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1. Evolucion y

cambio de
paradigma

Decades of Al Transformations in Immunology and Healthcare

o

2000s

During the period of 2000,

the saquencing of tha human

genome was compieted

which allowed for more o

advancement in tha field of 2020s

reaearch eapecially

immunology research, Several Al-based tools and

o Q Several Al based software software have been

1960s 1980s and tools were launched generated such as IBM

including ImmunoEpitope Watson for oncology and

Database (IEDB). This ChatGPT [50]. The rise In

CADUCEUS and DXplain allowed for better development of such tools
DENDRAL was the first Al- were Al-based tools that understanding of genetic increases over the years
based program used in assist healthcare experts in factors Involved In a number which facilitate the work for
healthcare system 1o analyze the diagnosis of diseases of diseases including not only scientist but also
and identify chemical based on clinical symptoms autcimimune disesses, healthcare provider 1o make
compounds (40, 41], and signs of patients and Immunodeficiency disorders fast and rellable madical
labaratory results [43, 44), and infectious diseases [47) decigions.

ININIHIHIHI

1970s

1990s

In enrly 19705, MYCIN was an During this period, 8 number of
Al-based program designed to software and tools like HLA-
help In the diagnosis of Binding Prediction Tools {(e.g..
bacterial infections in the SYFPEITHI) were used to assist

bloodstream [42]

in the field of chnical
immunclogy and research,
Many other toals that rely on
machine leaming and pattem
recognition algorithms
Inciuding flow cytometry
analysis software and epitope
prodiotion toole wore ucad [1K,
46).

https://doi.org/10.1007/s12026-025-09632-7

2010s

During this time, s number of tools
and software were genarated 1o
assist healthcare providers such as
Ada Hesalth which uses Al 10
diagnose more than 3600 diseasas
based on the patient sympioms
[48]. The advancement in Al also
extends 1o researchers in various
felde including Immunology.
Research Al based-1ools include
NetMHCpan which can be used for
malor histocomopatibility complax
(MHC) binding prediction and
DockTope which can be utilized for
apitope docking and understanding
Intersctions between antigen and
antibody [49].
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Technology (Digital Medicine, Genomics, Al & Robotics) Proportion of workforce affected
2020 2025 2030 2035 2040

Telemedicine

Smartphone apps

Sensors and wearables for
diagnostics and remote monitoring

2.0 Ethical Reading the genome

considerations

Speech recognition and natural

language processing (NLP)
2.1 Patient safety guage p g

2.2 Data governance Virtual and augmented reality

2.3 Respect for human dignity Automated Image

2 4 Health inequalities 7. interpretation using Al

Interventional and

2.5 Patients and carers rehabilitative robotics

2.6 Healthcare professionals

Illl”l“

Predictive analytics using Al

2.7 Health system

2.8 Widenina Diaital Participation Writing the genome

Figure 1: Top 10 digital healthcare technologies and their projected impact on the NHS

The TOp Ol ReVieW i workforce from 2020 to 2040
nghllghtS <20% 20%  50% >=80%

Arrow heat map represents the perceived magnitude of

Preparing the healthcare worlkdforce to deliver the digital future

mpact on current models of care and, oy interence, on

https://topol.hee.nhs.uk/ the proportion of workforce affected
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1. Evolucion y
cambio de
paradigma

Inputs
Social, behavioral I E—
¥5 Genomics and -omic layers = :
Biosensors

/ Immune system

. Gut microbiome
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Environmental
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Figure 2: The virtual medical coach model with multi-modal data inputs and algorithms to provide
individualised guidance.'®
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. M i Di is and
2. Ambitos de Sep ey
i LA A for adoption of Al Asthma, Atopic
aplicacion: - fematie
! Research and o * )+
USOS y rlengS Clinical Trials *

Decentralized trials,
Digital twins

Predicting Heaith
Trajectories
Atopic disease
development, Outgrowth

of disease

0
@plil

Remote Applications of Al
vvonlt%rling 8 Alleegy Assessment of
earables,
Smart inhalers Immunology Tolerance

Antibiotic or Food
allergen tolerance

0

Drug Discovery and

Population and
Environmental Health
Safety monitoring,

)

