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Abstract: Objective To explore the research status and hotspots of drug-drug interactions (DDI) prediction model in the last 10 years.
Methods The relevant English literature on DDI prediction model published from 2013 to 2024 was retrieved from Web of Science
(WOS) database. CiteSpace software was used to visual analysis. Results A total of 754 pieces of paper related to DDI prediction
model were obtained, and the number of publications showed an increasing trend. The country with the most articles was the United
States, followed by China. The person who published the most articles was Dr. Yuichi Sugiyama. The research institution with the
largest number of publications was RLUK-Research Libraries UK. Hot keywords were inhibition, metabolism, pharmacokinetics,
clearance. The journal with the highest number of publications and the most frequently cited journal was Bioinformatics. Machine

learning and deep learning are gotten high attention by the high frequency cited literature. Conclusion CiteSpace software was used
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to analyze the literature on DDI prediction models, and it was found that in vitro experimental studies, pharmacokinetics, machine

learning and deep learning are the research frontiers in this field, providing a new perspective for the study of DDI prediction models.
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Table 1 WOS search strategy

P Kz SCHRR
#1 TI=("predict*" OR "progn*" OR "model*" OR “risk prediction” OR “risk score” OR “risk calculation” OR 4 725 058
“risk assessment” OR “risk stratification” OR “prediction model” OR “c statistic” OR “discrimination”
OR “calibration” OR “AUC” OR “area under the curve” OR “area under the receiver operator
characteristic curve”) OR KP=("predict*" OR "progn*" OR "model*" OR “risk prediction” OR “risk
score” OR “risk calculation” OR “risk assessment” OR “risk stratification” OR “prediction model” OR “c
statistic” OR “discrimination” OR “calibration” OR “AUC” OR “‘area under the curve” OR “area under
the receiver operator characteristic curve™)
#2 KP=("drug interactions" OR "Drug Interaction" OR "Interaction, Drug" OR "Interactions, Drug") OR 15 868
TI=("drug interactions" OR "Drug Interaction" OR "Interaction, Drug" OR "Interactions, Drug")
#3 #1 AND #2 2833
#4 TS = (“drug—drug interaction prediction” OR “prediction of drug—drug interactions” OR “predicting drug- 383
drug interactions” OR “predict drug—drug interactions™)
#5 #4 OR #3 2922
#6  ((#4 OR #3) AND DT=(Article OR Review)) AND DOP=(2013-01-01/2024-08-13) 1908
#7 (#6) AND LA=(English) 1900
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Fig.3 Map of national/regional cooperation networks
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Fig. 5 Map of author collaboration network
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1 Sugiyama, Yuichi 14 0.07
2 Shi, Jian-Yu 12 0
3 Lehr, Thorsten 9 0
4 Galetin, Aleksandra 9 0.03
5 Siccardi, Marco 8 0
6 Chen, Yuan 8 0.04
7 Lai, Yurong 7 0.01
8 Marzolini, Catia 7 0
9 Yu, Hui 7 0

10 Hanke, Nina 7 0
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Keywords Year Strength Begin End 2013 - 2024
human liver microsm 2013 4.52 2013 2018
pregnane x receptor 2013 4.04 2013 2016 p——
in vivo 2013 344 2013 2016 s
p glycoprotein 2013 3.02 2013 2014
models 2013 2.9 2013 2014
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Table 3 Top S journals in terms of publication volume
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2 Brief Bioinform 0.41 6.8/Q1
3 BMC Bioinformatics 0.40 3.6/Q1
4 PLo0S One 0.38 2.9/Q1
5 JAM Med Inform Assn 0.38 4.7/Q1

a-s AR 75 b-BATI G UER s ¢-2023 FEHITI 51 ER s .
a-impact factors; b-journal citation reports; ¢-2023 journal citation reports.
FIREHA R SCE . Hh 3 g kB 5 1 #ISC
BN Deng YF 4§ 2020 K K 1@ 4“A multimodal
deep learning framework for predicting drug-drug
interaction events™ ) 3 &, H AL 5 IR Eh 52 kP,
3 itig
ARWFFER A SCER TR TR T 2013—2024
5 DDI PN AR RS ST FESCHR, 32 T3 AT
PACS T 71, EHL B T DD Tl A% 2 45t 1)
WFFEIR S B 5T
3.1 DDI FuMARBLE ST HIR
FRAE SR A R B A& 35 5 0, DDI AR A
FHRWTFURY RO B AR BT, JHRRRZ G K
BH, XERYINT DDI FUNAR AL ) 5V B IZ B 52 5
M GO SCH R g MRS VR I 45 0 A

