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ERA PerMed Results of the
Joint Transnational Call 2022

PREVENTION IN PERSONALISED MEDICINE
24 successful consortia are funded with a total investment
of approximately 30.2 million Euros for three years

, FOLLOW US on @ERANET PerMed Subscribe to our newsletter

ERA PerMed is funded under the ERA-NET Cofund scheme of the Horizon 2020 Research and Innovation Framework
Programme of the European Commission Research Directorate-General, Grant Agreement No. 779282.
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Looking back at 2022 and into the future

A new exciting year has begun, and with it we enter the final year of
ERA PerMed. In the past year, 2022, ERA PerMed has carried out and
participated in various activities. During the summer we have launched
a video competition “the story behind our personalised medicine
research project” for the young researchers participating in the JTC2018
co-funded projects. We have received 9 videos from different consortia
and the best video was determined by votes from the public and
ERA PerMed partners. Just recently we announced the results of the
competition with the top three places being very close. Ultimately, the
video of project RADprecise won the competition, project PersTIgAN
received 2nd place and project JAKSTAT-TARGET arrived at 3 place.
All the videos can be viewed on the ERA PerMed website or ICPerMed
YouTube channel.

In October, an online midterm seminar was held for the JTC2019
projects, in which the coordinators of the 22 funded projects presented
the advancement and current outcomes from their projects. It was
encouraging to see that despite the major impact of the Covid19
pandemic, many of the projects have managed to make significant
progress.

Throughout the past year and to date, ERA PerMed representatives
are busy working together enthusiastically with ICPerMed and other
stakeholders, on developing the European Partnership for Personalised
Medicine (EP PerMed). Regular updates on the activities around the
development of EP PerMed can be found on the ERA PerMed website.
As we enter the final year of ERA PerMed, we are looking forward to
continue following up on the outstanding progress our funded projects
are making. We are fortunate that at the end of February we will be able
to carry out a grand face-to-face final symposium in which we will hear
all about the outcomes of our 25 JTC2018 projects, which were co-funded
by the European Commission. The symposium will also include a panel
discussion with patient representatives on the topic of patientinvolvement
in personalised medicine research from which we hope to learn lessons
on how to better involve patients in the future EP PerMed. To express ERA
PerMed's support for young researchers, a young researcher from the
RADprecise consortium, representing the winning video, has also been
invited to the final symposium to showcase the video and give a short talk
about the research being done and the effect that participation in such a
collaborative project had on their scientific career.

Finally, this past year we have executed our 5th non-co-funded call for
proposals, JTC2022, on ‘Prevention in Personalised Medicine’ of which
you can read about in more details in this newsletter. While there are no
more calls for proposals from ERA PerMed, new funding opportunities
in the field of personalised medicine are expected to come from EP
PerMed starting in 2024.

With this, we wish you all excellent and pioneering research, productive
collaborations and meaningful advancementin promoting personalised
medicine worldwide this New Year 2023!
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Joint Transnational Call for Proposals 2022:
PREVENTION IN PERSONALISED MEDICINE

To align national research strategies, promote excellence, reinforce the competitiveness of
European players in Personalised Medicine (PM), and enhance the European collaboration
with non-EU countries, 33 funding organisations of 26 countries, 7 regions and one
charity agreed to launch the fifth and final ERA PerMed Joint Transnational Call (JTC) for
collaborative innovative research projects in PM. A general prolongation of the ERA-Net
funding programme ERA PerMed allowed the implementation of this unforeseen fourth
additional call that is not receiving co-funding through the European Commission but is
exclusively supported by the regional and (inter)national funding organisations and the
charity.

With the Joint Transnational Call for Proposals 2022, ERA PerMed fosters research and
innovation activities in prevention in PM. The overarching goal of the call is the development
of tailor-made strategies for prevention of disease and disease progression, at three
different levels:

i. Preventive measures decreasing the rate of incidence (primary prevention)

ii. Early detection to increase the efficacy of a preventive therapy, even before
symptoms are developed (secondary prevention)

iii. Interventions preventing disease recurrence or improving patients’ care and
quality of life (tertiary prevention).

Four additional funding organisations, which are not part of the ERA PerMed Consortium,
joined through this JTC2022 the ERA PerMed calls for the very first time: The Research
Council of Lithuania, (LMT), Lithuania, the South African Medical Research Council,
(SAMRC), South Africa, Sweden’s Innovation Agency, (VINNOVA), Sweden and the Ministry
of Science and Technology, (MOST), Taiwan. Therewith, ERA PerMed, as the biggest ERA-
Net in the health sector, has engaged, in total, 42 funding organisations participating in
five joint transnational calls, including regional and international funders of 32 countries
and five continents.

In the JTC2022, 171 eligible pre-proposals were submitted, 60 consortia were invited to
submit a full-proposal and 24 proposals with a total funding volume of 30.2 million Euros
will be funded!

ARGAVESEGRIENSHSITNS NGHEZE ]

1St EU-Africa PerMed Summer School Standards
in Personalised Medicine Research

HAVE A LOOK AT
22-23 February 2023 OUR PREVIOUSLY
Cape Town, South Africa FUNDED PROJECTS
Around 40 applications from both African and European here

countries have been received. Selected candidates
will be informed during the last week of January
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Giovanni De Girolamo

Coordinator:

Giovanni De Girolamo, IRCCS
Istituto Centro San Giovanni

di Dio Fatebenefratelli, Unit of
Epidemiological Psychiatry, Italy

Contact:
gdegirolamo@fatebenefratelli.eu

Partners:

Michael Bauer, University Hospital
Carl Gustav Carus, Technische
Universitat Dresden, Germany

Andreas Reif, Dept of Psychiatry,
Psychosomatic Medicine and
Psychotherapy, University
Hospital Frankfurt, Germany

Miguel Garcia-Argibay, School
of Medical Sciences, Orebro
University, Sweden

Ole A. Andreassen, Centre
of Excellence NORMENT and
University of Oslo, Norway

Marion Leboyer, University of
Paris Est (UPEC) and Hopitaux
Universitaires Mondor,
Assistance-Publique-Hopitaux de
Paris, France

Rosa Corcoy, Institut de Recerca-
Hospital de la Santa Creu I Sant
Pau and Universitat Autbnoma de
Barcelona, Spain

Florian Klingler, Deutsche
Gesellschaft Fur Bipolare
Stérungen (Gsbd) E.V., Germany

