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Preface

The European Society for Artificial Intelligence in Medicine (AIME) was established in
1986 following a very successful workshop held in Pavia, Italy, the year before. The
principal aims of AIME are to foster fundamental and applied research in the appli-
cation of artificial intelligence (AI) techniques to medical care and medical research,
and to provide a forum at biennial conferences for discussing any progress made. The
main activity of the society thus far has been the organization of a series of biennial
conferences, held in Marseilles, France (1987), London, UK (1989), Maastricht,
Netherlands (1991), Munich, Germany (1993), Pavia, Italy (1995), Grenoble, France
(1997), Aalborg, Denmark (1999), Cascais, Portugal (2001), Protaras, Cyprus (2003),
Aberdeen, UK (2005), Amsterdam, Netherlands (2007), Verona, Italy (2009), Bled,
Slovenia (2011), Murcia, Spain (2013), Pavia, Italy (2015), Vienna, Austria (2017),
Poznan, Poland (2019), and Minneapolis, USA (2020) - the latter hosted virtually due
to the COVID-19 pandemic.

AIME 2021 was to be hosted in Portugal but, due to the ongoing pandemic, it was
held virtually. This volume contains the proceedings of AIME 2021, the International
Conference on Artificial Intelligence in Medicine, hosted virtually by the University of
Coimbra, Portugal, during June 15-18, 2021.

The AIME 2021 goals were to present and consolidate the international state of the
art of Al in biomedical research from the perspectives of theory, methodology, systems,
and applications. The conference included two invited keynotes, full and short papers,
tutorials, workshops, and a doctoral consortium. In the conference announcement,
authors were invited to submit original contributions regarding the development
of theory, methods, systems, and applications for solving problems in the biomedical
field, including Al approaches in biomedical informatics, molecular medicine, and
health-care organizational aspects. Authors of papers addressing theory were requested
to describe the properties of novel Al models potentially useful for solving biomedical
problems. Authors of papers addressing theory and methods were asked to describe the
development or the extension of Al methods, to address the assumptions and limita-
tions of the proposed techniques, and to discuss their novelty with respect to the state
of the art. Authors of papers addressing systems and applications were asked to
describe the development, implementation, or evaluation of new Al-inspired tools and
systems in the biomedical field. They were asked to link their work to underlying
theory, and either analyze the potential benefits to solve biomedical problems or pre-
sent empirical evidence of benefits in clinical practice. All authors were asked to
highlight the value their work, created for the patient, provider, or institution, through
its clinical relevance.

AIME 2021 received 138 submissions across all categories. Submissions came from
34 countries, including submissions from Europe, North and South America, Asia,
Australia, and Africa. All papers were carefully peer-reviewed by experts from the
Program Committee, with the support of additional reviewers, and by members of the
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Senior Program Committee (a new layer to the review process introduced in AIME
2020). Each submission was reviewed by at least three reviewers. The reviewers judged
the overall quality of the submitted papers together with their relevance to the AIME
conference, originality, impact, technical correctness, methodology, scholarship, and
quality of presentation. In addition, the reviewers provided detailed written comments
on each paper, and stated their confidence in the subject area. A Senior Program
Committee member was assigned to each paper and they wrote a meta-review and
provided a recommendation to the Organizing Committee.

A small committee consisting of the conference co-chairs, Allan Tucker, Pedro
Henrique Abreu, and Jaime Cardoso, made the final decisions regarding the AIME
2021 scientific program.

This process began with virtual meetings starting in March 2021. As a result, 28
long papers (an acceptance rate of 23%) and 30 short papers were accepted. Each long
paper was presented in a 20-minute oral presentation during the conference. Each
regular short paper was presented in a 5-minute presentation and by a poster. The
papers were organized according to their topics in the following main themes: (1) Deep
Learning; (2) Natural Language Processing; (3) Predictive Modeling; (4) Image
Analysis; (5) Unsupervised Learning; (6) Temporal Data Analysis; (7) Planning; and
(8) Knowledge Representation.

AIME 2021 had the privilege of hosting two invited keynote speakers: Virginia
Dignum, Wallenberg chair on Responsible Artificial Intelligence and Scientific
Director of WASP-HS (Humanities and Society) based at Umea University, Sweden,
who gave the keynote exploring “The myth of complete Al-fairness” and Pearse
Keane, Associate Professor at the UCL Institute of Ophthalmology and Consultant at
Moorfields Eye Hospital, UK, who talked about “Transforming healthcare with arti-
ficial intelligence - lessons from ophthalmology”.

AIME 2021 provided an opportunity for PhD students to present their research
goals, proposed methods, and preliminary results at an associated doctorial consortium.
A scientific panel consisting of experienced researchers in the field provided con-
structive feedback to the students in an informal atmosphere. The doctoral consortium
was chaired by Dr. David Riafio.

