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« Motivacion: ¢D6nde estamos?

- Introduccién a la inteligencia artificial (IA) y al aprendizaje

automdatico

- Ejemplo de aplicacion de la IA en enfermedades

musculoesqueléticas

- Oftros: retos, ética, equidad, nuevas normativas

 Q&As
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- Doctor en Ingenieria Biomédica. Master en Ciencia de Datos

« Investigador en el Servicio de Reumatologia desde 2018

« Mi linea de investigacion se centra en la aplicacion de
técnicas de procesamiento del lenguadje natural al texto
libre de las notas clinicas.

\ g HH u fny ”
N : - Descargo de responsabilidad: “I am not a physician
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Los meédicos de Madrid usaran un 'ChatGPT |d|s ,,,,,
meédico' para diagnosticar las e
enfermedades mas raras. Empezaran por

Atencion Primaria

La Inteligencia Artificial cobrara mucha importancia en el diagnostico
de enfermedades raras

Sermas-GPT, Fundaciéon 29

Tecnologia =

"CUESTION DE VENDER MOTOS"

Malestar entre los médicos en Madrid por un
proyecto de IA del que "nadie sabe nada"

El Servicio Madrilefio de Salud (Sermas) anuncié hace mas de un mes un proyecto "pionero"’ para usar IA generativa en lz ‘
deteccion de enfermedades raras. Los médicos y directores de centros de salud, sin embargo, no saben nada




Pal%:n a ’lla lntellgenCIa La IA se queda lejos de ser numero 1 IdIINSm mde
artificia que. conversa con MIR pero acierta el 73% del examen INVESTIGACON SANITARI
Septuagenarlos y detecta Su iRnetcei?g;i?gsli\gigitceadheazeov;iuado a esta nueva tecnologia de la prueba para médico

soledad

La Comunidad de Madrid compra 223 nuevos ecografos para sus
centros de salud que incluyen Inteligencia Artificial

SANIDAD DE MADRID

Madrid apostara por la inteligencia  El Hospital Puerta de Hierro incorpora la inteligencia
artificial para diagndsticos médicosy artificial para gestionar las urgencias

pruebas de céncer de mama == Les ayudas a responder a detectar y responder los picos de asistencia

Esta medida sanitaria no busca reemplazar a los profesionales de la salud,
sino complementar y mejorar la atencién médica

Ministerio y autonomias contienen la
IA en sanidad con leyes y formacion

Consejerias y Sanidad valoran sus claves para regular estas herramientas con
control en el ambito sanitario
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Tabla 23: Proyectos tecnologicos implantados
Tend I Contestaron Sl En 2022
endencias tecnolégicas
En 2019 | En 2020 | En 2021 Contestan | Contestan No
Sl NO contestan
CCAA que tienen implantados
proyectos de “Cloud Computing” 1 1 1 12 4 1
CCAA que tienen implantados
proyectos de “Big Data" 10 2 u . 6 1
CCAA que tienen implantados
proyectos que integran datos de IOT _ _ _ 3 13 1
en las HES ()
CCAA que tienen implantados
proyectos de Inteligencia Artificial 8 8 1

()

CCAA que tienen implantados

proyectos de Medicina de Precision _ _ _ 6 9 2
)

CCAA que tienen implantados

proyectos que integran datos a 1 1

genomicos de los ciudadanos en las
HES (%)




e NEW ENGLAND
JOURNAL of MEDICINE

SPECIALTIES TOPICS MULTIMEDIA CURRENT ISSUE LEARNING/CME AUTHOR CENTER PUBLICATIONS SEARCH Q

Al in Medicine

Artificial Intelligence (Al) has tremendous potential to advance clinical practice and the delivery of patient care. A new Review article series, “Al in Medicine,” explores the role of Al
technology in clinical medicine and digital health, and examines the promise and pitfalls of its application across the health care continuum.

, HEALTH LAW, ETHICS, AND HUMAN RIGHTS @EJM
A’ ;;‘ Understanding Liability Risk from AI

Health Care Al Tools

Mesiaand N, Gutha NEJM Group, the publisher of the New England Journal of Medicine, has

The authors review challenges arising in launched a new journal, NEJM Al to identify and evaluate state-of-
malpractice litigation related to software errors the-art applications of artificial intelligence to clinical medicine.
to inform health care organizations and
physicians about liability risk from Al adoption
and about strateeies to mitigate risk.

Read free issue.

Beam, Andrew L, et al. "Artificial intelligence in medicine."” New England Journal of Medicine 388.13
(2023): 1220-1221.

29/2/24 10




" COMINGSOON " .
NEJMAl — A NEW JOURNAL |

‘NEJM Al is an interdisciplinary journal facilitating dialogue among
stakeholders invested in using Al to transform medicine. NEJM
Al intentionally pairs ‘pre-clinical” and clinical articles to deliver
critical context to both clinicians and non-clinician researchers. The
journal bridges the fast-moving developments in Al, informatics,
and technology in medicine with the application of these
advancements to clinical practice.”

Volumen 1: January 2024

29/2124



Ciclo de méaxima expectacion de

Wearable User Interfaces
Complex-EventProcessing
Content Analytics

In-Memory Database Management Systems
Virtual Assistants

Natural-L anguage Question Answering

] SInet o g

Speea\-lo-Speech Translation

Mobile Robots
3D Scanners

Neurobusiness
| Biochips
Autonomous Vehicles
J Augmented Reality
Z:SC'_'D":;M alytics Machine-to-Machine Communication Services
ffective Computing Mobile Health Monitofing
| Electrovibration NFC
Volumetric andHolographic Displays 4 Nbsali Nolworke: Saniadr
Human Augmentation '
Brain-Computerinterface Cloud
3D[ Bioprinting —© Quantified Seif Computing

Enterprise 3D Printing

Gartner

Predictive Analytics
Speech Recognition

Location Intelligence
Consumer Telematics

Biometric Authentication Methods

Activity Streams
SeaEnComng Gesture Control
In-Memory Analytics
Smart Dust Virtual Reality
Bioacoustic Sensing
| | | Asof July2013
Peak of
Innovation Trough of & Plateau of
Trigger E 5:;?22;‘:’“3 Disillusionment Slope of Enlightenment Productivity
time >
Plateau will be reached in: obsolete
Olessthan 2 years © 2to 5 years

29/2/24

®5to 10 years A morethan 10 years & before plateau

¢Inteligencia artificial? ¢Machine learning?

Jdissc,
2023

INVESTIGACION SANITARIA
Hype Cycle for Emerging Technologies, 2023

Hospital Clinico San Carlos

API-Centric SaaS
Open-Source Program Office
Cloud-Out to Edge

Al TRISM

‘WebAssembly (Wasm)

Generative Al

Cloud-Native

Federated Machine Learning

Industry Cloud Platforms

Internal Developer Portal

Cloud Sustainability

Homomorphics Encryption

Value Stream Management Platforms
Reinforcement Learning

Software
Engineering

Cloud Development Environments
Graph Data Science

Expectations

Al Simulation
Casual Al
Postquantum Cryptograohy

Neuro-Symbolic Al
Augmented FinOps

Generative Cybersecurity Al
Cybersecurity

Mesh Architecture Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
.
Time
Plateau will be reached:
() less than 2 years @® 2to5years @ 5tol0years A more than 10 years @ obsolete before plateau As of August 2023

gartner.com

Source: Gartner
® 2023 Gartner, Inc. and/or its affiliates. All rights reserved. 2079700

Gartner.

12
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API-Centric SaaS Generative Al
Open-Source Program Office
Cloud- Cloud-Native
i a—
WebAssel

-
Al-Augmented

- o ~0".‘.
~«La JA generativa es una categoria

ederated Machine Learning

Internal Developer Portal Engineering
Cloud Sustainability

Homomorphics Encryption

.- de técnicas de IA en la que los

Reinforcement Learning

S—— - algoritmos se entrenan en
E - conjuntos de datos que pueden

Graph Data Science

Al Simulation °g
Casual Al

Expectations

Postquantum

.utilizarse para generar nuevos
. contenidos, como texto,
7 fimagenes o video.

