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" Why address a variety of languages”

 Access to a larger demographic
 Access to more patient cohorts

 Agregate data for rare and other diseases, e.g.

spectrum disorder in 4 healthcare ¢efigiset al.
2012]

 Apply WHO protocols widely

e Success story in the makiRi§ a software for
automated coding of causes of death

« Collaboration involving France, Hungary, Japan.
Germany, Italy, Sweden, United States
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Literature on Clinical NLP i1s hard to fi

 |nternational Medical Informatics Association (IMI/
Yearbook
e Clinical NLP section started in 2014
e Survey paper, synopsis wstkpapess selection
 Foryear 2017, 709 articles reviewed
 ACL anthology: BioNLP, *ACL confe@¥besff( topic
 Pubmed: natural language processtg(f topic

 Pubmed: text mini6@% off topic
 Overall, 38 3% addressed a language other than Engl

 Reviewing tools used
* Bibreview https://pypi.org/project/BibReview/
e Integrated classifi@rman et al. LREC 2018]
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Literature on Clinical NLP i1s hard to fi

 American Medical Informatics Association (Al

 Panels on clinical NLP for languages other thar
English in 2014, 2017.

New d e o, umalef SomedaiSemamia (20183212
et dolong/10 1186 1112601 801798 }oumal of

Biomedical Semantics

REVIEW Open Access

Clinical Natural Language Processingin =~ &~
languages other than English: opportunities
and challenges

Aumtle Neved' @' Hercdes Dafants’, Sumitiva Veupila %, Guergana Savova® and Pere Zwegenbaum'

Abstract

Badkground: Mewrd language processng sppiied 1o dirkcal text or amed 2t 2 clnical outcome hasbeen fraing in
recertt yexrs This paper offers hefirst broad owrvwewofcinical Newd LanguageProcesung (NLP) for knguages
ather fian Englsh Recent studies e summarzed 1 of @ nsghes and cutneopponunsesm thisases

Main Body: e ernsion three goups of imended readers: (1N rescanchen leveragng expesence guined in aoher
anguages, (2 NLP e chersfaced with esabishng dincal text processng in 2 language other $an English and

3) dimcalirformaics resew chers and onersiookng for resources in heir languages n onder 10 apgly NP
echriquesand tods 1o clinicd pracace andfor m =on Weradewworkn cincd NLPin languages ather i
Engith Weclassfy these sudies imo theee groups udes deszibing fiedewloomernt of new NLP systerms or
campanen s de nova, i) saudies dewcnbing the sdapaason of NP s chrectures developed for Englah 1o snother
anguege, and 6d studes focusng on 2 partcule cincd pplicason

Conduslort 'We show Fe advanages and dawbacksof esch method and highlight the mprogriay appicaion
comext Fraly, weidertify maor chalenges and opporurnises that wil sfect the mpac of NP on cincalpracice
ard public health saudies ina coment that encompasse ;'ql'f\ aswell asomer languages 4/33
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BioNLRharedasks

Limsi
e

_E.m.@.ﬁ_.j_ LINM
g LAHC
[D] uesHe AHTO
.. S1eqe[ Snip 1dd DV.L
[HZ Awm dTD YA S| LINA
Q| suoneiasiqqe yyvyg
OAIYROI oﬂm

s[eqe] SnIp YAV DV,
[SH| suonyeavIqqe YYVH
odengue| uredoiny 6| LINM
OATIRDIN)OTY

LS-d'INOg
[LdYA'SH] LINM

ISh

(94| uareeqe 441D
uoneinHorgHyg
SAD DHML

uonpemMHOIg g
LS-dINO'd

SINGLEEN (gTel (e

LS-d"INO'd
0d'IVO

SINGLEEN (g Tel (e

SINGLEEN (gTel(e |
LS-d"INotd

languagebker than Engl

OATYRIINOTY

soTwouen) DHU.L

AHTD o8ew]
soTIouer) Y.L

INg

lud

TTT
SOTOuR) DHYL

VAJd'INI

OATYRIIN)OTL
saltetas)y LT

SOTwoue) DAL

INC

dnp qay

610C 1

810C

LT0% A

910¢ A

G10¢C 1

V10C A

€10C

¢10¢

1T0C -

0102 -

600¢ 1

800¢

L00G -

900¢ H

G00T -

7002 A

€002 A

¢00¢ -

reasydwaJ, TeoTUI[)

