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The clinical bioinformatics area

Clinical Bioinformatics Area
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The Bioinformatics Area, created in June 2016 in the Fundacidn Progreso y Salud, has as main goal supporting
the Program of Personalized Medicine of the Andalusian Community by facilitating the use of genomic data for
recision diagnostic and treatment recommendation, implementing a prospective health care functionality in

ealth system .
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Personalized health care and the
transition to precision medicine

Intuitive |dentification of Decisions and
Based on trial probabilistic actions based

and error patterns on knowledge

Intuitive Medicine Empirical Medicine Precision Medicine

Tomorrow
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Empirical medicine
Phase |: generation of knowledge

Variants Clinical genomic studies
enable knowledge

— — generation
:1 = B nowiedge
S s RS | - | database
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sequencing | Database. Query

Patient

System feedback
_____ \ /
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Genomic variants (biomarkers) can
be quickly associated to precise Initially the system will need
| diagnosis or therapy outcomes ) much feedback: Knowledge

generation phase.
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Precision medicine.
Phase Il: using the knowledge database

Patient A
€

g 1) Genomic sequencing

Diagnosis / Prescription 2) Database of biomarkers

3) Therapy prediction /
=  an

Other factors Hints on possible
(risk, cost, etc.) F prescriptions

Genomic core facility phase H\
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An historical perspective:
International projects (ICGC) and the local genomic
initiatives in Spain

NaGen 2016

Cantabria -3
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CLL 2009-2014

http://www.cllgenome.es

MGP 2011

http://www.medicalgenomeproject.com/
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Back to 2011: the Medical Genome Project

‘!M[“n nnnnnn

GBP

http://www.gbpa.es/
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Current solutions for managing
genomic data of patients

. 4 )

Bioinformatician and

No scalability
* Expensive

Lack of experts
biostatistician teams

\_ ") * |nequity

~N

4 a
ommerC|aI software

A 4
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Using external software:

We generate data, pay and annotate
Companies get payed and let the database growth and be curated

“Experts from hundreds = I
of institutions interpret Fetmhe

variants and flag them ﬂ
with the appropriate level

of pathogenicity ... feed AN\ N
the variant knowledge 200000 8] /at
base"!!!!! - oo L
1361 60
“our database of T H """ M =
200,000 patients < T

tested™!!!!

Our genomic data are externalized with no value
for the health system.

We are paying for the
use of software of
companies that
collect for free
genomic data and
information generated
by our experts (their
customers), which in
turn increase the
value of the service
offered by the
companies.
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Solutions for managing the genomic
data of the patient

4 )

” ﬂ % * No scalability
1 TD L » * Expensive
Bioinformatician and e Lack of experts
. \biostatisticianteamsj ° Inequity

Our solution: corporative software
 Equity
e Scalability
\ 4 . Affordable
* Expensive (pay per use) e End user: clinician

e GDPR non compliant 'in »  GDPR compliant
* |nequity

ommerC|aI software
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Use of genomic data in the public health
system requires sustainability

User: clinician (not bioinformatician)

e Tools for end users, which involves hiding the complexity of the
analysis to the clinician

e A solution for the management of genomic data must be
integrated the same way other analyses of the health system
are.

 Genomic data must be stored in the system, linked to clinical
data the same way that other data are for further potential
’ ective clinical studies
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Complexity of the general diagnosis
protocol (rare diseases)

Unexpected findings:
¢ Pharmacogenomics
e Actionable diseases
¢ Reproductive risk

Disease panel:
e Diagnostic variants
* Genes

Disease panel:
¢ Diagnostic variants
* Genes

. es
ariants Y
found
o)
50-70%
no .
<1 min.
yes VUS yes Report
Suspected o S positive |«
0 . Known genes prioritization > ) :
diagnosis successful diagnosis
no no
yes
cineem o rucssinssces. ACMIG STANDARDS AND GUIDELINES ﬁﬁﬂgudiﬁne Vus yes Vus
> everywhere prioritization
Standards and guidelines for the interpretation of sequence s o ¢ e GG 1 EHSOpen found successful
variants: a joint consensus recommendation of the American = =
College of Medical Genetics and Genomics and the no

Association for Molecular Pathology

Sue Richards, PhD', Nazneen Aziz, PhD**, Sherri Bale, PhD?, David Bick, MD#, Soma Das, PhD?,
Julie Gastier-Foster, PhD’%, Wayne W. Grody, MD, PhD***"", Madhuri Hegde, PhD",
Elaine Lyon, PhD", Elaine Spector, PhD', Karl Vioelkerding, MD' and Heidi L. Rehm, PhD'S;

on behalf of the ACMG Laboratery Quality Assurance Committee

Sechantian Tk, llse Fornatrat,
mteena’, Fghert Bakdker’, Hana Schffier®

Sacinty of Human Geneticy. aideiines oa the evabestion snd saldation
-

HGS dia
2425,

nestics in Esreot.
3,10 103 ig 7011 726 pablisted anline 28 Dctober 2013



Our approach: hiding the complexity
Decision support systems democratize the use of complex
(genomic) data