I J& DDI FUUAS LT FE IR 2 3 B S0 AR SR

S H A, AR T AT OB A s
VEE B2 A il B R AR RN SR )
EARREZ MRS RANGS ), Nt — P inamEs X |
B BN AR, HEZ ST
£ DDI WAL BT 7T, R OSCE R Z 2K E

H A Yuichi Sugiyama. 1Z/E# £ ZMFH PK L
(BRI . AR EE E 455D LU DDI JE & il
WAL, (EIMRZGE:, 25T R ICH IR A 2455540
i B RTTHRO, ML 734, RLUK-Research
Libraries UK, Roche Holding, Pfizer, N8 Research
Partnership, Glaxosmithkline A1 Genentech iX 6 ZXAL#4)
7 DDI TRINBARLE 7t Ak Lot 7, 2B DA [l i)
AT RN, XU DDI RN ) A e 52 5]
HEBN 27 I A AV AN 22 S 5 B2 B4, 73228 DDI #2874
LA B 25K BON 5 N W FC )

KER LI S KM iR, DDI FilASE AL )
F TR A P AEIR B 7 > P25 . 1M
MR I 3 ATk E , U4 DDI ALY (At 7T BT
FEAEPAEIR 2] B g R 1.
Ab, I S| SRR R 25 N TR e A A O
PEEIN, ALEs5 2] RIE S S SRR N H T
DDI A7 451 o

SR (IF) S i 87 AR T 520 g ) 25 22
Fabn, M TR I SO F AR R R AR A B
e gl AR . — i &, IF sk, TR
i) 73RO ARG ACHI 58 K I, DDI TRl B AL A 55
ROCEHET S BB S T3 IF 78 5 e, $m
Ak — 2 DDI BN AL 5K, BLY K140
WEEAREW ], AREZAURIR R S KR
3.2 DDI FUMRBYE) % R Bk 4%

il CiteSpace MIRIARAL T, 7] LAFE 43 EIAE
DDI T8 1) e ik 26 . DD Tl AR B 53 (1) 4]
B, FTHZEEEUD, 2 1)
Bep iy, RIEERRAAY, AT 25 A B — L R 24
WV (B AH H R o BRI J2 DDI Tl #5224 45145,
B — KRR, ARAFAE TSR AR N 25 AR ) 5
BNASH SR PR D21,

WE 5 R N FIAR A 25 Bt AR R, BT
DDI Tl 7743 8k 8, F L aFGHAHLH B R
FET AR 232 (PBPK Bi4Y) 25031, mlfs
RN 25 e B AR, T A 2 P2 2
(& A AR, A PR S F AT e i — A re A

HH T 2908000 e i g e . N T ReR
BED . RAMEOR I ek A& R G ARINAR R 2 o7
BHYR S5 E1F, AT 5L DDI il A4
BERTREPEDY, MR T SRgem e, T HEIEE L
DDI T8 BA I W IR E 5



+ 582 ¢ FA8EEIM 2005F3 8

{;35"'%%75"{ ER Drug Evaluation Research

Vol. 48 No.3 March 2025

SEARFAUSY, [RIE AT LA I PRST 204 s BRI ST
FRAR | IR B R EAE L, N IR R SR BRI RE,
AR —DIRN I, £ AR DDI Gk FE s .
3.3 DDI FURRE R Fi—PBPK 123!

HHi PBPK BiZU4:) 2 N AT DDI 4idsklol,
PBPK BRI FHBUCE AR B A 352 R4k
R A5 U2 DA R 2 D I B A R S RS R —
&, FIEMUATEIR RG], & AR
BUAS B ELERE, JRMIE N E TR, DB,
VIAEAR P 0 A FE BRI AR, L H bR 2 iR 259
A S G E. HRABR. GH@t. EWEL
BEUKEGHLA R EAHTAERMZYEE L R E
(22 I AR AL FE08), PBPK MR AT DL T4 B PR A
A 5256 o B R G IE 4R A 5% DD 7ER A5 1)
DDI J5 [, S8R 734 H9 & 1] human liver microsm.
metabolism. liver %5 3 @l 584 T 1) B H 2 PIAH
i, 2 R TR AR A AN SR A A,
N FBRAR R T T2 N, AR SRS 78
IR B ACIIBE I 45 R 00, AN, BRATANIL R S, ]
DL AR T (il BAE. R BRR RN ES) f4n i
G2 PBPK A, DIPEAL RG-S DDIM, 4R
M, FEEAN S DDI b TR B, w7 Bk —
IR R, PBPK FEAYIE ] IR R S A A S,
WM AR B BERR . BRRASEXT 4
FHEAEH FIRmR2, 62, PBPK %2 —Fig H
TR, AT R RIARREIG R 25448 AR WAL,
FH%t DDI A RIS BAT 25 A
3.4 DDI FUNERARANE—REE S