2921/2OTN
|LI/NH/Y94] uesHe 41D
[eafgduiay, reotui[)

[Md] wreeHe AATD

eArpduwia 1, reotur)
?m IRSHe AMTD
292/ ATION

LOV [eA{Weg

U3eoH? AHTO
VA /292!
U3eOH? AHTO
VA /2qe!

dr], IINPPIN
A/ A1

|dr] JINPOIN
POIN DML

VA /242!
OINDD

|dr] dTINPPIN
VA/2qe!

¢4ct

¢4ce!

¢qce!
OINOD



w= Blomedical NLP
In a language other than English

e \What does it consist In?
e Data creation: vocabularies, annotated dataset

 Method development: NLP methods for the bion
domainhioNLRasks

 Applications

o Is it different framoNLP English?
e Lessresources
 Language, country specificities
e Multilingual aspects: translation, language adap
crossculture&eomparisons

7133 7



Building new systems and resources
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~ Domaumspecific NLP components

Morphological analyzer
 DeRIF, for Frenclamer & zweigenbaum 2004]
PoS tagger

 Experiments conducted for Portuguesek et al. 201dPolish
[Marciniak and Mykowiecka 2p8panisifiCostumero et al. 2014]

Parser

e Some work for Frergdud et al. 199and FinisfHaverinen et a).]
but no public tool

Entity and concept recognition
 No equivalent of Metamap or cTAKES
 Some tools for direct lexical matching, e.g. Biatoetadt al.]
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Automatic word segmentation and app

Named Entity Recognition in Clpléiess® JAMIA 2014], [Xu et a
JAMIA 2014]

- Word segmentation (vs. character) performs better
- Joint segmentation+NER yiédlsniprovement for both

- Fmeasure of 90+% for 4 entity types: performance compa
English, with specific features

Word segmentation in JapgKistifoto et al. Methods Inf Med 200
- Addresses the lack of spacing
- A probabilistic model of word segmentation using dictionarie
- Successfully applied to Erigiah be useful for OCR

10/33 10
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~ " Transliteration i1ssues

 Expansion of English Abbreviations in Japanese
[Shinohara et al. Methods Inf Med 2013]

- codeswitching
Japanese & B B 0 ASA % I 5 7 3 + 3 M 4 ® F B & W N B

English low dose ASA administration anti-  platelet action appears _

- Pilot study on 8 short forms associated to 2 or more long fo
- Character segmentation (vs. word) performs better

« Word segmentation in Hej@eshen et al. Methods Inf Me
2010]

- ldentification of transliterated words improves medical te|
extraction by 29%

11/33
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Lexicons and terminology development

7y
Use of adequate protective clothing

Port de vétements protecteurs adécuats

AN

e Term translation

e Through term alignment using paradedr et al. 2010f
comparabl|ehiao and Zweigenbaum 200Qafpora

e Using automatic translation sygtamasulligen et al. 2016]

e Mapping of terminologies to the UMLS
e AT((Merabti et al. 201aF CCANBousquet et al. 2012]
 French consumer vocabtapyNzali et al. 2017]

12/33 12
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Corpora and annotations
(for Romance Languages)

BARR Literature

Oronoz et al. EHR
IULA EHR

CépiDC Death certificate
QUAERO Literature
MERLOT EHR
Sequoia Drug inserts

Tapi Nzali et al. Social Media
Aluisio et al. Patient speech
Attardi et al. EHR

BioRo Literature, lecture notes

e Usedn the WMdampaigns

Abbreviations
Entities (ADR)
Negation
ICD10
Concepts
E+R+M

PoS
Sentiment

classification
Silver entities
PoS, entities

Open
Restricted
Open
under DUA
Open
Restricted
Open
Restricted

Restricted
From authors
Open

13/33
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Access to clinical corpus for NLP Is rest