BIPCOM

Medical comorbidities in bipolar disorder: clinical
validation of risk factors and biomarkers to improve
prevention and treatment

Bipolar Disorder (BD) is a common, heritable, chronic, and recurrent
disorder that represents a critical public health problem, due to its
prevalence, its high degree of disability and psychiatric and medical
comorbidities (MC). The project on “Medical comorbities in bipolar
disorder: clinical validation of risk factors and biomarkers to improve
prevention and treatment” (BIPCOM) aims to study MC in people
with BD targeting 2 main objectives: (1) to identify prevalence rates,
risk and protective factors and natural history of MC among subjects
with BD, through analyses of the Nordic medical registers and a
cross-sectional study exploiting existing datasets of patients with
BD; (2) to conduct a clinical study involving 400 subjects to assess
the overall clinical profile of these patients and study the onset
of medical comorbidities. BIPCOM will be implemented through
continuous consultations with stakeholders (scientific and patients’
associations, users, and families), for ensuring results’ acceptability
and transferability.
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Edward Vigmond

Coordinator:

B B Edward Vigmond
University of Bordeaux/Liryc,
France

Contact:
edward.vigmond@u-bordeaux.fr

Partners:
== Gernot Plank, Medical
University of Graz, Austria

Francisco Sahli Costabal,
Pontificia Universidad Catélica
de Chile, Chile

== Thomas Czypionka, Institute
for Advanced Studies, Austria

B B Thomas Pambrun, University
Hospital Centre Bordeaux,
France

B B Joél Romeu, Alliance du Coeur
Sud-Ouest, France

DAWN-AF
Digital Twins to Treat Atrial Fibrillation

Atrial Fibrillation (AF) is the most common cardiac arrhythmia.
Since AF is progressive, the longer one has it, the harder it is
to treat, and the risks of stroke, dementia and heart failure
increase. The most effective treatment is catheter ablation
therapy, a procedure that strategically destroys tissue to restrict
propagation of electrical waves. However, approaches are
currently generic, ignoring patient variability in atrial structure,
and AF usually recurs. We aim to develop a personalised
medicine approach based on computer modelling, to use digital
twins to plan AF ablation to prevent recurrence. We propose
to use preoperative measurements, imaging (MRI/CT) and the
ECG, to build digital twins. However, these data are insufficient
to uniquely characterize the atria, so we will build sets of
potential digital twins for each patient, each of which will have
its ideal ablation treatment determined. Invasive measurements
acquired during the ablation procedure will be then used to
select the digital twin that best matches the patient. Economic
analysis will evaluate benefits arising from early preventative
and longer-lasting treatment, reduced duration and procedural
risks of interventions.
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Coordinator:

Graziella Cappelletti, Universita
degli Studi di Milano, Dept.
Biosciences, Italy

Contact:
graziella.cappelletti@unimi.it

Partners:

Rejko Kruger, University of
Luxembourg, Translational
Neuroscience, Luxembourg
Center for Systems Biomedicine
(LCSB), Luxembourg

Beatrice De Maria, IRCCS Istituti
Clinici Scientifici Maugeri di
Milano, Cardiology Dept., Italy

Mauno Vihinen, Lund University,
Dept. Experimental Medical
Science, Sweden

Ronald Melki, Commissariat

a 'Energie Atomique et aux
énergies alternatives, Institut
Francois Jacob (MIRCen), CEA and
Laboratory of Neurodegenerative
Diseases, CNRS, France

Celine Galvagnion-Bull, University
of Copenhagen, Dept. Drug
Design and Pharmacology,
Denmark

mm Astrid Blom, The Danish

Parkinson's Association, Denmark

Ana Borovecki, University of

Zagreb, School of Medicine, Dept.
Social Medicine and Organization
of Healthcare, Andrija Stampar
School of Public Health, Croatia

DEEPEN-iRBD
Prodromal DEtErminants for PhENoconversion of idiopathic
RBD to alpha-synucleinopathies (PD, DLB and MSA)

Evidence shows that individuals affected by idiopathic REM sleep
behavior disorder (iRBD) have a high risk of conversion to Parkinson'’s
disease, or dementia with Lewy bodies, or multiple system atrophy.
Despite sharing a cellular pathological hallmark, the aggregation of
alpha-synuclein, and some clinical features in the early stages, these
conditions show different phenotypes in later stages with significant
therapeutic and prognostic consequences for the patients. The
consortium DEEPEN-iRBD aims to develop a pathogenicity model
for prediction of phenoconversion utilizing pre-clinical/clinical
research and data analysis, taking into account a personalised
medicine approach, based on the individual's unique characteristics
and optimisation of strategies for the prevention, diagnosis and
treatment of the individuals rather than the disease. In this project,
both existing and newly acquired data will be integrated, including
advanced clinical assessments, physiological signal recordings,
molecular markers derived from body fluids, skin biopsy, and iPSC-
derived brain cells, in order to identify a specific profile at a very early
stage, thatis a prodromal phase, for each of the above conditions. This
would ultimately allow to define a model for early risk stratification,
diagnosis, treatment, and prognosis of patients with iRBD. A further
important objective of the project deals with the ethical and social
aspects of screening people in a prodromal stage of the diseases and
of communicating the screening results.
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Knut Moller

Coordinator:

HEE Knut Moller, Institute
of Technical Medicine,
Furtwangen University,
Germany

Contact:
moe@hs-furtwangen.de

Partners:

== Johanna Pirker, Institute for
Interactive Systems and Data
Science, TU Graz, Austria

B | udger Tebartz van Elst,
Dept. of Psychiatry and
Psychotherapy, Medical
Center - University of Freiburg,
Germany

= Gabor Kertesz, John von
Neumann Faculty of
Informatics, Obuda University,
Hungary

J. Geoffrey Chase,
Bioengineering Institute,
University of Canterbury, New
Zealand
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ETAP
Early diagnosis and personalised Therapy in Autism spectrum
to Prevent severe disorders

Problem: Autism Spectrum Disorder (ASD) is growing (1-in-44
children; 4:1 boys:girls) and manifests in debilitating cognitive
problems. “Social blindness”, the inability to recognise emotions in
others, is a common debilitating feature, treated via intensive 1:1/
small-group therapy. It is costly, in very short supply, and thus often
infrequent. Growing ASD diagnosis, particularly in boys, threatens
to create a “lost-generation” unable to achieve their full potential.
Need: To prevent severe disorder by significantly increased access
to emotional recognition training/therapy for those with ASD, and
at low(er) cost.

