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Are Randomized Controlled Trials the (G)old Standard? From Clinical
Intelligence to Prescriptive Analytics

he Rl dere e Ty “Given the constraints on clinical
replacement therapy (RRT) . 4 . o
on ICU was 8% last year trials, for a majority of clinical
guestions, the only relevant data
29 pattents AR available to aid in decision making
next year .
are based on observation and
experience.
Propability for 4 ( . )

new RRT patients this
weekend is 80%

Mr. Smith is at high
risk for renal failure.
Recommend volume
expansion

From clinical intelligence to prescriptive analytics. BI business intelligence; ICU: intensive care unit.

We conclude that randomized
controlled trials are not at risk for
extinction, but innovations in
statistics, machine learning, and big
data analytics may generate a
completely new ecosystem for
exploration and validation.”
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Data Mining [

« O que e “Data Mining”?

— Descoberta de informacao nao evidente e
potencialmente Util, em grandes quantidades de dados

— Descoberta de padroes através da exploracao e analise
de grandes quantidades de dados, usando métodos
automaticos ou semi-automaticos

~

“Introduction to Data Mining”, Tan, Steinbach, Kumar
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Data Mining

« O que e “Data Mining”?

— Distinto de abordagens tradicionais
« Quantidade de dados
« Dimensionalidade
« Heterogeneidade

— Tarefas / objetivos
« Exploracao
- Geracdo de hipoteses
* Previsao
« Classificacao / agrupamento de dados
« Descoberta de associacoes
« Deteccao de anomalias

“Introduction to Data Mining”, Tan, Steinbach, Kumar
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Data Mining

« Data mining vs. analise estatistica

— Estatistica:
- Experiéncia definida de forma a validar uma hipdtese
- Dados sao recolhidos de acordo com o problema / hipotese
« Modelo é definido a partida
- Hipdtese é verificada de acordo com o modelo

— Data mining
« Processo de anadlise e modelo sao definidos pelos dados
« “Os meus dados ajudam a explicar esta observacao?”
« “Existem padrdes nos dados que permitam melhorar processos?”
. “E possivel construir um modelo para prever resultados futuros?”
- Uso de aprendizagem automatica (machine learning)
e N




Ensaios clinicos
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Ensaios clinicos

Desafios

Identificacao de alvos / compostos

Selecao de participantes
« Exposicao / resultado clinico
« Diversidade
Estratificacao
« Sub-grupos com resposta distinta
* Quais os fatores?
Combinacao de ensaios
Monitorizacao pos-aprovacao
Interacao entre farmacos




Data mining em ensaios clinicos

 Oportunidades
— Disponibilizacao de dados de investigacao
— Adocao de EHRs
— Avancos na sequenciacao
— Publicacao de dados de ensaios clinicos
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 Oportunidades
— Disponibilizacao de dados de investigacao
— Adocao de EHRs
— Avancos na sequenciacao
— Publicacao de dados de ensaios clinicos

0 EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH rext size: all

Home Find medicine Human regulatory Veterinary regulatory Committees News & events Partners {

o » Home p Human regulatory p Clinical data publication
Pre-authorisation

T— Clinical data publication

Post-authorisation As of October 2016, the European Medicines Agency (EMA) publishes clinical data
submitted by pharmaceutical companies to support their regulatory applications

What we publish for human medicines under the centralised procedure. This is based on EMA's

flagship policy on the publication of clinical data. ! ! q




Data mining em ensaios clinicos

 Oportunidades

Disponibilizacao de dados de investigacao
Adocao de EHRs

Avancos na sequenciacao

Publicacao de dados de ensaios clinicos

Partilha de informacao pessoal
« Féruns de pacientes
» Redes sociais
« Dispositivos de monitorizacao “ligados” (mHealth)

— Parametros cardiacos, respiratoérios, atividade fisica, sono, etc.




mining em ensaios clinicos

e o . Example: "Heart attack” AND “Los Angeles"”
ClinicalTrials.gov Search for studies: Soah

A service of the U.S. National Institutes of Health Advanced Search | Help | Studies by Topic = Glossary

Now Available: Final Rule for FDAAA 801 and NIH Policy on Clinical Trial Reporting

Find Studies About Clinical Studi Studi R ces About This Site

Home > Find Studies > See Studies on Map Text Size v

See Search of: pharmacogenomics OR pharmacogenetics | Open Studies - Results on Map

Map of All Studies on ClinicalTrials.gov

Click on the map below to show a more detailed map (when available) or to search for studies (when a map is not available).