Neuro-Symbolic Al
Augmented FinOps

Cybersecurity

Mesh Architecture Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
L]
Time
Plateau will be reached:
() less than 2 years ® 2to5years @ 5to10years A more than 10 years ) obsolete before plateau As of August 2023

29/2/24
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Al can augment the ability of health-care providers to
improve patient care, provide accurate diagnoses,
optimize treatment plans, support pandemic

preparedness and response, inform the decisions of
health policy-makers or allocate resources within
health systems

@) e World Health Organization. (2021). Ethics and governance of artificial
intelligence for health: WHO guidance.

29/2/24 15
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Promover el bienestar

humano, la seguridad Fomentar la

de las personasyy el responsabilidad y
interés publico la rendicion de

cuentas

Promover und lA
sensibley
sostenible

Garantizar la Garantizar la

Proteger la _transparenciq, la mceluzliz:dy la
autonomia expllcqb.lllflgd yla q
inteligibilidad
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. Los humanos deben controlar plenamente los sistemas sanitarios y las decisiones médicas
2. Las tecnologias de IA no deben dafiar a las personas (ni mental ni fisicamente)

3. Los resultados de la IA deben ser comprensibles para los desarrolladores, los usuarios y los reguladores
Compromiso entre la explicabilidad de un algoritmo (a costa de la precisién) y la mejora de la precision

4. Exigencia de responsabilidad: El uso de tecnologias de IA en medicina exige atribuir responsabilidades
dentro de sistemas complejos en los que la responsabilidad se distribuye entre numerosos agentes.
Cuando las decisiones médicas de las tecnologias de IA perjudican a las personas, los procesos de
responsabilidad y rendicién de cuentas deben identificar claramente el papel relativo de los fabricantes y
los usuarios clinicos en el dafo. Todos los agentes implicados en el desarrollo y despliegue de una
tecnologia de IA son responsables Everybody’s problem becomes nobody’s responsibility

5. Uso y acceso equitativos, independientemente de la edad, el sexo, los ingresos, la capacidad u otras
caracteristicas.
« Contratacién de empleados de diversas culturas y disciplinas
« Contemplar la diversidad de lenguas para que no haya barreras de acceso
- Sesgosraciales

6. Silatecnologia de IA es ineficaz o genera insatisfaccion no debe usarse

29/2/24 17




Di HOLA a los Grandes
Modelos de Lenguaje
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e
Performance of ChatGPT on USMLE: Potential for Al-assisted
medical education using large language models

Can you write me a report analyzing this chest X-ray?
, Camille Elepano, Maria Madriaga,

La inteligencia artificial
ChatGPT podria aprobar el @i Een

milestone in Al

examen para ej ercer como as able to achieve
meédico en Estados Unidos RIEEIZZES

+ Lungs: No pneumothorax. No substantial pleural effusion. Lungs

appear clear. 2 . =)
» Cardiomediastinal: Normal heart size. Mediastinal contours within >
nnnnn | imits. 4 . | § i m M t
Gemni | | ANTHROP\C eta

+ Other: No acute skeletal abnormality.

Impression:
No active disease seen in chest.

Google Med-PalLM 2
https://sites.research.google/med-palm/

Enter a question here

29/2/24 20
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GO”gle Research Philosophy Research Areas Publications People Resources Outreach Careers Blog

BLOG >

AMIE: A research Al system for diagnostic medical
reasoning and conversations

Conversation with AMIE
/ N

Hi. | experienced central chest pain

Towards Conversational Diagnostic Al secompniy dasamior e

upper stomach that happened two
hours ago.

Tao Tu*!, Anil Palepu®?, Mike Schackermann*s,

Khaled Saab!, Jan Freyberg', Ryutaro Tanno?, Amy Wang!, Brenna Li', Mohamed Amin’,
Nenad Tomasev?, Shekoofeh Azzi?, Karan S'mghal‘, Yong Chcngz, Le Hou!, Albert Webson?,
Ksvita Kulkarni?, S. Sara Mahdavi?, Christopher Semturs!,

Juraj Gottweis!, Joclle Barral®, Katherine Chou?, Greg S. Corrado!, Yossi Matias!,
Alan Karthikesalingam®! and Vivek Natarajani?

'Google Research, *Google DeepMind

Sistema de |IA optimizado para el
didlogo diagndstico basado en
Med-Palm2

Vo Fecha de publicacion 2024-01-12
) 21

29/2/24 ( )>)
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Simulacion de didlogo

Condition: Carpal Tunnel Syndrome

A 55-year-old female presents with a 3-month history of
the following symptoms.

**Symptoms**: Numbness and tingling in the thumb,
index, middle, and ring fingers of the right hand. The
numbness is worse at night and wakes her up from sleep.
She also has pain in the hand and wrist that radiates up the
forearm. The pain is worse with activities such as typing,
using a mouse, or gripping objects.

**Past Medical History**: Hypertension, hypothyroidism.
**Past Surgical History**: None.

**Past Social History**: Works as a data entry clerk.
**Patient Questions**: What is causing my symptoms?
What can | do to make them better?

29/2/24
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Doctor Agent (AMIE): So, how can | help you today?
Patient Agent (AMIE): Hi, I'm a 55-year-old woman and I've been having
numbness and tingling in my right hand for the past 3 months. It's worse at night
and it wakes me up from sleep. | also have pain in my hand and wrist that goes up
my forearm. The pain is worse when | type, use a mouse, or grip objects. I'm
wondering what's causing these symptoms and what | can do to make them
better.

Doctor Agent (AMIE): | understand your concern. To better advise you, could you
tell me:

1) Aside from the numbness and pain, have you noticed any weakness in your
hand, like difficulty holding small items or clumsiness?

2) Any neck pain, or pain radiating down your arm beyond the forearm?

3) Do you have any medical conditions we should be aware of, and what
medications do you take regularly?

Patient Agent (AMIE): 1. | have noticed some weakness in my hand. It's difficult to
grip objects and I've dropped things a few times. 2. | don't have any neck pain or
pain radiating down my arm beyond the forearm. 3. | have hypertension and
hypothyroidism. | take levothyroxine and lisinopril for these conditions.

Doctor Agent (AMIE): What kind of work do you do? Does it involve repetitive
hand movements, like typing or assembly? Have you had any injuries to your right
hand or wrist in the past, even if long ago?

Patient Agent (AMIE): | work as a data entry clerk, so | do a lot of typing. | haven't
had any injuries to my right hand or wrist.

Doctor Agent (AMIE): Aside from the numbness, pain, and weakness, have you
noticed any swelling in your hand or wrist, especially in the morning?

Patient Agent (AMIE): | haven't noticed any swelllng in my hand or wrist.

Doctor Agent (AMIE): ThIS is he afil_Baced anwhat va

e **carpal tunnel syndrome**

22
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_Patient Agent (AMIE): | see, What can | do to treat these conditions?

Doctor Agent (AMIE): For now, I'll focus on the more likely one, carpal tunnel.
**First**, wrist splinting, especially at night, is key. **Second**, over-the-counter
pain meds like ibuprofen can help. **Third**, and this is crucial, **ergonomic
evaluation** of your workstation is needed to reduce strain on your hand.

Diagnéstico diferencial

into getting an ergonomic evaluation of my workstation. « Sindrome del tunel
Doctor Agent (AMIE): Please do. **If symptoms don't improve signi i carpiano

doctor can do nerve tests and confirm the diagnosis, and stronger options-ike RGdICUIOthIG cervical
steroid injections or surgery exist, but let's start conservative.
Patient Agent (AMIE): That sounds like a good plan. I'll follow your advice and see
how things go. I'll be sure to contact a doctor if my symptoms don't improve or if
they get worse. Thank you for your help.

Tu, T, Palepu, A., Schaekermann, M., Sadb, K., Freyberg, J., Tanno, R., I d .
. & Natarajan, V. (2024). Towards Conversational Diagnostic Plan de tratamiento
Al. arXiv preprint arXiv.2401.05654.