Proposed Solution: To virtualize emotional recognition training in
a two-way adaptive, and individualized system by combining three
novel key elements (KE1-3)

KE1: Realistic avatars able to show detailed emotions (Availability,
Scalability, Reproducibility)

KE2: Sophisticated sensing to read subject emotional state, reaction
ratesintherapytasks, stress levels, to create critical subject feedback
(Personalisation)

KE3: Programmed therapeutic methods to challenge and respond
to measured subject response (Adaptive, Gamified)

Outcome: Highly extensile software-based platform technology
solution to dramatically increasing access and scalability, lower
costs, and create new insights/pathways in ASD research.

éepo%
|
i I lConﬁgures
« AR/VR System:
. . Evaluation / Expert System:
- Projects Avatar
' * Projects avatar emotions

* Responds to subject
responses / inputs
* Guides overall game/therapy

i

Process inputs:

Part A : interacting

- = = e = =

Part B : sensing

oy
6
2

Input devices:
Capture inputs,
Physiological signals
Subject facial
expression, gestures,
attention, Executive
Function Analytics

Emotion Recognition

88

Stress Level

A Main JANUARY 2023 7


mailto:pabanfi%40dongnocchi.it%20?subject=

+ERAPerMed

Jay Gopalkrishnar.l.

Coordinator:

E |ay Gopalakrishnan
Institute of Human Genetics,
Heinrich-Heine-Universitat
Dusseldorf, Germany

Contact:
jay.gopalakrishnan@hhu.de

Partners:

Nathalie Jurisch-Yaksi, Dept. of
Clinical and Molecular Medicine,
Norwegian University of Science
and Technology (NTNU),
Norway

Limor Freifeld, Dept. of
Biomedical Engineering,
Technion - Israel Institute of
Technology, Israel

™= julia Steinmann, Dept. of
Neurosurgery, University
Hospital Dusseldorf, Heinrich-
Heine-University, Germany

= Vita Rovite, Latvian Biomedical
Research and Study Centre,
Latvia
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Glioma-PerMed
Glioma invasion assays as a predictive tool for
personalised glioma medicine

Glioblastoma multiforme (GBM)is the mostfrequent malignantbrain
tumor, which consists of highly invasive glioma stem cells (GSCs).
No cure exists, and GBM patients’ median survival is <24 months.
Therefore, a therapeutic strategy to perturb GSCs invasion in the
humanbrainis critical. Since GBMs are highly heterogeneousand are
unique from patient to patient, “one therapy for all” is not practical.
Furthermore, invasive behavior is unpredictable in the human brain.
The “Glioma-PerMed” is establishing an interdisciplinary research
consortium aiming to develop personalised glioma invasion assays
in the preclinical models of human brain organoids and zebrafish
brains. We will quantitatively determine the GBM invasion behaviors
with unbiased machine learning algorithms. As our “personalised
glioma invasion assay” platform allows drug screenings, we will
screen an FDA-approved drug library and identify molecules that
can be transferred to clinical patients. Ultimately, these would be
the first step towards personalised GBM medicine.
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IPerGlio
Improving personalised glioblastoma care by intertwined
immunomics and artificial intelligence approaches

New treatment strategies to improve glioblastoma patient care
and quality of life are urgently needed. Survival rates are very
poor as virtually all glioblastomas recur and standard therapy
has not changed for over 15 years. Around 25% of clinical trials in
glioblastoma evaluate immunotherapies and several have reported
long-term survival benefits in 10-20% of patients. We currently lack
biomarkers to predict clinical benefit of immunotherapy in this
highly heterogeneous disease.

The objective in IPerGlio is to consider clinical and immunological
data integrated with sex and age as well as key lifestyle and
environmental factors using artificial intelligence (AI) technologies.
Thisrepresentsanovel approachtoguide personalisedinterventions
improving glioblastoma patient care and quality of life. By applying
Al generated models to these data, IPerGlio will deliver prognostic
markers that can be used to guide decisions for combination
treatment with immunotherapy in clinical trials. Furthermore,
IPerGlio will address the ethical challenges concerning data security
and sharing posed by personalised medicine and Al approaches

Else Marit Inderberg

Coordinator:

atm= Else Marit Inderberg, Dept.
of Oncology, Oslo University
Hospital, Norway

Contact:
elsin@rr-research.no

Partners:

BB Roberto Pallini, Dept. of Ageing,
Neuroscience, Orthopedic and
Head and Neck Sciences,

Fondazione Policlinico through active stakeholder and patient involvement.
Universitario Agostino Gemelli The IPerGlio project will strongly improve clinical decision-making
IRCCS (FPG), Italy for glioblastoma patients by identifying risk factors amenable to

reinforce tertiary prevention and ensuring effective and responsible

LN Lucia Gabriele, Dept. of delivery of Al-guided personalised immunotherapy.

Oncology and Molecular
Medicine, Istituto Superiore Di
Sanita (ISS), Italy

Clinical and experimental activities Data integration and Al activities Ethics

== Antonio Cosma, Translational e We2 o
. . . lection o Functional
Medicine Operation Hub, ] Frsicomar, Jp "Inmune
Luxembourg Institute of Health data proeomics :

Data cleaning & Integrated data
integration

(LIH), Luxembourg

E= Marcos Arauizo-Bravo, Dept.
of Computational Biology
and Systems Biomedicine,
BioDonostia Health Research
Institute (BHRI), Spain

. Database
- Machine Iearmng and
Al method:

™= Ruben Sakowsky, Dept. of
Medical Ethics and History of
Medicine, University Medical
Center Goettingen (UMG),
Germany
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Angel Argilés

Coordinator:
BN Angel Argilés, RD Néphrologie
SAS, France

Contact:
argiles@rd-n.org

Partners:
H B Julie Klein, Inserm U1297 and
U1295, Inserm, France

= Sara Denicolo, Dept.
of Internal Medicine
IV (Nephrology and
Hypertension), Medical
University Innsbruck, Austria

™= Harald Rupprecht,
Medizinische Klinik V,
Nephrologie, Angiologie,
Rheumatologie, Klinikum
Bayreuth GmbH, University of
Erlangen-Nurnberg, Germany

™= \/era Jankowski, Institute for
Molecular Cardiovascular
Research, RWTH Aachen
University, Germany

