIRMINGHAM

Primary Outcome: Change in home systolic
blood pressure comparing the (initial)
pharmacometabolomic approach and
standard of care.
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Trial Design

Inclusion criteria

1. Age 218 yrs.

2. SBP 2140 mmHg on any blood pressure recording method
3. Clinical indication for antihypertensive therapy.

Exclusion criteria

SBP 2180 mmHg on any blood pressure recording method

. Three or more current anti-hypertensive medications.

Potential secondary cause of hypertension

Planned intervention for hypertension, such as renal denervation.
Severe kidney disease (eGFR <30 mL/min).

Diagnosis of known heart failure with LVEF <40%.

. Stroke or myocardial infarction within the last 6 months.
Pregnancy, planning for pregnancy, or breastfeeding.

Participant whom the Investigator deems otherwise ineligible

WONOUAWN R



Intervention

Samples & clinical data from multiple pan-
European cohorts

Il

Metabolomic profiles generated by state-of-
the-art high-resolution mass spectrometry

Machine learning analytics to combine clinical
features & metabolomic profiles

Funded by
the European Union

Intervention: Smart pharmacometabolomic-guided
drug class approach

The intervention will be iterated and refined during
the trial as additional data from pre-existing cohorts
and the trial is obtained (‘Updated
pharmacometabolomic approach)
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At Home Blood Pressure Measurements

82 Viduet

Viduet Health platform for
at-home data collection

Y ra\)
A | [

Study application- Viduet Health

e At-home BP monitoring platform - blood pressure monitor with an
automatic Bluetooth connection to the study mobile application

* 2 readings, morning & evening at least 3 days each monitoring
week

Joint patient, physician & research web portal

Notifications & reminders:
* BP measuring times

Training:
* Use of BP device
* Use of Videut Health application / portal



Patient Reported Outcome Questionnaires

e Quality of life (EQ-5D-5L)

e Adherence & adverse reactions

ﬁEDCap

Research Electronic Data Capture

 Healthcare utilisation




Consortium Partners
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https://www.collaborate.eu/
https://www.amsterdamumc.org/en.htm
https://www.roche.com/
https://www.euretos.com/home
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Funded by the European Union. Views and opinions expressed are however those of
the author(s) only and do not necessarily reflect those of the European Union or the
European Health and Digital Executive Agency (HaDEA). Neither the European Union
nor the granting authority can be held responsible for them.

This work is also supported by the UKRI Horizon Europe Guarantee scheme.

Funded by
the European Union

’ UK R h
www.hypermarker.eu m @Hypermarker and Innovation


https://www.google.com/url?sa=i&url=https://www.flaticon.com/free-icon/linkedin_174857&psig=AOvVaw3I_lw6Kdebzsw6dMmTktow&ust=1592895553104000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOiNwMvslOoCFQAAAAAdAAAAABAE

	Slide 1
	Slide 2: Disclaimer 
	Slide 3: Agenda 
	Slide 4: Hypermarker project overview  
	Slide 5: Key features
	Slide 6: Why hypertension?
	Slide 7: Why hypertension?
	Slide 8: Why hypertension?
	Slide 9: Scheme of work
	Slide 10: Structure
	Slide 11: Data modelling 
	Slide 12
	Slide 13: Objectives of WP4
	Slide 14
	Slide 15
	Slide 16: Dataset and Methods Summary
	Slide 17: Quick recap: LASSO classification
	Slide 18: Selecting the best predictive features 
	Slide 19: Causal Modelling
	Slide 20
	Slide 21: Intervention Interface
	Slide 22: Randomized Controlled Trial 
	Slide 23: Trial methodology - Patient and Public Involvement 
	Slide 24: Trial Design
	Slide 25: Trial Design
	Slide 26: Trial Design
	Slide 27: Trial Design
	Slide 28: Trial Design
	Slide 29: Intervention
	Slide 30: At Home Blood Pressure Measurements
	Slide 31: Patient Reported Outcome Questionnaires
	Slide 32: Consortium Partners
	Slide 33

