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RETOS EN EL ANALISIS SEMANTICO AUTOMATICO DE
INFORMACION DE SALUD

Extraccidon y Recuperacion de informacioén en el
dominio biomédico en distintos medios
(publicaciones cientificas, redes sociales, notas

clinicas)

¢ Cuantos datos estructurados se procesan de la
Historia Clinica Electrénica? éY con los no

estructurados, qué se hace?

Aplicaciones:

1. Soporte a la codificacion ICD9/10, SNOMED
CT, ....(p.e. diagndsticos en partes de alta en

urgencias)

2. Filtrado de grandes volumenes de

informacion

3. Extraccidon de informacion para alimentar BD
(p.e. extraccion de interacciones entre
farmacos a partir de literatura médica) o

4. Monitorizacién de eventos médicos en —
distintos medios
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RETOS EN EL ANALISIS SEMANTICO AUTOMATICO DE
INFORMACION DE SALUD

Enfermedades
SNOMED _ CIF-10
yd
Entender el lenguaje MedDRA TRATAMIENTOS
de la Salud %) 67
SINTOMAS Farmacos
e
N Principios V&
1. Espanol activos

2. # tipos de lenguaje (orientado a
pacientes, cientifico, clinico)

3. Fendmenos propios
(abreviaturas, gran ambigiedad,

)
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OBJECTIVE

» To detect drugs and medical events mentions
(drugs, diseases, symptoms, Adverse effects, ....)
from social media.

> Social medial sources can be valuable sources
monitoring medical events

» Different applications:

- Pharmacovigilance tasks performed in medicines
agencies and pharma companies.

- Filtering, classification and monitoring of health-
related social networks (blogs, forums, ....)

- Information Extraction tasks



RESOURCES

(1) Analyzed and monitored sources

Patients on Twitter

Spanish patient Forums

forumclinic

Programa interactivo para pacientes




RESOURCES

(1) Analyzed and monitored sources

Example of post in Forumclinic

Source Texts

Daedalus UC3M_Trendminer [2014-09-03T16:13:48 GMT]
hola lola, al leer tu mensaje me he sentido identificada contigo. a mi tambien me
prescribieron el y la REFEEPHR@. te explico: el 2 de marzo fue mi primera
sesion, me estrenaba en todo este mundo... la la tolere bien pero el
al poco de entrar en vena me dio un y me lo quitaron

enseguida.

B & wtrs

+ 3 taxotere -> eritema [adverseEffect)




RESOURCES

(2) Integrated existing semantic domain resources

nauseas estomago revuelto|sentirse

-
|”II' MedDRA - mareado | nauseas|nauseas
solas|nauseoso|nauseoso|ansia

35.259 terms

nauseosa|l......

agencia espanoia deo IbuprOfenO
medicamentos y : : : :
.I I l bt st o # algiasdin | apirofeno|aragel|articalm|ast
16.418 drugs and 2.228 efor| brufen|dalsy | dersindol | diltix | dole

active substances ncar|doltra|espididol | espidifen]....

4 | N: NERVOUS SYSTEM - [ 364 structures |
i @ . N.O1: ANESTHETICS - [ 78 Structures ]

Anatomical Therapeutic Chemical l | N.02: ANALGESICS - [ 45 Structures ]

e . | N.03: ANTIEPILEPTICS - [ 11 Structures ]
(ATC) Classification Svstem | 4 N.04: ANTI-PARKINSON DRUGS - [ 19 Structures ]

2.566 ATC codes = = .. MN.04.A: ANTICHOLINERGIC AGENTS - [ 5 structures ]

{@; wurld_HEE!lth . N.04.B: DOPAMINERGIC AGENTS - [ 14 Structures ]
=2 Organization -

# Cancer|neoplasia malignal....

42.548 main diseases



RESOURCES

(2) Integrated existing semantic domain resources
ATC Structure

ATC is a system of alphanumeric codes developed by the WHO for the classification of
drugs and other medical products

Level 1: Anatomical main group (1 letter) \
/Level 2: Therapeutic main group (2 digits) \
/ Level 3: Pharmacological main group (1 letter) \
4 )

Level 4: Chemical main group (1 letter)

