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[ Abstract ] Pharmacovigilance plays a critical role in ensuring medication safety, with its
core mission being the timely detection of potential drug-event associations through adverse
reaction monitoring. Signal detection tools have advanced rapidly, driven by the accumulation of
data from spontaneous reporting systems, electronic health records, health insurance databases,
and other real-world sources. With its advantages in open-source ecosystem and powerful
statistical capabilities, R language has become a core tool for signal detection in pharmacovigilance.
This study systematically reviews the progress and main methods in signal detection, compares the
functions and application scenarios of relevant R packages, and discusses the advantages and

challenges of using R in signal detection. The results show that the R ecosystem encompasses
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methods such as classical frequency analysis, likelihood ratio tests, adaptive Lasso and data-driven pattern

discovery, with each method differing in terms of data quality, interpretability, and automation. In the future,

further efforts should focus on integrating multi-source real-world data, detecting drug interaction signals,

applying explainable artificial intelligence, and building a full workflow of signal detection tailored to regulatory

practices.

[ Keywords ] Pharmacovigilance; Signal detection; Adverse drug reaction; Adverse events; R language
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Table 1. Summary of pharmacovigilance signal detection methods

ViRiS
DJEF
- 0 JE

A rEER7h s AR

WRRGE: TG LR A 538 (disproportionality
analysis, DPA) (W53, HWERAR
FFAEREE 2 S o LU BRI AR B
A HANZG AR T LR R AR
DI A RS2 (R

ik [WUHJE T DPA I9YEEE, SIAT Jess

Jid A, WORERRE B9 LA T HE BT
R e ir

JPEt AR R AR, R

ik REMWGT T, SRR B
2fF%

B RN ZASR S ki 2 al 5 A R

B SR A OCHRBRIE , TR AEH |

I ISR A R B

Plaser B b [ 22 2] B 2 ik
ARE MRHE, BEATIRR . PO,
o3 NN E LS ) S B E LA

e

Hp A>T 450 SER 7210
Trik o BEA R, MOHLAZ AR 5

A SMBATI A, R IR
R 2l ) B EL A 7 v R PO TE AR
A

L il #2 #5 b fE b (proportional J7IZ N F A & R R G HEEE, ST,
reporting ratio, PRR) . 24 LLfH Lk [EL 2 wiliEiN 2 O
(veporting odds ratio, ROR) % ZER Aok

(spontaneous reporting system,

SRS) s 1FS- K

DU B (R P 2225 (Bayesian
confidence propagation neural network ,
BCPNN) . 22 J01 {li1 5 1 44 Wig 40 152 7
(multi—item Gamma Poisson Shrinker,
MGPS) %

FFHXI RS (prescription sequence

T T R UL SRS B i £
i EReg Rl

FRSREER, DIRER
N, (HREEEAR R

WENT EHE2 R R SRR, AR

symmetry analysis, PSSA) M) PR SR A SCINWEIN , Jo HGE AL Az AN BB W
HE R LUK 5 (sequential probability 2 [H12Y7 5 PO AE T A =
ratio test, SPRT) "7 FUREIR 71 45 55 W)=/

i (TreeScan) [20-211 &5

Logistic [11 15, ] B Hefi th L 5 1tk Wb fE Sl e W R, wTEfiRERE R,

(odds ratio, OR) Mz J # {7 X /LT AT EEEBIROT RfEwraeJyom, B
) [7- 161 ; LASSO (least absolute Z%Zy# XU K% LRI AR R A
shrinkage and selection operator) (7 P
TEDUAR [l U3 545

oS BALAS E o BRI S THREMT . (RS
(associationrule mining, ARM) (2] B gy . B A sh i
A3k (cluster analysis ) D3RR

Vo TERFS
analysis, PCA) Rl s A B
> K-E&RH3E (K-nearest neighbor,
KNN) 0 BEHLA AR B (random
RF) 0 w6 B 4 TE AL
(gradient boosting machine, GBM) =1
R

Bt ks 10

(enrichment analysis ) (28] 2

REMG B R 1 e 4
FEAE, A6 H A
HeR, HER S A
AP A “RAT I
ML, TR

(principal component

forest,

IR E T LU T BRI
iR NI

i 5 T I e
e R A0 BE A, kLA
PRAS B HIRIR R
ToRIMH IR ; JaH&
Geil ST gl = W
i RSRE 7 SO A 7S
=X

F Tl R S ke v 22 25 R AR D 6 DL, B 2

Dijkstra % 5, SIS TR E

£ — DEC A BEAR AL sl 25 My AH ELAR AU o
A 2G5 SR 5 7R R Z E DEC,  LIAE R
TE AN R 2R AE 22 b 25 Wy I I A 4 3 RO
BFERTHI . Qian % " BT A LM G RYHE
ST MM EAE G S A R G, R
Logistic [0, Q W4 B | i 44 780 1 P A5
R85 T RN AE 25 ) - 25 M BAE AR 5 o

