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Clinical data is becoming Big Data

Cost per Human Genome

Medical knowledge doubles every 2 —
months (2020)
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Medical education is at a crossroads. Although unique features exist at the undergraduate, graduate, and
continuing education levels, shared aspects of all three levels are especially revealing, and form the basis
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for informed decision-making about the future of medical education. 2
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This paper describes some of the internal and external challenges confronti: Rl

education. Key internal challenges include the focus on disease to the relati Genomic

biomarkers

inpatient versus outpatient education, and implications of a faculty whose r

molecular or submolecular level. External factors include the exponential g
technologic (“disruptive”) innovations. and societal changes. Addressing th

Clinical data:
The Population Health Database

nstitutional leadership with an eve to 2020 and bevond—the period in whu
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begin their careers. This paper presents a spiral-model format for a curricul

on disease mechanisms, that addresses many of these challenges and incorp
principles.
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The future of genomic data generation

Cost of genomic sequencing

$100.000.000
Chemotheraphy
$10.000.000 (4000¢€)
$1.000.000 Transfusion Tonsillectomy
(4000¢€) (2000¢€)
$100.000 Sanger known
' mutations
$10.000 (1100€)
$1.000
$100
S10
$1
. : . e, : By 2023 about 80% of omics data will be
DNA sequencing prices are in the range i ‘i Global Alliance y
) s~z for Genomics & Health
on many current conventional tests. '

generated in the context of healthcare
(not research)

Collahorate. Innovate. Accelerate.




Genomic data in health care and solutions for its management

* No scalability

4 ) _
; E * Expensive
| ) & » * Long response times
Bioinformatician and * Lack of experts
biostatistician teams o

\_ " ) Inequity
\ Our solution: corporative software
ommerual software ° Equity

' * Scalability
* Expensive (pay per use) * Affordable o o
. GDPR non compliant * End user: geneticist (clinician)
* GDPR compliant

* |nequity



Use of genomic data in the public health
system requires sustainability

e User: clinician (not bioinformatician)

The same way that a
radiologist do not need a
physicist or an engineer to
interpret a radiography...

* Routine genomic analysis (diagnosis, treatment recommendation)
must be done with tools for end users, which involves hiding the
complexity of the analysis to the clinician (geneticist)

e A solution for the management of genomic data must be integrated
the same way other analyses of the health system are.
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 GDPR compliance and data reusability
* Genomic data must be stored in the system, linked to clinical data the
same way that other data are for further potential prospective clinical

studies

A geneticist should be
able of interpreting a
genome with the proper
application
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Hospital Virgen del Rocio:
Diagnosis circuit for Rare
Diseases. > 1000 diagnosis per
year with no intervention of
bioinformatics.

To be extended to the SAS
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Beyond rare diseases diagnosis:
Personalized Medicine in cancer

Patient genomic data analysis allows one-
step association of biomarkers with
therapies and enables the detection of new
actionable biomarkers, or clinical trials
compatible with patients saving time and
cost and increasing treatment success




First wave: SARS-CoV-2 genomic sequencing initiatives

in Spain and Andalusia.

The pandemics as an opportunity to
build and test a clinical circuit of
genome sequencing.

SARS-CoV-2 sequences are:

 Small and manageable

* Not sensitive data

Previous efforts in Spain: SeqCOVID
http://seqcovid.csic.es/es/

SeqCOVID
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Previous efforts in Andalusia: covseq project
http://clinbioinfosspa.es/projects/covseq

Sequencing of the SARS-CoV-2 virus genome for the monitoring and management of the
Covid-19 epidemic in Andalusia and the rapid generation of prognostic and response to
treatment biomarkers

The differences in the spread, severity of symptoms, mortality and other characteristics of COVID-19 are due to a combination of
epidemiological factors, although it is expected that the genetics of the virus will play a very important role, which is still completely
unknown.

A consortium, made up of 14 hospitals and 5 Health Research Institutes from the region, the Technical Office for Information
Management, the Regional Management of Public Health (Epidemiological Surveillance and Occupational Health Service)
and the , intends to use the network of diagnostic centers of the Andalusian community and the
sequencing platforms of the Health Research Institutes and associated centers, to sequence about 1,000 samples of the SARS-CoV-2
virus covering the whole of Andalusia obtained from different type of patients (age, sex, previous complications, previous
treatments), as well as different clinical profiles observed and responses to treatments.




Beyond human genomes:

A clinical circuit of SARS-CoV-2 WGS

Implementation: WHO recommendation, Ponencia de Alertas y Planes de Preparacion y
Respuesta y por la Comision de Salud Publica del Consejo Interterritorial, Instruccion

Consejeria de Salud y Familias.

