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Abstract; Drug safety spans the full lifecycle of drug research and
development, manufacture, distribution and usage, serving as both the
cornerstone of public health maintenance and a core issue in regulatory
science. Traditional drug safety monitoring models face numerous

challenges regarding data processing efficiency, agility in risk

identification and comprehensiveness. However, the advancement of

( AL)
opportunities for this field. From a full lifecycle perspective, this paper

artificial  intelligence technologies  offers  unprecedented
systematically reviews and analyzes the key technologies and application
progress of Al in safety assessment across three stages: preclinical
research, clinical trials, and post — marketing pharmacovigilance.
Currently, Al technologies, represented by machine learning and natural
language processing, have demonstrated significant potential in drug
toxicity prediction, the automated identification of adverse events, and
real — time safety monitoring. Nevertheless, uneven data quality,
insufficient model interpretability, and imperfect regulatory compliance
remain the primary bottlenecks hindering the widespread application of Al
in the field of drug safety. Future development will focus on the fusion of
multi — modal data, the enhancement of model interpretability, and the
application of federated learning for privacy protection, with the aim of
constructing a more precise and reliable intelligent drug safety monitoring

system.
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Figure 1

Artificial intelligence — driven safety assessment and monitoring of drugs throughout their full lifecycle
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Table 1 Core technology system of artificial intelligence (Al) in drug safety
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ADMET: Absorption, distribution, metabolism, excretion, toxicity; KG: Knowledge graph; ADR: Adverse drug reaction
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Table 2 Drug safety data sources and Al — powered applications
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AE: Adverse event; GNN: Graph neural network ; FEARS: FDA Adverse Event Reporting System; VigiBase: WHO global database of individual case safety
reports; MIMIC — IV ; Medical information mart for intensive care IV; SPLs: Structured product labelings.



13570

v T R 25 PR gk R

AL 24 3] 2025 4F 12 7 (B 446 1))

2 NI EaeEZminRRIRA5 AR F

I AR T BIFTEAE T 25 TF & 1900 4 v B, LG AT
FAET RGEVEAb g e 24 1 00 £ W 16 1k 1 R 1 B OHC
PERIALE RAIR T 25080 g “w e i, I 2 i 43 7R
HWETERBERIE T, DI Ry S5 25 1 i PR a8 1 5 5
il A1 U Sk 2 R e 3 SR

TR GE I RGO SE 7 vk CAn 20 s 22 1A 8 52 50 3
YIRS RARIE ST ek T AE A ARV Y 2 OS2 ) AETEAF 7R
WFFE SR TCR 2 T A v 6 O 26 2 A5 PR LA B 3
WS 2 SR LA 1) AR S R BRI AT
RERCARI G I, A B30 Ao v 3 S JE 40 077 32 s 7 75
T 52 2 253 J) ¢ ( pharmacokinetics, PK) 12}
%z 715 (pharmacodynamics, PD) #48LLL J 22 20 “2 450
PR 5 0 b4 5 2, BT PR T I 28038 5 1o 0 v
P, s B 25 M IR o
2.1 HrHEREREMTN

FIT AT ] LAXE A6 5 90 4 V8 70 55 1 47 B 30 93
o FIIRTSE 2 5L T E AR ROC A ((quantitative: struc-
ture — activity relationship, QSAR)#AY | 1X 245 AU 38 1o
HNIAC G W 03 TS5 AT 5 A W 1 (LA 7
RO ) Z IR e ROk EAT I Y L TR, R 4t
Plassy S0k & 29 V2 o ] 3 4 At A% 28 g M Tl
B, I H GG A= 4 = 24 60 S 85000 1) v 1 AR B NI 3
AE I AR BRI TL , IR 2 ) S AR 4y B PR T
AT B H A5 RTE 5 AR Y
) REREY HAEE AL B W 4y TR Sk rheg o K
WIZRAESE B, A R A P2 )51 Ak 7 i LA
LB RS2 B 03 51 45 M R 5 4 B RSN 2 )
B N TE IR , 2 T ) At b o 38 i 19 v M A 1) 7 T
MAEEEL Y Tox21 Fi1 Open TG — GATEs %5 71 /\ FF
BE PR A U R R AR T T n A e A
S s A d RGN, A BEFEE 25 R B
ASEB MY, C Mg 7 —Fh AL, 7]
P2 = AN R RO A #EAT 58— 0, 1% 07 15 A HE T
= F1 A EZ K 2 N fH (area under curve, AUC)
ERTFARG S . AU T T
R w0 LB BIE A W B A Ak A T IR,
WERAPR i S0 8 R 2 DX o
2.2 HRPNWFEEAPIEE

