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Biomedical Event Trigger Detection Based on Two-Stage Question Answering Paradigm
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Abstract: The existing biomedical event trigger detection methods have the following defects: Redundant information
unrelated to triggers are retained; potential correlations between entities and events are ignored; traditional methods are
vulnerable to data scarcity. A biomedical event trigger detection based on two-stage question answering paradigm is pro-
posed to address the above problems. In the event type identification phase, in order to exclude the interference of irrele-
vant information, the attention based on syntactic distance is allowed to capture more meaningful contextual features. In
order to effectively utilize the potential features in the entities, the word-entity-event co-occurrence feature based on global
statistics is used to guide event type aware attention to explore the strong relationship between words and events. In the
trigger localization phase, the trigger index of the event in the sentence is answered according to the identified event type
questions, thus leveraging the rich question answering database to achieve data enhancement. The results on the MLEE
corpus show that the two-stage question answering paradigm, syntactic distance attention, and event type aware attention
effectively improve the performance of the model, and the proposed model achieves 81.39% F1-score, outperforming
other baseline models in terms of detailed results for multiple event types.
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Fig.2 Proposed trigger detection architecture
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Fig.3 Syntactic distance matrix of biomedical text example
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Table 2 Event type statistics for MLEE dataset

FRK R e IRAE
Cell Proliferation 82 43
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Blood Vessel Development 540 305
Anatomical  Death 57 36
Breakdown 44 23
Remodeling 22 10
Growth 107 56
Synthesis 13 4
Gene Expression 210 132
Molecular Transcription 16
Catabolism 20
Phosphorylation 26 3
Dephosphorylation 2 1
Localization 282 133
Binding 102 56
General Regulation 362 178
Positive Regulation 654 312
Negative Regulation 450 233
Planned Planned Process 407 175

3.2 BRUEE Yt R R

R SRR g Pytorch R JE 52 2] HE 2L FI Python3 4
FEIES . Linux IR 5 # & . CPU 4 Intel® Xeon® W-
2223 CPU@3.60 GHz,GPU >4 Quadro RTX 48 GB, N
747128 GB, FAI AL T PubMedBERT SEBLAY , Hivh
batch_ size % B 4 32, epoch BB 4 30, F X Rix B H
2E-5, al ) ) ) i 5 R o N SEqA ) ) ) i B 5 R 1
0 #RICE A 2, Stanford AT &5 A2 I MLEE H 454>
BRI 2540 , Adam BEAE R BHAILEE BE T RESEE sk
A)FE A batch B RN RULE . R T 1R
FERIEIPERE , A8 SCHT 2 BRI {68 FH A6 i 2% sz DG P
JEFC D) - o S Sk S ) g L ARSI, D) fiok % 1) ) (R S R SE 4
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VCELARYE Y fith % 10) , fish S 1) X6k 57 ) A2 78 5 4 DU L b
FERY A, ARl NLP AL S5y H B TR FEFR,
BIRE 1 2 (precision, P) . 7 8] ZK (recall, R) Al F1{H EAE
FERIVERE . KSR S XA T 25 S 5 1, S8R
B R T A TR A fiph %2 1) )R H SRR Ay i % ] A L
B DR SERR AT 5 B, BRI
S Ay fiok 2 1) B4 A A H g AR I A i 2%z 1) £ L 481
SR, A5 TN B 2 AN 1 Dol 2R L ) — T01 TG S e A
RUIPEREAY IR, Rk ) F1AEAE BRI PE B AR S Ak T
Prdebr, R R R A B R QPR % . MR
AT

TP

P=p i Fp (17)
TP

R=TpFN (18)
_ PxXR

F1—2><P+R (19)

