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Introduction

Introduction

m Getting health records from hospitals is hard
m Getting annotated ones is next to impossible

m We have a 42-million-word dataset of oncology health records
and we are trying to get as much of it annotated

m A balanced set of ca. 50,000 words was chosen to be annotated
by humans
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Introduction

Visualization of what we want

[AnatomicalSite laterality] [AnatomicalSite name] [Ar icalSite name]  [Lab name] [Lab

1| Resekat levéa mamma: resekat  mlécné Zlazy o rozmérec
AnatomicalSite_lateralit
2 Ventralné je volné pohybliva fascie.
3/ Na fezu je mamma prostoupena hrubou fibrézou, v niz se nachazi
osie ohranitené suspekini loZisko, obdobného vzhledu jako ~ fibrosa, s patrnymi
Lab_name][Lab_value|[Lab_unit
prokrvacenymi punkcénimi kandly, které ma priblizné rozméry  19-20 mm.
AnatomicaISth laterality Lab_value | |Lab_unit AnalomicalSjte laterality AnatomicaLSfte laterality | [Lab_value
4 Medialni okrajjecca 5 mm, ventralni a kranialni 12
Lab*unl'l Anatomical laterality
mm, kaudalné navazuje hruba fibroza.
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Before annotation

Preannotation

m Easy concepts can be found with rule-based methods

m |t is much faster and more accurate when they are already
present and annotators only verify them (but they must verify
them)

m We preannotated:

m Medication names
m Medical abbreviations
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8949
9709
9710
9711
9712
9844
10032
10033
10045
10046
10047
10052
10055
10063
10073
10087
10111

Before annotation

Medication: SUKL databases

EZETROL
SOLU-MEDROL
SOLU-MEDROL
SOLU-MEDROL
SOLU-MEDROL
TORECAN
PIRACETAM AL
PIRACETAM AL
AGNUCASTON
AGNUCASTON
AGNUCASTON
AGNUCASTON
TABACUM
BROMHEXIN KM

ECHINACEA ANGUSTIFOLIA

LOBELIA INFLATA
DHC CONTINUS

10MG TBLNOB 100
A0MG/ML INJ PSO LC40MG+1M
62,5MG/N INJ PSO LC 125MG+2!
62,5MG/N INJ PSO LC 500MG+7,
62,5MG/N INJ PSO LC 1000MG+]

6,0MG TBL OBD 50
800MG  TBLFLM 60
800MG  TBLFLM 120
TBLFLM 30
TBLFLM 60
TBLFLM 100
TBLFLM 300
31CH-200( GRA 4G
8MG/ML POR GTT S 1X30ML
31CH-200( GRA 1X4G
31CH-200( GRA 1X4G
120MG ~ TBL MRL 56
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Before annotation

Abbreviations: Web resources

Seznam zkratek

piehled pouzivanych zkratek
Pouzivané zkratky ve zdrave mické i FU
Aa arterie o
g Leékaiske narvy
AA & tima Hiza i ovousuzny
AAA ke kouzels wailar jecinostauny
AAA aorty _
W yletieni . wpravo, pracy
AAT st ki sin visvo, levy
ab croa chromick} L Db (beemi)
sbklin | subldinicky lob dx., PL | pravy alok Srimé Hizy
AB
kim kmicky b sin 11 | levy lalok itemé Stizy
AB I dx. alis vpravo dekoup | delompenzveny Momamnry
. opsk recid | opakovans, opakovany P- pubické ochiupeni
AB L. si vievo Fp—— T
imic iniciéing. a0 zadtku amer G- genisil
ABD, abd. palp. palpated. pobmatem A- awiliryi ochiupeni
o vs. ipod v i 3
= skére (e Femmaa
ABI Rl s FG scére | Gallwayort:
a stactonimi nezminény PAR icki
ABR lab. loberatomi

Zratka

AcEl

ACTH

AChR

Vykiad zkratky

Protilétka (z angl. Antibody)

acetyl cholin esteraza

angiotensin konvertujicf enzym

inhibitory acetylcholinesterdzy

Adrenokortlkotropni hormon

Acetylcholinové receptory.

autozoméing dominantni

Porucha pozomosti(attention deficit disorder)

Antidiureticky hormon, vazopresin

https://nlp.fi.muni.cz/projekty/ehr_analysis/zkratky/
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Annotation

Annotation
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Annotation

Annotators

m 11 students
m Confidence considerations:
m Since they are not experts, each record is annotated by at least 2
students
m When they both annotate a string in the same way, confidence is
high
m But even when their views differ, they may both be right - we
mark those as 50% confidence

K. Anetta « Creating a Human-Annotated Health Record Dataset with Limited Resources « December 9,2023 10/ 25



Annotation

Annotation schema: Apache cTAKES types

linical AnatomicalSite \

Element SignSymptom
types - bodyLaterality : BodyLaterality
CBooySide. BodySide - alleviatingFactor : ElementRelation