== Jane Synnergren, Systems
Biology Research Centre,
University of Skévde, Sweden
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KidneySign
An integrated multi-omics signature of kidney fibrosis for
CKD precision medicine

Chronic kidney disease (CKD) is a progressive condition defined by
sustained structural or functional abnormalities. Monitoring and
predicting the risk of CKD progression is difficult due to fluctuating
renal function markers and limited access to the organ itself for
structural assessment. The KidneySign project aims to develop a
blood-and urine-based multimodal proteomicsignaturereflectingin
situ kidney fibrosis and predictive of CKD progression. Personalised
nephroprotection based on the complementarity of patients and
drugs proteomic profiles will also be explored. The resulting clinical
decision support system providing risk estimates and therapeutic
guidance will comply with ethical and societal issues identified at
each stage of the project. The project relies on the analysis of Big
Data comprising classical, proteomic and peptidomic evaluations
of kidney biopsy, urine, serum and plasma samples from existing
patient cohorts, biobanks and a KidneySign prospective study.
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Filippo Lococo

Coordinator:

0§ Filippo Lococo, Fondazione
Policlinico Universitario “A.
Gemelli” IRCCS (FPG), Italy

Contact:
filippo.lococo@policlinicogemelli.it

Partners:

™ Fsther Troost, Technische
Universitat Dresden (TUD),
Germany

== Ro&za Adany, University of
Debrecen (DEB), Hungary

= Nuria Farré, Hospital de la
Santa Creu i Sant Pau (HSCSP),
Catalona, Spain

Ece Oztirk, Koc University,
Turkey

H B Dominique Van Doorne,
Academia del Paziente Esperto
EUPATI, Italy
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LANTERN
Lung cancer multi-omics avatars for integrated precision
medicine

Current management of lung cancer patients have reached a high
level of complexity, thereby complicating the process of decision-
making by clinicians. With the advent of advanced Artificial
Intelligence (AI) techniques, various omics datasets may be used
efficaciously in creating predictive models.

LANTERN partners will develop accurate predictive models for lung
cancer patients, through the creation of Digital Human Avatars
(DHA), defined as computerised representations of individual
patients with a focus on biological functions.

LANTERN partners will prospectively enrol 600 lung cancer
patients, collecting several omics domains (including radiomics
and genomics). Advanced and correlated omics variables will
be modelled, originated and parameterized in an experimental
context of cutting-edge big data. The development of DHA and the
consequent application of Al-based predictive models in clinical
practice will in fact, favour the accuracy of diagnosis and a complete
personalisation of treatment.

-

Models DHA creation

validation

Predictive
modeling

-Omics data
marts

Figure: A brief description of the different steps involved in the LANTERN project. The
LANTERN project will manage multi-omics data obtained from 600 lung cancer patients
and with an advanced Al-based analysis will develop (and validate) accurate predictive
models. The creation of a Digital Human Avatars (DHA) will pave the way for complete
personalised treatments.
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Renato Mantegazza

Coordinator:

B B Renato Mantegazza,
Neurology 1V -
Neuroimmunology and
Neuromuscular Diseases Unit,
Fondazione IRCCS Istituto
Neurologico Carlo Besta, Italy

Contact:
renato.mantegazza@istituto-besta.it

Partners:

BB Rozen Le Panse, Centre of
Research in Myology, INSERM -
Sorbonne University, France

Adi Vaknin-Dembinsky, Dept. of
Neurology, Hadassah University
Hospital, Israel

W B Fabio Stella, Dept. of
Informatics, Systems and
Communication, University of
Milan-Bicocca, Italy

B B Sandra Paci, Dept. of Market
Access and Patient Advocacy,
Argenx, Belgium

== Ji-Young Lee, Dept. of
Public Health, University of
Copenhagen, Denmark
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MG-PerMed
Personalising myasthenia gravis medicine: from “one-
fits-all” to patient-specific immunosuppression

Myasthenia Gravis (MG) is a prototypic autoimmune disease
causing muscle weakness and fatigability, frequently treated with
lifelong immunosuppressive therapy (IST). Clinical heterogeneity,
unpredictable disease course, treatment refractoriness in a
proportion (10-15%) of patients, IST-related adverse events,
and inter-individual variation in response to both conventional
IS and emerging biological drugs highlight the need to adopt
more effective, preventive and safe personalised medicine (PM)
strategies, still lacking in MG. The MG-PerMed project will combine
pre-clinical, clinical, artificial intelligence (AI), telemedicine and
bioethics research to promote adoption of PM in MG clinical
practice. Integration of biomarker with real-world clinical data from
three MG populations (Italian, French and Israeli) via AI will allow
the development of a clinical decision support tool (MG-CDST),
whose effectiveness in guiding the choice of the best patient-
centred treatment programme will be proven in an exploratory
clinical study. Our findings will set the basis for a shift from the
current “one-fits-all” treatment flow-chart to personalised care in
MG, thus promising to significantly improve therapeutic success
and MG patients’ quality of life.
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Renée Turzanski Fortner

Coordinator:

Renée Turzanski Fortner
Cancer Registry of Norway/
Oslo University Hospital,
Norway

Contact:
rtfo@kreftregisteret.no

Partners:
Rudolf Kaaks, German Cancer
Research Center, Germany

Konrad Stawiski, Medical
University of £6dZ, Poland

Kevin Elias, Brigham and
Women's Hospital/Harvard
Medical School, MA, USA

miRPOC
miRNA as biomarkers in early detection and personalised
treatment in ovarian cancer

Ovarian cancer is generally diagnosed at a late stage, after the
disease has spread and has poor survival diagnosis. Currently,
there are no effective early detection strategies and early disease
symptoms are non-specific (e.g., bloating, feeling of fullness).
Biomarkers evaluated to date, do not outperformthe “best available”
marker CA125; however, a preliminary study provided evidence
that a serum microRNA profile may provide better differentiation
between ovarian cancer cases and non-cases than CA125. This
study will provide validation of a microRNA panel for early detection
of ovarian cancer in serum samples from prospective cohorts and
clinical data and biospecimens. The overarching objective is to
validate a serologic microRNA panel that, together with CA125,
would have sufficient diagnostic discrimination for early-stage
disease to be used as a tool that, complementary to imaging, would
allow early diagnosis and direction of patients with suspected
malignancy to personalised gyn-oncological care.