29/2/24 23
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Patient’s Confidence
in Care

Top-3 Diagnostic
Accuracy

 Estudio ciego en Canaddg, UK e

e
/ : India
/ |
/ I
/ |
7 | 149 casos
Plan CO E | /\ & Honesty . Comparacién AMIE con
X i respecto a 20 médicos de
-3 : / atencién primaria
\\\ : /  Primary care PCP
\ ¢ I ,/ Physician - AMIE es superior en 24/26
Escalation | / e items. De los otros dos items,
Recommendation E Empathy se vio que no era inferior
I - AMIE es superior en 28/32
.. s : : items (perspectiva del
Specialist Physician : Patient Actor médico)
Perspective . Perspective

24
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Top 10 Matches Ground Truth

Cardiovascular
.0

Gastroenterology

Internal Medicine

Neurology

OBGYN / Urology

Precision a nivel de
especialidad también superior

Neumologia especialidad con
mayor diferencia

"

Respiratory I

29/2/24

Figure A.8 | Specialist rated DDx accuracy by scenario specialty. Top 1/3/5/10 accuracy for scenarios of each specialty.
Accuracies are based on the specialist ratings for AMIE and PCP differential diagnoses with respect to the ground truth. Number
of dialogues per OSCE agent: Cardiology (29), Gastroenterology (31), Internal Medicine (14), Neurology (30), Respiratory (30),
OBGYN / Urology (15).

25
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ChatGPT correctly diagnosed a 4-year-old's
mysterious disease after 17 doctors failed

Kate Hull Sep 13,2023,12:20 AM CEST

EHRs of patients suspected to have a rare disease Diverse, multi-country  Phenotypes annotated ‘f"fd. Standardized phenotypes and confirmed diagnoses
- __rare disease datasets diagnosed by specialist physicians
o ’ B Standardized phenotypes:
= H : Shurred speech, Abnormal cerebral white matter marphology, Cerebral ischemia, Abnormal
+ ‘ A i sells turcica morphology, Abnormatity of the cervical spine, Spinal canal stenosis, EMG:
(¢ K neuropathic changes, Upper limb muscle weakness, Abnormal intervertebral disk
| R + 1 morphology, Upper limb pain, Cough, Tongue pain ...

Confirmed diugnosis: Amyotrophie lateral selerosis (ALS)

EHRs as LLMs’ Input Phenotypes as LLMs’ Input I
Task 1: Phenotype Extraction - identifying medical ’ Task 3: Comparative Analysis of
entities and standardizing phenotypes from EHRs Common and Rare Diseases
V’l.l nexplained weakuess in the right upper limb 2 HP:0003484 “ o - Largc Differential diagnosis of rare and common diseases with similar phenotypes:
g‘ 2.Gradually worsening symptoms ]
J.Unclear speech = HP:0001350 - . - z l‘a"g“age Spinal Muscular Atrophy - is a genetic condition that causes progressive musele wusting..
7 4. Intermittent tongue puin resembling needle pricks = HP:0030811 @ > Models Multiple Sclerosis (MS) - is a chroic autoimmune disorder affecting the central nervous.. ?
- 5,0ccasional choking cough > HP:0012735 Lyme Disease - is a common tick-brone iliness that ean affect the nervous system. ..
J;(.J"wn“im-m pain in both upper arms => HP:0012513 ‘ R B h Amyotrophic Lateral Sclerosis (ALS) - is a progressive neurodegenerative rare disease...
T are enc L
) :
Auxiliary @ Medical :  Laboratory ~ o Ranking of rare diseases:
% examinations § I history \_ tests 2 m SPCCIahSt L. Multiple Sclerosis (MS) - demyelinating disorder that can explain the cerebral ...
: e m ths’icians' 2. Cervical Spondylotic Myclopathy - due to degenerative changes in the cervical ...
itit's ible to have f the following disease: ¥ 2 3. Cerebral Vasculitis - can lead to cerebral ischemia and abnormal cerebral white ...
! IM.‘ l]’;ml );‘ :,. ux.tonclu‘ ll’\'lrb:) At L Intention 4, Amyotrophic Lateral Sclerosis (ALS) - presents with upper limbh muscle weakness ...
S e mp, s 1 5. Chiari Malformation - structural defeets in the cerebellum and spinal cord, ...
2, Amyotrophic Lateral Sclerosis (ALS) LIM-as-Rare Disease Speclalist
y 3. Paroxysmal Nocturnal Hemoglobinuria (PNIT) = x MeaseOp: 2 =

Task 2: Screening for Specific Rare Diseases Task 4: Differential Diagnosis among Universal Rare Diseases

Chen, X, Mao, X, Guo, Q, Wang, L, Zhang, S, & Chen, T. (2024).
RareBench: Can LLMs Serve as Rare Disedases Specialists? arXiv.
https://arxiv.org/abs/2402.06341

29/2/24
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COMING SOON

NE_IM ‘Al — A NEW JOURNAL !

(NEJM
CURRENT ISSUE Vv RECENTLY PUBLISHED PODCAST EVENTS AUTHORCENTER ABOUT v PUBLICATIONS Vv Q
EDITORIAL f ¥ in

Why We Support and Encourage the Use of
Large Language Models in NEJM AI

Submissions
Authors: Daphne Koller, Ph.D. & Andrew Beam, Ph.D. ¥ Arjun Manrai, Ph.D. ¥ Euan Ashley, M.B., Ch.B., D.Phil.
Xiaoxuan Liu, M.B.Ch.B., Ph.D , Judy Gichoya, M.B.Ch.B., M.S. & Chris Holmes, Ph.D . +5 for the editors and

editorial board of NEJM Al*  Author Info & Affiliations

Published December 11, 2023 | NEJM Al 2023;1(1) | DOI: 10.1056/A1€2300128 | VOL. 1 NO. 1

29/2/24

“We believe that the use of LLM tools can
help scientists enhance the quality of
their scientific work and democratize
both the creation and consumption of

scientific knowledge, thereby helping us
maximally enable the scientific workforce
to produce robust novel scientific
findings and disseminate them broadly”

27
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“We predict that chatbots will be used by medical professionals, as well as by patients, with increasing
frequency. Perhaps the most important point is that GPT-4 is not an end in and of itself. It is the opening

of a door to new possibilities as well as new risks. We speculate that GPT-4 will soon be followed by
even more powerful and capable Al systems”

SPECIAL REPORT

Benefits, Limits, and Risks of GPT-4 as an Al Chatbot for Medicine

Peter Lee, Ph.D., Sebastien Bubeck, Ph.D., and Joseph Petro, M.S., M.Eng.

Article  Figures/Media Metrics March 30, 2023

gl J vied zuzo, 388:1233-1239
DOI: 10.1056/NEJMsr2214184
Chinese Translation 23 Ei%

11 References 284 Citing Articles  Letters

HE USES OF ARTIFICIAL INTELLIGENCE (Al) IN MEDICINE HAVE BEEN GROWING IN MANY AREAS,
I including in the analysis of medical images,! the detection of drug interactions,? the Editors
identification of high-risk patients,? and the coding of medical notes. Several such uses of Al Jeffrey M. Drazen, M.D., Editor, Isaac S. Kohane, M.D.,
are the topics of the Al in Medicine” review article series that debuts in this issue of the Journal. Here Ph.D., Guest Editor, Tze-Yun Leong, Ph.D., Guest Editor

we describe another type of Al, the medical Al chatbot.