Level 5: Active substance main group (2 digits) J

J

{
S ),




RESOURCES

(2) Integrated existing semantic domain resources
Example of ATC Structure

ﬁ Alimentary tract and metabolis
B: Blood and blood forming organs
C: Cardiovascular system

D: Dermatologicals

Sensory organs

S
Q Various /

Level 5

GJSAAOI Demeclocycline
DOB6AAOD2 Chlortetracycline
DOB6AAOD3 Oxytetracycline
DO6AA04 Tetracycline
QDO06AAS52 Chlortetracycline, combinations
QDO06AAS3 Oxytetracycline, combinations

QDOGAASﬂf Tetracycline, combinations /

\

Level 2

01 Antifungals for dermatological use

l D03 Preparations for treatment of wounds and ulcers

D05 Antipsoriatics

D02 Emollients and protectives
D04 Antipruritics, including antihistamines, anesthetics, etc.
D06 Antibiotics and chemotherapeutics for dermatological use

\111 Other dermatological preparations

\

/

Level 4

DO6AA Tetracycline and
derivatives

DO6AX Other antibiotics
for topical use

Level 3

\

DOBA Antibiotics for topical use

D06B Chemotherapeutics for
topical use

DO6C Antibiotics and

@emotherapeutics, combinatiop




RESOURCES
(3) Integrated new semantic resources

prospectos.org

= Spanish DrugEffect DB containing relations
rVxMedlinePlus y % 8

Informacidén de salud para usted among drugs and effects
3.000 relations

has_externallDDrug

|
drugSynild
ATCCodes ~ lidExternal |
idATC source ‘
description ‘
DrugSynset HH » T | R e e  EEmEE
has_ATC M drugSynid / drugld
idATC drugid drugName \ DfugEffect v
drugSynid drugSynName ‘ drugReviewed ‘ drugld EffectType
T I — T i, ~effectTypeld D

Sl T |drugSynlsBrand T : I effectid /
{ ¥ T
[ | effectTypold eﬁ’ectTy,z?eName
EffectSynset [ Effect /
effectSynld / effectld ‘
( effectid ‘ effectName

effectSynName effectReviewed
- ‘ ——

has_externallDEffect
effectSynld
idExternal
source




RESOURCES
(3) Integrated new semantic resources

How has the Spanish
aomps DrugEffect DB been built?

cima
~~ Create

Ilm'MedDRA —~  initial DB

entities

Web prospectos.org
<€ yVyMedlinePlus
DrugEffect Crawler YALY viomicion oo catia pacs wics
o8 EPTEERTNSINEL

relations

@ Pipeline

-

“textalytics
LEXT yt

Iﬂl‘lp‘/

cima
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LINGUISTIC PROCESSOR

Resources
User messages Dictionaries

aemps
' cima

/GATQ Medical Pipeline \ E drugsATC / f@

) World Health

/ - Nt Organization
- .'— - ~\
. H ATC codes
. X | 1 \ /
ﬁte ,—ta yt cs E drugsGaz \
f ) 4 'A't‘!\./ledoljnﬁpl“.sd
Morphosyntactic parser / """""""""""""""
\ J yrd
- ~ !Vademecum.es
Topics Analyzer ~

\ J

s R ‘6\ E adrsmedDRA
Language detector \

\
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El diseasesUMLS < oot

Hre
i{g‘jﬁ'{-‘ Unified Medical Language System® (UMLS®)
Lo

i

Medical events filters ]

\ Disambiguation U

\ 4 |

) Spanish -
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REAL-TIME PROTOTYPE

f

e

Medical Pipeline\

[Morphosyntact\'c Pa rser] —

[

Topics Analyzer

[Language Indentificatiol

%

[ Medical Events filter ]

[

Disambiguation

)

\

textalytics
Z

& drugsatc
" E drugsGaz

medDRA

diseasesUMLS

\[ Relations Manager ]7

¥

Annotated Text

ATE Annotation Pipeline /

Health monitoring Dashboard

Collecting texts
from Twitter &
Blogs

Gatherer processes

Inquirer processes

elasticsearch.