MBI LA A B WAL A1 AR RO EE PR
Rtk AR 245 X 3l g 24 A2 808l ) “F Rk, B R e H
JREGERI G Ak, TR A I BRI T 2 7 T 0
WEWRZFl ADMET P55t (A i i a1k ARis
AEVE | L G e 30 57 P A B 5 3R PASO i I 45 ) o

ARG BT 241 55 % 2 A8 (multi - task graph
learning, MTGL) $% 4 T MTGL — ADMET fEZ2"*"' | %
HEZEH 15 17 b iz AR A HLS AR K ik, BB A 18
o 1l 35 5 B A DG () il Bl A 55 R B s X 3222 ADMET
T PERE , I HAE 22 JF ) ADMET 1 J53 i il
B FSL g4 L W], MTGL - ADMET HEZL (1% 1
RE 035 015 48 0 BAT: 55 27 20 O v DA S H AL R DL )
ZALS2F 2 5k TE AL SRS 2548 3h F1 24 R 2530 5
ATy T AR Ge i AR A i Bl o R HL
FEIT o AT SR R R AR LE e 5 A R4 PRI 3 558 1)
PRI LR LS, RT LA AAS R DU SRAE 114 S5 3 B v 2 2
PR BE - B ) - ON Z M B 2 s R &R, JF 4l
TN AE BT Y 25 24 5 G sG] i /KPR LS PD &%,
i e T 2 R B
2.3 AYELIRA SR EMEITR

AL 5 RE = 8050 M it 22 A0 A ) B 2 580 3 0o %
FEFZ I SR , AL AT DR S R i & A R
VIR OC IV AE 25 P 55, - 1 — 20 TR0 3k e 88 A5 1Y)
B TR AE I A XS . Flan, A gt 12
T LLM 1) 28 BRI UME RS0, RIS ARYE HT - S A B9
a4 FR, R LLM PN ) R R 2R RSNl B4
PEAT B, PR U 55320 0 A 56 10 2 1 BT A, JF
HE— 25 1 R 5 A 1) B 11 U85 R A 2 RN TS T T AR
SEORLE, N R SR 2 BT R IR A AR B
i, AT ASE AR, AT P Sf Tt 80 15 A A s P ) i R
F IR , IR AT REAY 2 2 MR
3 AIZEgEARIERIKEFHNA

i PRI 2 Tk BT 24 4 4 1k AT 3550k i) D S o
Bl HIEE KRR ZY e B &t b, RS I PRIt
BRI H S 22 LA S il 7 AR B A0 o 10 1
JEARIG AL G A7 A% R0 R4 43 B 19 42 2k
WD Ty v e LA A A I DR e ot S s e e Ak
FURGEPERA LT R . T RE R AR R A A T
AR AL P S A U ) R R B P S0 43 B 45 1T
MIPLH, BB 2 5 2 R 0 4 D A
RPN A SR 5 55 A A KU B | DL & &
A5 T B i SR
3.1 HARAREHHAEINRINSRELE

Il PRI o 7 23 77 A K 06 T2 iR R A
A SIS % SRR e W s N T A 715 S 4 L
FbRAE gt 0 5 =X, AUFERTFE T, 1 HAA 5 3
BEARANE BRI . A RIE T AL B R R S
TUREE 2 2] SR, B8 B 3l Ui SE|E 45 44 L Bl
LA I SCA FR R B AR OGO R A5 2,



Chin J Clin Pharmacol

3571

Vol. 41 No. 24 December 2025 ( Serial No. 446)