Colors indicate the number of studies with locations in that region

Least T, »oct

Labels give the exact number of studies

Source:https://Clinical Trials.gov
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.« . . Example: "Heart attack” AND “Los Angeles"
CllnlcalTl‘lalS.gov Search for studies: Search

A service of the U.S. National Institutes of Health Advanced Search = Help = Studies by Topic = Glossary

Now Available: Final Rule for FDAAA 801 and NIH Policy on Clinical Trial Reporting

Find Studies About Clinical Studies Submit Studies Resources About This Site

Home > Find Studies > See Studies on Map Text Size ¥

See Search of: "mobile health" | Open Studies | Exclude Unknown - Results on Map

Map of All Studies on ClinicalTrials.gov

Click on the map below to show a more detailed map (when available) or to search for studies (when a map is not available).

Colors indicate the number of studies with locations in that region

Least S o

Labels give the exact number of studies

Source:https://ClinicalTrials.gov
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.« . . Example: "Heart attack” AND “Los Angeles"
Clln lcalTrlalS.gOV Search for studies: Search

A service of the U.S. National Institutes of Health Advanced Search = Help = Studies by Topic = Glossary

Now Available: Final Rule for FDAAA 801 and NIH Policy on Clinical Trial Reporting

Find Studies About Clinical ces About This Site

Home > Find Studies > See Studies on Map Text Size ¥

See Search of: mining | Open Studies | Exclude Unknown - Results on Map

Map of All Studies on ClinicalTrials.gov

Click on the map below to show a more detailed map (when available) or to search for studies (when a map is not available).

Colors indicate the number of studies with locations in that region

Least D, st

Labels give the exact number of studies

Source:https://ClinicalTrials.gov




Data mining em ensaios clinicos

 Oportunidades
— Disponibilizacao de dados de investigacao
— Adocao de EHRs
— Avancgos ha sequenciacao
— Publicacao de dados de ensaios clinicos
— Partilha de informacao pessoal

> Torna-se necessario integrar toda esta informacao




Exemplos de aplicacao




Mineracao EHR

« Mineracao EHR

Exposicao, presenca de doenca / sintoma, historico de
familia, comorbilidades... informacao genética?

Identificacao de participantes
Efeitos adversos
Interacao entre farmacos

> Acesso a dados distribuidos, privacidade
> Mapeamento de diferentes vocabularios (ICD,

SNOMED, ...)

» Mineracao texto livre

« multilingue




Identificacao e substanciacao de efeitos adversos

Mineracao EHR D
|

m Exploring and Understanding Adverse Drug Reactions By Integrative Mining
of Clinical Records and Biomedical Knowledge

Data Mining System
Validation
EHR Extraction & Signal
Sources Harmonization Generation

|

Lopes et al., http://dx.doi.org/10.1371/journal.pone.0083016 H ! [I



Mineracao EHR r

Kibana Drilldown

» Rapid population stats
 Physicians/researchers can quickly analyze data
* Integration with health recorc
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Dr. Wade Schulz, Yale University



Mineracao EHR 14

Integracao de informacao farmacogenética

***PHARMACOGENETICS CONSULT FOR***
*CYP2D6 GENOTYPE*

Sample for CYP2D6 Genotype Obtained:03/10/2012
PG4KDS CYP2D6 Genotype Result: *1/*1(3N)

Based on the genotype result this patient is predicted to be an ultrarapid

metabolizer of CYP2D6 substrates. This patient may require either a Phe_“°type
dose adjustment to any drug metabolized by CYP2D6 or a therapeutic Assignment
alternative.

Diplotype

This result signifies that the patient has 3 copies of a wild-type (normal
function) allele. This patient may be at risk for an adverse or poor
response to medications that are metabolized by CYP2D6. To avoid an
untoward drug response, dose adjustments or alternative therapeutic Dosing

agents may be necessary for medications metabolized by the CYP2D6 Recommendations
enzyme pathway. If codeine is prescribed to an ultrarapid metabolizer,
toxic side effects are likely; therefore atherapeutic alternativeis
recommended. The diplotype result yieldsa CYP2D6 activity score of 3. | Activity Score
For more information about specific medications metabolized by
CYP2D6, please go to www.stjude.org/pgdkds.