I: patient’s Informacién

G: patient’s Genome Bioinformatics Knowledge
D: high precision Diagnosis Area

Knowledge
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Front end: Personalized Medicine Module (MMP)

& Clinical Analysis
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Backend: OpenCGA, a scalable storage
and genomic data management platform

D In collaboration with Genomics =-
N england ===
__“\\ \\\\\. '* i* i* . c====
e ==l
Etkseithonsh ~ = | Currently, the fastest
: = 300 _ = = I_:‘l—:'_‘ :
T T g m—— and more powerful
1 ':‘ e Call Format (gVCF) .
ots ol 3 T e e e ol genomic database
28 millionx1 3.9 million x 1 sel e 3 billion x 100,000

engine in the world.
Used in the GEL for
genomic data
management

@’JOR NADAS ANDALUZAS SALUD INVESTIGA |GRANADA - 29 DE OCTUBRE - 2018

WWW.JORNADASALUDINVESTIGA.ES



We share the backend with the
100.000 genomes project

Genomics

For Healthcare  Research
Professionals

About Us ~ 100,000 Genomes Project Taking Part

Industry Partnerships News & Events

CellBase, the Knowledge base and

csomsers | [ OpenCGA, the genomic data

Home > News > Posts > Genomics England uses MongoDB to power the data science behind the 100,000 Genomes Project

Genomics England uses MongoDB to
power the data science behind the
100,000 Genomes Project

] Posted on April 10, 2018 at 10:35 am

Genomics England is using data
platform MongoDB to power the data
science that makes the 100,000
Genomes Project possible. Our
partnership with MongoDB allows the
processing time for complex queries to
be reduced from hours to milliseconds,
which means scientists can discover new
insights more quickly.

. mongo

Nueleie Acids Research, 2012, Vol. 40, Web Server issue  W609-W614
doi: 10.1093 [ nar|gks575

Published online 12 June 2012

CellBase, a comprehensive collection of RESTful
web services for retrieving relevant biological
information from heterogeneous sources
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are the backbone of the GEL

, Head of Computational Biology Lab HPC Service, University of Cambridge, and Head
of Bioinformatics Databases at Genomics England has been building many of the applications that sit

on top of MongoDB. He said:

(13

MongoDB is performing beautifully for us. From the
of the project it’s been fantastie for our developers to
iterate quickly. Now that the 100,000 Genomes Projs
running at seale, MongoDB is also helping us extend
experience on to the scientists and elinicians who ace
data, making it easier and faster for them to find cri

insights in the data.”

Ignacio

Two of the important projects also utilising MongoDB are Cellbase and OpenCGA (Computational
Genomics Analysis). Cellbase is a data warehouse and open API that stores reference genomic data
from public resources such as Ensembl, Clinvar, and Uniprot. By relying on MongoDB, Cellbase can
typically run sophisticated queries in an average of 40 milliseconds or less, and complex aggregations
in less than one second - down from six hours using previous filesystem-based querying and storage.
Importantly, it can annotate about 20,000 variants per second, making it compatible with whole
genome sequencing data throughput requirements, while also returning a rich set of annotations
that helps scientists better understand the data.

management engine are projects
initiated in our group by 2010. Now




Personalized Medicine in cancer

15t line 2nd |ine 3rd |ine

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

Prospective healthcare
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tratamiento en cancer

Biomarcador de tratamiento estandar predictivo de respuesta a
un farmaco indicado para este cancer

Biomarcador predictivo de respuesta a tratamiento con un
farmaco indicado para una mutacion de este cancer*

Biomarcador de tratamiento estandar predictivo de respuesta a
un farmaco indicado para otro cancer

Biomarcador con evidencia clinica convincente de respuesta de
este cancer a un farmaco que no es indicacion terapéutica

Biomarcador con evidencia clinica convincente de respuesta de
otro cancer a un fdrmaco que no es indicacion terapéutica

Biomarcador con evidencia bioldgica convincente de respuesta
de algun cancer a un farmaco que no es indicacion terapéutica

J

) ) )

\

Biomarcador de tratamiento estandar predictivo de resistencia a
tratamiento con un farmaco indicado para este cancer

J

]

N
NNeT Biomarcador no estandar con evidencia clinica convincente de ser

R) predictivo de resistencia a tratamiento con un farmaco )

Y

Biomarcador no estandar con evidencia bioldgica convincente de

Nivel . ) ) . ,
R3 ser predictivo de resistencia a tratamiento con un farmaco )

Adaptado de: Chakravarty et al. JCO precision oncology 2017

es de evidencia para la recomendacion de

Implicaciones terapéuticas
estandar

*Incluye biomarcadores de
ensayos basket

Terreno de investigacion
terapéutica.