RPE 2 ST R LA S — N E B s,
F% U F T 22 J2 4 25 X 448 45 g SRABEAEL N 2 K i ) 272
SR RS SIBENELE DD TN FE B 5 K
877, JUHAEALTEA J% . JELR M RN O 7 1]
AR . W RRIR 22 ) L E R AT 4
PRZEAR ], H HR BRI 55 AT 2 I 4% (FNND
HRAPZEML (CNN)., fEHMZEM L (RNND, 4
LML (GAND. B2 (GNN) 524,

BRI DDI P ARL@E R [ sh ik )
AR RHE SRR 2 SRR A, REE A SRS 245
AL EE B R R S A R B, A
Ay 2 R FIOMAE Y . 4] 41, CNIN-DDI 5 R4 2515
BRUHE M2 1 Z N 2 L], Be% R Ab 2]
FGh G 2 PRI A TR P R ) TN
TESCHEAL b, VR S ST RS2 R e DDI Fiil] 4

TR T S
ARAAFFT, VR L% I 1E DDI S5k ) & f Al i

TP LN E5G, S5 Aamibss SR

() P S TR (R P52 2 2] BEE T LLJT Kt RE W 3 2

T DDI HORERY, X LRI 78 7> F e IR 472

INIE] . R A ZE RS RER, Ao EAEH]

AR BL NI HER TR T, BRARH 25K, HE— 2D 3

HmARSEPRT Ko HIRK, GNN SR 2 S BEAE T

W25 731 (AR AR 5 B BRI 7, X

AR DUINIEUE 25 K et AR, B RE T2 4

PER) F IR A T A

4 e
AWFFLIEIERE 10 4° DDI Tl AL e S

BRI, R I HT DD TS AL AT 0 #4

FEAERTE PBPK HEALFIARSNSCERRT T M%)

IR 27 S SR MRS AR FERTHY, e IHE

A PR KRR AN 2 AR LM SR A U Tl P B A 2

M3, HHEBCNANR DDI N EZE T H. [FE

DDI TR v 2 Bk, AR AT RS E

WIBORMIREERL, ISR THENURFER A

BRAEZERIINEE SR, DFES) DDI A

RH A R . IEAt, SETHIT TR TR At gt

IXELRERAE 5T SO RSS2 N, X

TIRTT 25 2 AR T AR A R
RBEFRR AR EATBELEAZFR

SE

[11 A\, SFvE, EEMN, & kR - T

IF) (1 mF P 25 A EL AR P W T SN 5Tk (0], R R,
2024, 55(6): 1780-1787.
LiZ Q,Lv C X, Pan G X, et al. Strategies and methods for
studying interaction between traditional Chinese and
western medicine dominated by clinical benefit-risk signals
[J]. Chin Tradit Herb Drugs, 2024, 55(6): 1780-1787.

[2] Mar P L, Gopinathannair R, Gengler B E, et al. Drug
interactions affecting oral anticoagulant use [J]. Circ
Arrhythm Electrophysiol, 2022, 15(6): €007956.

[3]1 I, FERE, B9, & BEEHE KRB

AR KL R R M ()], MR D 2 e 22 41,
2023, 44(6): 587-593.
Liu Y, Gong H, Shan Q, et al. Potential drug-drug
interactions and its associated factors in long-term drug
use in elderly patients [J]. Acad J Chin PLA Med Sch,
2023, 44(6): 587-593.

[4] Niu J, Straubinger R M, Mager D E. Pharmacodynamic
drug-drug interactions [J]. Clin Pharmacol Ther, 2019,



FE48EFE3IH 2025F3 H

{;35"%4":5"{ ER Drug Evaluation Research

Vol. 48 No.3 March 2025 » 583 -

(5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

105(6): 1395-1406.

| 5% 24 it M B B ) 24 it R L. 250 LA
REARTE S FEMGRAT) [EB/OL]. (2021-01-25)[2023-04-
19]. https://www.cde.org.cn/main/news/viewInfoCommon/
5a15b727e605482¢1cf594c689bb994b.

Center For Drug Evaluation, NMPA. Technical Guidelines
for Drug-drug Interactions Research (Trial)[EB/OL].
(2021-01-25)[2023-04-19]. https://www.cde.org.cn/main/
news/viewInfoCommon/5al15b727e¢605482¢1cf594c689b
b994b.

Chen C M, Hu Z G, Liu S B, et al. Emerging trends in
regenerative medicine: A scientometric analysis in
CiteSpace [J]. Expert Opin Biol Ther, 2012, 12(5): 593-608.
TR, IREE, IR, S 29T IIF S SR T
HEONT [J]. HZ, 2023, 45(2): 665-670.