Lee, Peter, Sebastien Bubeck, and Joseph Petro. "‘Benefits, limits, and risks of GPT-4 as an Al chatbot for medicine.” New
England Journal of Medicine 388.13 (2023): 1233-1239.
29/2/24 28
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@ World Health . .
ey ganzato Multimodal: pueden aceptar mds de un
tipo de dato entrada (e.g., Imagen + Texto)

Ethics and governance of
artificial intelligence for health

It has been predicted that LMMs will have wide use and
application in health care, scientific research, public health

Guidance on large multi-modal models

and drug development. LMMs are also known as “general-
purpose foundation models”

World Health Organization. (2024). Ethics and governance of artificial

intelligencea for health: guidance on large multi-modal models.
Fecha de publicacion 2024-01-18

29/2/24 29
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Google Meituan

A f"“
Nov. ~ Dec. u;’\ 6) =g @
CogVLM  Qwen-Audio DRESS  X-InstructBLIP CoDi-2 VILA Gemini  MobileVLM
=& sy
sep.~oct.| (g @ - H m ADEPT
NEXT-GPT MlanPTS LLaVA-1.5 MiniGPT-v2 Fuyu-8B
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potenciales del uso de LLMs en salud

1 Ayuda diagnéstico 9 Uso orientado all Tareas Educacidon B Investigaciony
y atencidén clinica paciente adm|n|strqtlvas personal clinico  desarrollo de fdrmacos

Riesgos potenciales del uso de LLMs en salud

1Sobreestimacion 9 Accesibilidady 3 Sesgos 4 \mpacto en el 5 Dependencia del
de los beneficios asequibilidad trabajo Sistema sanitario

Math teachers protest
against calculator use

“My older kids don't pay any strate” be sald ‘Teachers are

.’mum attention to an answer belng absurd.  shy
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Los gobiernos deben apoyar el desarrollo colectivo de normas internacionales para la gobernanza de

los LMM y otras formas de IA utilizadas en la asistencia sanitaria

Crear una agencia pudblica de investigacion internacional con financiacidn y recursos
humanos para llevar a cabo grandes proyectos transformadores cuyos resultados se
compartan abiertamente. Dicha entidad podria encargarse de desarrollar las formas mas
avanzadas y arriesgadas de inteligencia artificial en instalaciones de alta seguridad, lo que
ilegalizaria otros intentos de crearlas.

@ Lideres mundiales y ejecutivos del sector tecnolégico han pedido que la IA reciba un trato

similar al de las armas nucleares, con un marco regulador mundial similar al de los
tratados sobre el uso de armas nucleares.
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First Al-generated drug enters human
clinical trials, targeting chronic lung
disease patients

By Melissa Rudy, Fox News
Published June 29, 2023, 1:17 a.m. ET

https://www.clinicaltrials.gov/study/NCT05938920

The discovery, a world first, took less than 18 months and cost 10% as much as a conventional
program. https://www.nature.com/articles/d43747-021-00039-5
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Study Overview

Brief Summary Study Start (Actual) @
The goal of this clinical trial is to learn about INS018_055 in adults with Idiopathic Pulmonary Fibrosis 2023-06-19

(IPF).

Primary Completion (Estimated) @
The primary objective is to evaluate the safety and tolerability of INS018_055 orally administered for up

° FlbeSls PUlmonCl r to 12 weeks in adult subjects with IPF compared to placebo. 2024-05-25
[ ] [ ] [ [ ]
|d IOpCItICCI Official Title Study Completion (Estimated) @
¢ Fase " A Phase lla, Randomized, Double-Blind, Placebo-Controlled Study Evaluating the Safety, Tolerability, 2024-06-11
[
 Intervencion Pharmacokinetics, and Efficacy of INS018_055 Administered Orally to Subjects With Idiopathic
° ; : Enroliment (Estimated) @
. Aleatorizado Pulmonary Fibrosis (IPF) ity )
o 60
- Doble ciego Conditions @
* Frente a plqcebo Idiopathic Pulmonary Fibrosis (IPF) Sy e
Interventional
Intervention / Treatment @
Phase @
e Drug: INS018_055 Phase 2
« Drug: Placebo
Other Study ID Numbers @
¢ INS018-055-003
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Healthcare \QEl\/” £ 74 Atomic Al £ ATROPOSHEALTH

Generate: Biomedicines N navina \&.}”4 SUBTLE MEDICAL turbine. ): Xtalrli

4/9 empresas més prometedoras estén orientadas a la elaboracién de nuevos farmacos

i m‘

Desarrollo de farmacos

« Aquemia: descubrir candidatos a farmacos innovadores mads rdpidamente

- Atomic Al liberar el poder de la inteligencia artificial en la estructura molecular para construir fdrmacos
basados en ARN, creando medicamentos que puedan abordar enfermedades que antes eran intratables.

« XtalPi: descubrimiento de fGrmacos

« Generate:Biomedicines: generar medicamentos bajo demanda en multiples modalidades terapéuticas con
una velocidad y tasas de éxito sin precedentes, lo que representa un cambio fundamental en el
descubrimiento de farmacos.

., XtalP1 Generate:biomedicines
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‘J\/Zwina Subtle medical _ T T urbine

Otros

« Atropos Health: transforma datos médicos en evidencia del mundo real, estructura datos médicos
« Navina: reduce la carga de revision de las historias clinicas de los médicos en un 30 % y el burn out
« Subtle Medical: mejorar la calidad de la imagen médica de MRI'y PET

« Turbine: simulacién con aprendizaje automdatico para mapear y modelar como miles de proteinas de sefalizacion
interactdan caracterizando el comportamiento a nivel celular del cancer y la respuesta al tratamiento
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AQEMIA Announces a Major Multi-year Collaboration of $140 Million With Sanofi Expaiding Amger Collabiorstion:

I Generate:Biomedicines will highlight the expansion of its existing collaboration agreement with Amgen
(NASDAQ: AMGN). Amgen has exercised its rights under the collaboration agreement to opt in for
This collaboration aims at accelerating the discovery of small molecules across various therapeutic areas, leveraging its a sixth program. This represents the first expansion of the original agreement, and as a result, Amgen
unique Deep Physics platform combined with Generative Al. AQEMIA to receive up to a total of $140M in upfront and will make an undisclosed upfront payment and will pay up to $370 million in future milestones and

milestones across all programs. royalties up to low double digits for this new program.

XtalPi in the News

turbine turbine
+ ~ +

AstroZeneca 3 m

XtalPi News
2023/01/11

y, Xta I pi Dr. Sarah Trice
Turbine Announces Collaboration to Turbine Establishes Research ®
Uncover Biological Mechanisms of Drug Collaboration with Ono Pharmaceutical to
Resistance in Hematological Cancers Identify and Validate nover uncoiogy
Targets

roine, aco simulations to
guide biopharma R&D and bring the right drug

ided €
2023-06-01 2023-01-1 2022-10-27

XtalPi Announces Collaboration with Lilly, Using Al + XtalPi Names New COQ for U_S. Operations, Bringing  XtalPi Announces Research Collaboration with

Robotics to Uncover First-in-class Therapeutics Its Autonomous Labs to Boston in Continued Global... Janssen

Read More -:- Read More - Read More
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In a recent Morgan Stanley Research survey,
94% of health care companies said they employ
AI/ML in some capacity. Meanwhile, the
industry's average estimated budget allocation
to these technologies is projected to grow from
5.7% in 2022 to 10.5% in 2024.

-
-

~
~
-~
____________________________________________________________________________

How Artificial Intelligence Could Reshape
Health Care
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Recommendation of the Council on
Artificial Intelligence
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Al can help health Al can help to protect
professionals digital health
provide more time infrastructure from
to care Al solutions protect security threats

Al can make health personal data while

Sy stelm_s m otr e d improving health

people-centre outcomes

Al in Health Huge Potential, Huge Risks OECD
29/2/24 43



There are risks that must be effectively
addressed...
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2y U.S. FOOD & DRUG

ADMINISTRATION

‘ Q Search ‘ ‘ = Menu ‘

+—Home / Medical Devices / Digital Health Center of Excellence / Software as a Medical Device (SaMD) / Artificial Intelligence and Machine Learning (Al/ML)-Enabled Medical Devices

Artificial Intelligence and Machine Learning
(Al/ML)-Enabled Medical Devices

= Email & Print

Software as a Medical Device

- October 19, 2023 update: 171 Artificial Intelligence and Machine Learning (AI/ML)- Content current as of:
a . . .
Enabled Medical Devices were added to the list below. Of those newly added to the list, 12/06/2023
. . .. ’ 5
i B 155 are deches with ﬁx'lal dCC.lSlon. datc§ between August 1, 2022, and July 30, 2023, and Regulated Product(s)
Software: Is It a Medical 16 are devices from prior periods identified through a refinement of methods used to Medical Devices
Device? generate this list.