Real-time visualization

[ Analytics Processing ]




REAL-TIME PROTOTYPE
» GATE Annotation Pipeline: Plugging developed for Textalytics

» Datawarehouse:

* Implemented on elasticsearch with an ATC-based index structure:
January 19, 2015, 2,401,613 Tweets and 41,985 Blog Posts annotated an

indexed

 Amazon infrastructure for processing and storing

» Searching:
* Different search modes depending of ATC level or exact matching.

* Obtaining and distinguishing indications, adverse effects and possible
relations among drugs and effects.

e Searching for co-occurrences (drug-disease, drug-drug, ....). Also machine
learning as distant supervision approach (not in prototype)

» Visualization:
 Timeline to view evolution of mentions with different granularity.

e Viewing the annotated source text (tweets and posts)



REAL-TIME PROTOTYPE

Trey\,d b Sources: 1,110 Tweets lﬂl Mentions: 4,566 Drugs

T 40 Blog Posts 319 Medical Events
MiLneér

Health Use Case

| lorazepam x

@® By Active Substance ) By Chemical Group © By Pharmacological Group © Downwards Groupping © Exact match

Lorazepam +

3G Related Adverse Effects or Indications

lorazepam

orfidal -» ansiedad
lorazepam -> ansiedad
donix -> ansiedad 0 Adverse Effects

orfidal -> insomnio B Indications
orfidal -> miedo
donix - insomnio
lorazepam - insomnio
donix -> miedo
lorazepam -> miedo
orfidal -> dependencia
orfidal -> estrés
orfidal -> toxicémano
lorazepam -> dependencia
donix -> dependencia
orfidal -> tolerancia_a_medicamentos
orfidal -> tensién
orfidal -> muerte
orfidal -> depresién
lorazepam - > toxicémano
orfidal -> suicidio_consumado
donix -> toxicdmano

0 2 4 [ 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48 50 52 54 56 58 60 62 54
Mentions

B Possible Relations

Aggregated data about effects related to drug lorazepam




REAL-TIME PROTOTYPE

Lorazepam +

ATC Tree
3¢ Relatt [N
| |'& Idegrendszer
Linked Data
o dbpedia
o CIMA
o WHO
o Edrug
|_NO5
wr Leki psycholeptyczne
Linked Data
o CIMA
o WHO |
o Edrug
| NOsB
© Ansioliticos
& ANXIOLYTICS
Linked Data
o CIMA
q o WHO

o Edrug
NOSBA 5 8 1o 12 14 16 15 20 2

orfidal 4

© Derivados de la benzodiazepina
& Benzodiazepine derivatives
Linked Data
o CIMA
A& Drugs o WHO
| o Edrug
NO5BAO6
ort [ @ Lorazepam I
@ | orazepam
¢ |Linked Data ]
o drugbank [DBO0186]
val o CIMA
o WHO
o Edrug

diaze

trankimasm— gy —— . . .

Lorazepam ATC tree cross-lingual



REAL-TIME PROTOTYPE

A& Drugs mentioned with lorazepam

I8 Medical Events mentioned with lorazepam

donv | insornic [
diazepan -
trankimazin -
aneurol -
toxicémano _
ansium -
stesolid - dependencia -
tepazepan [l mueree |
0 100 200 300 400 500 600 700 800 200 1000 1100 1200 1300 ] 5 10 15 20 25 30 35 40 45 50 55
Mentions Mentions

B Source Texis

ﬂﬂ macmartac [2015-01-18T13:50:27 GMT]

Ami sélo se me contagian los [TREtraes si me tomo un laconfesiondelas14h

A orfidal

33 orfidal -> bostezos [possible relationship]

Drug-drug and drug-diseases co-ocurrences for lorazepam

active substance

60



REAL-TIME PROTOTYPE

med B Sources:

.