- bodyL aterality : BodyL aterality
- bodylLocation : LocationOf

Medication - bodySide : BodySide
- statusChange : MedicationStatusChange - course : Course
“oiossge MedestiorDusage - duration - TemporalRelation
- duration : MedicationDuration S elamepme
- endDate : Date - exacerbatingFactor : ElementRelation
_ startDate : Date - severity : Severity
- form : MedicationF orm - startTime : Time
B ene aticetonr reqency - relativeTemporalContext : TemporalRelation
- route : MedicationRoute - -
- strength : MedicationStrength DiseaseDisorder
- relativeTemporalContext : TemporalRelation  alleviatingFactor: ElementRelation

- Mar
Procedure 2
- bodyL aterality : BodyL aterality

- bodyL aterality : BodyL aterality - bodylocation : LocationOf
- bodyLocation : LocationOf - bodySide : BodySide
- bodySide : BodySide - course : Course
- device : ProcedureDevice - duration : TemporalRelation
- duration : TemporalRelation - endTime : Time
- endTime : Time - exacerbatingFactor : ElementRelation
- method : ProcedureMethod - startTime : Time
- startTime : Time  relativeTemporalContext : TemporalRelation

- relativeTemporalContext : TemporalRelation

(CEM-inspired Subtypes
Lab

_ abnormallnterpretation : DegreeOf Clinical Element Models (CEMs) are a

 deltaFlag : LabDeltaFlag representation of the semantics of

_labValue : LabValue documents that will be used as the
 ordinallnterpretation : DegreeOf normalizati on target throughout the

- referenceRangeNarrative : LabReferenceRange SHARP 4 grant

[There are 6 CEM Entity models j

The referential semantics schema used in Apache cTAKES [1]
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Annotation

Annotation schema

CTAKES type

Our schema

AnatomicalSite

AnatomicalSite_laterality
AnatomicalSite_name

Medication_dosage

Medication Medication_name
Medication_strength

Procedure Procedure
Lab_name

Lab Lab_unit
Lab_value

SignSymptom

SignSymptom

DiseaseDisorder

DiseaseDisorder

DateTime

Abbreviation

Negation

K. Anetta - Creating a Human-Annotated Health Record Dataset with Limited Resources

« December 9,2023 12/25



Annotation

Annotation in BRAT

DoteTime: [abbrevietion| EEEEEGNED

2|EVIDENCE: 15.11.2021v 617 hod,  dg: c504
i)
VYSETRENI: 15.11.2021v 7:02 hod  [4.vy5.] w)
Abbreviation Abbreviation
PRISTROJ: 02 PET-CT  hybridni Biograph mCT Flow, 04 Davkovat  pac.
5 RAD-INJECTy
Abbreviation
sonreviaton

7 NALEZ  [EP:  15.11.2021 8:21:38] PETICT

Medication name L] [Abbreviation [DateTime [Procedure)
1 Aplikovano pripravené mnozstvi  18-FDG iv.,  po60-ti minutach snimani emisnich skenii véetne  CT ke
Procedure | Abbreviation| Medication_dosage | [Medication_name Manmmn strength Enn iation | [Negation]
korekci atenuace (podana k. peros + 80ml lomeronu - bez
SignSymptom |
reake).
BnatomicalSite_nome [AnatomicaiSite_name|
) Snimani v rozsahu trupu: bazelebni - prox.
laterality ite_name|
1 tietina stenen.
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Annotation

Annotator options in BRAT
[ o ]

P

Google, Wikipedia

c
=
=3

ettty type
O Fremmeiem
O AnatomicalSite_taterality

O SignSymptom
O procedure

O Medication_name
O Viesicationstrengt
O Medication_dosage
O Lab name

O Lab value

O Lab_unit

O pateTime |
O Negatien

@ Abbreviation

Entity attributes

H Confidence:Low v

|

pravé x

AddFrag.  Delete = Move | OK || Cancel
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Annotation

Annotator’s manual

Entities to be annotated

You can view a sample annotation = here
« AnatomicalSite
names of body parts and locations on the body
every AnatomicalSite annotation is either of these two:

. the name itself, e.g
nasla v pravém prsu bulku

- (Bnatomicalsite_lateraiity} further specification of location, e.g. v
nasla v pravém prsu bulku

N )

ames of diseases and disorders, e.g.

1écena xareltem inf mononukleoza v 15 letech

- EasymEE)

medical oceurrences which are not names of diseases and disorders but can indicate their presence or absence, e.g.
pii bolestech svall, teploté

If unsure whether it is an official disorder name or only a symptom, annotate as (SignSymptom).

name of a procedure or process (di ic or ic) carried out by medical personnel, e.g.

benefit adjuvantni chemoterapie minimdlni

=
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Annotation

Annotation statistics

Stage Annotation count
Initial state of health records 0
Rule-based preannotations 4,266
Preannotations handed to annotators 9,368
New annotations entered by annotators 22,798
Total number of human-verified or human- 32,166
entered annotations