SARS-CoV-2 genomic sequencing for public health
goals

Interim guidance

8 January 2021 World Health

Organization

Key messages:

s Global surveillance of SARS-CoV-2 gen sequences and related metadata contributes to the COVID-19
outbreak response. This contribution includes tracking the spread of SARS-CoV. hically over time
and ensuring that mutations that could potentially influence pathogenicity, transmission or countermeasures
(such as vaccines, therapeutics and diagnostics) are detected and assessed in a timely manner,

*  While the cost and complexity of genetic sequencing have dropped significantly over time, effective sequencing
programmes still require substantial investment in terms of staff, equipment, re ts and bioinformatic
infrastructure. Additionally, effective collaboration is needed to ensure that generated data are of good quality

and are used in a meaningful way

«  Countries are encouraged 1o rapidly deposit SARS-CoV-2 sequences in a public database in order to share them
with the scientific community for public health purposes. Investments in a tiered global sequencing network for
SARS-CoV-2 will contribute to the development of resilient, high-quality global sequencing programmes for
the detection and management of other outbreak pathogens in the future

Rapid implementation
because of the
experience of the
CovSeq project

SECREARIA DE ESTADO DE SANIDAD.
DIRECCION GENERAL DE SALUD PUBLICA
¥ GOBIERNO MINISTERIO
J DEESPANA DE SANIDAD
&

Centro de Coordinacion de Alertasy

INTEGRACION DE LA SECUENCIACION GENOMICA EN LA

VIGILANCIA DEL SARS-CoV-2

22 de enero de 2021

Actualizacion 12 de febrero de 2021

Emergencias Sanitarias Instituto de Salud Carlos Ill

A Junta de Andalucia CONSEJERIA DE SALUD Y FAMILIAS
Consejeriade Salud y Familias Direccidn General de Salud Piblica y Ordenacién Farmacéutica

Direccién General de Asistencia Sanitaria y Resultados en Salud

Instruccién para la integracién de la secuenciacién genémica
en la Vigilancia del SARS-CoV-2 en Andalucia

1. INTRODUCCION

La secuenciacién de genomas completos o parciales de SARS-CoV-2 constituye el
procedimiento mds adecuado para complementar al actual sistema de vigilancia del
SARS-CoV-2 de forma que permita detectar la aparicion de nuevas variantes del virus.
La aparicion de variantes que aumenten la transmisibilidad de este virus, su virulencia o
que escapen a la accién de los anticuerpos neutralizantes generados tras la infeccién
natural o la vacuna, constituyen un problema de salud pdblica de primer orden que
puede repercutir de forma importante en el control de la pandemia.

Es por ello, que en el marco de la Ponencia de Alertas y Planes de Preparacion y
Respuesta y la Comision de Salud Pablica del Consejo Interterritorial se ha aprobado el
documento de Integracion de la secuenciacién gendmica en la Vigilancia del SARS-CoV-
2 que introduce las indicaciones y objetivos para tal fin (disponible en:
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/doc
umentos/Integracion_de_la_secuenciacion_genomica-en_la_vigilancia_del SARS-CoV-
2.pdf).



Beyond human genomes:
A clinical circuit of SARS-CoV-2 WGS
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Results so far

SARS-COV-2 outbreak in Andalucia More than 5000 SARS-CoV-2 whole
Maintained by Clinical Bioinformatics Area. genomes SequenCEd (28/6/2021)

Showing 5051 of 5051 genomes sampled between Feb 2020 and Jun 2021.

Phylogeny
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Keeps track of all the variants in

Andalucia, accessible from all the

hospitals



SIEGA: Sistema Integrado de Epidemiologia
Gendmica de Andalucia s g A

S - Sistema Integrado de Epidemiologia
MAPAS EPIDEMIOLOGICOS Genémica de Andalucia

Salmonella enterica in Andalucia
Maintained by f t A

Mapa epidemiologico de los aislados de Salmonella enterica, Listeria monocytogenesy Campylobacter jejuni de la comunidad
andaluza. T
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Integral One-Health control of environmental pathogens that can be

transmitted to humans.
Currently includes Salmonella, Listeria and Campylobacter. Recently
West Nile Virus has been added




The two tiers of personalized medicine:
Primary and secondary use of genomic data to generate new knowledge
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Primary use: use of patient genomic Secondary use: use clinical data (eHR) along with
data for precision diagnosis (typically structured genomic data for preventive medicine and
RDs) and treatment recommendation knowledge generation (e.g. biomarker discovery, etc.)
(typically cancer). Andalusian Population Health Database, with over

13M people since 2001.
Aim: facilitating RWD / RWE studies within the
Widely implemented Andalusian Public Health System (SSPA) Poorly implemented



GDPR and conventional clinical data
management for secondary data analysis

“Ley Organica 3/2018, de 5 de diciembre, de Proteccion de
Datos Personales y garantia de los derechos digitales” GDPR
compliant, replaces the old LOPD since 25 May 2018.
(https://www.boe.es/eli/es/lo/2018/12/05/3)

Processing of “data concerning health,” “genetic data,” and “"biometric data” is
prohibited unless one of several conditions applies:

« data subject gives “explicit consent” (conventional for prospective studies)
* Or processing is necessary for reasons of public interest in the area of
public health (covers retrospective studies)



The Population Health Database (BPS)

A comprehensive
repository with all the
clinical information (EHRS)
of more tan 13 million
patients of the Andalusian
Public Health System.