FLAREAR T 245 S A4 FR IR A | & AR I ] R
JE I 2 W SRS . R B Bl Ak Ad BHEOR i
P T RAR L PR RCR N AE— 20, IR S A
ZRIA RIS B ALY AR 1 2 T Sl
EHAWAERARZR AL BB H . Bilan, FDA JF & 11
InfoViP V- & IE 2 5 b A F 1 NLP 5 SeRPU1 vk
AT i )9 2 A PR A v v AR AR IS 24 A R
JIBE R S 45 S e R R 21 A, [ T
FRETRIESEAIT L T AW R EFFIG RS,
JRFRRG, LS RFAF IS I8 S A 3h
JEE S
3.2 MEURKETNS S E

et R0 52 12075 0T 245 ) 1% 2 I, R A A2 A R A
HRETERB AL AETE A 22 5% 0 N LR RETE A2
TSRS 5 T P D38, Aok A I DRI v IS A XU
O rh R T E R .l A2 E 2 g
JE R BELAFAE CANAE IS PRI B A b S B
I 2B BRTERG 52 DL R 1% 5 B AR SR Ze 8T ) |
AT HEAR T DAL R 2 B AR M A AT XU T A 7
X BEARRY BE A% A A5 1] S WO 28 52 32X 78 i AR X 3
V) B2 e A e AN R A, DA 32103 T e A e
FEXE v U AR W), DAAR i a7 1038 &8 42 . LAM
U TR G R Y, © A 2 AL B
TESZERFR A AT A8 R A B 047 S8 8 XS R
FP ORI TR, O HA o B R O P g AL T
GG Ik o T ik — 0 1 50 33K 6 50 i 9T 0] A5 24
e RS FH P 8 7 {5 B2 R0 52 B A6, 7T i B N L3 g
(explainable artificial intelligence, XAT) 7 AR 7] A4k
S T T b TEU0 I B A IS S X6 A B = A DR F 000 BT ik
BRI RALFRAE . 40, e RiA B 52 8 1 2 F)
XATHA , HEF AR S 1T 2 JE 5 A0 0 28k 5 A 55
R 250 T AT DK 2R B AE A K45 )R T30 Y BTk
FREEY o BeAh, JO B 2 o 3k, Bl SR oA 46
Ao AT DA 2 b b 1 T 0 I DR a5 AT v I 2 X6F
25N RS B AL B M R AV A 2 X
BE 75 AT DL 78 A [R] AR 25 028 4 PR AR AL T T Y
WTE 22 57 , DT N J S 64T SRS ME R S 7 ROFAG A0 B L
FERPIER L R PEPFN SR AL M B AR 2R
3.3 IERREPHENZEBIESESEE

TE R Z b il R b, 25908 R8s 1Y
PRI — B S HFRR S AW . AT R4
VU IRYEE YGRS RS €/ S e R (197 S g 4 61T
REEE-G B RS R SR 24T S Y B 3l
ARAL BRIV S B o 4 B B 4047 L 5 4

IFLEAN R ETE SR, AT RS S A IB BR A E A R 8
PHEEA G YT 4L ARG SE2H L LA i PR 1B 1Y
AR BB R AR R AR R S AN X
RE I A AL REAE K I i BRI rh AT o] 6 1 1B Bl B
RAENEFAE, TR AETFUN H A 1) B T R 3L
RV A5 S 2o i RE A 14 BIL A BE A% O i 42 w55
BP9 0 B 1 2 4 Bl A5 Y S e S 4R B ) AN
PRI NHEE . ALEOR IS A Bl R 1 %
A M I AR AR AR B R A A i 28
4 NIZgAEHmETREREMEENHEINA

Ay E N AR L Z e, HAE Tz 2 A
PB4 0 22 4 PR A SE B RT3 5 2R AT £+
S A WD S PEAE A G W R R AR AR K
FEEE_EAKUT B ARl R, X L8 R G0 B AR TE 2 BRIE
Bl ASCER T B8 e R Y 25 A LS 4T o, 3 3k
FAAEAE T8 QA 3 15 AN o8 B B i B 2 22 A5
FEE AR UG X T AR BB A PR A R )
DA K B 2 (55 RN -5 o 7 I 45 [ )R B 5 6 A
NITHEBERORIIGIA, A R i 264 77 7 (4 Bk
A AR T2 e 5 A I AR BRI RE
JIIVRE T B @i,
4.1 HYARRMEESKENSEE