Two workshops: (1) The 12th International Workshop on Knowledge Representa-
tion for Health Care - KR4HC 2021 (David Riafio, Mar Marcos, and Annette ten
Teije); (2) Explainable Artificial Intelligence in Healthcare (Jose M. Juarez, Gregor
Stiglic, Huang Zhengxing, and Katrien Verbert); and an interactive half-day tutorial:
Evaluating Prediction Models (Ameen Abu Hanna), took place prior to the AIME 2021
main conference.

Prizes were awarded for best student paper, best bioinformatics paper, and a new
rising star award for young researchers within the AIME community who are running
labs with recent breakthrough papers in the area.

We would like to thank everyone who contributed to AIME 2021. First of all, we
would like to thank the authors of the papers submitted and the members of the Pro-
gram Committee together with the additional reviewers. Thank you to the Senior
Program Committee for writing meta-reviews and to members of the Senior Advisory
Committee for providing guidance during conference organization. Thanks are also due
to the invited speakers, as well as to the organizers of the tutorials and doctoral
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consortium panel. Many thanks go to the Local Organizing Committee, who helped
plan this conference and transition it to a virtual one. The free EasyChair conference
system (http://www.easychair.org/) was an important tool supporting us in the man-
agement of submissions, reviews, and selection of accepted papers. We would like to
thank Springer and the Artificial Intelligence Journal (AlJ) for sponsoring the con-
ference. Finally, we thank the Springer team for helping us in the final preparation of
this LNAI book.

June 2021 Allan Tucker
Pedro Henriques Abreu

Jaime Cardoso

Pedro Pereira Rodrigues

David Riafio


http://www.easychair.org/

Organization

General Chairs

Allan Tucker Brunel University London, UK
Pedro Henriques Abreu University of Coimbra, Portugal
Jaime Cardoso INESC TEC and University of Porto, Portugal

Local Organizing Chair

Pedro Pereira Rodrigues University of Porto, Portugal
Doctoral Consortium Chair
David Riafo Universitat Rovira i Virgili, Spain

Senior Program Committee

Ameen Abu-Hanna University of Amsterdam, Netherlands
Riccardo Bellazzi University of Pavia, Italy

Carlo Combi University of Verona, Italy
Arianna Dagliati University of Manchester, UK
Michel Dojat INSERM, France

Adelo Grando Arizona State University, USA
Milos Hauskrecht University of Pittsburgh, USA
John Holmes University of Pennsylvania, USA
Jose Juarez University of Murcia, Spain
Elpida Keravnou-Papailiou  University of Cyprus

Xiaohui Liu Brunel University London, UK
Martin Michalowski University of Minnesota, USA
Mar Marcos Universitat Jaume I, Spain
Stefania Montani University of Piemonte Orientale, Italy
Robert Moskovitch Ben Gurion University, Israel
Barbara Oliboni University of Verona, Italy

Enea Parimbelli University of Pavia, Italy

Nada Lavrac Jozef Stefan Institute, Slovenia
Peter Lucas Leiden University, Netherlands
Niels Peek University of Manchester, UK
Silvana Quaglini University of Pavia, Italy

Lucia Sacchi University of Pavia, Italy

Yuval Shahar Ben Gurion University, Israel
Stephen Swift Brunel University London, UK

Annette ten Teije Vrije Universiteit Amsterdam, Netherlands



X Organization

Szymon Wilk
Blaz Zupan

Program Committee

Syed Sibte Raza Abidi

Amparo Alonso-Betanzos

José Amorim

Mahir Arzoky

Pedro Barahona

Isabelle Bichindaritz

Henrik Bostrom

Alessio Bottrighi

Ricardo Cardoso

Kerstin Denecke

Barbara Di Camillo

Georg Dorffner

Inés Dutra

Jan Egger

Henrik Eriksson

Ben Evans

Jesualdo Tomas
Fernandez-Breis

Pedro Furtado

Josep Gomez

Zhe He

Jaakko Hollmen
Arjen Hommersom
Zhengxing Huang
Nevo Itzhak
Charles Kahn
Eleni Kaldoudi
Aida Kamisalic
Haridimos Kondylakis
Pedro Larranaga
Giorgio Leonardi
Michael Liebman
Beatriz Lopez
Simone Marini
Carolyn McGregor
Alan McMillan
Paola Mello

Alina Miron

Diego Molla

Sara Montagna

Poznan University of Technology, Poland
University of Ljubljana, Slovenia

Dalhousie University, Spain

University of A Corufia, Spain

University of Coimbra, Portugal

Brunel University London, UK

Universidade NOVA de Lisboa, Portugal

State University of New York at Oswego, USA
KTH Royal Institute of Technology, Sweden
Universita del Piemonte Orientale, Italy
University of Coimbra, Portugal