Zhang Q J, Xu H F, Wan L, et al. Bibliometric analysis of
research literature on traditional Chinese medicine treatment
of lung cancer [J]. Chin Tradit Pat Med, 2023, 45(2): 665-670.
Zitnik M, Agrawal M, Leskovec J. Modeling
polypharmacy side effects with graph convolutional
networks [J]. Bioinformatics, 2018, 34(13): i457-1466.
Deng Y F, Xu X R, Qiu Y, et al. A multimodal deep learning
framework for predicting drug-drug interaction events [J].
Bioinformatics, 2020, 36(15): 4316-4322.

Kusuhara H, Scott Obach R, Rostami-Hodjegan A, et al.
Professor Yuichi Sugiyama: A brilliant, creative, amicable,
charming, and humorous pharmaceutical scientist [J]. J
Pharm Sci, 2017, 106(9): 2188-2194.

XIHEER, gk, AHE LT Web of Science il 5 424
PR 3O B AT A 2 [0 PEAE S, 2023,
9(11): 2050-2057.

Liu Y H, Zhang J, Zheng J. Visual analysis of the
information published in nursing journals in recent 5 years
based on Web of Science [J]. Chin Evid Based Nurs, 2023,
9(11): 2050-2057.

Fowler S, Morcos P N, Cleary Y, et al. Progress in
prediction and interpretation of clinically relevant

metabolic  drug-drug interactions: A  minireview
illustrating recent developments and current opportunities
[J]. Curr Pharmacol Rep, 2017, 3(1): 36-49.

Peng Y R, Cheng Z N, Xie F F. Evaluation of
pharmacokinetic drug-drug interactions: A review of the
mechanisms, in vitro and in silico approaches [J].
Metabolites, 2021, 11(2): 75.

Qiu'Y, Zhang Y, Deng Y F, et al. A comprehensive review
of computational methods for drug-drug interaction

detection [J]. IEEE/ACM Trans Comput Biol Bioinform,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

2022, 19(4): 1968-1985.
Han K, Cao P G, Wang Y, et al. A review of approaches for
predicting drug-drug interactions based on machine
learning [J]. Front Pharmacol, 2022, 12: 814858.
Min J S, Bae S K. Prediction of drug-drug interaction
potential using physiologically based pharmacokinetic
modeling [J]. Arch Pharm Res, 2017, 40(12): 1356-1379.
sk, Wk, ZEME, 55 AR ZAE) ) R
COVID-19 677 24T s h RS BLR [0]. oh i R
Ziize e 2023, 39(12): 1810-1814.
Zhang Y, Xie P P, Li Y M, et al. Application of
physiologically based pharmacokinetic models in COVID-
19 therapeutics research [J]. Chin J Clin Pharmacol, 2023,
39(12): 1810-1814.
AE, RECHR, BITW, & R TAEEANE)
AN AR ()] P E R SR
2E4:E, 2015, 29(6): 993-1000.
Niu X Y, Wu J J, Ge G B, et al. Application of
physiologically based pharmacokinetic models to drug
evaluation: Research progress [J]. Chin J Pharmacol
Toxicol, 2015, 29(6): 993-1000.
Mao J L, Tay S, Khojasteh C S, et al. Evaluation of time
dependent inhibition assays for marketed oncology drugs:
Comparison of human hepatocytes and liver microsomes
in the presence and absence of human plasma [J]. Pharm
Res, 2016, 33(5): 1204-1219.
Prueksaritanont T, Chu X Y, Gibson C, et al. Drug-drug
interaction studies: Regulatory guidance and an industry
perspective [J]. AAPS J, 2013, 15(3): 629-645.
Zhuang X M, Lu C. PBPK modeling and simulation in
drug research and development [J]. Acta Pharm Sin B,
2016, 6(5): 430-440.
Lucas A J, Sproston J L, Barton P, et al. Estimating human
ADME properties, pharmacokinetic parameters and likely
clinical dose in drug discovery [J]. Expert Opin Drug
Discov, 2019, 14(12): 1313-1327.
Yang Z H, Tong K'Y, Jin S Y, et al. CNN-Siam: Multimodal
Siamese CNN-based deep learning approach for drug-drug
interaction prediction [J]. BMC Bioinformatics, 2023,
24(1): 110.
Zhang T L, Leng J X, Liu Y. Deep learning for drug-drug
interaction extraction from the literature: A review [J].
Brief Bioinform, 2020, 21(5): 1609-1627.
Zhang C C, Lu Y, Zang T'Y. CNN-DDI: A learning-based
method for predicting drug-drug interactions using
convolution neural networks [J]. BMC Bioinformatics,
2022, 23(Suppl 1): 88.

[riEsms  F# %]