TR SRR S 24 fy L i 5 28 e S R A P
SERRZFRT HARA H s 2 I 6 S 2% 1 B dls
PO 25 S RSP Z TR et . AT .,
2 So i A LA D B (] A B T DL i S E s 1Y
7 ik FEHUARART L BB S THILAE Y | LR & i 22 1)
4445 ) , CfE FAERS  VigiBase & 5Hls 14 o i HI %8s
ST DA S L R b A BT AR XU . A SRS
R TE(G SR 9 255 VR RE D7 T, Bk T HLAS 27 ST /Y
Al LT AL G M ik (FE TS ELE EE | e Bl
WG b7) 7 BRI Z A, BT BRI
3BT DR IS B R 25 H A R A ELSE T R R
BN K AN 25 N A 5 2 A ORI,
NLP FIHL g7 > BOARPE 12 B TPk 2 A | o
JEE S Al 9 Kt b A S PR U 2505 B ORHETRUR i R 3
TURFAE , HHZ IR AL 25 WA R VLA 5, D 25
AR T B 1 B L o RN, NLP FR (42475
BRI TR A = o M 7 i) RERS I AL
A5 % 2R AL A L LA B2, i PE A I
SERTNIRIE, )Y B B A R R, RE
FEYRZ AN T 24 WA BB 4 B B At A U 5
DL EER AT AR R B | LA OB A P A% 0 W D R e ]
REIS I A BUE (5 5 Bildn, A e ATCAn GPT -3



3572

v T R 25 PR gk R

AL 24 3] 2025 4F 12 7 (B 446 1))

SERIE H L) E I T AL S AR SCA
S5 245 W P AR 5G4 ) SCm) i) it , DTl B AH O
2 AT S WK HE R 5 R 50 ST O 450
H ISR IE Transformer 2244 4 HE 22 8 # 02h 1 H
T X(Twitter) \PubMed 25 Z2 ¢4k 1) SCARZE IR s
BARHOR R2GY MR BRI,
4.2 (ESWIES5FERHER

TR TP A I B AR 5 (RIS i A R
P Z G R R CHR) AN T2 B
[FAELERRE R E R (55 IR 25 i Bl R %
PRI T BB R 2P IR, B 7R PEAG
AR 5 M RS2 B 3 3, FRIR AR T HT 5 1 R
WAL o S 1 A0 D vp AT B Ay A A ] E
R FRMEWT, C @A HIE 2T MIRELESE T 2R
SR T DL TS Tt Mg £ A R SRS Y
T SR S A BAE 52 1) FAR B g A i A
X A5 PR R TR RT3 AN A RE 6% V55 Wb L 4 7R 52
PRIR] Y DRI 5C 22, BT RE W A M bR 3 F0 IX 23 AR DG &R
BT A YU RE A (UK Biobank ) 15 55 U i A e
PE 2% B B 4FE % ( Medical Information Mart for
Intensive Care IV, MIMIC — IV ) g% SRR ING IR EL I , 0F
FEH I 1 259 - i R AR IR, OF RGETT
& T B AT, ZREANE I T REC R
HYZ5H)AS B SRIR , 38 ) S 7 TSGR R 4 7Y
FLAT e T B PR TS SRR 2 A RO . B
TR EE IR B 1 i Ah R B AT T AR R A R R
s PR R AE IR 1% o
4.3 Al ZElif KL £ SEFEN 5 N8R A

TEZy bl il R BB, N RE R R
T 2RI R 2 A PEVE A 55 M ) S0l e 30 i )™ 32 1) L
FH Ty o TEIRIR 227 S8k rh , AT BB X B I 25 3 A
PEAT S AR MR ARORAR T 24 Il 1) AR R AN 244 4
PEFZBREHERE o beln, AL RGERRIESHE A L filt R AY
FMBERLE R ARG, B i 88 A v g i
LUNE R O TR =il AP G NI FETE R 2 =8
AL A 25 )RR PE RN AR | AT ] DS R
RN G B A O R B R 25 R BE 25 DA e 24
Yy — B AH ELAE PR AR IR0, I [ 245 Dl B B A= Ot R InY
AR WA, N TR BEE R IR HE S T2 A A
DU Tk AL I R 3 2, A W98 IR A B R R I A
FHTE B S B 1] R B 1) 1l 245 3k B8 A A IARALE B 5
B hn , R T BRI AR AR 1] 2 53 1) B A il
AL

T35 AR W AR BAE N, AT £ Rt 5R

Kb TARGETT 1 MO E AHIL R AR BRI 145 2 Y Jg BR
ko BFFEN G AT LU s R RET 3 | R IR BE 2~
TR DL S DT 25 7 3k , i R = 1 e PR UE 386 P 15
DT T e PR 25 M A AR AT TS R, T S 22 2
IR FH XB:  BAR AAL A RE M SR o R R A A AR
HELYIA R R A, S B AT L A9 s
PRURSR SCH55 22 8 RE 1% il B 245 i R4 4 1T A9 25 5 B
PERTEE , WA 535 BRI 7 1 245 A DA 458 3 XU
5 BESRERE