https://ywlxbx.whuznhmedj.com/

S MAEBON”, RIS FOEECE 25 3L R
TFLYBAE RPN NE S Wik, BKEGHZA
BT R BRI S, A
MY . GENLUE 24 PRAL A PR S B AT
LG HIWr

iR EREARTRE i & o AN 1 AV G SR
Rl . B R EE 5 n] o s w5 55 22 TR B L



830

G, LSRR RO HAT T D BT R 2
P AE SRR AL N BRI BR TAE 58 A &
R, 5AEME RS, B ERICTE
MEGEIR AT W, 5. izt
[ AR5 8., T T AR R 1 11 RN 2 Ry L8
70, KIS A7 Fsh W . BT AR
Sy P R e IR DS IR I DOY, 7970 TEN & 21
MRS O AS S0 AR AR e T T i 45 7 7 A,
Bifi 5 ML 2F > 2 ARk BRI
F S RTIIEA T R A s b RSk S B, i
SE77 RENE B ShArT P v e e A A P ) 2 AR 2R
PERE, A S M U R AT 1RO S8 G
B, BRI T X AR RS AR R AR . AMA
A — e L PR SR O A T E, )
AR AR HT Y, SN AP RS, KR —
HAILFREFE CIPERIPLEIAR) 25 EaYs
SRR E R R FAE (WA MedDRA 4328 T 1Y
A WM

g LR, ARSI vk kR R R
DN 7 B R 380 St A A . DA A [l i ) B A
T, MBS B CER B 2 PR R IR A il . TR 5
(ELOK S B BE R SN i Re Ak, A AR FH 242 4 it
TG . SR AR AR

2 RIESHEHWMERE SN RN A

2021 4F 12 7 1 H (259 i a4 L)
R T, R LR R N A R
SR A AR AR S AR . Sun 5 2 @ X
T 5 25 A M5 S A T B R L B, TR 24
VPR R AT AL T & e B, 25N B
WG RGEESRRAN . EIFH M2 g,
HRSE H KT (55K A 56 TE e 775 42
Fro RECHERER . B P24 W 5
%, I AE97.9% B IX I, 2025 F 4
Ik 272.8 U7 1y, MR AR R R RS L Y
RUNEIEREAD L B RS A, BB A 42
LS AR o 7R TR 2 AN o 3 S
WA RSS2 L R 50, RIETS BHA RTW
AREIERINE, —7 i, RGBT B0
4 7 R T TR 8 T B AT L BE . B ISR
PRI . g O SEBS B AR TR R R
RUBHRCABRIE . ) IR pREE O, $THE T M4
WO RAE PR P RIS, B—hm, 535 T

Chin J Pharmacoepidemiol, Jul. 2026, Vol. 35, No.7

HIFPReE, BFFE N BURERS RGN F R AL
heE, MR ERER R . TR M A
Frm e, ST M n S8 M R A
A S R 3o

AL “pharmacovigilance” “signal detection”
“disproportionality” ZFCHERIFE RIE T WE T GFE
CRAN R EHLAUHFTE ¥ 5 GitHub K R A% LI fiE
SV ETRAF SR B B O HERR
E AR BRI R AR A L) o e, R
2025410 A 31 H, LA 1240 0] JI T 255
AR AL, RS R, ARSON
By s NI . FEEINRE . TT AR R K
PRV SR T ST LRHERE, Jf AT
MBS, AR IR 2,

BMORE, MR E LI T NIy
AR B L, AU 1R L o5
Pk (WPhVID, pvda SEIAYFERPIRE ), 52
F5 B EE TR AY DL B (4 openEBGM
pvEBayes), i —D4 B XHR Y EXCT D]
2 MHRARL (41 adaptdpy A H & W Lasso) A
RBAEI B RREACEEE (MDDC) o 7ER
Yrge b, s TESN, REMEERE Y
SRR UESZRE, BN, AEenrich 1 sglr £ X2 W
A oy ) RE 98 92 B R AR A b R RE B MR
mederrRank WU SR A& T FI G5 R4 5 RO KUSHIERS . 1%
TP AL P BRI BB S SR e 5 1 Y
TH, b, IR S MR i
7257 (0 VigiBase {f H A9 BCPNN, EudraVigilance
I ROR/PRR, FAERSEEFHIMGPS), 7ER 1
AN S, BB R 7 12 UL
FIPHSHRAE TR,

3 KRMERMMHGENA

LR 3% 2 A AL A 0 O VR RN R BR
B, ARSCEEBCT pvm, pvLRT. adaptdpy Al MDDC
VE AR AL, J i MO IRE . 20 Fr i e
(R AN . R0 R0, S 2558 | DS AR R
PE N SE S DT T . Ho, pvm U
ZAF SR I ERE ] LU pyLRTAUGREE TRISR
LA IR I GE T HERT 7 5 adaptdpy S 1T ] A AR
7 J2 T 4 25 ) 2 i A8 O B D7 s MDDC
A IR B P AR, 58 4t B B 2l ) B AL
R 5 vk