Exposure and Y)acc‘"o'OQY
allergen tracking Practice ~ Drug target
identification, Immune
Nanagement response trackin
Operations P 9
Laborious tasks

https://doi.org/10.1007/s11882-023-01084-z



2. Ambitos de aplicacion: usos y
resgos

2 7 Ethical Considerations
Sclecting the Right Evaluation and lteration . and Compliance
 Identifving Needs ' Al Tool —)
\ \, =

\

- ‘"\:.\ Data Ivpe: Choose moded based ondata type .-.‘:\‘\‘ i P T ’“;\)\
Kdenuiy rcamrch Laps \ Largel Ouicome: Define Al goalks 0---»\‘ \“
Clinical Praciics: 0--....:‘.‘ Data Ouality: Ensure compatibility with data .-.--.‘.\ Ierative improserment: Retine the model 0----\‘
Enhance patient care \ \
e O
" 4
Data Collectivny Gather relevant data .'"'""7‘ Svstemlniceration: ntegrate AHinto workilons .------.';," Eiidlacls Gatlies imoee fecotinck esessas 7;
l' " "
Data Processiing: Clean and structure data .-.-7," s ooy and voltite Aol @< __';',' ) O — ."“;',
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Desafio

Etico

Asunto

Privacidad

Toma de decisiones

Descripcion

Asegurar la confidencialidad de los datos de los pacientes y el uso
responsable de informacion sensible en sistemas de |IA.

Equilibrar la asistencia de |IA con el juicio humano para apoyar mas que
reemplazar la experiencia clinica /Transparencia y explicabilidad.

Desarrollar modelos de IA no sesgados que representen a diversas

Sesgos y equidad poblaciones de pacientes para asegurar resultados de atencidon medica
equitativos.
_ Adherirse a regulaciones de proteccion de datos personales salud (HIPAA,
RegulatorlO Compliance GDPR, Ley 21.719 proteccion de datos, Chile) para la proteccion de datos y

Aprobacion y certificacion

Responsabilidad y
accountability

seguridad del paciente (legislacion de Ciberseguridad)
Obtener certificaciones necesarias y aprobaciones de agencias reguladoras
para dispositivos médicos como la FDA o EMA.

Definir la responsabilidad por dainos y prejuicios en casos de errores o
resultados no deseados involucrando herramientas de IA.

Socioecondmico

Accesibilidad

Costo-efectividad

Implicaciones en la fuerza
laboral

Asegurar el acceso equitativo a tecnologias de |A a través de diferentes
sistemas de atencion medica para evitar disparidades en la salud.

Realizar analisis costo-beneficio para garantizar la viabilidad econémica de la
integracion de IA en sistemas de atencion medica.

Preparar a la fuerza laboral de atencion médica para los cambios traidos por la
integracion de IA mediante programas de capacitacion y educacion.




3. Desafios éeticos: principios WHO

Al in Healthcare: Principles and Guidelines

Ensuring Il Ensuring

Inclusivity & Equity Transparency & Explainability

’ Transparency ‘
Justice and Fairness
. Non-maleficence ‘
Responsibility
Privacy
Beneficence
Freedom and Autonomy
Trust

Sustainability

‘ Dignity '
Promoting Promoting
Responsiveness & Sustainability II Accountability & Responsibility

https://doi.org/10.1016/j.heliyon.2024.e26297

Autonomy
Protection

Promoting
Welfare & Safety




3. Desafios eticos: sesgos
algoritmicos

6- Post-deployment Surveillance

1=-Conception

. e Implicit Bias
o Concept.ant. e Systemic Bias
e Automation Bias . o Confirmation Bias
. Feedpack qup Bias e Sensitive attribute Bias
e Dismissal Bias @
Tan
R A 2- Data Collection

(Clinical Deployment) Al Model :__; e Representation Bias
Evaluation Bias Life Cycle ‘ « Selection Bias
e Predictive Bias w e Sampling Bias
e Participation Bias
¢ Measurement Bias
e Historical Data Bias