BPS is used for secondary
data analysis

A SERVICIO ANDALUZ DE SALUD
Consejeria de Salud y Familias

El SAS Ciudadania m Profesionales

Texto a buscar

m = = WSS E N EL el = Base poblacional de salud

E Base poblacional de salud

La Base Poblacional de Salud (BPS) es un sistema de informacion sanitaria que
recoge datos clinicos y del uso de recursos sanitarios de cada una de las

personas que reciben asistencia sanitaria en el Servicio Andaluz de Salud.

A partir de los datos que se recogen en esta base se pueden obtener estimaciones sobre la salud, el
comportamiento de las personas usuarias en relacion a los servicios sanitarios y estratificar la poblacion

para orientar la prestacion de estos servicios.
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Problems with secondary analysis of clinical Big Data
Solution: data anonymization and extraction




Risk: patient re-identification.
Many examples show that anonymized data can be re-identified

'Anonymous’ browsing data can be The disclosure of diagnosis codes can breach

. JAMIA research participants' privacy @
easily exposed, researchers reveal HL e s :

es322-3

Published: 01

olume 17, Issue 3, May 2010,

Article history v

A journalist and a data scientist secured data from three million -
users easily by creating a fake marketing company, and were able
to de-anonymise many users

t PDF BB SplitView &6 Cite A# Permissions «% Share v

Abstract

Objective De-identified clinical data in standardized form (eg, diagnosis codes),
derived from electronic medical records, are increasingly combined with
research data (eg, DNA sequences) and disseminated to enable scientific
investigations. This study examines whether released data can be linked with
identified clinical records that are accessible via various resources to jecpardize
patients’ anonymity, and the ability of popular privacy protection

Abstract methodologies to prevent such an attack.

Article Contents

Background Design The study experimentally evaluates the re-identification risk of a de-
identified sample of Vanderbilt's patient records involved in a genome-wide
association study. It also measures the level of protection from re-
identification, and data utility, provided by suppression and generalization.

Measurement Pri protection is quantified using the probability of re-
identifying a patient in a larger population through diagnosis codes. Data utility
is measured at a dataset level, using the percentage of retained information, as
well as its description, and at a patient level, using two metrics based on the
difference between the distribution of Internal Classification of Disease (ICD)
version g codes before and after applying privacy protection.

Results More than 96% of 2800 patients' records are shown to be uniquely
identified by their diagnosis codes with respect to a population of 1.2 million
patients. Generalization is shown te reduce further the percentage of de-

identified records by less than 2%, and over 99% of the three-digit ICD-9 codes
A'We te called ne A ire 1 ] asked if we c ethera ata, the trear m need to be suppressed to prevent re-identification.

ople es.’ Photograph: Steve eute Conclusions!
A judge’s porn preferences and the medication used by a German MP were
among the personal data uncovered by two German researchers who models is thus required
acquired the “anonymous” browsing habits of more than three million

German citizens.

The development of alternative privacy protection

Studies have shown that de-identified hospital
discharge data could be re-identified using basic
demographic attributes.

https://www.theguardian.com/technology/2017/aug/01/data-browsing-habits-brokers



Problems with secondary analysis of clinical Big Data
Solution: Bring the algorithm to the data
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Algorithms and
software using
personal data

Aggregated
results with Bringing the
no personal algorithm to the

data data and not vice

versa
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Systematic drug repurposing in SARS-CoV-2 with
machine learning and mechanistic models
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Machine learning and potential causal
relationships
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Letter | Open Access ‘ Published: 11 December 2020

Drug repurposing for COVID-19 using machine
learning and mechanistic models of signal
transduction circuits related to SARS-CoV-2 infection

Carlos Loucera, Marina Esteban-Medina, Kinza Rian, Matias M. Falco, Joaquin Dopazo ™ & Maria Pefia-
Chilet &
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Signal Transduction and Targeted Therapy 5, Article number: 290 (2020) ‘ Cite this article
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Researchers around the world join force: f the virus-
host interactions aiming to combat the cause of the ongoing pandemic.

Relevances

Machine learning is used to detect potential causal relationships between known
drug targets and the activity of COVID-19 hallmarks
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Whole cycle from the hypothesis to the validation:

data science (big data + Al) with no experiments
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knowledge

A new paradigm of
knowledge generation

Signal Transduction
and Targeted Therapy - T

Explore our content ¥ Journal information v Publish with us v
i ™

nature > signal transduction and targeted therapy > letters > article

Letter | Open Access | Published: 11 December 2020

Drug repurposing for COVID-19 using machine
learning and mechanistic models of signal
transduction circuits related to SARS-CoV-2 infection
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Integral data management plan

/One Health
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/A Big Data project
o
Servicio Andaluz de Salud

1 Hereditary diseases
2 Cancer

3 Infectious diseases
4 Microbiome
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