Aio en el que se Naimero de medical Dispositivos
aprobé el primer devices de Al aprobados de IA
dispositivo aprobados generativa aoctubre
2023

Benjamens, S.,, Dhunnoo, P., & Meskd, B. (2020). The state of artificial intelligence-based FDA-approved

medical devices and algorithms: an online database. NPJ digital medicine, 3(1), 118.
29/2/24 45




Implementacion clinica de las soluciones
basadas en aprendizaje automatico

« Measuring the effects of machine
learning tool on the initial clinical problem
= Monitoring for adverse outcomes

« Defining clinical problems that are svited to machine leaming
- Ascertaining mode of human engagement

(ie, human-in-the-loop or autonomous)
+ Defining actionable insights

or use deviations

Clinical problem
(re)definition

N

« Training of clinicians on the use of the
machine learning tool and workflow Clinical
changes before launch deployment
«Technical support after launch
« Design freeze and submission of //
whhsppeprte ety sgence RN
- Initiate integration with target -
electronic health record system -
« Prospective clinical trial of beta model in real \\
world setting with machine learning :
workflow and dinicians in the loop Prosvaitive
- Collecting clinical data and assessing effect e
: B R : dinical trial
of machine learning tool in trial setting ;

iing . Zzlz:tion of appropriate real world clinical
sl mt N o - Data exploration
g + Annotation and pre-processing of data
\\ « Applying appropriate machine
Data analytics, learning method for task
model building, | +Determining cross validation cohorts
andvalidation | -Adherenceto machine leaming best

practices as appropriate

» Clinical workflow design involving machine
learning tool

» Usability of machine learning tool interface

- Determining effect of machine learning tool
on human decision making

» Address legal and ethical implications on

J

Human machine

« Review of clinical trial data and final
adjustments of beta model

s

Paper trial

practice changes as a result of the machine
learning tool

interaction

« Establishing initial accuracy of alpha model of machine
learning tool in prediction task with retrospective test data
« Determining effect of tool on human judgment in test setting

Figure 1: Training, clinical trial evaluation, and clinical implementation of machine learning algorithms for health-care applications

Ngiam, K. Y., & Khor, W. (2019). Big data and machine learning algorithms
for health-care delivery. The Lancet Oncology, 20(5), e262-e273.
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Problema
¢Puede ser solucionado
con Al?

1. Necesitamos datos
2. Necesitamos permisos

para acceder a los

datos
3. Debemos elaborar un
protocolo y mandarlo
al CElIm

4. Pre-procesar los datos

5. Entrenar modelos
6. Sesgos, explicabilidad,
estabilidad, validacion

7. Ensayo clinico

8. Registrar el dispositivo

9. Fase de despliegue
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Our intelligence is what makes us humans, and Al is an extension of that
quality — Yann LeCun

Hospital Clinico San Carl

Artificial Intelligence spans a broad set of tools for building machines that

exhibit intelligent behavior — Andrew NG

Todo el ML es IA. No toda la IA es ML

Machine learning is the field of study that gives computers the ability to
learn without being explictly programmed — Arthur Samuel

Machine learning A computer program is said to learn from experience E with respect to
= some task T and some performance measure P, if its performance on T, as
aprendizaje measured by P, improves with experience E — Tom Mitchell

automatico
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When should linear regression be called "machine learning"?

Asked 6 years, 7 months ago Modified 1year, @ months ago Viewed 64k times

The Two Cultures: statistics vs. machine learning?

Asked 13 years, 3 months ago Modified 2 years, 9 months ago  Viewed 175k times

Linear model Neural network model

Logistic Regrassion

-20 -10 10 20 30 40 50 60

The linear model has been a mainstay of statistics for the past 30 years and remains one of our

most important tools — The Elements of Statistical Learning
29/2/24 49
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G G ﬁstema de inteligencia attificial (sistema de IA): el software que se desarrolla empleando una\

varias de las técnicas y estrategias que figuran debajo y que puede, para un conjunto
determinado de objetivos definidos por seres humanos, generar informacion de salida como
contenidos, predicciones, recomendaciones o decisiones que influyan en los entornos con los que
interactaa.

- Estrategias de aprendizaje automatico, incluidos el aprendizaje supervisado, el no supervisado
y el realizado por refuerzo, que emplean una amplia variedad de métodos, entre ellos el
aprendizaje profundo.

- Estrategias basadas en la légica y el conocimiento, especialmente la representacion del
conocimiento, la programacién (légica) inductiva, las bases de conocimiento, los motores de

inferencia y deduccion, los sistemas expertos y de razonamiento (simbdlico).

\ Estrategias estadisticas, estimacion bayesiana, métodos de busqueda y optimizacion. / 9 9

n EUROPEAN COMMISSION
COM(2021) 206 final

Ratificacion de un
Proposal for a

L] o I L]
acuerdo prOVIs Iona REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL IOIII q brll

LAYING DOWN HARMONISED RULES ON ARTIFICIAL INTELLIGENCE (ARTIFICIAL
INTELLIGENCE ACT) AND AMENDING CERTAIN UNION LEGISLATIVE ACTS

Brussels, 21.4.2021

{SEC(2021) 167 final} - {SWD(2021) 84 final} - {SWD(2021) &5 final }
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A Statistical Model

Statisticians, clinicians, sex || Height | | weight A:‘,
epidemiologists - = & ! %‘
_ - A|B || % Risk prediction s
\1/@ {.‘a s«)nH echor::;) meas.t:rement;m atures > ” . e o ] ] ege o
\ Y;;» JES i T 6 Estadistica tradicional Inteligencia artificial
\\¢ ' - uration of transtormation or standardization m s -
Prespecified analysis strategy ; |:T;‘{/.‘, P . .
= Caracteristicas elegidas Manualmente o
&) | & e e, | &P =1 manualmente automaticamente
kA A = Harder to scale tovel 1; ! = | . .
cle D WD <= Li;edmﬂﬂzzss::d‘;:lm ;;f_., = Conjuntos de datos de no Conjuntos de datos de
Stable process I 3
alta-dimensionalidad n >> tamanfo variable
P
L N i o —— Conclusiones Conclusiones no tan
Lo | p— O reproducibles, auditables reproducibles
vesas ool (i | y verificables

—= 2" | Hunter, D. J, & Holmes, C. (2023). Where medical statistics meets
=5 e artificial intelligence. New England Journal of Medicine, 389(13), 1211-
il)sigp;q;,e,“p 5 torepr:ice.or?u it I ]2]9.
?

i I process I |

Can handl I ’.- \ o+ Automated
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Natural language processing to communicate successfully in a human language
Knowledge representation to store what it knows or hears Inteligencia
Automated reasoning to answer questions and to draw new conclusions artificial

Artificial Intelligence

Machine learning to adapt to new circumstances and to detect and extrapolate patterns
Cg»ﬁputer vision and speech recognition to perceive the world Aprendizaje
)(obotics to manipulate objects and move about automatico

Redes
S g Classification neuronales
upervise
O—< Regression
Clustering
, Anomaly and novelty detection Aprendizaje
Machine learnin Unsupervised profundo

Visualization and dimensionality reduction
Association rule learning

Semi-supervised Where iS

Reinforcement learning B I
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Aprendizaje
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Clasificacion Clustering
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Input
Features (and data type) of patients and control samples

‘ Classification
Categorizing similar data points into the same labelled group

=

Model label: healthy control Model label: SLE

Regression

— Predicting a numerical outcome for labelled groups

P ﬁ
(o) [ 2

Predicted to have an
autoantibody titre of +1
— Grouping similar observations into clusters
D) 1
T -
[ b iu\' J z%
BT Healthy control
WL ste | L ) |

(based on their known class)
Autoantibody titre: 04 Cluster 1 Cluster 2 Cluster 3

29/2/24
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Kingsmore, K. M., Puglisi, C. E., Grammer, A. C, &
Lipsky, P. E. (2021). An introduction to machine
learning and analysis of its use in rheumatic
diseases. Nature Reviews Rheumatology, 17(12),
710-730.