https://ywlxbx.whuznhmedj.com/



HYIRITRERE 2026 £7 HE 3555 7H 831
Fx2 HYERESRNEXRAGEEBESILR
Table 2. Comprehensive comparison of R packages related to pharmacovigilance signal detection
o . " TERIEBRE 2RI
“ Pt P R CRIEEHHED I
adaptdpy 21 F13E R Lasso 25 R BL N M g fis S 2023-05-30 £
AEenrich "3 Dife R 4T PR BRI W I {5 A6 2021-11-01 £ 1o
MDDC EEW SRR 2R KR W AR | {5 SA 2025-04-07 £ 2
SR ATHAL
mds AN R R BRI AN R 0 W Eds Bt b HE 2020-06-15 W
mederrRank 00 DUI-447 43 225 FHZ 5 A =7 oAl 2023-09-05 A 7
openEBGM *°) UM DPA (EBGM/MGPS)  Z5 R R RIMEIACE  BORBUcH . S5/, 2023-09-14 A
LERT Rk
PhViD A& UL DPA 25N R WA (EREZ oAl LR X
(Archived)
pvda [ BRI DPA (SC8F 2050 BLROW WS [z o2l 2025-01-17 x
S
pvEBayes 1 zau6 i nt 2R KR W AR FE | {5 SA 2025-10-01 o
SR ATHAL
pvLRT BV ISR LE S (LRT) LR ET AN B S IS KRR SRR, 2023-03-06 1
g E N
pvm 142! P& UM DPA . Tasso  Z5HH A BRI IAH: (=7 o2l 2025-02-11 A
A% (e Tk LA
sglr (4 FEAIT SUARIER LA 3 PEEAN B W A5 EReR 0Ll 2022-04-19 g 4
(sequential GLR) QUSG5

Ee PFARR L LB LR LT AR AL AR FRIEA K,

3.1 pvm: ZHEMERESKNFELE
="

pvm i — M ER T 2k gEA T HA,
T F I F s . USRS T AL (5 S A i
PEVEANY, 2 0] [ A REEHE . XA
TUT k. Wik, WROR. PRR. Kk
¥ . Fisher KEmiRG 5 . —IRMRISR FLAGES . IAFA LY
(EAGES s DUnFHT 9k, Wi BCPNN B 6 FpAE (4 il
MGPS, LI Lasso 0109 ' 45, FH P i A 75 56 0
A mIE . ARFMAARIESE — . HERSE
A3 K DECTHER. ik iy AARifE DEC (1) 2x2 311 BK
0 MRS R] 5 R AR R A pRECR TN [
W EEFE bR, A LCACHHEY © PP 528 o 0 18 45
Ho pvm LR TAESL PR TAE AT ik
Fei . SRR 43 BT DA B 58 SR IERIF ST o (EL IR
BN Z BT ICHE A 8h 58 A RS Ve T vk I %
e P SRS Llb AU 0T L BN IR Oy ik
45

N 7R : Dijkstra 5 1 B A KRG RS
rheEs DL Y 3 24 £ F R BT 5Y . LL# ROR .
PRR. BCPNN FILASSO &7k, 4R4en, A
Tt /AINEEAS RN KN I 2 i) <6

https://ywlxbx.whuznhmedj.com/

BEEMERN” R pvm 3G A Tk
G ARREPEPAL, YR AR AR
HAE T, DB HAR T E N AR
H—5, HRERGIEAJSZRIE,
3.2 pvLRT: EFUALLKENANELE
HMIAR

pvLRT AR S 2 PR ) T A 96 HE 4R
T, i A A R A A PR A e B A5 AL
FHERY DEC, 124 5% B8 JH AR A R I K 1
FABEL N RRUSR LA S0 07 %, JF SRR A s 24
2y Rl BRGS0 AT R
SR 8 48 T HHE T B 5 1% 58 DPA 45 21 58 U3k )
Fo pvLRT %L BR BN pyint(), iR EE N
TALPREF A DEC SR . FH Pl DUTE i G B
S0 zi_prob R £ B FHARHERTARMAY (2i_prob
=0) I H HHlE 9K 3 Al T B9 7 2 K A A 2
(zi_prob=NULL) . Z#r5¢ )5, A summary()$2
BCPEAR R B e E i A P AE s L nT HIZ B eR K
plot()A4= BRI . SRIE EIFIAIEL ;b AT ALCOAN
BICOX AN [ B AY FHLA AL EE AT ELEL 7. pvLRT
LA T EEAL R ™ 8 I e T BTHE L, W P
(EVPAN B35, IFEZ AR HEZL T 20 128458



832

RV IR R I, 2R R 25 3 = O T
iy AF IR R8O I PSRN , A TR LR e
FAEES | i A —BEiE A G2, 45T 6
fio HeAh, pvLRTETICEER, NEEBRAAH
WlRSRUIORE A AR . PR . S RS
IEHZ SR

R 7R . Chakraborty 25 ' ffi Ff FAERS 4
T R BN R FAE I e b, 78
IR FEA IR AESE T Lh B A Rl 2l i AN R A
Z A S i s, JFE g geit . PEAIE
TR EIR o R T HEAS 58 4 O 28 50 15
EEOLT , XRS5 AT 0 Y [R) 2,
PRI, pvLRT i 155 SR A8 HEWr . FA e %
ZTt, sEREILVERRRZ R ES E R0,
3.3 adaptdpv: EFHIEM LassoMTE
®ETE