WP1  Project management, coordination, and communication
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miRNA profilesin samples collected in prospective
biobanks: Validation of miRNA profiles for ovarian
cancer early detection in samples collected prior to
diagnosis and participants who remain free of cancer

Blood Sample +
Data Collection

]
] e
diagnosis diagnosis
cases r’ cases

0to 3 years
controls o \

Blood and Tissue Sample +
Data Collection

E-r.urrencp,"dmth

0 to 3years

cancer-
free i

-

. D) @ v ™

[ Develop and optimize protocols for data integration and
methods for algorithm development, and direct
validation using data from WPs 2-3 and deployment of
the model for clinical use via a rich internet application
and application interface

Research to address Ethical, Legal and Social Aspects
(ELSA) associated with implementation of derived
algorithms defined in WPs 2-4

JANUARY 2023 13




+ERAPerMed

NEWSLETTER 9

Magnus Back

Coordinator:
W B Magnus Back, INSERM,
Université de Lorraine, France

Contact:
Magnus.Back@inserm.fr

Partners:

(N Jennifer Meessen, Istituto di
Ricerche Farmacologiche Mario
Negri, Italy

== Hildur Arnardottir, Karolinska
Institutet, Sweden

== Caroline Brorsson, Qlucore AB,
Sweden

Reijo Laaksonen, Zora
Biosciences Oy, Finland

OmegaPerMed
Optimizing omega-3 supplementation to resolve
inflammation in a personalised medicine cardiovascular
disease prevention

Cardiovascular diseases (CVD) are the most common cause of death
in Europe and worldwide. Although omega-3 polyunsaturated
fatty acids (PUFA) are traditionally considered beneficial in CVD
prevention, clinical trials have generated contradictory results
for CVD outcomes. The aim of this project is to generate a
personalised CVD prevention decision tool to identify responders
and non-responders to omega-3 treatment. This project will explore
observational cohorts and clinical trials for the interactions between
genes, omega-3 PUFA treatmentand/or intake, CVD risk factors, and
biomarkers, followed by data integration for artificial intelligence
(Al)-empowered development of the OmegaPerMed decision tool.
The resulting personalised omega-3 treatment indications in CVD
can be the first personalised medicine to be widely implemented
in international CVD treatment guidelines to the benefit of a large

patient population.
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Maria José Soler Rome

Coordinator:

= Maria José Soler Romeo,
Nephrology Dept., Hospital
Vall d’'Hebron. Vall dHebron
Institut de Recerca (VHIR),
Barcelona, Spain

Contact:
mariajose.soler@vallhebron.cat

Partners:

mmml Jolanta Malysko, Department
of Nephrology Dialysis and
Internal Medicine, Medical
University of Warsaw, Poland

B B Laura Cosmai, Nephrology
and Dialysis Unit, ASST
Fatebenefratelli Sacco, Italy

™= Kai Schmidt-Ott, Department
of Nephrology and
Hypertension, Hannover
Medical School, Germany

== Jordi Fonollosa Magrinya,
Dept. of Automatic Control,
Universitat Politécnica de
Catalunya (UPC), Spain

=== Filipa Sampaio, Department of
Public Health and Caring Sciences,
Uppsala Biomedical Centre,
Uppsala University, Sweden

Meltem Gursu, Faculty of
Medicine, Bezmialem Vakif
University, Turkey
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ONAKI-ICI

Towards a personalised clinical management of oncologic
patients with acute kidney injury associated to immune-
checkpoint inhibitors

Treatment with immune checkpoint inhibitors (ICIs) has led to
increased survival rates of cancer patients, who were previously
untreatable, by favouring an immune response against tumour
cells. ICIs action is not selective and may cause immune-related
adverse events. Up to 29% of cancer patients, who receive ICIs
treatment, develop acute kidney injury (AKI) secondary to ICIs use
(ICI-AKI), and acute tubulointerstitial nephritis (ATIN) is the most
frequent lesion. ICI-AKI is a serious complication that increases
the risk of AKI recurrence after ICIs rechallenge and mortality. The
diagnosis of ICI-AKI is performed by a kidney biopsy, which is highly
invasive. We will collect retrospective and prospective demographic
and clinical data of ICI-AKI patients as well as urine, blood and
kidney tissue samples of ICI treated cancer patients during two
years to identify novel biomarkers related to immune response to
avoid kidney biopsy. This approach will allow personalising clinical
management of these patients and improving their quality of life.

ONAKI-ICI: Towards a personalized clinical management of oncologic patients with acute kidney injury (AKI) associated to
immune-checkpoint inhibitors (ICls)
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Julia H. Goedecke

Coordinator:

Julia H. Goedecke, South
African Medical Research
Council/WITS Developmental
Pathways for Health Research
Unit (DPHRU), Dept. of
Paediatrics, Faculty of Health
Sciences, University of the
Witwatersrand and Biomedical
Research and Innovation
Platform, South African
Medical Research Council,
South Africa

Contact:
julia.goedecke@mrc.ac.za

Partners:

™= na Danquah, Heidelberg
Institute of Global Health
(HIGH), Medical Faculty and
University Hospital, Heidelberg
University, Germany

E= Tommy Olsson, Dept. of Public
Health and Clinical Medicine,
Umea University, Sweden

"= Rikard Landberg, Division of
Food Science and Nutrition,
Dept. of Biology and Biological
Engineering, Chalmers
University of Technology,
Sweden
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OPTIMA

Omics Approach for Personalised Prevention of Type 2
Diabetes Mellitus for African and European Populations

The global prevalence of type 2 diabetes (T2D) is increasing, with
sub-Saharan Africa most affected. Although the development of T2D
differs between African and European populations, and between
men and women, risk screening and guidelines for the prevention
of T2D are generic. This collaboration between Sweden, Germany
and South Africa enables the measurement of circulating proteins
and metabolites to identify sex- and ethnic-specific biomarkers for
the early prediction of T2D risk in two African cohorts (South African
and Ghana) and a European (Swedish) cohort. We will also link
these biomarkers to dietary patterns, which will be used to inform
targeted dietary modifications for primary prevention of T2D in the
different populations. The cost effectiveness of the targeted dietary
modifications, as well as the perceptions among target populations
regarding these early preventative strategies will be assessed
in the respective countries to inform future implementation of
personalised prevention strategies.