54




Intellgencm artificial y aprendizaje
automatico I3 .,

INVESTIGA(!ON SANITARIA
Hospital Clinico San Carl

“If intelligence was a cake, unsupervised
learning would be the cake, supervised
learning would be the icing on the cake, and

reinforcement learning would be the cherry
on the cake.” - Yann LeCun

Sobre la importancia de ser capaces de entrenar modelos sin
necesidad de un conjunto de datos etiquetado.
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La IA y las técnicas de extraccion de datos pueden ofrecer nuevas y prometedoras

oportunidades para modelizar y captar interacciones estadisticas complejas

Infraestructuraq,
marcos, computacion
distribuida, federadaq,

paralela, nube

Retos y limitaciones:
hardware, éticas y f

legales =7

Herramientas

F?Ot.entes y de T TensorFlow 0101010 Cantidad de
cofég;:;f:o' femas 1010101 datos y
< stackoverflow 0101001 disponibilidad
especificos de RA
ciencia de datos
Plataformas de ¥ OHDSI
intercambio de datos Fi PRy
, inanciacion
modelos de datos ‘REDCap
comunes
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Clasificar Predecir Identificar
enfermededades enfermedad predictores

Estratificacion de

pacientes y subgrupos
de enfermedad

Progresion de la

enfermedad y tReStPUQStC:c al
actividad ratamiento

Molecular
Biomarkers / m Images
genetic

Clinical and
==| demographic
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Clinical, demographic and classical
biomarkers

Complex molecular biomarkers

Billing codes
Discharge summaries
Radiology reports
Ambulatory notes
EHR format-free text

MicroRNAs
DNA methylation patterns
Genome-wide single
nucleotide polymorphism

Structured and codified data gent;)tlype?
Questionnaires Metabolomics
Lipidome

Laboratory values
Social media data
Sensor

Immune phenotypes
Tandem mass spectrometry

Image data

Computed tomography
Magnetic resonance
X-rays
Ultrasound
Optoacoustic
Photomicrographs

Smartphone photos
Thermograms
Angiography

image: Flaticon.com
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No free lunch theorem

ResNet CNN
Bayesian Inversion

Matrix factorization {\QQ’ . \q\e‘ocw@
Fuzzy C-means x& LS_TM\'\“ VGG CNN 5
& e T RN W’ Siamese CNN Z
X Ri regression
< 0O SRS el O oy

i C
\((\ $ o (‘,Q\ ‘[er\ngTransfer Learning ¢
%00‘5‘&&&%‘ cCA QWY arkov chain &

If you make absolutely no assumption
about the data, then there is no

WYCPBOZ T S bo TS reason to prefer one model over any
Kl ¢ Ok KLatent Dirichlet Allocationg . th F prys ts the best
5 S £ £ Multifactor dimenisionality reduction S . otner. ror some datasets the bes
a9 .16 eraph-baséd clistering . gWord2vector model is a linear model, while for

FCN_DenseNet Rf‘“‘#\-llixecleffectslin.earregzression (99 > Random Forest

®Non-negative Matrix Factorisation.? ofOFECSPotstrap forest
& PLS-DALogistic Regression ¥, Gaussian Process £
>, Reinforcement Learning ;OMultivariable RegressionDLT\
z

(8} = )7 Neural Network Inception 3
go- RLS-bogsted trees M inear Discriminant Analysis

Sentiment Analysesss.Q\ :
Fuzzy Komeanse on < Naive Bayes Autoencoder

GB Multilayer non-negative matrix factorization &
C4.5Quadratic Discriminant AnalysisO, ~g OQ‘?

SAFE R-CNN

other datasets it is a neural network.
There is no model that is a priop
guaranteed to work better :

David H. Wolpert; The Lack of A Priori Distinctions Between Learning
Algorithms. Neural Comput 1996, 8 (7): 1341-1390.
doi: https://doi.org/10.1162/neco.1996.8.7.1341
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2 RECONOCIMIENTO
% DE OCUPACIONES
EN LA EHR DE
REUMATOLOGIA



Introduccion clinica IdISsC
INVESTIGACION SANITARIA

Hospital Clinico San Carlos

La incorporacion de informaciéon ocupacional en las HCE puede conducir a diagnésticos clinicos mas
informados, mejores planes de tratamiento, politicas mds eficaces, intervenciones y estrategias de

prevencion para mejorar la salud general de la poblacidn trabajadora.

Prevalence: 2 million
deaths from work related
diseases [ year

Effect: Mental, physical,
inequality, Qol, fertility

Risk factors: Social-
Asthmagens, Determinants of
carcinogens, Health

ergonomic, risk factors,
and noise

Prevention: EU-OSHA,
NIOSH

Not routinely collected
in EHR

5 European Agency
for Safety and Health
at Work
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Introduccion clinica 1dISSC

Hospital Clinico San Carlos

1. El estudio de la ocupacidn como SDoH queda oculto por otros determinantes como la raza
o la etnia

2. Suele recogerse como dato no estructurado en texto libre por lo que es dificil incorporarla
a los estudios de investigacion

3. En el campo de las enfermedades reumaticas, el capturar informacidn sobre la ocupacion
es crucial para promover estrategias de prevencion e intervencion para reducir la

discapacidad laboral y las bajas por enfermedad
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Objetivos 1dISsC

INSHTUTOde
INVESTIGACION SANITARIA

Hospital Clinico San Carlos

Notaclinicade Trabaja como

1. Construir un modelo de aprendizaje entrada investigador

profundo que permita identificar
profesmnes en el texto libre de las
historias clinicas electronicas

Evaluar el rendimiento de dichos
modelos al extraer menciones de

ocupacion de pacientes en las
notas clinicas de reumatologia

Describir las caracteristicas Trabaja como

clinico-demograficas que Salida investigador
influencian la recogida de Ila J

OCUPCICIOH

Objetivo final:
Estructurar
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Objetivos dISsC
- TINSTITUTO de
' INVESTIGACION SANITARIA
Hospital Clinico San Carlos
1/ One year after the diagnosis by the physician, the patient experienced significant improvement in his symptoms.
2‘ He reported decreased morning stiffness and a significant reduction in joint pain.
3/ John had successfully transitioned into a new career as a diving instructor, working as a scuba diving guide.

4| Prior to his diagnosis, he stayed in Africa with his brother in law, who worked as a safari guide

Health profesional

Occupation )

Activﬁ:y Family member No

Working status Patient occupation
Other

SANITARIO

PROFESTON’
1 One year after the diagnosis by the physician, the patient experienced significant improvement in his symptoms.
2| He reported decreased morning stiffness and a significant reduction in joint pain.

PROFESIO PROFESION
PACTENTE _PACIENTE

2/ John had successfully transitioned into a new career as a diving instructdr, working as a scuba diving guidé.

PROFESION

N ﬁﬁﬁﬁ Prior to his diagnosis, he stayed in Africa with his brother in law, who worked as a safari guide .




Reconocimiento de profesiones en la HCE IdISSC

" 7INSTITUTO de

=72 INVESTIGACION SANITARIA
Hospital Clinico San Carlos

L3 LD /TFManotacion/Corpus/S0034-98872012000500010-1

]

Dqto ( 14 W tenia 35 afios, era §upervisor de ventas, soltero; sin antecedentes de importancia salvo ser promiscuo; fumaba y bebia poco, no consumia drogas.
15 En el 2° semestre de 2008 aparecieron tendencia a aislarse, olvidos, insomnio, pérdida de libido, disartria, cefaleas.

de entrena miento 16! Existia una mezcla de labilidad emocional y apatia.