SV N TR R AE 24 22 2 1V M 0 4 0 J B o
BRIy BTz S AT T W 1 22 B . G, L
P B Z 22 A5 55, AN [) SR 50 B8040 7 5 B 1 vl 1
ABRHELL TS A7 FE A 2 22 57, U0 3t R e 0 T Al
i 137 B 59 I AR TE 53 AN IR ) AL, LR, s o e
NG — T B R N T Bl R, o At
S R DR B 554 BIUUL Y [) At 7 24 1 i 1y 3 =
ST, BE— R T AT BRI ZR Az AL RE

AR, B 245 A5 B 5 o0 A B9 HfEE , R 5t
AR By AT i R 5 DR SRR T RE ), $R T DR SR T A
APEETE . [ B o SRR AA DRI BRI Iz
SRR RS AU BAE B Eoh, AR RUBS: DA
AL 7] PR SR A A B B 2 i 2 4 W 0 1) 2 3
Jrlilo JapBE AL B R HRFEE R R N ST o T
S TR I A R 4 AR A AR B BR A A
HEGE— SHTHETEIG RIS IE, i 08 AL BRI %20 A
RCPEFME B AL

S

(1] FEMEE, ARE . KRB 524 1 2 W ) B e
PPk S HLIE [T]. d AR AT M % A4k, 2016, 37 (7):
909—916.

[2] W, @30, BBz, 55 . £ FDA A G20 B 2 RN s 5
e (1] 25k 5 55,2024 ,42(12) :533—536.

[3] el Bids, sktess, . hEERAEFFRNERS KR
[J]. "hEZ2Ze,2023,58(22) :1993—2015.

[ 4] RRELEEE 0,5 . MRESHR) SR AR E B NS AT
BB PR AE R L EBUIR [T]. A ArRkae,2022,34 (08) !
974—982.

[5] E¥ AT, X205, 55 . N e S E 25 i b i g
PR KRR (1], dhEZ Rk ,2023,20(10) :1129—1133.

[6] BALENDRAN A, BENCHOUFI M, EVGENIOU T, et al
Algorithmovigilance , [J1.
NPJ Digit Med, 2024, 7(1) ; 270.

[7] SHAMIM M A, SHAMIM M A, ARORA P, et al Arificial

lessons from pharmacovigilance

intelligence and big data for pharmacovigilance and patient safety
[J/OL] . J Med Surg Public Health, 2024, 3. el00139.
2024 -03 =01 [2025 - 07 - 28] . htps://doi. org/10. 1016/



Chin J Clin Pharmacol

3573

Vol. 41 No. 24 December 2025 ( Serial No. 446)

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

j- glmedi. 2024. 100139.

FRIUAR, B 2208 Mg TR B E PR AR S R R —— T A
St AL M [J/0L] . v [ BT R B, 2024, 12: 95—
103.2025 - 01 - 02 [ 2025 - 07 - 28] . https://doi. org/10.
195461j. issn. 1674—3830.2024. 12.014.

ZEH, RRIEAE, XA . N TR REAEZS W RS B ) 1o
WRFEHERE [J]. WGIRZyMNATT A5 ,2024,22(12) :1-5.

Wit BRIAE WSO, 55 . AT RRTES e i [T].
i [E B2 255 11,2022 ,24 (4) :334—341.

DASGUPTA S, JAYAGOPAL A, JUN HONG A L, et al. Adverse

drug event prediction using noisy literature — derived knowledge
graphs: Algorithm development and validation [ J/OL]. JMIR Med
Inform, 2021, 9 (10): €32730. 2021 — 10 - 06 [2025 - 07 —28].
https://doi. org/10. 2196/32730.

RAPOSO V L. The fifty shades of black: About black box Al and
explainability in healthcare [ J]. Med Law Rev, 2025, 33 (1)
fwaf005.

BASILE A O, YAHI A, TATONETTI N P. Artificial intelligence
for drug toxicity and safety [ J]. Trends Pharmacol Sci, 2019, 40
(9): 624—0635.