Omics Approach for Personalized Prevention of Type 2 Diabetes Mellitus for African and European Populations
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Ugo Cavallaro

Coordinator:

W B Ugo Cavallaro, Istituto
Europeo di Oncologia s.r.l.,
Italy

Contact:
ugo.cavallaro@ieo.it

Partners:
B Mirjana Kessler, LMU
University Hospital, Germany

== Jesper V. Olsen, Novo Nordisk
Foundation Center for Protein
Research, Denmark

Sonia Tarazona Campos,
Universitat Politécnica de
Valéncia, Spain

= Antonio Gonzélez-Martin,
Clinica Universidad de
Navarra, Spain

== Nicolai Bache, Evosep
Biosystems, Denmark
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OVA-PDM
Personalising the clinical decision making in ovarian cancer
through patient-derived in vitro models

High-grade serous ovarian cancer (HGSOCQ) is a difficult-to-treat
disease, mainly due to the lack of treatments for preventing tumour
relapse following the primary surgery. In the last few years, a new
class of compounds termed PARP inhibitors (PARPi) have emerged
as highly promising drugs that prolong dramatically the relapse-
free interval in HGSOC patients. Because of their mechanism of
action, PARPi are currently given to a subgroup of patients whose
cancer is defective in a specific mechanism of DNA repair. However,
even within this subgroup there are patients who fail to respond,
while, on the other hand, a significant fraction of patients, who are
not identified as DNA repair-defective, do show very good response.
Unfortunately, at the moment we have no means to identify in
advance patients who are likely to benefit from PARPi and, hence,
could receive a personalised treatment. Our consortium will
implement innovative, patient-derived experimental models and
cutting-edge technologies to design novel tools for the prediction
of PARPi response, thus helping to tailor the therapies and to defeat
HGSOC recurrence.
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Schematic representation of the workflow for the identification of predictive
biomarkers for PARP1 response.
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PARADISE

PersonAlisation of RelApse risk in autoimmune DISEase

Autoimmune disease affects 10% of adults, most of whom are
women, and two of the top five medications with the highest cost
globally are used to keep these recurring conditions in remission.
These medications suppress the immune system, leaving the
patient exposed to increased infection and cancer risk. The
PARADISE consortium patient groups have highlighted this issue

-MarI?LittIe

and the uncertainty about future relapse as a key research agenda.

Coordinator: Therefore, we aim to develop a personalised prediction tool that

BN Mark Little, Trinity accurately defines the patient’'s risk of disease recurrence so
Translational Medicine that medication doses can be tailored and, in some cases, stopped
Institute and ADAPT Centre, safely. We use systemic vasculitis as a typical autoimmune disease,
Trinity College Dublin, Ireland bringing together clinical, biomarker and smartphone derived
Contact: wellbeing data to inform predictive algorithms underpinning a
mlittle@tcd.ie physician tool. Such artificial intelligence (AI) applications are

coming under intense EU scrutiny, so we will co-develop an “Al
transparency notice”, which will make explicit and explainable the
PARADISE tool clinical outputs.

Co-coordinator:
W N Declan O'Sullivan, ADAPT
centre, Trinity College Dublin,

Ireland PersonAlisation of RelApse risk in autoimmune DISEase - PARADISE
Partners: p— B.osm Ry .
=== Anto Cartolovni, Catholic | ) & 2
. . . . Bwsamp"ES L‘hmcal Zm~
University of Croatia, Croatia ] '-<: - £
App Web tool development
‘ Immunaloglcal - Semantic web Consolidated dataset
. . . assays
B= Elisa Pin, KTH Royal Institute of blatroim w4 ﬂ
Technology, Sweden we1 i wp3
IDIBELL
B Harald Binder, University of e < Y- Validation cohort
Freiburg, Germany we1 ﬂ
, . e . . E:’ V FlRAI.Is ELSA Co-creation of explainable
H Stephanle Boutillier, Firalis S.A., 1~[=:]E] Al transparency notice
France Transcriptomic Data governance mvﬁsﬁlili}i-s Ircland
4
Autoantibody '.::,c';fil_l(lztg EUVA
. profiling positioning *a@
B B Dipak Kalra, The European Ra
7 A 7 TR ps

Institute for Innovation through
Health Data AISBL, Belgium

W B Julie Power, Vasculitis Ireland
Awareness, Ireland

== Juliana Bordignon Draibe,
Bellvitge Biomedical Research
Institute, Barcelona, Spain
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Philippe Mortier

Coordinator:

Philippe Mortier, Health
Services Research Group,
Hospital del Mar Medical
Research Institute (IMIM),
Spain

Contact:
pmortier@imim.es

Partners:

Ping Qin, National Centre for
Suicide Research and Prevention
(NSSF), Institute of Clinical
Medicine, University of Oslo,
Norway

Manuel Pastor, MELIS -
Pharmacolnformatics Research
Group - Research Programme on
Biomedical Informatics (GRIB),
Universitat Pompeu Fabra (UPF),
Spain

Ella Arensman, National Suicide
Research Foundation & School of
Public Health, UCC Cork, Ireland

E= Johan Bjureberg, Department

of Clinical Neuroscience (CNS),
Karolinska Institutet, Sweden

PERMANENS

Towards personalised clinical management of suicide
risk through data-driven clinical decision support using
transnational electronic registry data

Suicide is a major, yet preventable, public health issue, representing
an annual loss of 34.6 million years of life worldwide. Clinical
management of patients with suicide risk is a challenging task, in
part because suicide represents highly complex difficult-to-predict
behaviour. The PERMANENS project will develop a prototype of a
Clinical Decision Support System (CDSS), i.e., a medical software
programme that assists clinicians in the personalised management
of suicide risk. Using machine learning-based algorithms, the CDSS
will enable accurate suicide risk prediction and the subsequent
personalised allocation of evidence-based treatment. Data for the
project will be obtained from population-representative electronic
registries from Ireland, Norway, Sweden, and Catalonia (Spain).
To maximize its clinical usefulness, the CDSS prototype will be co-
created with both patients and clinicians through user-oriented
qualitative implementation research.