adaptdpv [H] 1] 24 4 5 v (%) 8 4828 i 326 [
A, FESCH A IE N Lasso. ARE Lasso, ZEHIAN
A AR Lasso MW m PFA-AH Gk 1,
LU A9 e A5 3 BT AN |, AR S Sk 43 T 2R
B, ¥ EHIRARFOAE R 24855, B2y
YR E i S, RS T2 %E%E. &
Y24 Wy b2 B A H bR R 1 S AT 55
adaptdpv 18 BRI AR A 2 1 A 259 7% 5
FERE x M 3285 R yo x R Nxp —(HZ Y R B
Me, NFORfs g, pFonikiias ', y
TR HBARFMZR B, o0 kB
adapt_bic(). adapt_cisl(), lasso_bic()F cisl()% . %
IR P S R 2 e L IRl AR
. WEERMEN SR E S A PAE, BRI LA
SR HHEFEE R . adaptdpy L SR REAS AL #E
S B A EAE A m e it a5 | ABIE Bk 5
1Y S AL, SE R T ARIE Lasso [A1H T A 42
T [ SR B SR R, AT B A% B M L THU01
SHIES, RRRAE G DPA J5 B LA PR A TR 24
et TR AT RENE . EERIRMETE T, BN
— BB AR, HA MR R TR S
DPA J5k, SRRl BEPEA WL 52 05 1 B 5
PRI A EOREEy, H 5 B AR e A i
PEAT S B 2 0k

7R B . Courtois 55 ' 5E T4k 6 25 W ik
Bl e, DAMARCSE R0 oc, LIEARAR
F CHTEI) Rm LA RS R, DA

Chin J Pharmacoepidemiol, Jul. 2026, Vol. 35, No.7

YRR RS R, I A IS Lasso . bR
#E Lasso . AP 5~ Sl A Lasso 1= 45 ] 1
G3J5E . H BRI A 1k 24 ) v i e SE (B A
— B RENA R, B2, adaptdpvifi G H T REIR
TR RS | ik 252 B AL 2552 2 1)
9T, HER AR G S E N RS e 2 A
3.4 MDDC: AkEiEFANIERENX LN
HETIR

MDDC K5 5K A kg WL 315k X T 10 22
TR T iR B, 54K MedDRA
SR A AR B IR R RS 1Y Ty AR, MDDC
9o R B Bl B FNAS R ARG E o . B
BREMAA I, JUHIE T4 B DX A
AR [ R 25 56 B (RS 19 3 5 . MDDC 25K i
Ayl RFEFIRRER, i RTRTT ALE 2h 24 AR
FURRFARE, IHRAsRg, FEREE
& check_and_fix_contin_table(), mddc_boxplot(),
mddc_mc(). report_drug_AFE_pairs()F plot_heatmap
05, fih G dHE . PAEBUROE P WY
TR BT EORAR AL AR 2555 . MDDC I 3
S ST TAMREIREE BB E B BRIk g, TGS
A REFAFAHSCHERT B I e (5 . HOR PR
SRR TS BEREE , Tok B S MR )=
PIAEWS . PRI . 38N UERG T 2 IR AR R
AR T BRI LR I, R R R
RARETH R o

W 7RG Lin %5 JE T FAERS Bff 4R I
B AZ AR BH Hir 70 AH SC &4, T MDDC J5 ik 1 1o
ST o BIFFEE SR LI 345 55 10 B 45000 D 2
PUI S BATTAR , 25 G AN R G AR OGP T e
AR5 o HFSE H B9 2 Bk 5 25 1 2 RA
Wz, TR ARG = B ) B8 2 AR BN A R A1 [
E BRI, ey PN R A HR e h J B Hl  4
o Wik, MDDCIE AT RBE A KAl i X
M RIIRER , (BRSNS G 253
PLHI NS UL 2 — 2RI
4 RIESZERNMARKERKREZRETE

RERIFFH ARG TR, HEZ
Py e b 1 N AT T I i 2Pk . E SR
TERE 210 . SRS Bd A iyl &, aniwdle . 15
BASEE ety . RAH R DL k= 535
SETFRE ST HT S A5 R R B mli v st 2 — 5 4L

https://ywlxbx.whuznhmedj.com/



HYRITIREZ % 2026 £ 7 HE 3555 78

i ot — R R AR, el it A 9 155 S0 TR] 14 245 40)
B BB R KRS ES . A
FE A — . EE RS L MedDRA Fifih A
— B s B DR R A, HETFZ R
AR AT B A SR, XL B
SRR IVBAREVE . ARG RE ) . HRAIAH
TEJ 2T o AR SRl 7 B0 4 brifE, DPA &)
A ) Z IR A, LRT 7R A 1R R A s
BB AR 5, SEERh AR . RS
6 E TG B R IR, R ST A S
PEE A O BIPEAL L Im PRAIWT) A BE AT A 2L
SRR ARy o Plancs ) Bk B R b
M AR AE A BAEN, BRI “RAH,
H R Fah = B B, 51% 7 XAl fig Bt
I RS MR e > MR R, KHE
FDA 5 R EMA S8 HLAG TE R il i ALZG 4% 4
Wy WA RE AR, BORHR R BEN] AT E
EHER UG =

