EFEBSAG 2024 FEA45 BE2 B JOURNAL OF MEDICAL INFORMATICS 2024 ,Vol.45,No. 2

LRGN N RTS

BT B 45 B 16 25 A B
o5

* ' Fism' zEm' TR

il

(DTBRATEN SRR FER 211100
P ARPEARZERPERNRSBRBHAREE  ACR 100029)

(BE) BR/EX AREFIRGHRRFHERIBEHRT &, Hl6RD G RIeE 2 foft 3k KRS L,
Tk AR A TRINGER, 46 FRRANFL ZBRANTESG RPN, Xt @ s R R F4 0506 5%
Rk RIS T ik, BR/ &L EATHY TR FHHBRMEE LGB EAW, Zr iR TOR T %, e
HAGLKNE SR T RIRG MR R FHEERL LR, AR R FHGLNE BN RER S F K.
(K$BIA) BB RRFMH; FhRX AR, MIAEE; AREZLE; BEF

(FESHS) R-058 (SCEkARIEAG) A (DOI) 10.3969/]. issn. 1673 —6036. 2024. 02. 007

A Pre - trained Language Model — based Method for Adverse Drug Events Extraction
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( Abstract) Purpose/Significance To study the extraction method of adverse drug event ( ADE) data from medical texts, and to pro-
vide support for clinical drug risk management and scientific decision — making. Method/Process Based on pre — trained model, by com-
bining the correlation between the two subtasks of entity recognition and relation extraction, a entity relation joint extraction method for
ADE monitoring is designed. Result/Conclusion Experiments on the published ADE extraction dataset show that the proposed method is
superior to existing methods and can effectively extract ADE information and its relation from medical texts, providing a powerful means
for the discovery and monitoring of ADE.
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[CLS] #0 [SEP] #ik, A i [CLS], w,, w),

, [SEP], #ij AFETF Transformer 5
AT g, THE AT

h, = TransformerBlock ( w;) (D)

~

~
Wyse v, Wy,

Class I-Class1 E—Class1
JA—ALdE

P2 R 45

IR

B2 SRR

SEARTHONBIHAS BT 2 X AT 51 S 15 to-
ken 4325, DT A5 21 AE U SR R A SE A 2 ] /9 34
Fo R TR FI SRR B SOCKR, i B
)5 token [ 1R SCERIR R, S A— D RTITTZE M2,
Z3d — A —AARAE softmax JZ, 13541 token F)
Frigtnss, I

P, = softmax(FFNN(A,)) (2)

ARSCR BN BERT KR, e g fithid 72 b i H]
THET WordPiece ‘B I T, W RE H A
FP2) P S BRI D) 73 I A token TR DL, A1)
ZIARE, B token Y SEARBRAEACHE B2 A~ BLIH] A A
2, R PR — A BRI AR AR TR A, TR
R IE T T3 — D TARMIEOL . FETAPUNER 1
i, SRMETAUR R Rk, R =T .

L. == Y [ylogP, + (1 -y)log(1-P)] (3)
i=1

- 30 .



EFERFRE 2024 FHE45 552

JOURNAL OF MEDICAL INFORMATICS 2024 ,Vol.45,No. 2

2.3 X EREER

2.3.1 LEXRFMEE FERAMBEERT, 2
R - BERT Jiik iR &, DUSEHE R 1 P91 A
TRIE, Hsim 44 SRR 45 R R I A2 A, VR
S F G, DL 3. XEARARR T s,
THREOLP AT R, SR RBIZ R T,
VISR 1 FISEA 2 Hh AR 2 token #1J% I SE {4
RS, PR I O R RO, RIS T A

Febk 2 Wyt a R, AT
Hi = W (tanh(H,)) + b, (4)
H; = W,(tanh(H,)) + b, (5)

H,

H T AR AT R AR, 5 BERT fil
GRABRUAIX I, AR IS 0) P 51 ) A token,
Bl [CLS] token 7Eff5 —MRMUZ A5 R, 1E A%
NFIIRAE R o, B 3 iy Hy , &t A
(6) G RECHTE 513 HY, MEREZiab s
IREEA PN FFER R o ASCRB T 91 RJ7
2, AN TRCERHE RN, BEAS T 30 ) ik
SIHTECE TR T 2 R BT RRE S A R A,
ATEBT RS IR B 2 4%, T word em-
bedding“” . Character Embeddingm] DB 1 R
AT B TRIER R .