I WP1, PERMANENS PROJECT COORDINATION (IMIM) ‘

_| Electronic Registry Data from:
Ireland (NSRF CORK), Norway (U OSLO), Sweden (KAROLINSKA 1), Spain (IMIM)

WP2. DATA MANAGEMENT (IMIM)
» Implement Transnational Data Analysis Methodology

>

PERSONALIZED SUICIDE RISK MANAGEMENT
¥" accurate risk detection and prediction

¥ personalized treatment allocation

¥ structured professional judgement

WP3, IDENTIFY KEY CLINICAL OUTCOMES (U OSLO)
» develop outcome definition algorithms ]

¥ identify treatment use profiles

WP4. CDSS - DATA-DRIVEN PART (UPF):
P > develop classification models (using machine learning)
ok : < 0 . WP6. CDS5
» identify most important predictors —pe
PROTOTYPE

WP5. CDSS - USER ORIENTED PART (KAROLINSKA I} el SOFTWARE

» develop clinical knowledge base on effective interventions f DEVELOPMENT

# develop transferable personal healthcare record . (UPF)
co-creation

WP7. IMPLEMENTATION RESEARCH (NSRF CORK) with patients A

»# eslablish user-advisory groups and clinicians evaluation

# mixed-methods research on unmet needs | process

» small-scale clinical testing and validation

WP8. KNOWLEDGE EXCHANGE AND DISSEMINATION ACTIVITIES (U OSLO) ‘
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Susana Ochoa

Coordinator:

Susana Ochoa, Fundacio
Sant Joan de Déu (FS)D), Parc
Sanitari Sant Joan de Déu.
CIBERSAM, Barcelona, Spain

Contact:
susana.ochoa@sjd.es

Partners:

H Steffen Moritz,
Universitatsklinikum Hamburg-
Eppendorf (UKE), Germany

0 B Fabrice Berna, University
Hospitals of Strasbourg (UHS),
France

mm Lukasz Gaweda, Polish
Academy of Sciences (PA0S),
Poland

== Caroline Konig, Universitat
Politécnica de Catalunya (UPQ),
Spain

B Vanessa Acuiia, Universidad de
Valparaiso (UV), Chile

PERMEPSY
Towards a personalised medicine approach to
psychological treatment for psychosis

Despite the efficacy of psychological interventions in people with
psychosis few patients receive them, and none of them were
personalised. PERMEPSY aims to integrate new technologies such
as harmonisation of data and machine learning for providing a
prototype platform that will allow to personalise a psychological
treatment named Metacognitive Training (MCT). The project is
divided into two phases. The first one consists of a systematic review
of the literature and the harmonisation of previous data (aprox.
500 patients with sociodemographic, clinical, cognitive and meta-
cognitive, and biomarkers information) to develop a prototype
platform that will predict personalised treatment (P-MCT). The
second phase will validate the P-MCT compared with classical MCT in
a prospective pilot clinical trial study in 5 countries: Poland, Germany,
France, Chile and Spain (including 252 patients). PERMEPSY project
will develop an open platform for clinicians to predict the response
to MCT and recommend a personalised MCT treatment.

PERMEPSY
Phase 1 Phase 2
Systematic Ao Clinical Trial
Review & @

\.‘.'i@ * Assessment of the P-
MCT vs classical MCT

J* 252 patients with
psychosis

* 5 countries: Spain,
Germany, Poland,
France and Chile

Multivariable profiling
response to
psychological treatment
systematic reviews

Harmonization of
previous databases
(aprox. 500 patients)

Assessment of
satisfaction with the
P-MCT

Design of the pilot
P-MCT plattorm
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Francesca Pirini

Coordinator:

B B Francesca Pirini, Bioscience
laboratory, IRCCS Istituto
Romagnolo per lo Studio dei
Tumori (IRST) “Dino Amadori’,
Italy

Contact:
francesca.pirini@irst.emr.it

Partners:

B B Michel Salzet, Laboratoire, PRISM
U1192 Inserm, University of Lille,
France

B B Lorenzo Gerratana, Dept. of
Medical Oncology, IRCCS Centro di
Riferimento Oncologico di Aviano
(CRO) National cancer Institute,
Italy

Josefa Ledn, Experimental Research
Unit, Foundation for Biosanitary
Research in Eastern Andalusia,
Granada, Spain

™= rruzsina Molnar-Gabor, Faculty of
Law/BioQuant Centre, University of
Heidelberg, Germany

Shai Rosenberg, Sharett Institute
for Oncology, Hadassah Medical
Centre, Israel

== Luis Alberto Aguado Gémez,
Avalon Tecnologias de la
Informacién Iruia, SL. Navarra,
Spain
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PORTRAIT

A multi-omic stratification and a non-invasive tool for
early recognition of triple negative and Her2+ breast
cancer patients responders to neoadjuvant therapy

Neoadjuvant therapy (NAT)is the standard initial treatment for Triple
Negative and Her2+ breast cancers. The tumour response to NAT
diverges widely due to the influence of several individual factors,
including microbiota, that have a crucial role in immune response
and in conditioning molecular pathways. Thus, a systematic and
integrated stratification of the patients at the onset of the disease,
together with the evaluation of the common decision-making
criteria, will help to recognise responders and improve patient care
and quality of life. PORTRAIT aims to create a multidimensional
ID of responders and non-responders to NAT integrating host
characteristics and clinical data with tissue and distal microbiota
characteristics(gutandskin microbiota)todetecttheindividual panel
of determinants affecting the therapeutic outcome by a multiomic
approach. It also aims to create a non-invasive predictive tool
based on volatilomics and test personalised therapy approaches
in 3D models.
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RELIABLE

Targeting subclinical motor and cognitive impairment in
patients with early onset Multiple Sclerosis at high Risk
of disEase activity through a preventive personalLised
and InnovAtive rehaBiLitation stratEgy

Prevention of progression from the earliest stages of the disease
is an important unmet need in Multiple Sclerosis (MS). In this study
we will focus on a comprehensive assessment of subclinical deficits
in patients without clear evidence of neurological dysfunction.
Applying personalised interventions targeted to the patient’s deficits

Maria Pia Amato

Coordinator: may reduce the burden of these deficits, improve the patient’s
B Maria Pia Amato, IRCCS quality of life and possibly reduce the chance of future, clinically
Fondazione Don Carlo Gnocchi | evident, disability accrual. The aim of this pilot study is to assess the
ONLUS, Italy subclinical burden of neurological impairments in early Relapsing-
Remitting MS patients with no evident neurological disability by
Contact: applying a comprehensive evaluation, including comorbidities,
mariapia.amato@unifi.it lifestyle, imaging data, neuropsychological evaluation, gait and
balance analyses. From these analyses, we will obtain a risk score
Partners: for disability worsening over the short-term (1 year). We will
Anat Achiron, Sheba Medical then evaluate in a validation cohort the reduction of the rate of
Centre, Multiple Sclerosis patients with evidence of disease activity using a comprehensive
Centre, Israel and personalised approach (lifestyle counselling, advanced motor
and cognitive rehabilitation). As an added value, we will take into
N Emilio Portaccio, Careggi account patient preferences and values to support tailoring the
University Hospital, SOD interventions.
Neurological Rehabilitation,
o e (8 8 & o
- F g E "
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Uppsala University, Sweden
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Peter Rossing