Interpretation

Educational
Link
Jane Smith, Pharm.D., pager 1234

J. Kevin Hicks et al, Clin Pharmacol Ther. Nov 2012; 92(5): 563-566.




Mineracdo de dados L

Integracao e mineracao de dados quimicos, gendmicos, e farmacoldgicos ‘

Examples of the proposed drug-target interactions.
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The heterogeneous network-assisted inference (HNAI) framework for predicting drug—drug
interactions (DDI).
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Similarity (Sp) Similarity (S;) Similarity (S;) Similarity (S;)
Calculation of drug phenotypic, therapeutic, structural, and genomic similarities
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Building heterogeneous network-assisted inference (HNAI) models for DDI prediction

Feixiong Cheng, and Zhongming Zhao J Am Med Inform
Assoc 2014;21:e278-e286

Published by the BMJ Publishing Group Limited. For permission to use (where not already Jou?afl of th.e A'x:"ca.n Medlcal
granted under a licence) please go to http://group.bmj.com/group/rights-licensing/permissions nformatics Association




Drug—-drug and drug—target interaction network for antipsychotic drugs.

Do

Ol

5
Zine

Pa

Ari

zine

Th 0

ne

Feixiong Cheng, and Zhongming Zhao J Am Med Inform
Assoc 2014;21:e278-e286

Published by the BMJ Publishing Group Limited. For permission to use (where not already Jourll’\e;I of th? ArR:rlcap Medlcal
granted under a licence) please go to http:/group.bmj.com/group/rights-licensing/permissions nformatics Association




Mineracao de dados

Descoberta de interagdes entre proteinas

rioverax [fora -.-.
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human-microbial oral interactome

Coelho et al., d0i:10.1186/1752-0509-8-24

Feature

+ Literature
+ Sequence
+ GO

+ COGs

+ DDlIs
Final Model

AUC
0.781
0.877
0.817
0.663
0.620
0.926

Ul




Mineracao de texto

« Texto clinico

— Informacao em texto livre, nao codificada

The CT showed mainly anechoic (cystic) collection in the deep
subcutaneous tissues of the lower midline abdominal wall,
which measures up to 3.4 cm sagittal x 3 cm AP x 3.8 cm
transverse. Some heterogenous hyperechoic material is noted
within this mainly cystic collection an abdominal abcess was
noted.

Past Medical History:

Crohns s/p 17 surgeries

lleostomy 1993; Left abdominal stoma
ventral Hernia repain x 2

peripheral neuropathy

anxiety

depression

Social History:
Disabled
No ETOh, no smoking (quit 3 months ago; 30 pack year history)

Matos et al., http://www.aclweb.org/anthology/S/S15/515-2073.pdf

Disease template filling performance
F*WA
11— 0.695

Uncertainty/: 08 y,iiBody Location

Subject ¢ > Disorder CUI

0.819 0.866
Severity / Conditional
0.877 0.697

Negation
0.807 0.856

Generic 0.889

~




Mineracao de texto

« Texto clinico

— Informacao em texto livre, nao codificada

The CT showed mainly anechoic (cystic) collection in the deep
subcutaneous tissues of the lower midline abdominal wall,
which measures up to 3.4 cm sagittal x 3 cm AP x 3.8 cm
transverse. Some heterogenous hyperechoic material is noted
within this mainly cystic collection an abdominal abcess was
noted.

Past Medical History:

Crohns s/p 17 surgeries

lleostomy 1993; Left abdominal stoma
ventral Hernia repain x 2

peripheral neuropathy

anxiety

depression

Social History:
Disabled
No ETOh, no smoking (quit 3 months ago; 30 pack year history)

Matos et al., http://www.aclweb.org/anthology/S/S15/515-2073.pdf

Disease template filling performance
F*WA
1 0.695
Uncertainty/\ 05 7 ,,\Body Location

Subject ¢ > Disorder CUI

0.819 0.866
Severity / Conditional
0.877 0.697

Negationy
0.807 ) - 0.856

Generic 0.889

~




Mineracao de texto

« Texto clinico

Informacao em texto livre, nao codificada

- Literatura cientifica, patentes

Complementar informacao das bases de dados
Identificacao de possiveis alvos terapéuticos
Interagdes entre farmacos

Similaridade farmaco-doenca
« Reposicionamento
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Mineracao de texto

Enriquecimento semantico

bzcas Annotate Help APl  Widget About Contact

HIGHLIGHT

Carbamate analogs of thiaphysovenine, pharmaceutical compositions, and method for inhibiting cholinesterases