Hy = W,(tanh(H,)) + b, (6)

TRl 5 A

3 XREMEESR

SRR DU (LA 7 1 T7 1k P i 70 2R AT

5 o AEARTFON SRR RS . PPN )G, dd

Xb 3 AN AR, R R A T R R R
e, HRITE

H, = W,(concat(Hy,H}y ,H}y)) + b, (7)

2.3.2 EZEBEX AR ER{BRRMET

SR H o Jm, il ad— A 2 2 EOHL o J R R A

< 40 -

softmax i it} JZ 13 2 5¢ & 9 70 R R, 15 7
me:
P., = softmax(MLP(H.,)) (8)
SR FHZE T3 U 45 2% oA BU1E DAy G 28 A HORRE
M g, TR

L, =- z [yialog Pry + (1 =y, ) log(1 = P,) ] (9)
=



EFERFRE 2024 F545 552 4

JOURNAL OF MEDICAL INFORMATICS 2024,Vol.45,No. 2

2.4 BEFITE

K il R, SRR R 5C 2% il BORSE
BICESH, REAE TE 0 M TS AT 55 1 SR IR %)
PN BERT JEATIA0. B IR OB B Y
PR BRELL i IS TAE S5 AOBUR R R (250 (3)
F(9)) FERPRTE, HZBR T IR R EUE X
R, HA A AT S AR AR A S A
RERITRBRIESEL

Ly = ALy + (1 =2) L, (10)

3 XWEZERSH
3.1 HEEFITMISHR

SCHRAr EEOR I ADE A JFEUE 4, ik F
S ICRTATFE T R OR . ZBAE AR 2 5 (i
SO S i S R S ) R AR TE AR B S, P
i 3 % R PRt AT B e b i 45 2, B ARG HE
B W T PR AR B i SR U RPN 5 B |
SR A I PR HE AR RS2 S RISl OR O fi AR
3 FRIIL L, SR LA =7 > TR ARG R Ao
IR FL 8% S 1T JAT O Or ik 2 AT
REXS L, ol 55 B AT 7 5 2R 10 3758 SUHR IR
B UERERICR

x1 NEEBERITER

pyeiESi] il otk ()
ERIN 254 5063
RIFE 5776
KF 25 - AE R R 1551

3.2 XWBHIRE

T HCBEAN TR N A58 A AR S i 4
SR O A K Al IBORE S ey S PR kR, I
BERT, BioBERT #I ClinicalBERT 3£ 3 F i )| 25 4
TURY B SEI P A Jih DO 7R il P By R IR 24K
W2,

R2 AXXBPHSHIRE

4 Bl
RPN 128
VIE =il OGN 16
WG~ % 2 x10°
YIIZRA %L 5
PRESE S 0.1
L2 1E Nk R 5L 5x1073

3.3 ZWEHER

3.3.1 FUNAHA L LEAR, WEK3, K4,
FTEY A SCRN 2615 211 BioBERT A5 AU AE [ (7]
AW 2 SCRR R 1) ADE SEARRISE 2 i 13
(0.904, 0.868) W ft T3 T 3 5& ikt A 4E 2 v
FHERHIZ:A3 2] 1Y BERT, LA K3 F 15 R SCA N 2k
PR Clinical BERT . {ELUE 1 i 1) s AT 55 1) 38 11 245
RIjihn, ASCTTEEE 3 M FEBT F1 R
BOMIRIL, WS

®3 AXFTEEAARTINGREELME

HERESHPHERER
sl ER e bR FEACIES Fl
BERT 0. 868 0. 907 0. 886
BioBERT 0. 891 0.918 0.904
Clinical BERT 0. 849 0.909 0. 878

R4 EXFEEAFARTINGREEXR

HEESHHIHRER
e Wi EEES F1
BERT 0. 842 0. 851 0. 847
BioBERT 0. 824 0.917 0. 868
Clinical BERT 0. 826 0. 866 0. 845

£5 ANFEEEATETINGEEIERE] IR

HEESHLEER
Bl ZA A i (EIES F1
BERT 0.807 0.959 0.877
BioBERT 0. 801 0.973 0.878
Clinical BERT 0.799 0. 964 0.873

<41 -



EFERFRE 2024 FHE45 552

JOURNAL OF MEDICAL INFORMATICS 2024 ,Vol.45,No. 2

3.3.2 HHEFEAL AT B
SRR SLIR 6 R I A T BT 516 ADE B9 45 F
) S i H 4 BRI G R AR BE (0904, 0.868)
PR RLRTRRETE 1, K 6. K T, SLREE
Yok IR e Fie 30, (Al RIE T W B A i oy
W, AR REAE SRR A5G R Al i R B 1
T Giorgi J 25 SR I SmEINRT 55 SC U0,
W8, Ak (0.878) & Giorgi J 25" {9 )51k
(0.877) FIEE, T HABA Ik,