MLwner

Health Use Case

222 Tweets lﬂl Mentions: 807 Drugs
0 Blog Posts 32 Medical Events

Today

‘ lorazepam =

‘ Last Month

® By Active Substance () By Chemical Group () By Pharmacological Group ) Downwards Groupping © Exact match

Lorazepam +

Mentions

30

25

20

Lorazepam and related drugs

Saturday, Dec 20, 10:27
orfidal: &

donix: 4
lorazepam: 4
aneurcl- 0

ansium: 0

diazepan: 0
aminoven: 0
prozac: 0

Mentions

0.5

o

-0.5
20. Dec 22. Dec 24. Dec 26. Dec 28. Dec 30.Dec 1.Jan 3.Jan G5.Jan 7.Jan 9. Jan 11.Jan 13.Jan 15.Jan 17.Jan 19 Jan

-# orfidal - donix -8 lorazepam -k aneurol =% ansium -@ diazepan -+ aminoven - prozac

Cosvear

Medical Events that appear together with Lorazepam

v andlle s

22. Dec 29. Dec 5. Jan 12. Jan 19. Jan

-# ansiedad - insomnio 8 miedo =k ojeras ¥ sensacién de relajacién @ bostezos 4+ coma

Timeline with evolution of lorazepam related drugs



ANNOTATION PIPELINE EVALUATION

* Using SpanishADR corpus (400 annotated comments from Forumclinic)

Drugs
Drugs
R P F-Measure
strict 0,68 0,85 0,76
lenient 0,68 0,85 0,76

* To enhance recognizing of misspelled drugs
* Include abbreviations for drug families

* Solve several ambiguities (alcohol, oxygen)



ANNOTATION PIPELINE EVALUATION

Effects
Effects
R P F-Measure
strict 0,43 0,75 0,54
lenient 0,47 0,83 0,6

* Low performance:

* because colloquial expressions to describe an effect: me deja ko (it makes
me KO) or me cuesta mas levantarme (it’s harder for me to wake up).

» different lexical variations and abbreviations of the same effect.



ANNOTATION PIPELINE EVALUATION

Drug-effect relations

SpanishDrugEffectDB Coocurrences
Window size R P F-Measure R P F-Measure
strict 0,08 0,57 0,14 0,63 0,44 0,52
30 lenient 0,13 0,96 0,24 0,88 0,61 0,72
strict 0,1 0,34 0,16 0,74 0,26 0,38
100 lenient 0,23 0,74 0,35 0,99 0,34 0,51
strict 0,12 0,32 0,17 0,17 0,75 0,33
250 lenient 0,24 0,67 0,36 1 0,29 0,45

Performed from annotated drugs and effects

Low recall using SpanishDrugEffect DB because low coverage of effects, the
lack of co-reference resolution and size of corpus (only 164 relations)

Machine Learning tryed: distant supervision approaches




OTHER METHODS TO EXTRACT DRUG-EFFECT RELATIONS

1. Distant-supervision method using the database on a collection
of 84,000 messages in order to extract the relations between
drugs and their effects (instances of DB are positive examples)

Chronic diseases

Aprox 8.000 registered patients
Over 6 million of view pages

Fundacion BBVA

forumclinic

Programa interactivo para pacientes

* Schizophrenia: 26,234 (31.20%)
‘ * Depression: 22,938 (27.28%)
* Breast cancer: 15,675 (18.64%)

\ * Bipolar disease: 12,573 (14.95%)
= ‘ * COPD (Chronic obstructive pulmonary disease):
1,853 (2.20%)
— |
e — |
E————

— * Ischaemic heart disease : 1.840 (2.19%)
e HIV/AIDS: 1,359 (1.61%)

* Obesity: 706 (0.84%)

S Y * Take care: 419 (0.50%)

* Joint disease and arthritis: 276 (0.33%)
* Diabetes: 202 (0.24%)

* Colon cancer: 15 (0.02%)

Total: 84,090 posts




OTHER METHODS TO EXTRACT DRUG-EFFECT RELATIONS

2. To classify the relation instances, we used a kernel method

based only on shallow linguistic information of the
sentences.

3. Regarding Relation Extraction of drugs and their effects, the

distant supervision approach achieved a recall of 0.59 and a
precision of 0.48



POSSIBLE EXTENSIONS
» Development of cross-lingual approach for ATC codes integrating
ATC ontology in collaboration with DFKI

» Populate Health TM ontologies from semantic resources in
collaboration with DFKI

» Many possibilities of customization:

* Tracking specific drugs appearing with different diseases or
effects

* Information Extraction from unstructured data (i.e., detection
of allergies in EHRS)

* Helping on-line health blogs and forums managers
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