SLTUACIUN LABURAL |
L PAUIENIE |

APrendlza]e 17/ Perdi6 su trabajo en abril de 2009.
Supervisado 3

18 En mayo un psiquiatra lo derivé a neurdlogo, quien pidi6 una bateria de examenes, entre ellos VDRL en sangre que fue reactivo.
Problema de

multi-clasificacion
Table 2.1: Name entity recognition in MEDDOPROF tasks, represented with BIO schema

Reconocimiento
de entidades Sentence El paciente es deportista profesional en activo
Task 1 O O O B-PROFESION I-PROFESION O O
Task 2 O O O B-PACIENTE I-PACIENTE O 0
29/2/24 71




.
Métodos

IdIS“*
1. Self-attention 2. Transfer learning , msmm&,e
INVESTIGACION SANITARIA
E | E | Hospital Clinico San Carlos
. , e E—— Task, language or domain adaptation
paciente paciente I
es > S - :
’;% . Pre-training a Transfer-learning CBBOP Fine-tuned model 'l ﬂﬁ "'f
camarero < camarero > » |MEDDOPROF N g HHREAH !
¢ Large corpus * 'l'l. l H A ii |
en en MOD corpus ?
un un — l l
hotel hotel BETO, Multilingual BERT.... Occupation recognition
3. Encoder-decoder architecture 4. BERT T o ol e Talela]
Outpt T 1 O ) L S
Probabilities | Classification layer (Feedforward network + softmax function) I
1
. ‘ IR[CLS]lREII Rpac IR##ienteI Resl Rcam I R##arel Rit#ro IRenI Runl RhoteIIR[SEP]I
. t 1T 1 I T (N

Encoder

| v Encoder 12
Feed

Forward { e

Pre-trained BERT Ercodard
[Add&Norml:
Encoder 1
f-'mlNor_m] Multngad
st St f ¥ 9P K T F¥F O 9 F % 5 9

Forward S} Nx ‘ ' = »
[ (Add & Nom : WordPiece Tokenization I[CLS]lEIIpacl##ienteI es Icam |##are|##rol en I un IhotelI[SEP]I

A':Sm&:or;n T Context
-Hea Multi-Head o o
ttention :tt:am:)an = 7 Token embeddings E(cLs] |EEl| Epac| E##tiente | Ees| Ecam| E##are | Efttro | Een| Eun| Ehotel | E[SEP]
i Pre-training (MLM, NSP [eicis [eelEpad] | Ees| Ecam| Etare [ Ewiro | Een| Eun| Enotei] Ersee |
) A y) ° °
) +

Positional ol b F:)s't‘ | WOI‘dPIece TOkenlzer Segment embeddings I Ea IEAI EAI EA IEAI EA | EA | EA IEAI EAI EA I EA |
s OO o0 Fronina Only encoder +

l Emggdu;mg l En%gg;}ng Multi_head attention Multiple Position embeddings l Eo |E1| E2 l E3 | E4| Es | Es I E7 I Es I E9| E10 I E11 |

T vad rlqnts Input [CLS] El paciente es camarero en un hotel [SEP]

/2/24
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Primer objetivo IdISSi;‘

- T'INSTITUTO de

“ 7 INVESTIGACION SANITARIA
Hospital Clinico San Carl

1. Construir un modelo de aprendizaje profundo que permita identificar

profesiones en el texto libre de las historias clinicas electronica

73




Primer objetivo “MdISSC

ROBERTQ:. pPr e-trained with INVESTIGACION SANITARIA
spanish clinical data

Corpora brat_to conll.py conll_to_brat.py Evaluation library

NeuroNER ' . ,\ NeuroNER
| | | @, o) o060 ; |
() OPyTorch t ﬁ z /

Data coIIectlon Postprocessing

« .annto .iob « Transfer learning, < Token alignment | + Microaveraged
« Aggregation fine-tuningand -« Test sentence metrics
level model choice: length « Sequence labeling
- Dataset split BETO, ROBERTQ,.. + .iobto.ann evaluation
Datos + hardware « Tokenizer « Hyperparameter « Error analysis
« Padding tuning

« Attention mask

. Torch tensors Transformaciones matematicas
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Segundo objetivo 1dISSC
"2 INVESTIGACION SANITARIA

Hospital Clinico San Carlos

2. Evaluar el rendimiento de dichos modelos al extraer menciones de

ocupacion de pacientes en las notas clinicas de reumatologia

Creation of a gold Occupation recognition
standard with more Model evaluation in more than 100k
than 2k notes notes
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Reconocimiento de profesiones en la HCE

Bibliotecaria
Trabaja en una cocina
trabaja en colegio con pacientes minusvalidos
Trabaja en un Juzgado de Administrativa
Trabaja en una consulta de Audiologia
Tiene una tienda de alimentacion
Cuidadora de un anciano
dependienta de una tienda de alimentacion

interventora del ayuntamiento

Trabaj a en una agencia de viajes
Secretaria de Direccion de un banco
Trabaja en un polideportivo
ayudante de realizacionen TV

pintor de brocha gorda

controladora del SER

repartidor de electrodomesticos
Ha trabajado durante anos en quirofano

violinista
profesora de lengua de senas en la Universidad
sacerdote
20/2/24 inpectora de sanidad

IdISS

INSTITUTO de
INVESTIGACION SANITARIA

Hospital Clinico San Carlos

Trabaja en la recogida de la fresa
topografo
preparador fisico de atletismo
trabaja en una Clinica de Radiodiagnostico
empleado en una panificadora
soldador de tela asfaltica
DJ
empleado en el Zoo
monitora de aerobic
Trabajador de mantenimiento en empresa aerea
reponedora en un hipermercado
planchadora hace 26 anos en tintoreria
Trabaja mucho ocn las manos de pinche de cocina
trabaja desmontando pescando y productos de
ultracongelados
Trabaja en montaje de electricas en torres
de alta tension
psicologa en un centrode ninos discapacitados
conductor de autobuses de la EMT
Vigilante de seguridad
empleada en cruz roja
trabaja en el aeropuerto de Barajas
maneja martillos neumaticos 26



Tercer objetivo ldI>oc,

Hospital Clinico San Carlos

3. Describir las caracteristicas clinico-demograficas que influencian
recogida de la ocupacion

Bivariate and
multivariate analysis
including
sociodemographic
characteritics

Identification of
patients without
occupation by
matching

Después de realizar los andlisis bivariados y multivariados vimos que los pacientes con
diagnésticos relacionados con patologia mecdnica altamente incapacitante (es decir,
dolor de espalda, trastornos musculares) se asociaron con una mayor probabilidad de _

recopilacion de ocupacion.
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Retos principales

Algoritmos Eticas Otras

1. Cantidad insuficiente de
datos de entrenamiento

2. Datos de entrenamiento no
representativos
3. Pobre calidad de los datos
4. Caracteristicas poco
relevantes

1. Regulacion

2. Falta de estandarizacion

1. Seleccion del problema

3. Validacion externa

2. Recogida de datos

4. Explicabilidad

5. Sobreentrenamiento
6. Subajuste
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Tenemos muchos datos, datos interesantes, datos sensibles,
datos de distintos tipos, pero si ho son de calidad ...



Calidad de los datos

Tabla 1 - Caracteristicas de calidad de datos definidas en la Norma UNE-ISO/IEC 25012 [6]

R et Especificacion

UNE-ISO/IEC 25012 Tuberente Sistema U N E 00 81

Exactitud

Guia de evaluacion
de la Calidad de un
Conjunto de Datos

Completitud

Consistencia
Credibilidad
Actualidad
Accesibilidad
Conformidad
Confidencialidad

Eficiencia

Precision

Trazabilidad

R PP kXK

Comprensibilidad
Disponibilidad
Portabilidad

UNE -
Espanola

CS T I BT B B B B B B

Recuperabilidad
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most of today’s knowledge on disease mechanisms

olale A".'[-A", YE Jole 2 I ale oln ° oln

Viewpoint | Al in Medicine

int
o1 ¥ January 19, 2024

Al's Threat to the Medical Profession

Agnes B. Fogo, MD'; Andreas Kronbichler, MD, PhD?; Ingeborg M. Bajema, MD, PhD?

Th
co

» Author Affiliations | Article Information

JAMA. 2024;331(6):471-472. doi:10.1001/jama.2024.0018

Al
because there is to form the basis

for any debate.