R6 AXFAEMABFHEEXRMFRMNESPHIRER

Pk KR 1 ] % F1
Li F 2o 0.795 0.796 0. 795
Li F 27 0. 827 0. 867 0. 846
Ramamoorthy S %8 0. 884 0.824 0.853
Bekoulis G 2% 0. 847 0. 882 0. 864
Giorgi J z(10] - - 0. 896
AT 0. 891 0.918 0.904

R7 AXFEMABRFEERRBINESPHIRER

LS R EIEES F1
Li F 2o 0. 640 0. 629 0.634
Li F 207 0. 675 0.758 0.714
Ramamoorthy S 28] 0. 863 0.873 0. 868
Bekoulis G 2519 0.721 0.772 0. 746
Giorgi J (10 - - 0.858
ARSIy 0. 824 0.917 0. 868

R8 AXFEMABHENIREIRIWER

J5 ik AHER FEEES Fl
Li F 410 - - 0.715
Li F %7 - - 0. 780
Bekoulis G 2% - - 0. 805
Giorgi J Z[10] - - 0.877
Ak 0. 801 0.973 0. 878
4 itig

WAL SR AT A B, AR SCHE A5 T B R
TSR 5% 28 il O YR AT A7 AR — 2 1 i itk s
], AR SR oG R A BO e i defe st Bk
BT

<42 .

4.1 BRI

AR SCHE SRR AR B v SR ] — ol i T )1 A
RUFIHT ) P22 B0 45 (0 25 1), B 2R 0 SO AN 4 1) 0
R, AHRA TGRS 1) R A A e i =S 18], IS
WA R E 27 S B i 42 1 B0k iy S 01k i A
gLy, n Si Y 261" fdi B BILSTM + BERT [
i ATt . WA I8 R I SRS R AT 58 1 R
A, K T 20 SR IR E O R AR, A
& IR G HBE 28 BT — o T Tk, RIS iR
SBURIOC 2Rl OB T BB 8 Bl B 00 19 ik T T )1 A 1Y
T R R

4.2 FWill&gAxX

XTI RIA By, A S5 125 96 0A Ab BEH
WO Grad B, i oK T ] 75 0645 2 Ol Ze e 1
XTI, wT LA R R & 2 Mo AT 55 5l
THEY RIEA ETHRMEIE SR (masked lan-
guage model, MLM) F13&TF F—4)Fijill (next sen-
tence prediction, NSP) f75 4k, il 4545 2] i Fi |
R v B3 SR OC R AR5 B AR, B
A BTN T Fp 91 73 JAT 55 R S AR TEAE 55
BT TA S PER N GRT5 125, TS 2 7E 2 3500
AR ERYOUSRE R, H M OB 5C R B 4 E 1
B X s 21 Sy 5 vk o I R ASE B A By iR AT A4 4R
b, SEAERT S EBORAE,

4.3 BEFITE

3% 1 R 1B 5 b BOCHE 242 S A 8 e ) O o
S, Zheng S %00 TF 2017 AF R AR 1 5 1k A ok 52
TR C R A R ) R, RIORE SE4R OC 2R 65 il UG
ek 5 AR PRI T H bR EAE S, BL ¥ BIEO
- Relation — Entity” fJEZ, LIk GEBMERE
B S E AR token ARZE P, IR TT IR BARATLE
TCIE AL SR S 1 ), (HJER AR o & 4T
TFT—FhBr 0T B, AR S £ R
T RESR KD b 3% S A M T A3 A B 194 52 8 56 R il
Jiiko Zheng S ZE e NYT $4f 4 b 30E 7 3
7 A R



EFERFRE 2024 F545 552 4

JOURNAL OF MEDICAL INFORMATICS 2024,Vol.45,No. 2

ASCH B S EARI AR BT ) fofT K JR
e, M) ADE filiHUE 5 S T — Rl T il 2R 1
SIS RIS TS 5 0 5823 MU I 2R L 7
FHIEZS ERIPES, TEANTINARS TSR 8 # Jy
FIINFRFFIE . SERETREY, ZIEN T E A
FAOT %, BEREN T ADE B

FIsEARA: PIAELH EFRARGELEAZF R,

S 3k

1 YASREBI - DE KOM I, DONGELMANS D A, DE KEIZER
N F, et al. Electronic health record — based prediction mod-
els for in — hospital adverse drug event diagnosis or progno-
sis: a systematic review [ J]. Journal of the American medi-
cal informatics association, 2023, 30 (5): 978 —988.