GG 1T 245 )R S ) B R JR A A
K, ARMAT T AIAH I R AL K J Ty [ ] B
LN, —ZZEEHEN SR, 46
RIERG . BRIk . DRE R | fh A
. SCERAE 2GR, ARRAE T R
G5k, JFRReUE AL S A s . SRS 4
By REKZEZ m . Ak, &Refk
5 S WEIN, BLAR S AN TR e AR 5 A
TR E S A T I EAZ O A, AR A N 5
B HRREME SR | #0052
JB U R AT AR R DR, Y TS SR 3
BEOCTE IR TR R, A R MR 250K DR SR 4
MEZRHE G BE SR TR A, I TE SR i oy
W7 A FEAL G A ALY (Logistic [E1H . Poisson
EYE IS B B WA [ K &  2 s N - sy s
Wor. THRARRSEX G AL TR, ATt
PR AL T & AT Rk ALE R BEIE ST
CPRAET ., BN PO A Zp R Y e %) S A
A1 IR RS 53 T T i S i ) A S R
TEFRALTE ) FH A 0cHls oAb 3 | TSR K4S HL
AT N B T BT, RIGF R
MR T

5 &45iE
ARG T R 5 1R 25 W) EHAE 5 R

https://ywlxbx.whuznhmedj.com/

833

HEREHT, VIR o A 28 SR R LU
K. FIE N Lasso S B Ak sl sk BL4F 22607
T, TSR B A BB (55 B iE Y 4 T R 5
Beo FHT R R E R LRI i 2
BHAT, LSRRG LIS O . Ry A= 4
Pt AL AT figp R R LA I R A OR AR
RIFBRE TR E Rl RERIBFHINZ
URECR R . SR BE WINPT AR PR R A T |
eI TSR T I R, DA S BR25 41 B
ESSEReAS LIPS S SASE 1 DPA 2 S iibo v Pe)
B s, ICCRERESE . B PLH, 207
PRRIBER B A, R AT R A R
SO, FHEFO 2L e X, A2y hn 2 4l
RIS RO S

P38 SRS B A A AR AT AEAL T 22 5%
| 2ty lIETRUIEA

Sk

1 Bl s S A U ZS M) B RSl A R,
2025.

2 World Health Organization. The importance of pharmacovigilance
[EB/OL]. (2022-01-01) [2025-11-14]. https://www.who.int/pub
lications/i/item/10665-42493.

3 CIOMS Working Group. Practical aspects of signal detection in
pharmacovigilance: report of CIOMS Working Group VIII[M].
Geneva: CIOMS, 2010.

4 Gill SK, Christopher AF, Gupta V, et al. Emerging role of
bioinformatics tools and software in evolution of clinical research[J].
Perspect Clin Res, 2016, 7(3): 115-322. DOI: 10.4103/2229—
3485.184782.

5 R. The R project for statistical computing EB/OL]. [2025-11~
14]. https://www.r-project.org/

6  Candore G, Juhlin K, Manlik K, et al. Comparison of statistical
signal detection methods within and across spontaneous reporting
databases[J]. Drug Saf, 2015, 38(6): 577-587. DOI: 10.1007/
s40264-015-0289-5.

7 Harpaz R, Dumouchel W, Lependu P, et al. Performance of
pharmacovigilance signal-detection algorithms for the FDA
Adverse Event Reporting System[J]. Clin Pharmacol Ther, 2013,
93(6): 539-546. DOI: 10.1038/clpt.2013.24.

8 JAEH, RS, MR, L 2N RSO BRI R TE
2y E A RN ] T E AN HI 2%, 2024, 41(6): 864~
870. [Zhou RS, Lu PW, Chen JH, et al. Application of adverse
drug reaction of data mining in pharmacovigilance[J]. Chinese
Journal of Modern Applied Pharmacy, 2024, 41(6): 864-870.]
DOI: 10.13748/j.cnki.issn1007-7693.20224098.

9  Lavertu A, Vora B, Giacomini KM, et al. A new era in


https://www.who.int/publications/i/item/10665-42493
https://pubmed.ncbi.nlm.nih.gov/27453827/
https://www.r-project.org/
https://pubmed.ncbi.nlm.nih.gov/25899605/
https://pubmed.ncbi.nlm.nih.gov/23571771/
https://kns.cnki.net/kcms2/article/abstract?v=tjV0JOkNcjBWwVcqqS87qkL-7m6TxRmqe4Vn_BtokENoPds0AVe7TWZB-50LkWWFNMXNjBeHbPIljQF-5NsIWsT5Mk1Ms3AZpzwe7YPXTC6tyH7z2lHu7isgqBkmfiNW6POlA7A4w_ujV_nU-VoEuEIUHaqRyIloaa-TFPKm42Cy5nPzBYIM5g==&uniplatform=NZKPT&language=CHS

10

12

13

14

16

18

19

20

834

pharmacovigilance: toward real-world data and digital monitoring[J].
Clin Pharmacol Ther, 2021, 109(5): 1197-1202. DOI: 10.1002/
cpt.2172.

Liu A, Mukhopadhyay R, Markatou M. MDDC: an R and Python
package for adverse event identification in pharmacovigilance
datalJ]. Sci Rep, 2025, 15(1): 21317. DOI: 10.1038/s41598-025—
00635-w.

Courtois E, Tubert-Bitter P, Ahmed I. New adaptive Lasso
approaches for variable selection in automated pharmacovigilance
signal detection[J]. BMC Med Res Methodol, 2021, 21(1): 271. DOI:
10.1186/512874-021-01450-3.

Chakraborty S, Markatou M, Ball R. Likelihood ratio test—based
drug safety assessment using R package pvLRT[J]. R J, 2023, 15
(1): 101-121. DOI: 10.32614/RJ-2023-027.