Posibilidad de
reclutamiento en ensayos
clinicos

Implicaciones terapéuticas
hipotéticas

Implicaciones terapéuticas
estandar

Implicaciones terapéuticas
hipotéticas basadas en
datos preliminares no
clinicos



However, precision diagnostic is only the
beginning to implement personalized
medicine in the health system

e Precision diagnostic using genomic data can be carried out
everywhere (only a sequencer and the appropriate software is
required)

e Genomic data generation in a disconnected health system
generates silos of data at different hospitals or even
departments, which limits the sample size for clinical studies
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Actually, genomic initiatives are just clinical
studies but not Personalized Medicine yet

e Each study requires of a specific
genomic and clinical data
collection into an external
database

.
S ]

* Serious security concerns
(genomic + clinical data outside
the hospital)

. o ﬁ: . .
S . “" ’0. % :. % o "‘:. ° .
$ ﬁ Static clinical data (e.g. if a
control becomes a case the
L ' I L ' I external DB will not be updated)
Clinical study
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e Limited genomic data reuse for

Clinical study purposes different from the

original study

Model of GEL (100,000
DEAD genomes), PERIS, RAREgenomics,
END etc.




The real implementation of Personalized
Medicine is facilitated by a model that
iIntegrates genomic data and universal EHR

e The whole health system becomes a
enormous potential prospective clinical

study

e (linical data dynamically associated to
genomic data

e Possibility of many clinical studies by
reanalyzing genomic data under diverse
perspectives (with no extra investment)

e Growing genomic DB with increasing study
possibilities
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Real opportunities for
personalized medicine

‘ NaGen 2016 |
varraa&

RareGenomics 2018

http://rare-genomics.com
Real . '

Personalized
Medicine
opportunity

Aragon

MGP 2011

ERANEE

w
PERIS 2017

- Health systems with no
& universal EHR will suffer

extra problems in

implementing a real

practice of personalized

medicine. There are

solutions not exempt of

complications

* External repositories
(GDPR, encryption)

* Federated repositories
(security breaches)

]
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The population health

database

Possibly the largest database ever created
B P S with detailed clinical data, storing information
on 12.083.681 patients since 2001
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Lessons learned from MGP: the importance

of local variability

OXFORD JOURNALS
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The CSVS is a crowdsourcing
project

Scenario: Sequencing projects of healthy
population are expensive and funding
bodies are reluctant to fund them

CSVS Aim: To offer increasingly accurate
information on variant frequencies
characteristic of Spanish population.
CSVS Main use: Frequency-based
filtering of candidate variants

Main data source: Sequencing projects
of individual researchers (CIBERER and
others)

Problem: Most of the contributions
correspond to patient exomes

Idea: Patients of disease A can be
http://csvs.babelomics.org/ considered healthy pseudo-controls for
disease B (providing no common genetic
background exist between A and B)
Beacon: CSVS has a Beacon server

erview

Subpopulations

Allelic population frequencies obtained
from 1,600 exomes are currently
available in CSVS



GDPR compliance

The system has been designed in a way that is compliant
with EU and Spanish General Data Protection Regulation

. e . . Bioinformatics
o linical data area
Clinicians requesting for a G @P ________ ' N\
genomic diagnostic have Do W g
access to eHR and only get - seavendng 1t

the result of the test.

* Geneticists have access to
eHR and can query the
genomic data (but never
extract them)

 IT have access to anonymized
genomic data but not to eHR.
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Future vision involves big data integration:
Genomic data are especially relevant for discovering the
genetic determinants of diseases, but not the only useful

big data

L]
.....

A?,A? ,,/i -

Digital pathology
Medical image...
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Other big data are being collected
(medical image, digital pathology,
wearable devices, etc.)

Microbiota in the future (CR cancer
screening)

Clinical data In the BPS will be
dynamically associated to different

big data

The whole health system becomes a
enormous potential prospective
clinical study

Immense possibility for data
reusability

Growing genomic DB with increasing
study possibilities



Clinical Bioinformatics Area
Fundacion Progreso y Salud, Sevilla, Spain, and...

...the INB-ELIXIR-ES, National Institute of Bioinformatics
and the BIiER (CIBERER Network of Centers for Research in Rare Diseases)

Follow us on
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