Horfr, TP . FP . FN 43 3| 3 7R AR B 0 Ay 1 2K A IE A A2
BT 2 ) SR AR KR, DL TN A 7 2 ) IR
AE .
3.3 LR

AT UERAS ORI A 3 e 5 LU T etk
JFiEATH R : (1) Pyysalo S T —Fp i it
IE5 SVM 43 25 28 AH 25 A5 B AR ; (2) Zhou S5 AMERIE
b rp () Ay 15 2 SRR B RV SRR RN, SN2 —
P2 A% 025885 (3) Wang Z5"ji i BILSTM-CRF #E A0
fiph & TRVRSHIN AL g BURRVEAT 55 5 (4) He Z51 0 T 2/ 2%
S AT ) R, M S 3RS ) ) 4 SR B RN 40 2By
Bz, 3F HoA AR BL DU 3 A 3 B4 AE #R N 5 (5) Shen
S CONAL i ) i ) 2 B 22 I 8 R B 22 I WL S 5, W&
A PR ) B T8 SURFAE ; (6) Li SR & 1 B TR it
B RN T IEEYLRIANE D2 SR R BT SOk
22 B SRER 5 (7)Fei S Y T —Fh I T3 VA 4 22 )
28 BRI L 4 o (A v i R 45 8. 378 HH CRF X 4)
T TR BT IR A gD 5 (8) Diao Z5I%% A A1k BE X i)
KT i # A SVM, i i 78 /-4l 42 &5 2 IR 018 AR
HIE SR A 0 figh %% 370 5 (9) He 25 5| NI T 7E B S HLHI )
BiLSTM $&BUE SURHE , - F e LR T4
255 (10) Wei P H T —Fh I T £ 258 Z 1) BILSTM
ZAKe A A R BURRAE DA SBE G o B A J U BT 2%
(11)He 5525 5 h) T NN 2 2 IR FTE R 5 R
PRSI S ) L

AR FE MLEE %4 5 A0 45 R 3k 3 iR .
37 ARAIE S5 SR A R R R (5, BT A R i T
4 J ) RE BB TR ST 55 3.2 7 Fh AR B0 fih & R ARG
PCECIEIN . M3 Hral LI g3 .

(1) STHER[LSTAISCHR[S118 H SVM X A 1y B 2 fioh &
HEAT A2, I ARG RN 7 2 ik b BUS T aedl

A3 A IR (R fh K i A5 &4

Table 3 Trigger detection results of different models

HAT %
il P R F1
SCiR[15] 70.65 81.46 75.67
SCHR[S] 75.35 81.60 78.32
SCHR[18] 77.89 78.28 78.08
SCHR[16] 80.35 79.16 79.75
SZHik[20] 80.06 81.25 80.57
SCHR[24] 80.74 80.42 80.58
R[] 81.12 79.15 80.28
iR[32] 80.03 81.54 80.66
ik[22] 80.88 79.65 80.26
XHik[21] 79.89 81.61 80.74
SCHiR[33] 82.01 78.02 79.96
7R3 82.03 80.75 81.39

SROPERE  (HAR TR BN TR 5 K E I RRIE/E AR Y
N HXEETT AL RS ) B T iR AR A & R A
75 T B B B R L 5 0 SCRR [20] 89 F1 43 Bk STk
[STHEMT 2254 E 47 24, SCHR 24109 F1 43506 STER[15]
15 4.9 1A E 5 A AR SUBRIY F1 434055 3l SRR 1511
SCHER[STHEM T 5. 724 E 43 s 3.07 N E 4 s EIGX
— FE S 1) 32 B DR R VR R 2 2 B 7 7 0T LU G )
M) VAR B SURFIE

(2) SCHR[24] SCHR[71RUAS SCRL TR R: @l A 7k 451 i
T 04 ik 2 TR DALY 5 LA A 1 )RR BB B
RIFL, EARE WA E S0 F1 4% SCHR[24]0) F1
B SCHR[18] 7 T 2.50 AN A 43 A5, SCHR[7160 F1 435
L SCHR[16]75 T 0.53 AN H 4 o SCHR[7]5 SCHR[18]4H
L, FORNGEE T 50 B DG B e 25 9 28 40 il Bt T 254
BRI gt i T IRBIPERE . Bt P 8,
ARSCAGEFY 53 5 b SCHR[24) I SCHR[ 717 0.81 4N B 40 s Al
LITANE Sy A X U2E BLENIE T RS S RENE M i %
TR IR B ERE B