 European regulatismcreasingly restrictive

e Use of death certificates for CLEF eHealkb®16
e Use ofl inkcda ndacragdus: BARR 2

 Development of synthetic clinical corpus

e Mix of lines from different certificates in CLEF eHealth Ita
COrpusNéveéokt al. 2018]

* Fictitious family history secticv@vuegiaic oi nci der
simi |l ari ti e fRametuab2018]be expect e

« Deidentification challenge using pseudo EHRs in Japane
[Aramaket al.2014], followup workkajiyamaet al. 2018]

14/33 14



Addressing multiple languages
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Applications using Multilingoigdora

Improve access to medical information

- Offtheshelf automatic translation, e.g. Google tfaabkfesh
[ZengTreitleret al. 2010] [Wu et al. 2011]

- Medical Speech translagoiiion et al. 2007]
Crosslinguaiformation Retrieval by query translation
- French, knowledgasedThirionet al. 2010]
- French/Czech/German, MT hhas@gket al. 2014]
Study of clinical cultural differences

- Breast cancer information in GermanyWsiskHftbergest al. 2004]

- Clinical recor@su et al. 20138nd doctor reviefrsoet al. 2017N
China vs. US 16/33 16
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>~ Biomedical track at WMT: since 2016

Goals

- Ahealth I n my | anguageo

- Scientific writing assistance for non native speakers
Language pairs addressed

- English to and from {Fre8phnish, Portuguese and others}
Improvement on the state of the art

- Notable for Spanish and Portuguese (BLEU scores ~40+)

Sti || a | ong way to goé
- Evaluation measures
- Non standard text

17/33 17



s Adaptingrchitecturdevelopefbr Englis

— Adaptation diegExo Frenclthapman et al. 201§wedish
[Skeppsted2011] GermaiCotiket al. 2016]DutchAfzalet al. 2014nd

SpanisCostumeret al. 2014Jotiket al. 2016]
Absence oflevidence to suggeatute cardiac procgss

Absence ddganglions métastasiqyes

— Adaptation BlelDto Frenc[Grouiret al. 2009]

— Heideltimadaptedo Frenc|TapiNzaliet al. 20157andSwedish

[Vellupilaet al. 2014]
18



Usinghesamearchitecture
forseveralanguages

Limsi

Useof theAmerican THYME cormagharcet al. 2016ind

French MERLOT corfausnpillost al. 2017]
- ConvelfimeMt o nAncontai nero rel a

DURING

| |
Au cuurs de sun se&nur ce patlent a ete transfuse .
.- PROC
OVER. - - - - OVER.

CONTAINS

Au r.::::urs de sun se&nur ce patlent a ete transfuse .
.- PROC
OVER., - - - - - OWER.

19



Usinghesamearchitecture

Limsi
forseveralanguages
 Generic framework with language dependent features
[Tourilleet al. EACL 2017]
T | DR Task]
| =)
| S —
e B , S CR Task
EN i THYME » Preprocessing [« CcTAKES i E Dﬁ?g:t?gn > ggr;ts?fiir; E
e e e e e e Y
French (MERLOT) | English (tHivyme) | ¢ N spite dbwerresources
Pl R|RAR|P|R|R for French, performaisc
baseline 0.43 | 0.15| 0.22 | 0,55 | 0.06 | 0.11 similar
no-relation 099 | 1.00| 099 | 096 | 098 | 097 | ¢ Performanas
micro-average 0.98 | 098 | 098 | 0.93 | 0.94 | 0.93

annotataggreement 2o



v AutomaticodindCIM10) afauses afeath
In multipleinguages

DENUTRITION DESHYDRATATION
DEMENCE MIXTE EVOLUEE (stade

sévere) E46, EB6
Maladie de Parkinson idiopathique FO3
Angioedéme membres sup récent non G200, R600
exploré par TDM (a priori pas de cause I/

medicamenteuse)