Bern University of Applied Sciences, Switzerland
University of Padova, Italy

Medical University Vienna, Austria

University of Porto, Portugal

Graz University of Technology, Austria
Link6ping University, Sweden

Brunel University London, UK

Universidad de Murcia, Spain

University of Coimbra/CISUC, Portugal

Pere Virgili Institute, Joan XXIII University Hospital,
Spain

Florida State University, USA

University of Stockholm, Sweden

Open University of the Netherlands, Netherlands

Zhejiang University, China

Ben Gurion University, Israel

University of Pennsylvania, USA

Democritus University of Thrace, Greece

University of Maribor, Slovenia

FORTH, Greece

University of Madrid, Spain

Universita’ del Piemonte Orientale, Italy

IPQ Analytics, USA

University of Girona, Spain

University of Florida, USA

Ontario Tech University, Canada

University of Wisconsin-Madison, USA

University of Bologna, Italy

Brunel University London, UK

Macquarie University, Australia

University of Bologna, Italy



Irina Moreira
Laura Moss
Fleur Mougin
Henning Miiller
Loris Nanni
Goran Nenadic
Qystein Nytro

Dympna O’Sullivan
Panagiotis Papapetrou
Luca Piovesan, DISIT
Christian Popow
Cédric Pruski

Andrew Reader
Stephen Rees
Aleksander Sadikov
Seyed Erfan Sajjadi
Clarisa Sanchez Gutierrez
Miriam Santos
Isabel Sassoon
Brigitte Seroussi
Erez Shalom

Yuan Shang
Darmoni Stefan
Gregor Stiglic
Manuel Striani

Jodao Manuel R. S. Tavares
Paolo Terenziani
Francesca Toni
Samson Tu

Ryan Urbanowicz
Frank Van Harmelen
Alfredo Vellido
Francesca Vitali
Dongwen Wang
Leila Yousefi

Pierre Zweigenbaum

Organization

University of Coimbra, Portugal

University of Aberdeen, UK

Université de Bordeaux, France

HES-SO, Switzerland

University of Padua, Italy

University of Manchester, UK

Norwegian University of Science and Technology,
Norway

Technological University Dublin, Ireland

University of Stockholm, Sweden

Universita del Piemonte Orientale, Italy

Medical University of Vienna, Austria

Luxembourg Institute of Science and Technology,
Luxembourg

King’s College London, UK

Aalborg University, Denmark

University of Ljubljana, Slovenia

Brunel University London, UK

Raboud UMC, Netherlands

University of Coimbra, Portugal

Brunel University London, UK

Hépitaux de Paris, France

Ben Gurion University, Israel

University of Arizona, USA

University of Rouen, France

University of Maribor, Slovenia

University of Piemonte Orientale, Italy

University of Porto, Portugal

Universita’ del Piemonte Orientale, Italy

Imperial College London, UK

Stanford University, USA

University of Pennsylvania, USA

Vrije Universiteit Amsterdam, Netherlands

Universitat Politecnica de Catalunya, Spain

University of Arizona, USA

Arizona State University, USA

Brunel University London, UK

Université Paris-Saclay, France

xi



xii Organization

Sponsors

We would like to thank The AI Journal and Springer for their sponsorship of the
conference.

@ Springer




Transforming Healthcare with Artificial
Intelligence — Lessons from Ophthalmology
(Abstract of Invited Talk)

Pearse A. Keane

UKRI Future Leaders Fellow
Consultant Ophthalmologist, Moorfields Eye Hospital NHS Foundation Trust
Associate Professor, Institute of Ophthalmology, University College London
pearse.keanel@nhs.net

Abstract. Ophthalmology is among the most technology-driven of the all the
medical specialties, with treatments utilizing high-spec medical lasers and
advanced microsurgical techniques, and diagnostics involving ultra-high reso-
lution imaging. Ophthalmology is also at the forefront of many trailblazing
research areas in healthcare, such as stem cell therapy, gene therapy, and - most
recently - artificial intelligence. In July 2016, Moorfields announced a formal
collaboration with the artificial intelligence company, DeepMind. This collab-
oration involves the sharing of >1,000,000 anonymised retinal scans with
DeepMind to allow for the automated diagnosis of diseases such as age-related
macular degeneration (AMD) and diabetic retinopathy (DR). In my presentation,
I will describe the motivation - and urgent need - to apply deep learning to
ophthalmology, the processes required to establish a research collaboration
between the National Health Service (NHS) and a company like DeepMind, the
initial results of our research, and finally, why I believe that ophthalmology
could be first branch of medicine to be fundamentally reinvented through the
application of artificial intelligence.
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