4. n-processing
{Algerithm Development & Validation) 3- Pre-processing
e Algorithmic Bias e Aggregation Bias
* Validation Bias e Missing Data Bias
e Representation Bias e Feature Selection Bias
¢ Representation Bias

https://doi.org/10.1038/s41746-025-01503-7

CONSORT-AI Extension

Reporting Guidelines for Al Clinical Trials

Purpose of
CONSORT-AI

Extends the CONSORT
statement to Al-based
interventions

New Reporting
ltems

Fourteen additional
Al-specific tems

Data Handling
Requirements

Details on input data
selection and
management

Error
Analysis

Identify performance
errors and failure cases

Future
Updates

CONSORT-AI wil be
ravised to reflect
advances in Al

Development
Process

Created through
literature review,
surveys, and pilot
study

Human-Al
Interaction

Report user roles,
expertise, training
and interaction

Outputs and
Decision-
Making

Describe Al outputs

and how they were
used

Code and
Accessibility
State whether the
Al or its code to

reflect advances
in Al




3. Desafios éeticos: privacidad y
seauridad

Al in Healthcare

Current Trends In Data Security And Privacy

o © @
Security Risks and Privacy Concerns Within Healthcare
Security Risks Privacy Concerns
Patient health
information
() DataBreaches (& Data Anonymization Challenges
Al processes vast amounts of Anonymized patient data can still Personally
sensitive data, increasing the risk of be re-identified, compromising Communication Identifiable
cyberattacks on healthcare systems. privacy. Sl ) ‘ﬂfO;' g:;!‘o"
& Al System Vulnerabilities (& Consent and Data Ownership
Hackers can manipulate Al inputs, Patients may not fully understand
leading to incorrect diagnoses or Al data use, and unclear ownership ~ , ,
. : Wearable ’ Financial and
treatments. raises legal issues. ditea dota billing data
: : : Genomic and
& Ransomware Risks & Algorithm Bias RESTDOTY
Ransomware attacks can paralyze Al trained on biased data can data
Al systems, disrupting patient care produce unfair or discriminatory

and access to critical data. outcomes.

https://www.lepide.com/blog/ai-in-healthcare-security-and-privacy-concerns/
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3. Desafios éeticos: apoyo a la toma de

decisiones

Human Centred Explainable AI Decision-Making in Healthcare

This research

Aim: Design an applied ethical
framework for human centred XAl
Context: Healthcare

Including patient and physician
needs, goals, and expectations

Explainable:
data and
reasoning of
decisions

—

XAl tool to enhance understanding,
trust, and identify errors/bias

Mutual interaction
Al system @ Physician

)

Ethical framework Apply the framework
7| Smart MRI & Smart flooring G

XAl tool: Correct
mistakes and add a layer
of empathy by a physician

XAl tool: Show how data
Output/ || of patient movementis

' decisionl| translated in a decision

Empower patient and
physician towards

collaborative decisions with Al
XAl tool is needed to mimic human O

decision-making and including Al

systems and humans O

https://doi.org/10.1016/].jrt.2025.100108
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4. Desafios regulatorios: compliance

Artificial Intelligence
Act (AlA) of
European
Commission
(21 April 2021)

o

Regulatory Framework Medical Device
Regulation (MDR)

2017/745/EVU

General Data
Protection
Regulation (GDPR)
2016/679/EU

Regualation
726/2004/EC of the
European Parliament
and of the Council

Clinical Trial
Regulation (CTR)

2014/536/EUV




4. Desafios regulatorios: compliance nacional

DIARIO OFICIAL

DE LA REPUBLICA DE CHILE o

Ministerio del Interior y Seguridad Pablica

LEYES, REGLAMENTOS, DECRETOS Y RESOLUCIONES DE ORDEN GENERAL

023 l Viemes 13 de Diciembre de 2024 I Pagi

Normas Generales

CVE 2583630

MINISTERIO SECRETARIA GENERAL DE LA PRESIDENCIA
LEY NUM. 21.719

REGULA LA PROTECCION Y EL TRATAMIENTO DE LOS DATOS PERSONALES Y CREA
LA AGENCIA DE PROTECCION DE DATOS PERSONALES

Articulo 8° bis.- Decisiones individuales automatizadas, incluida la elaboracion de perfiles.
El titular de datos tiene derecho a oponerse y a no ser objeto de decisiones basadas en el tratamiento
automatizado de sus datos personales, incluida la elaboracion de perfiles, que produzca efectos juridicos
en €l o le afecte significativamente.