' MALNUTRITION DEHYDRATION
ADVANCED MIXED DEMENTIA (late stage)
: . Idiopathic Parkinson Disease

it !nserm ' Recent angioedema of upper limbs w\o CT
CépiDc . exploration

1
Centre d'épidémiologie surles
causes médicalesdedéceés

®
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Parallel language processing vs.

multlanguage processing @CLEF eHe

\ Limsi

\\\

Spain IxaMed supervised ML (neural) fr+ hu it
Canada TorontoCL sup (embeddings, neural) + dict fr+ hu it

in LSI-UNED sup (neural) with dict + dict fr hu it
Germany WBI sup (word embeddings, neural) fr hu it
ltaly IMS-UNIPD dict frhu it
UK KCL-Health-NLP sup (neural), dict fr+ it
Organizers  baseline most freq codes for input line fr+ hu it

e 22 793 92,001 I I Tl gems o 0 — I I

.76 7575

0.4 4
0.2

Ixa2 LSI2

By u 0.0 -

90
87 86 86
|77 08

WBI2
Ixal

LSI1

Torl WBI2 KCL1 imsl|

Ixarl LSI21AMr2Tor2 KCL1ims1 KRr1APH2 tecn WBI2 Web ECN1 bas

Neural: multllayer perceptron, CNN, RNN encoder-decoder, LSTM seqg2seq 22
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Parallel language processing vs.

multlanguage processing @CLEF eHe

 Limsi

Spain IxaMed supervised ML (neural) fr+ hu it
Canada TorontoCL sup (embeddings, neural) + dict fr+ hu it

in LSI-UNED sup (neural) with dict + dict fr hu it
Germany WBI sup (word embeddings, neural) fr hu it
ltaly IMS-UNIPD dict frhu it
UK KCL-Health-NLP sup (neural), dict fr+ it
Organizers  baseline most freq codes for input line fr+ hu it

g Wor® 924501 I I T : | I I

.76 7575

Ixa2 LSI2

wei2 Ixal LSI1

(R,

Torl WBI2 KCL1 imsl|

# &4
.7876 .76

8790 86 .86 | | | |
0.8 A 77 a7l e 7948 81
0.6 0.6}
0.4 1 0.4
0.2 0.2}
a .« 00- 0.0

.78 77
73

.69

65 .66
.62

26 M54

QLu Q. Qe Quw

I 2 IAM2 SIB1 T 2 APHZ KCL1 SIN2 ECN1 KRrl

Neural: multllayer perceptron, CNN, RNN encoder-decoder, LSTM seq2seq 23



Challenges and opportunities
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How can we advance clinical NLP
In languages other than English?

— Terminologiascreaseoveragef the UMLS
— Annotatedorpus (comparapérallél)

— CLEFeHealtl20191CD1@odindorGerman
— WMT 2019: Machine Translation for ES, FR, GE,

25
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Thank you!

CABeRNeANR13JS02000901

Centra d epldemiolog eeeeeeee
ssssssssssssssssssssss

BLAHS5: Biomedical Linked Hackathon



Applications
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wes - Bijomedical NLP tasks addressed

e Text classification

— Healthcare associated infections in Swedish patient recorc
[Jacobson and Dalianis 2016]

— Multiple Myeloma in German regcowpisch et al 2016]

* |nformation extraction used for computing clinic
SCores
— Cardiovascular score (Freoeh)in et al. 2012]
— Memory scores (Japangséhno et al. 2017]

28



Temporal relation extraction:
Clinical TempEval task, THYME corpu

Limsi

[Bethardetcal. 12016]
Betweepairs ogvents
Betweerventand temporal expressions
Betweerventand documeateatiotime

CONTAINS
[ CONTAINS CONTAINS
[ i |
The last time the dose was increased was |n February 2010 .
- TIMEX3 - EVENT - EVENT TIMEX3 -
BEF./OVER. - BEF. - -
CONTAINER - - - - - - CONTAINER

[Tourilleet al. 2016]
29