SMITH G F. Artificial intelligence in drug safety and metabolism
[J/OL]. Methods Mol Biol , 2022, 2390 . 483—501. 2021 - 11 - 04
[2025 -07 -28]. https://doi. org/10. 1007/978 — 1 - 0716 —
1787 -8_22.

ZENG X, TU X, LIU Y, et al. Toward better drug discovery with
knowledge graph [ J/OL]. Curr Opin Struct Biol, 2022, 72.
114—126. 2021 =10 - 11 [2025 - 07 - 28]. https://doi. org/
10.1016/j. sbi. 2021. 09. 003.

MICHOEL T, ZHANG J D. Causal inference in drug discovery and
development [ J]. Drug Discov Today, 2023, 28(10) ; 103737.
LUO H, YIN W, WANG J, et al. Drug — drug interactions
prediction based on deep learning and knowledge graph: A review
[J]. iScience, 2024, 27(3) : 109148.
VERMEULEN I, ISIN E M, BARTON P, et al. Multimodal
molecular imaging in drug discovery and development [ J]. Drug
Discov Today, 2022, 27(8) ; 2086—2099.

KIRBOGA K K, ABBASI S, KUCUKSILLE E U. Explainability
and white box in drug discovery [ J]. Chem Biol Drug Des, 2023,
102(1) : 217—233.

MOINGEON P, KUENEMANN M, GUEDJ M. Artificial
intelligence — enhanced drug design and development; Toward a
computational precision medicine [J]. Drug Discov Today, 2022,
27(1): 215—222.

SARKER A, GINN R, NIKFARJAM A, et al. Utilizing social
media data for pharmacovigilance; A review [ J/OL]. J Biomed
Inform, 2015, 54. 202—212. 2015 -02 -23 [2025 -07 -28].
https://doi. org/10. 1016/j. jbi. 2015. 02. 004.
HAIDER S, BLACK M B, PARKS B B, et al. A qualitative
modeling approach for whole genome prediction using high -
throughput toxicogenomics data and pathway — based validation
[J/OL]. Front Pharmacol, 2018, 9. el072. 2018 - 09 - 25
[2025 -07 -28]. https://doi. org/10. 3389/ fphar. 2018. 01072.

AXSON S A, RAMACHANDRAN R, LISENBY A, et al. Consent

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

form reporting on ClinicalTrials. gov, 2013 —2023 [J/OL]. JAMA
Netw Open, 2024, 7(6) : €2418895. 2024 —06 —28 [2025 -07 —-28].
https : //doi. org/10. 1001/jamanetworkopen. 2024. 18895.

MORRIS R, ALI R, CHENG F.
Adverse Event Reporting System ( FAERS) Database [ J]. Curr
Drug Targets, 2024, 25(7) : 454—464.

CAMPANELLA P, LOVATO E, MARONE C, et al. The impact of

Drug repurposing using FDA

electronic health records on healthcare quality; A systematic review
and Meta — analysis [ J]. Eur J Public Health, 2016, 26 (1) :
60—064.

KLEIN A Z, O’ CONNOR K, LEVINE L D, et al. Using Twitter
data for cohort studies of drug safety in pregnancy: Proof — of —
concept with B — blockers [ J/OL]. JMIR Form Res, 2022, 6(6) :
e36771. 2022 - 06 - 01 [2025 - 07 - 28]. hips://doi. org/
10.2196/36771.

DAGENAIS S, RUSSO L, MADSEN A, et al. Use of real — world
evidence to drive drug development strategy and inform clinical trial
design [J]. Clin Pharmacol Ther, 2022, 111(1); 77—89.
GUENGERICH F P. Mechanisms of drug toxicity and relevance to
pharmaceutical development [ J ] .
2011, 26(1) ; 3—14.

ELLIOTT A G, HUANG J X, NEVE S, et al. An amphipathic

Drug Metab Pharmacokinet ,

peptide with antibiotic activity against multidrug — resistant gram —
negative bacteria [ J]. Nat Commun, 2020, 11(1) ; 3184.
ZHANG J, LUO Z, DUAN W, et al. Dual — acting antitumor
agents targeting the A (2A ) adenosine receptor and histone
deacetylases: Design and synthesis of 4 — (furan -2 —yl) — 1H -
pyrazolo[ 3,4 — d ] pyrimidin — 6 — amine derivatives [ J/OL]. Eur J
Med Chem, 2022, 236 114326. 2022 - 06 — 05 [2025 - 07 - 28].
https://doi. org/10. 1016/j. ejmech. 2022. 114326.