Coordinator:
== Peter Rossing, Steno Diabetes
Center Copenhagen, Denmark

Contact:
peter.rossing@regionh.dk

Partners:
™ justyna Siwy, DiaPat GmbH,
Germany

B B joost P Schanstra, INSERM
U1048, France

Maria Angeles Martinez de
Salinas, San Pedro Hospital,
Rioja Salud Foundation, Spain

Beatriz Fernandez Fernandez,
Fundacién Instituto de
Investigacion Sanitaria
Fundacion Jiménez Diaz, Spain

= Gert Mayer, Medical University
Innsbruck, Austria
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SIGNAL

Body fluid proteome SIGnatures for persoNALised
intervention to prevent cardiovascular and renal
complications in diabetes

Diabetes and the associated cardiovascular and renal complications
are among the largest burdens for patients, as well as the public
healthcare system. Several different drugs that show a significant
benefit are available, with the largest benefit produced if given
at the earliest possible time point. However, guidance on which
specific medication to apply per patientis currently lacking. Partners
in this consortium have investigated urine and plasma proteome in
multiple clinical studies and identified several biomarkers expected
to predict drug response. In addition, the consortium has access
to large biobanks of diabetic patients undergoing different types
of pharmacological intervention. Building on these extensive
available resources, SIGNAL targets to evaluate and establish
predictive biomarkers that enable guiding anti-diabetic treatment
with respect to prevention of chronic kidney and cardiovascular
disease. The study will establish and prompt advancement towards
clinical implementation of predictive biomarkers-opening the way
towards the personalised treatment of people with diabetes.

I Proteomics for the early
e diagnosis of DM- —
associated complications

/ Body fluid proteome SlGnatures for persoNALi%
S I G N A L intervention to prevent cardiovascular and renal
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SpareKid
Multi-markers risk assessment of kidney sensitivity to
injury to personalise prevention of acute kidney injury

Acute kidney injury (AKI) is an extremely complex life-threatening
disease with high mortality and chronic kidney/non-kidney
consequences. AKI is characterised by (1) the (current) inability to
predictits developmentbefore theinsult, evenin well-controlled and
frequent clinical settings such as cardiac surgery or chemotherapy,
and (2) the huge heterogeneity of the kidney response even after
an insult of similar intensity. The aim of SpareKid is to better predict
the development of AKI to allow dedicated primary prevention and
reduce its costs. The innovative concept of SpareKid is to define a so-
called non-invasive Kidney Resilience Index (KRI), modeling AKI as a
maladaptive kidney response to the insult. The KRI will be defined
based on in-depth and multiscale molecular and clinical data using
a holistic big data-based strategy to integrate high throughput
urinary and plasma proteomic, immunologic mRNA and cell
population signatures, genetic whole genome sequencing (WGS)
signatures and detailed clinical parameters to optimally model the
complexity of AKI. Last, using data from the National Systems of
Health, we will model the cost-effectiveness of the KRI to determine
the cost sparing of a preventive strategy.
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Stracyfic
Patient Stratification by Standardization of the Image-
based Sweat Test for Cystic Fibrosis for use in Clinical

Routine

The demonstration of a salty sweat has long been used to diagnose
cystic fibrosis (CF), a rare disorder affecting 1 in 2,500 live births
and associated with high morbidity and mortality. CF is caused by
mutations resulting in a loss-of-function of the CFTR protein that
mainly acts as a chloride channel.It leads to dramatic trans-epithelial
ion and water transport abnormalities and produces a thick mucus

Manuel M. Nietert

Coordinator: obstructing airways and duct lumens of exocrine glands. Beyond

== Manuel M. Nietert, University | complex treatments, mainly symptomatic, CFTR modulators have
Medical Center Gottingen & recently been developed to mitigate the mutation effects; there is,
Campus Institute Data Science, | however, still no cure for CF. Moreover, there is an unmet need of
Germany validated biomarkers of CFTR function to quantify the remaining
CFTR activity, e.g. to classify the level of the base defect and later
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UBIOBCA

Urine biomarkers for bladder cancer diagnosis

and surveillance: a multicentric study to assess the
diagnostic accuracy of a comprehensive diagnostic tool

Bladder cancer (BC) ranks as the tenth most prevalent cancer in the
world (IARC, WHO), with a steady rise initsincidence and prevalence,
and is accompanied by a high morbidity and mortality. The current
standard of care to diagnose bladder cancer is cystoscopy, which
consists of inserting a camera in the urinary track to the bladder.
Although the detection rate is high, the technique/equipment is
expensive, invasive, unavailable worldwide, and, most importantly,
uncomfortable and associated with risk of complications. Therefore,
there is a critical need to establish a non-invasive, low cost, and
sensitive method for the early detection and monitoring of BC. In
this project, we aim to investigate the robustness of using urine
biomarkers as a diagnostic tool in different populations through a
large international multicentre study (Canada, France, Germany).
This would demonstrate the applicability of such tests to be used
as universal non-invasive biomarkers for early detection and
surveillance of BC in different populations to reduce the number of
procedures, improve the patients’ quality of life and lower the costs.
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UriCoV
URInary peptidomic patterns of Long-COVID syndrome

Post acute sequelae of SARS-CoV-2 infection (PASC), also referred
to as long COVID, is the most frequent, yet poorly characterised
sequelae of COVID-19. It has tremendous, unpredictable
consequences on personal health and socioeconomic status of
affected individuals, and on global economic issues. UriCov is a
multidisciplinary, comprehensive project with the aim to investigate
in depththe molecular phenotype(s) ofindividual patients previously
infected by SARS-CoV-2 and identify patients at risk of PASC. This
will be achieved through multi-disciplinary research based on
omics and clinical data in a bioinformatics framework, based on
the hypothesis that endothelial damage is a key event in PASC. The
developed molecular tools may allow patient stratification to initiate
personalised treatment for prevention of PASC prior to symptoms
and to decrease the PASCincidence. UriCoV will also provide missing
fundamental knowledge on the molecular pathophysiology of PASC.

Urinary peptidomics of post acute sequelae of
SARS-CoV-2 infection (PASC)
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