Fogo AB, Kronbichler A, Bajema IM. Al's Threat to the Medical
Profession. JAMA. 2024;331(6):471-472. doi:10.1001/jama.2024.0018



Aprendizaje automatico y ética en salud

and

Al and Ethics seeks to promote informed debate
and discussion of the ethical, regulatory, and

policy implications that arise from the
development of Al

&) Spvinger Iniesta, R. (2023). The human role to guarantee an ethical Al in

healthcare: a five-facts approach. Al and Ethics, 1-13.
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Inteligencia artificial y ética en salud

W ANNUAL
1. ¥l REVIEWS

Annnal Review of Biomedical Data Science
Fthical Machine Learning
in [Tealthcare

Irene Y. Chen,' Emma Pierson, Sherri Rose,*
Shalmali Joshi,* Kadija Ferr}mnn;‘
and Marzych Ghassemi'®

S e e ook “We describe ongoing efforts and outline challenges in a

? Miicrosoft Roscarch, Cambridpe, Mavssdmscs 12143, USA

e proposed pipeline of ethical ML in health, ranging from

e e, Toroess, Oueativ MSG 1M1, Canada

S Deparumens of Technelo gyLuh.n nd Sodiey, Tanden Schodd of Engineering, New Yort
Uriversisy, lirnaklyr, New York | 1201

“Isduxe for Medical and Fy iunv( Seicnces, Massachusscns Inscicure of Techsology,
Camrilge, Masachusers 02139, USA

problem selection to postdeployment considerations.
We close by summarizing recommendations to address

e these challenges.”

* Keywerd isorch
* bl relstad ainches
* Wrao va evasl o sacil meda

I i CONNECT

[P ——

Dowrkood

Anas. Rev. Biomed. Data Sci. 202 1.4:123- 144, Dawnloaded from www anmulreviews.org
Access provided by 213.0 5355 on 1107723, For personal we ouly.

Aani Rev. Biomed. Daea Sci. 2021412344 Keywords
:“:,‘ (r;“:‘;'“"’ = Rericw is Advance an machine Jearning, bias, ethics, haalth, healthcare, health disparities

The Avanal Review of Rimeedicsl Daw Sciewme is Abstract

e T e il ki B (M) i Bl o caives - tmseaions ik w.l

T;‘s;_""“”’s"’u"w“‘“‘""b""d 2820~ concerns, espacially as models can amplify existmg healeh meqmues. Hear
' we outline cthical od for equitable ML in the uf
:‘;’:’xﬁ:::?: DY REKRE LENERE. healthcare. Specifically, we fmme echics of ML in he: n):.hcam through the
% |en of social justice. We describe ongoing efforrs and omrdine challenges
pmpuecdpplm of cthical ‘\lL health, ranging from problem
il We close by summarizing

recommen: dniunsmad‘lmszh s challenges,

Chen, I. Y., Pierson, E,, Rose, S., Joshi, S., Ferryman, K., & Ghassemi, M.
(202]) Ethical machine learning in healthcare. Annual review of

biomedical data science, 4, 123-144.
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the would be Al that's implemented by
players that don't necessarily have the patient’s best
interests at heart isaac kohane
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Will Patients Have To

29/2/24

For Using Al In Their Healthcare?
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Modelos justos, fiables y explicables

Feb 2018

.,
3

1802.04422v1 |stat ML] |

rXiv

[

Corregir sesgos algoritmicos (como el lenguaje, el género o los politicos) en los
procesos de decisibn automatizados basados en modelos de aprendizaje

A comparative study of fairness-enhancing
interventions in machine learning *

Sorelle A. Friedler, Haverford College’

Carlos Scheidegger, University of Arizona*
Suresh Venkatasubramanian, University of Utah'
Sonam Choudhary, University of UtahY

Evan P. Hamilton, Haverford Collegel

Derek Roth, Haverford College™™

Abstract

Computers are increasingly used to make decisions that have significant impact in
people’s lives. Often, these predictions can affect differeat population subgroups dis-
proportionately. A.s a result, the issve ol Sfairness h& received much recent interest,
and a number of and have in the lit-
erature. This paper seeks to study the following questions: how do these different.
techniques fundamentally compare to one another, and what accounts for the differ-
ences? Specrﬂcally we seek to bring ion to many und i aspects of
such ing interventions. Concretely, we present the results of an open
benchmark we hsve developed that lets us compare a number of different algorithms
under & variety of fairness measures, and a large number of existing datasets. We
find thst althongh different algorithms tend to prefer specific formulations of fairness
preservations, many of these measures strongly correlate with one another. In addi-
tion, we find that fmprm\mg algorithms tend to be sensitive to fluctustions
m dnl.uet in our by varying trining-test splits),
ing that fairnoss i ions might be moro brittlo than proviously thought.

*This work was partially supported by National Science Foundation under grants 11S-
1833387, llS-lSlSﬁl and 115-1833724, == well as by 2 grant from the Ethics and Covernance
Soarce md:_! mcluding instructions for adding your own algorithm oe dataset,

om/

fairness

automadtico
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fairmodels: a Flexible Tool for Bias
Detection, Visualization, and Mitigation
in Binary Classification Models
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Achieving fairness with a simple ridge penalty

Marco Seutar’' s . Francesca Panero? . Manuel Protssi

Frcebast 10 A 2621 Acsmplest 31 Mgt 2327 ) Pubibbes arlie 1 Septesetes 7672

©The huthors) 2077

Abstract
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We eaforce fairess 25 5 model selection Siep 10 Which we chocer the valus of @ Tidge pesalty 1o conirol ®e effect of
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Estabilidad de los modelos

Rilay et gl. BMC Medicine  (2023) 21:502

BMC Medicine

hittps//dot org/10.1186/512916-023-0321 2

Clinical prediction models
and the multiverse of madness

Richard D. Riley'?'®, Alexander Pate?, Paula Dhiman’, Lucinda Archer'?, Glen ? Martin® and Gary S. Collins®

Abstract

round Each year, thousands of clinical prediction models are developed to make predictions {e.g. estimated
risk) to Inform Individual diagnosis and prognosis in healthcare. However, most are rot reliable for use in clinical
practice.
Malin body We discuss how the creation of 3 prediction model (eg. using regressicn or machine learning meth-
ods) Is dependent on the sample and size of data used to develop It—were a different sample of the same size used
from the same overarching population, the developed model could be very different even when the same model
development methods are used. In other words, for each model areated, there exists a multiverse of other paten-
tial models for that sample size ard, crucially, an individuals predicted value (e.g. estimated risk) may vary greatly
across this multiverse. The more an individual’s prediction varies across the multiverse, the greater the Instabiity. We
show how small development datasets lead to more different madels In the multiverse, often with vastly unstable
Individuz! predictions, and expiain how this can be exposed by using bootsirapping and presenting instability plots.
We recommend healthcare reseaichers seek to use large model development datasets to reduce instability concerns.
This is espedially important to ensare reflability across subgroups and Improve model faimess In practice.
Condlusions Instability is concerning as an Individual’s predicted value Is used to quide thelr counselling, resource
prioritisaton, and dinical decision making. If different samples lead to different mogels with very different predic-
tions for the same individual, then this should cast doubt Into using a particular model for that individual. Therefore,
visualisirg, quantifying and reporting the Instability In indivdual-level predictions Isessentlal when proposing a new
model.

Keywords Clinical prediction medel, instability, Variance, flisk prediction, Bootstrapping, Mean absolute prediction
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Background

The multi refers to the p ially infinif ber of

and Dental Sciences, Institete of Appied Health
Research, University of Birmingharn, Biminghan 815 277, UK

# National Insttute for Heakth and Cane Research (NBR) Brminghan
Biomedica Research Centre, femingham, US

* Division of knicematics, Imaging and Data Scierce, Facully of Soiogy,
Medicine and Heakth, Universty of Manchester, Manchestes, UK

4 Centre for Sastistics in Medicine, Nuffeld Deperment of Orthopaedicy,
Rheumatoioge and Musculcrksietal Sciences, Unversity of Onford,
Oford OX3 0, UK

other universes besides our own, which may or may not
be similar. Related concepts are multiple realities, parallel
worlds, and alternate universes. Although the multiverse
is hypothetical, it gains growing popularity in science-fic-
tion novels and films zach as Spider-Man: Into the Spider-
Verse and Doctor Strange and the Multiverse of Madness.
The idea of an infinite number of different realities
is reflected in the theory of probability and statistics,
which acknowledges the variability across random sam-
ples of the same size taken from a particular population.
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most are not reliable for use in clinical practice

“‘Whenever researchers develop a clinical prediction model
using a particular dataset and model development

approach, we recommend they use bootstrapping to

Riley, R.D., Pate, A., Dhiman, P. et al. Clinical prediction models and
the multiverse of madness. BMC Med 21, 502 (2023).
https://doi.org/10.1186/s12916-023-03212-y
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