Al None Substituted carbamates of tricyclic compounds which have a cyclic sulfer atom, having the formula:(See formula I)
v Anatomy wherein R1 is H or a linear or branched chain C1- C10 alkyl group; and R2 is selected from the group consisting of a
V) Do linear or branched chain -C1-C10 alkyl group, and (See formula I) wherein R3 and R4 are independently selected from
v Pathways the group consisting of H and a linear or | branched chain C1-C10 - alkyl group; and with the proviso that when one of R1
P |Chemicals or R2 is a H ora methyl group the other of R1 or R2 is not H and optical isomers of the 3aS series, provide highly potent
V) Enzymes and selective cholinergic agonist and blocking activitv and are niseful as nharmacaitical aaente Chnlinergic disease
V) [y are treated with these compounds such as glaucoma Myasthenia Gravis (1 occurrence ds for inhibiting
. - esterases , : acetylcholinesterase: and  butyryl = cholil

v Molecular Functions Y Y Matches 1 concept with 4 external references.
v

® Load text Disorders (1) | & Export ~

New to becas? Take the tour » W Myasthenia Gravis (4)
@ NCI:C60989
Concept Tree

= Expand All = Collapse All <= Toggle Al @ NCIm:C0026896 ° i

: @ SNOMEDCT:91637004

* @ Anatomy (1) @ omim.org:254200 ©

* & Disorders (4)

& Pathways (1)

& Chemicals (9)

@ Enzymes (2)

‘?‘”E Genes and Proteins (4) L+

@ Molecular Functions (1) [+

http://bioinformatics.ua.pt/becas/ & ! [I



Mineracao de texto

Descoberta de associacoes

GRACE Q Search History «

Chrm5 Gene
Previous Next Achondroplasia Muscarinic Agents Chollne rgIC
’ .Muscarinic Acetylcholine Receptor Rece ptOl"

Chmé4 Gene

Ache

Nicotini®Receptor

$82.14 %

myasthenia gravis
Mecamylamine

.
—Scepdlamine

Thymoma neuromuscular junction

Agrn Gene

SCePtof A N |
AgHn musk gene

Musk Body Substance
- agrn gene
Specific Kinase

eceptor Antibody

cretion From Musk Deer agrin

Muscle Weakness | Irp4 gene

thymoma

/ musk body substance
AtropinungAtropine

Ah‘(zvine acetylcholine

musk secretion from musk
deer

Proteins & Ger, Disorders Chemicals Anatomy Procedures

Matos et al., in preparation



Mineracao de texto

Identificacao de associacoes

%egaa £ HGMD IAT Gold Set ~ PMID10072423 ~ & Documentation / Tools ~ = 4 Administrator View v & Sérgio Matos ~

1 A wide variety of mutations in the |parkin| gene are responsible for autosomal recessive parkinsonism in Europe.

2 French Parkinson's Disease Genetics Study Group and the European Consortium on Genetic Susceptibility in Parkinson's Disease.

5

Autosomal recessive juvenile parkinsonism (AR-JP, PARK2; OMIM 602544), one of the monogenic forms of Parkinson's disease (PD), was initially described in Japan.

5 It is characterized by early onset  (before age 40), marked response to levodopa treatment and levodopa-induced dyskinesias.

6 The gene responsible for AR-JP was recently identified and designated parkin|.

] associated
7 We have analysed the 12 coding exons of the parkin| gene in 35 mostly European families with early onset autosomal recessive parkinsonism.

8 In one family, a|homozygous| deletion of exon 4 could be demonstrated.

) © Concept type: & Normalization: Definition:
v clinical_attribute No information available
: Age PARKINSON DISEASE 2, e —
9 | By direct sequencing of the exons in the index patients of the remaining 34 families, eight previously undescribed point mutations (homo| AUTOSOMAL RECESSIVE pal gppr;
: Age of Onset JUVENILE PARK2:
10 | The mutations segregated with the disease in the families and were not detected on 110-166 control chromosomes. Disease <UL PARKINSON DISEASE, JUVENILE,
: AUTOSOMAL RECESSIVE;
: ; PARKINSON DISEASE 14, PARKINSONISM, EARLY-ONSET
11 | Four mutations caused truncation of the [parkin| protein. Genelon Broein AUTOSOMAL RECESSIVE WITH DIURNAL FLUCTUATION;
. | Gene or Protein InDel e PDJ
12 | 7| SérgioM , 255delA and 321-322insGT ) and one a nonsense mutation (Trp453Stop ). Inheritance PARKINSON DISEASE 7,
H i
i _| PARK2 HGNC:860 . . early onset autosom Q . o o
1317 s (Lys161Asn, Arg256Cys, Arg275Trp and Thr415Asn) that probably affect amino acids that al | Penetrance 2 same phenotype as truncating mutations or
Definition: )
No information available. mutation "
mutation
Synonyms: mutation
AR-JP;

mutation

E3 ubiquitin ligase;
h parkin;
parkin RBR E3 ubiquitin protein ligase;

14N PO }, but onset up to age (58| was observed.