Dijkstra L, Garling M, Foraita R, et al. Adverse drug reaction or
innocent bystander? A systematic comparison of statistical discovery
methods for spontaneous reporting systems[J]. Pharmacoepidemiol
Drug Saf, 2020, 29(4): 396-403. DOI: 10.1002/pds.4970.

G, WIHERS, Sy Phi . 5P iz i e M A e
AU T . P T 22, 2011, 36(20): 2831-2835.
[Xiang YY, Xie YM, Yi DH. Pharmacovigilance of major
parmaceutical innovation[J]. China Journal of Chinese Materia
Medica, 2011, 36(20): 2831-2835.] DOI: 10.4268/cjemm20112020.
SROBTR, SBe, /NTR, AL 24 AN RSN I P ) BURE
A 58 J5 1 b I 25 ), 2018, 15(4): 221-225.
[Zhang XJ, Guo XJ, Ye XF, et al. Sequential probability ratio
analysis in post-market drug safety surveillance[J]. Chinese
Journal of Pharmacovigilance, 2018, 15(4): 221-225.] DOI: 10.
3969/j.issn.1672-8629.2018.04.007.

Qian YF, Ye XF, Du WM, et al. A computerized system for
detecting signals due to drug-drug interactions in spontaneous
reporting systems|J]. Br J Clin Pharmacol, 2010, 69(1): 67-73.
DOI: 10.1111/5.1365-2125.2009.03557 .x.

Ellis DE, Hubbard RA, Willis AW, et al. Comparing LASSO and
random forest models for predicting neurological dysfunction
among fluoroquinolone users[J]. Pharmacoepidemiol Drug Saf,
2022, 31(4): 393-403. DOI: 10.1002/pds.5391.

SRIEFY, Sevide, XVZTR, 55 BRiZ 4L 0y A E Ot ST oY
TSR HE ). 259030479 27 A% R, 2026, 35(4): 451-461.
[Guo ML, Chai KY, Liu YZ, et al. Application progress of data
mining methods in real-world study[J]. Chinese Journal of
Pharmacoepidemiology, 2026, 35(4): 451-461.] DOI: 10.12173/j.
issn.1005-0698.202511032.

BRI, SR, R . 25 RATR = A T RS FR S A F
TR RGERAR]. HAETATIFZR0E, 2021, 42(9): 1641-1649.
[He BJ, Zhang MX, Zhan SY. Prescription sequence symmetry
analysis in pharmacoepidemiology: a systematic review[J]. Chinese
Journal of Epidemiology, 2021, 42(9): 1641-1649.] DOI: 10.3760/
cma.j.cn112338-20201208-01386.

IN—2F, TR BT, 4 BRARFIERGETT i 725 W R i
AR ZEAR. HARRATIT A A4, 2021, 42(7): 1286~
1291. [Sun YX, Wang M, Yang MF, et al. Review on tree—based

21

22

23

24

25

26

27

28

29

30

31

32

33

Chin J Pharmacoepidemiol, Jul. 2026, Vol. 35, No.7

scan statistic in drug and vaccine safety monitoring[J]. Chinese
Journal of Epidemiology, 2021, 42(7): 1286-1291.] DOI: 10.
3760/cma.j.cn112338-20201103-01297.

Kulldorff M, Dashevsky I, Abery TR, et al. Drug safety data
mining with a tree—based scan statistic[J]. Pharmacoepidemiol
Drug Saf, 2013, 22(5): 517-523. DOI: 10.1002/pds.3423.

Jo HG, Seo ], Choi S, et al. East Asian herbal medicine to reduce
primary pain and adverse events in cancer patients: a systematic
review and meta—analysis with association rule mining to identify
core herb combination[J]. Front Pharmacol, 2022, 12: 800571.
DOI: 10.3389/fphar.2021.800571.

Ward D, Thorsen NM, Frisch M, et al. A cluster analysis of
serious adverse event reports after human papillomavirus (HPV)
vaccination in Danish girls and young women, September 2009 to
August 2017[J]. Euro Surveill, 2019, 24(19): 1800380. DOI:
10.2807/1560-7917.ES.2019.24.19.1800380.

PREE, BN, JI RS, A5 AL o TR 2 AN RS R
B 5 SRR, P BE B 255725, 2017, 37(1): 13-
16. [Xu J, Zhong CM, Zhou J, et al. Exploration of principal
component analysis for discovering the signal of adverse drug
reactions|J]. Chinese Journal of Hospital Pharmacy, 2017, 37(1):
13-16.] DOI: 10.13286/j.cnki.chinhosppharmacyj.2017.01.03.
Wi . RETHLER 2T 0 A R SRR G 24 N RS A 5 A
WFFEIDL. LN R A2 4552 K 2%, 2024, [Chen X. Signal
detection of adverse drug reaction inspontaneous reporting system
based on machine learning[D]. Naval Medical University, 2024.
Pham M, Cheng F, Ramachandran K. A comparison study of
algorithms to detect drug—adverse event associations: frequentist,
Bayesian, and machine—learning approaches|J]. Drug Saf, 2019,
42(6): 743-750. DOI: 10.1007/540264-018-00792-0.