Proyecto de Ley que

Regula los Sistemas de IA

~— % MinCiencia . Atencién |
Ministera « Regiones~y  Areas~ Noticias Prensa cosoC Biblioteca - | .

= [ —
Respetar los derechos Promover la innovaciaon, Entregar certezas legales  Proteger a la ciudadania
fundamentales para creando condiciones a quienes usan |4 frente a riesgos comao:
garantizar la dignidad, la para que empresas — fomentando un decisiones injustas, falta
libertad y la Igualdad de especialmente las desarrollo responsable, de transparencia en el
todas las personas, pequenas y medianas— competitivo y alineado uso de |a tecnologia yio
promoviendo la puedan desarroliar con estandares automatizacion gue
convivencia pacifica y el nuevas soluciones en un internacionales afecte derechos sin una
desarrollo social para la entorno regulado supervision adecuada

base de una sociedad
justa y democratica.

https://www.minciencia.gob.cl/areas/inteligencia-artificial/Inteligencia-Artificial/Proyecto-Ley-regula-sistemas-I1A/
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Aspecto

Organo regulador

Caracteristicas esenciales

Ambito

Adaptabilidad

Costo

Impacto en la innovacion

Desafios

Paises de la UE

EMA

Ley de IA para clasificacion basada en riesgo, MDR
para evidencia clinica, GDPR para privacidad de
datos

Enfatiza la armonizacion entre estados miembros y
promueve estandares unificados

Puede ser lenta debido a la necesidad de consenso
entre estados miembros

Alto, generalmente debido a estrictos requisitos de
cumplimiento

Potencialmente frena la innovacion en favor de la
proteccion del consumidor

Potencial frenado de la innovacidn, altos costos de
cumplimiento

EE.UU.

FDA

Enfoque TPLC, flexible frameworks para IA/ML,
Digital Health Pre-Certification

Se enfoca tipicamente en politicas favorables a la
innovacion

El enfoque descentralizado proporciona un terreno
de prueba para la adaptabilidad

Varia, generalmente debido a regulaciones
especificas por industria

Fomenta la innovacion y experimentacion debido a
un entorno regulatorio mas permisivo

Equilibrar flexibilidad con responsabilidad y sesgos
algoritmicos

https://doi.org/10.12968/hmed.2024.0972



5. Desafios sociales-econdmicos-politicos

@H Las soluciones de |A en materia de salud deben disenarse para que sean ampliamente accesibles

o

Capacidad del personal sanitario para utilizar la |A para mejorar los resultados de salud
Al

Las soluciones de |A protegen los datos personales al tiempo que mejoran los resultados de salud

Implementacion de los principios de |A en las politicas y practicas de atencion sanitaria

/1 /. La adopcion, el uso y la evolucion de la IA deben regirse de manera eficaz con una
... aplicacion adecuada y deben informarse de forma transparente.



Conclusiones

Potencial transformador de la IA en inmunologia: ofrece un enfoque
personalizado y contextualizado en inmunologia, superando los metodos
empiricos tradicionales

2. Desafios éticos: sesgos algoritmicos (problema de la subrepresentacion) /
transparencia y explicabilidad / privacidad y autonomia / equidad en el acceso

3. Gobernanza y regulacion: es necesario un ecosistema normativo robusto para
regular la IA en salud, incluyendo evaluaciones de impacto previas y auditorias
continuas / aprobacion de sotfware dispositivos medicos por agencias regulatorias
y la adherencia a guias como CONSORT-AI garantizan estandares de calidad y
transparencia

4. Implementacién practica: la IA debe integrarse en sistemas de salud con
capacidad para responder a los diagnosticos o predicciones generados. La
interaccion humano-IA debe ser accesible y considerar las diferencias entre
paises para evitar ampliar brechas en salud.
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