SHEN C, SONG J, HSIEH CY, et al. DrugFlow: An Al - driven

one — stop platform for innovative drug discovery [ J]. J Chem Inf

Model , 2024, 64(14) . 5381—5391.
KIM D, CHO S, JEON J J, et al. Inhalation toxicity screening of
consumer products chemicals using OECD test guideline data —

based machine learning models [ J/OL]. J Hazard Mater, 2024,

478 . el35446. 2024 - 09 - 05 [2025 - 07 - 28] . hitps://
doi. org/10. 1016/j. jhazmat. 2024. 135446.
VIJARA N, TOOPRADAB B, YAHUAFAI J, et al. Machine

learning — driven QSAR modeling of anti — cancer activity from a
rationally ~ designed  synthetic library [ J/OL ]
ChemMedChem, 2025. €202500143. 2025 - 01 - 01
[2025 -07 -28]. https://doi. org/10. 1002/ cmde. 202500143.

XU S, XIE L, DAIR, et al. Dumpling GNN: Hybrid GNN enables

flavone

better ADC payload activity prediction based on the chemical
structure [ J]. Int J Mol Sci, 2025, 26(10) ; 4859.

LI'Y, ZHAO W, DANG B, et al. Research on adverse drug
reaction prediction model combining knowledge graph embedding
and deep [J/OL ] . 2024 2407.16715.
2024 -07 -23 [2025 - 07 - 28 ]. https://doi. org/10. 48550/
arXiv. 2407. 16715.

VALLIANATOU T, GIAGINIS C, TSANTILI - KAKOULIDOU A.

learning arXiv,

The impact of physicochemical and molecular properties in drug



13574

v T R 25 PR gk R

41

A5 24 1 2025 4F 12 F (G4 446 1)

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

design: Navigation in the " drug — like" chemical space [ C]//
Methods and Principles in Medicinal Chemistry.
International Publishing, 2015 1—20.

DU B X, XU Y, YIU SM, et al. ADMET property prediction via

Cham: Springer

multi — task graph learning under adaptive auxiliary task selection
[J]. iScience, 2023, 26(11) : 108285.

TANG A. Machine learning for pharmacokinetic/pharmacodynamic
modeling [J]. J Pharm Sci, 2023, 112(5) : 1460—1475.
ZHANG M, WU K, LONG S, et al. Prediction of pharmacokinetic/
pharmacodynamic properties of aldosterone synthase inhibitors at
drug discovery stage using an artificial intelligence — physiologically
based pharmacokinetic model [ J/OL]. Front Pharmacol, 2025,
16 el578117. 2025 - 01 - 10 [2025 - 07 — 28 ]. https://
doi. org/10. 3389/fphar. 2025. 1578117.
GAO B, HUANG Y, LIU Y, et al. PharmAgents: Building a
virtual pharma with large language model agents [ M]. New York:
Springer, 2025, 1—I15.

GANGWAL A, ANSARI A, AHMAD I, et al. Generative artificial
intelligence in drug discovery: Basic framework, recent advances,
challenges, and opportunities [ J/OL]. Front Pharmacol, 2024,
15. el331062. 2024 - 01 — 01 [2025 - 07 - 28 ]. https://
doi. org/10. 3389/1fphar. 2024. 1331062.

TEWG T, A2, 55 . N AR BT e il PR U s 4 Ok
JE BRI IR [J]. o [H ik K25 B2 5357 4%, 2025, 30
(3) :427—431.

P, T A, S TR 2 R R AT B
HARV [T]. BT 247 ,2017,26 (18) :2149—2153.
BHATNAGAR R, SARDAR S, BEHESHTI M, et al. How can
natural language processing help model informed drug development ;
A review [J]. JAMIA Open, 2022, 5(2) : 00ac043.

SPIKER J, KREIMEYER K, DANG O, et al. Information
visualization platform for postmarket surveillance decision support
[J]. Drug Saf, 2020, 43(9) . 905—915.

R, TR, AL, % . JET N BB SR 3 bk g AR 1y
TG 2 B IS O T R P ML b = ) A Y TN S
B EZOMAT A RS LA [T]. IR 22805, 2025 ,44
(3) :456—464.

e, 2. N LR R Z T rn i [J]. 2
JHZAEBE2E,2024,38(1) . 11—14.