Jang MG, Cha S, Kim S, et al. Application of tree~based machine
learning classification methods to detect signals of fluoroquinolones
using the Korea Adverse Event Reporting System (KAERS)
databaselJ]. Expert Opin Drug Saf, 2023, 22(7): 1-8. DOI: 10.1080/
14740338.2023.2181341.

Li SR, Zhao LL. Vaccine adverse event enrichment tests[J]. Stat
Med, 2021, 40(19): 4269-4278. DOI: 10.1002/sim.9027.

Sun X, Zhang Y, Qian D, et al. An investigation into the current
status of post—marketing signal detection for pharmaceutical
products in China: an interview—based study[J]. J Chin Pharm
Sci, 2025, 34(2): 175-184. DOI: 10.5246/jcps.2025.02.014.

[ R 24 AN RS B s TR GR2A AN RSO s DA B i
(2025 4F)[EB/OL]. (2026-04-27) [2026-05-26]. https://www.
cdr-adr.org.cn/center_news/202604/120260427_51496.html.
Chakraborty S, Markatou M, Liu A. pvLRT: likelihood ratio test—
based approaches to pharmacovigilance[EB/OL]. (2023-03-06)
[2025-10-24]. https://cran. r—project. org/web/packages/pvLRT/
index.html.

Courtois E, Ahmed I, Perdry H. adapt4pv: adaptive approaches
for signal detection in pharmacovigilance[EB/OL]. (2023-05-30)
[2025-10-16]. https://CRAN.R-project.org/package=adaptdpv.
Li SR, Chen HF, Zhao LL, et al. AEenrich: adverse event

https://ywlxbx.whuznhmedj.com/


https://pubmed.ncbi.nlm.nih.gov/33492663/
https://pubmed.ncbi.nlm.nih.gov/40595769/
https://pubmed.ncbi.nlm.nih.gov/34852782/
https://www.cqvip.com/doc/journal/00854JP1MNDG9J11M9C85JP1MPDO1?sign=2c0295ca9b2a0389701321b8824fec4679cb79a5bcf52254d6e9f01e30c2ec14&expireTime=1797821252334&resourceId=00854JP1MNDG9J11M9C85JP1MPDO1&type=1
https://pubmed.ncbi.nlm.nih.gov/32092786/
https://d.wanfangdata.com.cn/periodical/CihQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDYxMDIwMjYwNjEwMTYxMjM4Eg96Z3p5enoyMDExMjAwMjMaCDUxNHU1ZmI3
https://d.wanfangdata.com.cn/periodical/CihQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDYxMDIwMjYwNjEwMTYxMjM4Eg96Z3l3amoyMDE4MDQwMDcaCG1ra2k0dXll
https://pubmed.ncbi.nlm.nih.gov/20078614/
https://pubmed.ncbi.nlm.nih.gov/34881470/
https://d.wanfangdata.com.cn/periodical/CihQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDYxMDIwMjYwNjEwMTYxMjM4Eg96aGx4YngyMDIxMDkwMTkaCGc1NHFvZzNx
https://d.wanfangdata.com.cn/periodical/CihQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDYxMDIwMjYwNjEwMTYxMjM4Eg96aGx4YngyMDIxMDcwMjQaCHRoNno3MWN4
https://pubmed.ncbi.nlm.nih.gov/23512870/
https://pubmed.ncbi.nlm.nih.gov/35111066/
https://pubmed.ncbi.nlm.nih.gov/31088598/
https://d.wanfangdata.com.cn/periodical/CihQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDYxMDIwMjYwNjEwMTYxMjM4Eg96Z3l5eXgyMDE3MDEwMDMaCDNheHJodHUx
https://d.wanfangdata.com.cn/thesis/Ch1UaGVzaXNOZXdTb2xyOVMyMDI2MDUxMjA3Mjk0NxIIWTQzMzkyNDUaCHpyMW90MXpo
https://pubmed.ncbi.nlm.nih.gov/36794497/
https://pubmed.ncbi.nlm.nih.gov/33969520/
https://www.cqvip.com/doc/journal/7200553367?sign=cc5f10f504a80191f9896174774b0c7a1da705756703f41cd6a5ad1c52ee212f&expireTime=1797821641712&resourceId=7200553367&type=1
https://www.cdr-adr.org.cn/center_news/202604/t20260427_51496.html
https://cran.r-project.org/web/packages/pvLRT/index.html
https://d.wanfangdata.com.cn/periodical/CihQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDYxMDIwMjYwNjEwMTYxMjM4EhF5d2x4Ynh6ejIwMjYwNDAxMBoIam9jb3VheWQ%3D
https://CRAN.R-project.org/package=adapt4pv

HYRITIREZ % 2026 £ 7 HE 3555 78

34

35

36

37

38

39

40

41

42

43

enrichment tests|[EB/OL]. (2021-11-01) [2025-10-11]. https://
CRAN.R-project.org/package=AEenrich.

Liu A, Mukhopadhyay R, Markatou MI. MDDC: modified detecting
deviating cells algorithm in pharmacovigilance[EB/OL]. (2025-04—
07) [2025-10-24]. https://cran. wustl. edu/web/packages/MDDC/
index.html.