Total number of tokens with human-verified or 45032
human-entered annotation

K. Anetta - Creating a Human-Annotated Health Record Dataset with Limited Resources « December 9, 2023 16/ 25



Annotation

Example of differences

Annotator 1 (record was at the beginning of their dataset)

peteTing nstomicatSite lsterality) AnatomicalSite e  SignSymptor Aobreviation

NO:  ped 2 tydny si nasla v pravem prsu bulku-  bylaobjednanana EUC  Novakova- provedena dg - objednana na  biopsii
m

RA negat  stan  onkolog, onemocnéni
SignsSymptom) Datetime] ‘bbrevition | DateTime] egation) (procedure) Negation)

GA menarche od 14 et pravidelng, HAK-  rokapll porody 0, operace 0

[Proceaire |

(Negaion] [T

OA: nebyla vazneji nemocna, TE- v 6 letech

OEEEEDENEE  (edicaton name
AA: alertie

na  Amoclen

Annotator 2 (record was in the middle)

Fobreviation] (DateTime) AnatomicaESe laeraity) fratomicalSie_rame] Signsympom) obrevation] Abbreviation)
NO:  pred 2 tydny si nasla v pravém prsu buku-  Dbylaobjednanana EUC  Novakava-provedena  UZ- dg FA  -objednana na biopsii

RA

e Rorcion

onemocneni

eTime DateTime]
menarche od 14 let pravideing,  HAK-  rok a pil, porody

operace 0
[bbrevistion] DateTime|
OA:  nebyla vazn&jinemocna,  TE-  v6letech

AA. alertie na Amoclen
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Preliminary NER training

Preliminary NER training
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Preliminary NER training

Preliminary NER training

m Stanford NER
m Cross-evaluation

m 5 different subsets of data - train on 4, evaluate on 1 as gold
standard, calculate average
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Preliminary NER training
NER Results

Ahhrsviatmh 1 0 3 [ [ 1 [ 0 [ 0 2 258 0 0
AnatomicalSite_laterality - 0 76 1 0 0 0 0 0 0 0 0 0 105 0 0
AnatomicalSite_name - 4 1 210 O 3 0 0 0 0 1 0 0 197 0 1
DateTime- 2 0 0 596 0 0 0 0 2 0 0 0 219 0 0

DiseaseDisorder -

N

9 0 9 0 49 0 0 1 0 0 0 0 132 1 8
Lab_name 8 0 3 0 0 36 0 0 0 [ 0 0o 77 0 1
Lab_unit - 4 [ 0 0 [ 0 124 4 0 0 0 0 116 0 0

Lab_value- O [ 0 0 [ [ 3 163 0 [ 0 2 174 0 0

True

Medication_dosage- 2 [ 0 2 [ [ [ 1 3 0 0 0 64 0 0
Medication_name- 6 [ 0 0 0 [ [ 0 0 8 o0 0 54 0 0
Medication_strength- 1 [ 0 0 [ [ [ 0 [ 0 57 0 36 0 0
Negation- 1 [ 0 0 [ [ [ [ 0 0 0 59 154 0 0

0-174 2 31 33 4 8 6 6 2 0 0 21 BBl 6 44

Procedure- 5 1 2 0 0 0 0 0 0 0 0 0 139 58 0

Signsymptom - 0 0 4 0 4 0 0 0 0 0 0 0 129 0 15

S @ & e 3 &
& A
. & & O g
& & &P s &5
& 5 F
¢ & & @ & &
& &
&
@
Predicted
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K. Anetta

Preliminary NER training

Class Precision | Recall | F1 score
Abbreviation 0.885 | 0.707 0.781
AnatomicalSite_laterality 0.871 | 0.460 0.595
AnatomicalSite_name 0.871 | 0.426 0.568
DateTime 0.936 | 0.635 0.753
DiseaseDisorder 0.555 | 0.235 0.320
Lab_name 0.627 | 0.297 0.385
Lab_unit 0.778 | 0.389 0.511
Lab_value 0.832 | 0.394 0.524
Medication_dosage 0.637 | 0.286 0.390
Medication_name 0.959 | 0.554 0.701
Medication_strength 0.822 | 0.605 0.673
Negation 0.616 | 0.354 0.416
O (no annotation) 0.803 | 0.969 0.878
Procedure 0.767 | 0.319 0.439
SignSymptom 0.440 | 0.077 0.124
VGGG AYEIADE: eaien recora DaBeB bt Linflekdsolrces I B0
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Future directions

Future directions
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Future directions

Future directions

m 50,000 words is not enough for Transformer training
m Bootstrapping more data:

m Iterative annotation - train smaller models, annotate larger data,
evaluate errors, correct

m Eventually, the whole 40,000,000 corpus could be annotated -
lower quality, but sufficient size for LLMs
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Future directions

Iterative bootstrapping

[0 Train bootstrapping module

10x

Initial training data Bootstrapping module

Pathway/PW class pairs from...

6;% PW mappings to:
- KEGG

Pathway - NCIPID
Ontology - SMPDB Feature calculation

Candidate selection

Al UMLS mappings
"‘ between MeSH
UnMLSe and GO Logistic regression

I‘.I«I

10x
Run on Reactome and append
| Final training data best matches to training data
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Thank you for your attention!
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