15 Mutations in the |parkin| gene are therefore not invariably associated with early onset parkinsonism .

possibly_associated »
16 | Inmany patients, the phenotype is indistinguishable from that of idiopathic PD.

17 | This study has shown that a wide variety of different mutations in the  parkin| gene are a common cause of autosomal recessive parkinsonism in Europe and that different types of point mutations seem to be more frequently responsible for the disease

associated e

| phenotype than are deletions.

Egas v2.0 © 2015 BMD Software
USERS RELATIONS CONCEPTS

http://demo.bmd-software.com/egas/
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Rede interacoes entre proteinas

Anotacao assistida de 108 resumos MEDLINE
88 novas PPl envolvendo 116 proteinas

~

Duarte-Pereira et al., in preparation



Mineracao de redes sociais

Reacoes adversas a medicamentos

Drug Disorder
1 caffeine caffeine stimulant related disorder
2 glipizide Prostate carcinoma
3 glipizide Malignant neoplasm of prostate
4 miconazole Yeast infection
) glipizide Memory impairment
6 sertraline Self hatred
7 | cyanocob(IIT)alamin Chronic Fatigue Syndrome
8 infliximab Crohn Disease
9 sertraline Loss of interest
10 sildenafil Premature Ejaculation
11 infliximab Cancer Remission
12 adalimumab Crohn Disease
13* glipizide Psoriasis
14* glipizide insanity
15 clomiphene Infertility

Drug Symptom
1 | cyanocob(III)alamin Trembling
2 sildenafil Memory Loss
3 glipizide Memory Loss
4 infliximab Flare
5 | cyanocob(IIT)alamin Weakness
6 glipizide Back Pain
T melatonin Trembling
8 adalimumab Flare
9 cortancyl Flare
10 | cyanocob(IlT)alamin Lassitude
11 glipizide Sleeplessness
12 glipizide Stomach ache
13 | cyanocob(IIT)alamin Asthenia
14 testosterone Blurred vision
15 glipizide Ache

~




Monitorizacao clinica e pessoal (atividade fisica)
Integracao com EHR
Monitorizagao em ensaios clinicos

Exemplo: alteracao na frequéncia da tosse (min. 24h) como
indicador primario em terapias para doencgas respiratorias




Monitorizacao clinica e pessoal (atividade fisica)
Integracao com EHR
Monitorizagao em ensaios clinicos

Exemplo: alteracao na frequéncia da tosse (min. 24h) como
indicador primario em terapias para doencgas respiratorias
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Data mining em ensaios clinicos

 Oportunidades
— Disponibilizacao de dados de investigacao
— Adocao de EHRs
— Avancgos ha sequenciacao
— Publicacao de dados de ensaios clinicos
— Partilha de informacao pessoal

> Torna-se necessario integrar toda esta informacao
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Linked Data
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222 Most common use: common reference
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http://www.slideshare.net/MarcoRoos/linked-data-and-ontology-tutorial-for-rdconnect



« Ensaios clinicos
— Uso de informacao genética, estilo de vida, ambiental

— Analise exploratoria dos dados
« Melhores resultados, reducao de risco

« Mineracao de EHR
— Identificacao de participantes em ensaios clinicos
— Monitorizacao apds aprovacao
— Verificacao de interagoes entre medicamentos

- Mineracao da literatura e dados cientificos
— Identificacao de potenciais alvos (hipoteses)
— Complementar e guiar analise de resultados
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Computers might not find the

solutions to our problems, but they
would be able to do the bulk of the
egwork required, assist our human

minds 1n i1ntultively finding wavs

through the maze. p

Tim Berners-Lee




Obrigado!

Sérgio Matos, aleixomatos@ua.pt
http://bioinformatics.ua.pt

Simpoésio CEIC
Ensaios Clinicos: novos desafios, papel social e centros de ensaio

a universidade
de aveiro

Lisboa, 22 Novembro 2016

Ul

instituto de engenharia electrénica e telematica de aveiro