LAMTY T, CHEUNG M F K, MUNRO Y L, et al. Randomized
controlled trials of artificial intelligence in clinical practice;
Systematic review [ J/OL]. J Med Internet Res, 2022, 24(8):
€37188. 2022 - 08 — 31 [2025 - 07 - 28]. https://doi. org/
10. 2196/37188.

WARD I R, WANG L, LU J, et al. Explainable artificial
intelligence for pharmacovigilance: What features are important
when predicting adverse outcomes [ J/OL ]? Comput Methods
Programs Biomed, 2021, 212 el06415. 2021 - 12 - 01
[2025 -07 =28 ]. https://doi. org/10. 1016/j. cmpb. 2021. 106415.

TEODORO D, NADERI N, YAZDANI A, et al. A scoping review

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[61]

[62]

of artificial intelligence applications in clinical trial risk assessment
[J/OL]. medRxiv, 2025. 2025 - 01 — 01 [2025 - 07 -28].
https://doi. org/10. 1101,2025. 01. 01. 25319800.
BABIC B, GLENN COHEN I, STERN A D, et al. A general
framework for governing marketed AL/ML medical devices [J].
NPJ Digit Med, 2025, 8(1) : 328.

LOPEZ - GONZALEZ E, HERDEIRO M T, FIGUEIRAS A.
Determinants of under — reporting of adverse drug reactions:
A systematic review [ J]. Drug Saf, 2009, 32(1) . 19—31.

DE MICCO F, DI PALMA G, FERORELLI D, et al. Artificial
safety with
intelligent systems — a systematic review [ J/OL]. Front Med
(Lausanne) , 2024, 11 1522554. 2024 - 11 -20 [2025 -07 -28].
https ://doi. org/10. 3389/fmed. 2024. 1522554.

BRENNER A, KNISPEL F, FISCHER F P, et al. Concept — based

intelligence in healthcare; Transforming patient

Al interpretability in physiological time — series data: Example of
abnormality detection in electroencephalography [ J/OL]. Comput
Methods Programs Biomed, 2024, 257 . 108448. 2024 - 10 - 01
[2025 - 07 - 28] . hitps://doi. org/10. 1016/j. cmpb. 2024.
108448.
WARNER J, PRADA JARDIM A, ALBERA C. Artificial
intelligence; Applications in pharmacovigilance signal management
[J]. Pharm Med, 2025, 39(3) : 183—198.
AHMAD M, AMEER 1, SHARIF W, et al. Multilingual hope
speech detection from tweets using transfer learning models [ J]. Sci
Rep, 2025, 15(1) : 9005.

TOONSI S, GAURAN II, OMBAO H, et al. Causal relationships
between diseases mined from the literature improve the use of
polygenic risk scores [ J]. Bioinformatics, 2024, 40 (11):
btae639.

TOONSI S, SCHOFIELD P, HOEHNDORF R. Causal knowledge
graph analysis identifies adverse drug effects [ J/OL]. arXiv, 2025 .
2505. 06949. 2025 —05 —10 [2025 -07 —28]. https://doi. org/
10. 48550/ arXiv. 2505. 06949.

RANCHON F, CHANOINE S, LAMBERT - LACROIX S, et al.
Development of artificial intelligence powered apps and tools for
clinical pharmacy services; A systematic review [ J/OL]. Int ] Med
Inform, 2023, 172 e104983. 2023 —04 - 01 [2025 -07 -28].
https://doi. org/10. 1016/j. ijmedinf. 2023. 104983.
KOMOROWSKI M, CELI L. A, BADAWI O, et al. The artificial
intelligence clinician learns optimal treatment strategies for sepsis in
intensive care [ J]. Nat Med, 2018, 24(11) ; 1716—1720.

LIN X, DAI L, ZHOU Y, et al. Comprehensive evaluation of deep
and graph learning on drug — drug interactions prediction [ J]. Brief
Bioinform, 2023, 24(4) . bbad235.

MCDONALD E G, WU P E, RASHIDI B, et al. The MedSafer
study — electronic decision support for deprescribing in hospitalized
older adults: A cluster randomized clinical trial [ J]. JAMA Intern
Med, 2022, 182(3) : 265—273.

(W5 B #A 2025 -07 -30)