(3) SCHR[22] SCRR[33TFIASR SCRLRIER 51N T A [l 5
KEEZ IALH . 5RAEZE ISR,
BR[22]LESCHR[18]A0 FUELES T 2.18 N E 43 i AHEL T3
mk[16], CHR[33]00 F1 0 B384 M 7 021 N E 4. It
Ab AR SCERIY F1 504055 ) b SR 122 A0 SCR[33 13 I
LIBANES S 143 AN ES S X TETER T
S fish S TRV S S B B A5 B, 3 HLAR ST 3R
HIVER IREE IR A B X BT UE R

(4)3CHR[20] SCRR[24] SCRR[32]FIAS STASE RS AR 5 [N
TR . SRS N SRR REIRIAE L , STk
[201 L SCHRI 7100 F1 43508 7 0.29 4N B 40 45, SCHR[32]k
SCHR[22138 1T 0.40% ., A1, A SCRERIE) F1 435053 )
L SCHR[20]  SCHR[24 1R SCHR[32] 85 0.82 4N H 43 45..0.81 4
By 073 AN E 4 o LI R TR T2 M8
TG SRS FUERAE BE A R 4 Bh At 28 I 45 4 e 3
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A4 ASIEERAE 19 FdefE I b PR A 25 2
Table 4 Detailed results of different models on 19 event types BT %
R HR[16] CHR[15] SCHRIS] AL
P R F1 P R F1 P R F1 P R F1
Cell Proliferation 78.4 67.4 72.5 63.8 69.8 66.7 78.4 67.4 72.5 94.4 79.1 86.1
Development 72.9 80.4 76.5 68.1 83.5 75.0 69.3 81.4 74.9 77.1 82.7 79.8
Blood Vessel Development 98.2 94.7 96.4 85.7 96.3 96.0 98.7 97.3 98.0 97.3 95.7 96.5
Death 68.9 86.1 76.5 56.9 94.3 71.0 72.1 88.6 79.5 70.0 77.8 73.7
Breakdown 85.7 54.5 66.7 80.0 34.8 48.5 80.0 34.8 48.5 100.0 65.2 78.9
Remodeling 83.3 50.0 62.5 85.7 60.0 70.6 85.7 60.0 70.6 87.5 70.0 77.8
Growth 79.7 83.9 81.7 69.1 83.9 75.8 77.1 83.9 80.3 96.3 92.9 94.6
Synthesis 66.7 50.0 57.1 333 50.0 40.0 40.0 50.0 44.4 80.0 100.0 88.9
Gene Expression 87.1 92.0 89.5 83.8 93.9 88.6 84.7 92.4 88.4 86.6 93.9 90.1
Transcription 100.0 16.7 28.6 25.0 14.3 18.2 0 0 0 50.0 28.6 36.4
Catabolism 25.0 33.3 28.6 0 0 0 16.7 333 22.2 50.0 33.3 40.0
Phosphorylation 50.0 100.0 66.7 50.0 100.0 66.7 75.0 100.0 85.7 75.0 100.0 85.7
Dephosphorylation 0 0 0 0 0 0 100.0 100.0 100.0 0 0 0
Localization 81.9 78.2 80.0 79.9 83.5 81.6 80.9 85.7 83.2 82.5 78.2 80.3
Binding 92.7 76.9 78.4 84.0 76.4 80.0 81.1 78.2 79.6 87.5 75.0 77.8
Regulation 61.9 61.6 61.8 46.5 60.4 52.5 56.5 53.1 54.7 63.4 57.3 60.2
Positive Regulation 78.0 83.8 80.8 67.9 86.7 76.1 71.6 86.4 78.3 81.7 84.8 83.2
Negative Regulation 80.3 75.3 77.3 74.4 77.0 75.7 77.1 78.8 78.0 78.9 87.4 83.0
Planned Process 75.9 71.1 78.4 53.9 75.0 62.7 56.6 75.6 64.7 68.7 57.7 62.7