2 EEL. FETRERZE S SRR R 25 A R ST
RAEwETE [D]. wa/RE : I/RE TR, 2020.

3 DA SILVA B, KRISHNAMURTHY M. The alarming reality
of medication error: a patient case and review of Pennsylva-
nia and National data [ J]. Journal of community hospital
internal medicine perspectives, 2016, 6 (4) . 31758.

4 GURULINGAPPA H, RAJPUT A M, ROBERTS A, et al.
Development of a benchmark corpus to support the automatic
extraction of drug — related adverse effects from medical case
reports [ J]. Journal of biomedical informatics, 2012, 45
(5): 885 -892.

5 HENRY S, BUCHAN K, FILANNINO M, et al. 2018 n2c2
shared task on adverse drug events and medication extraction
in electronic health records [ J]. Journal of the American
medical informatics association, 2020, 27 (1). 3 -12.

6 LI F, ZHANG Y, ZHANG M, et al. Joint models for ex-
tracting adverse drug events from biomedical text [ C].
New York: 25th International Joint Conference on Artificial
Intelligence, 2016.

7 LIF, ZHANG M, FU G, et al. A neural joint model for en-
tity and relation extraction from biomedical text [J]. BMC
bioinformatics, 2017, 18 (1): 1 -11.

8 RAMAMOORTHY S, MURUGAN S. An attentive sequence
model for adverse drug event extraction from biomedical text

[EB/OL]. [ 2023 — 04 — 10]. https: //arxiv. org/pdf/

10

11

12

13

14

15

16

17

18

19

20

1801. 00625. pdf.

BEKOULIS G, DELEU J, DEMEESTER T, et al. Adver-
sarial training for multi — context joint entity and relation ex-
traction [ C]. Brussels; The 2018 Conference on Empirical
Methods in Natural Language Processing, 2018.

LI Q, JI H. Incremental joint extraction of entity mentions
and relations [ C]. Baltimore; The 52nd Annual Meeting of
the Association for Computational Linguistics, 2014.

MIWA M, SASAKI Y. Modeling joint entity and relation ex-
traction with table representation [ C]. Doha: The 2014
Conference on Empirical Methods in Natural Language Pro-
cessing (EMNLP) , 2014.

MIWA M, BANSAL M. End - to — end relation extraction u-
sing Istms on sequences and tree structures [ C]. Berlin:
The 54th Annual Meeting of the Association for Computation-
al Linguistics, 2016.

ADEL H, SCHUTZE H. Global normalization of convolu-
tional neural networks for joint entity and relation classifica-
tion [C]. Copenhagen; The 2017 Conference on Empirical
Methods in Natural Language Processing, 2017.

KATIYAR A, CARDIE C. Going out on a limb: joint ex-
traction of entity mentions and relations without dependency
trees [ C]. Vancouver; The 55th Annual Meeting of the
Association for Computational Linguistics, 2017.

RO, B, TV . TR A OB Y BOI RE S A
RSSO 5T [T]. AR E B
A&, 2021, 29 (11): 39 -46.

GIORGI J, WANG X, SAHAR N, et al. End - to — end
named entity recognition and relation extraction using pre —
trained language Models [ EB/OL]. [2023 -04 -10]. ht-
tps: //arxiv. org/pdf/1912. 13415. pdf.

MIKOLOV T, SUTSKEVER I, CHEN K, et al. Distributed
representations ofwords and phrases and their compositionali-
ty [C]. Lake Tahoe; The 26th International Conference on
Neural Information Processing Systems, 2013.

KIM Y, JERNITE Y, SONTAG D, et al. Character — aware
neural language models [ C]. Phoenix; The Thirtieth AAAI
Conference on Artificial Intelligence, 2016.

SI'Y, WANG J, XU H, et al. Enhancing clinical concept extrac-
tion with contextual embeddings [J]. Journal of the American
medical informatics association, 2019, 26 (11): 1297 —1304.
ZHENG S, WANG F, BAO H, et al. Joint extraction of en-
tities and relations based on a novel tagging scheme [ C].
Vancouver: The 55th Annual Meeting of the Association for

Computational Linguistics, 2017.

.43 .