Chung G. mds: medical devices surveillance[ EB/OL]. (2020-06—
15) [2025-10-15]. https://CRAN.R—project.org/package=mds.
Thrie J, Canida T, Ahmed I, et al. openEBGM: EBGM
disproportionality scores for adverse event data mining[EB/OL].
(2023-09-14) [2025-10-24]. https://cran. r—project. org/web/pac
kages/openEBGM/index.html.

Venturini S, Franklin JM, Morlock L, et al. Random effects
models for identifying the most harmful medication errors in a
large, voluntary reporting database[J]. Ann Appl Stat, 2017,
11(2): 504-526. DOI: 10.1214/16-A0AS974.

Canida T, Thrie J. openEBGM: an R implementation of the
Gamma—Poisson Shrinker data mining modellJ]. R J, 2017, 9(2):
499-519. DOI: 10.32614/RJ-2017-063.

PhViD: pharmacovigilance signal detection[EB/OL]. [2025-10-
24]. https://cran.r—project.org/web/packages/PhViD/index.html.
Gauffin O, Fusaroli M. pvda: disproportionality functions for
pharmacovigilance[ EB/OL]. (2025-01-17) [2025-10-24]. https:
/leran.r=project.org/web/packages/pvda/index.html.

Tan Y, Markatou M, Chakraborty S, et al. pvEBayes: empirical Bayes
methods for pharmacovigilance empirical[EB/OL]. (2025-10-01)
[2025-10-24]. https://CRAN.R—project.org/package=pvEBayes.
Dijkstra L, Garling M, Foraita R, et al. bips—hb/pvm[EB/OL].
[2025-10-24]. https://github.com/bips—hb/pvm.

Narasimhan. sglr: Sequential generalized likelihood ratio decision

boundaries proposed by Shih, Lai, Heyse and Chen (2010, <doi:

https://ywlxbx.whuznhmedj.com/

44

45

46

47

48

49

835

10.1002/Sim.4036>)[EB/OL]. (2022-04-19) [2025-10-24]. https:
/lcran.r—project.org/web/packages/sglr/index.html.

Shih MC, Lai TL, Heyse JF, et al. Sequential generalized
likelihood ratio tests for vaccine safety evaluation[J]. Stat Med,
2010, 29(26): 2698-2708. DOI: 10.1002/5im.4036.

F5E L DU TR s T I B 24 S B Bl
DU A 17 FHD]. v A R A RO ZE 45 R 2, 2019. [Wang
M. Research and application of Bayesian instrumental variable in
active surveillance of adverse drug reaction[D]. Naval Medical
University, 2019.

Lino MM, Mather S, Trani M, et al. Challenges and innovations in
pharmacovigilance and signal management during the COVID-
19 pandemic: an industry perspectivelJ]. Vaccines (Basel), 2025,
13(5): 481. DOI: 10.3390/vaccines13050481.

Nagar A, Gobburu J, Chakravarty A. Artificial intelligence in
pharmacovigilance:
regulatory integration[J]. Ther Adv Drug Saf, 2025, 16: 20420986
251361435. DOI: 10.1177/20420986251361435.

Barbieri MA, Battini V, Carnovale C, et al. Artificial intelligence

advancing drug safety monitoring and

in pharmacovigilance signal management: a review of tools,
implementations, research, and regulatory landscapelJ]. Expert
Opin Drug Saf, 2026, 25(2): 207-222. DOI: 10.1080/14740338.
2025.2545926.

Ferreira-Da—Silva R, Cruz—Correia R, Ribeiro I. Beyond black
boxes: using explainable causal artificial intelligence to separate
signal from noise in pharmacovigilance[J]. Int J Clin Pharm,

2026, 48(2): 677-681. DOI: 10.1007/s11096-025-02004~.

ek H . 2026 4F 03 H 03 H &R H M 2026 405 A 26 H
ARG R o


https://www.cqvip.com/doc/journal/00854JP1MPCO7JDW6FDG7JP1MPD05?sign=58ab9b0dbf796757498eabcc4ce8ef84e28097cd30ebc131ca321412cb137914&expireTime=1797841770389&resourceId=00854JP1MPCO7JDW6FDG7JP1MPD05&type=1
https://cran.r-project.org/web/packages/PhViD/index.html
https://cran.r-project.org/web/packages/pvda/index.html
https://CRAN.R-project.org/package=pvEBayes
https://github.com/bips-hb/pvm
https://cran.r-project.org/web/packages/sglr/index.html
https://pubmed.ncbi.nlm.nih.gov/20799244/
https://pubmed.ncbi.nlm.nih.gov/40432093/
https://pubmed.ncbi.nlm.nih.gov/40756610/
https://pubmed.ncbi.nlm.nih.gov/40778768/
https://pubmed.ncbi.nlm.nih.gov/40889016/
https://www.cqvip.com/doc/journal/00854JP1MPCO9IPW6JD89JP1MPDO7?sign=ed5dec8c29a4aed109d149916957edd291beb1100510a6cd9372e5214ebde887&expireTime=1797822324650&resourceId=00854JP1MPCO9IPW6JD89JP1MPDO7&type=1
https://CRAN.R-project.org/package=AEenrich
https://cran.wustl.edu/web/packages/MDDC/index.html
https://CRAN.R-project.org/package=mds
https://cran.r-project.org/web/packages/openEBGM/index.html