(5) 533 X Be AR R AH Lh , AR 3 H B AR AR 5
BT 81.39% F1 434, R T H M e g iRl . &
SRS RS AT R — DA T I EE R, 3 H =118
M AEPRER R T 80% L i BH A SO ) o 1 . X 2
VAPE T2 T AR R 0 b T SR ML R TR
BT, F25 T B I - S - SR A e BRI Y SR 2R AR B
ERIVGIRE TR SEEZ BB RPEE . 1o, W
i B 1) B30 AR AR TR S5 B A 0 R B 22 i 134
P A () R
3.4 AedRfE RN EiE A e iR

KT AT AR SR BRI TE A 2R R RS
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FERIFEITA 19 28342870 b0 AN SE 045

MF 4T LIFE W (1) FEF1 807 10, AR SR
19 5B AIP ) 13 28 B A i tEfE . 78 Syn-
thesis” “Catabolism” Fll “Transcription” Z5{4: 25 R v | AR 3
TR F1 4505 3l b = AN SRR P8 0 50 1 4174
H o 23 1A E S A1 20.8 AN E 43 4 () ZE B 1 R 7
T, AR SORSRIAE 10 R F A2 A s T HAt JE AR #H
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A T 109N E 40 85 238 N A A 9.0 | 4 4,
B IESE B o (3) FERE TR ZE 7 T, AR OIS RIAE 11 282
A ERIAG ., B2 FE 198 HH2RA F A R4 R
WERH T AR SO A R

R T R ST, A SRR E A 2R
b T £ SR P S R TR IE P T R . O IRIE R

R e 1 1005 55 I %) S A5 A5 D P, B S {8 B0 A
0BT | TR VR R M B R AL PR AN IR AR bR Y 19 2R A
KA G5 5 A — A FoRAEF 2R AIAY “Other” 2H %, , 151
AR “Bvd” & “Blood Vessel Development” it 4 5 .
WA S PR, BT “Cell” “Pos” “Reg” Fll “Trans” 28 7] b ,
Tl A 28] v 35 R EC At A SR R A ) S 61 , X LB
WE TSR A3 AN SRR RE T o eAh, SRR
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Fig.5 Confusion matrix of predicted value and true value
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3.5 A (R AL AR 5

AT B IS AR AR A S, AR S
T A B P4 LA S AN AR A . ks Py
7R, Y B B R b R RVRG R R R SRR AT S5 80 1
W%, P B A A8 B B 1) B0 a7 M 4%, B B +AT 1
RIMANT EF3OERE B F ML, Pk Bi+MASK-ATI1
RN T AR B A BT SOERE T8 F M4, R B+
MASK-AT1+AT2 f& N F -2 RS 3 1 00+ W
% Wi Br+MASK-AT 1 +Entity-AT2 A2 A S H 1) 5258
AR

5 AP

Table 5 Impact of different components on model

A%
LAY P R Fl1

iR Be+MASK-AT 1 +Entity-AT2 82.03 80.75 81.39
WKy BE+MASK-AT1+AT2 79.42 81.53 80.46
Wil Bt+MASK-AT1 79.74  80.53 80.13
Wik Bt +AT1 79.72 79.37 79.54
Wik B 79.62 7931 79.47
B 79.14 7844  78.79

(1) B 3% 5 T LU B, Py B Lb SR o B4 A o 7
BIPERE , F1 0500 1 0.68 AN 4 s, BVIE T AR SCHR Y
Py Bz i) Z 50 R A 2k . EAMAFI H PubMedBERT
T TR PERE , 3 BRI AL S5 7R R AR ) 5
A2 2% B B I H -t A0 FH = 0 1) 25 A 3 S i i i

(2)M T B uE R T AR e & 0 | T SRR 14 R
R E, th 3 5ol 50, PR BL+AT1 R F1 80 Yy
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Fig.6 Hyperparametric sensitivity analysis
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Fig.7 Results graph for real event types
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