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[ Abstract ] Objective To identify signals of tacrolimus (TAC)-associated renal injury using the U.S.
Food and Drug Administration Adverse Event Reporting System (FAERS), externally validate these signals
using EudraVigilance (EV), and characterize the time-to-onset (TTO) characteristics of representative renal
injury preferred terms (PTs). Methods TAC-related reports in FAERS from Q1 2004 to Q1 2026 were extracted,
deduplicated, and standardized according to MedDRA version 27.0. Signal detection was performed using the
reporting odds ratio (ROR), proportional reporting ratio (PRR), Bayesian confidence propagation neural
network (BCPNN), and multi-item gamma Poisson shrinker (MGPS). TTO was calculated for representative
PTs. Renal and urinary disorder cases were retrieved from the publicly available EV Line Listing. The top 20
robust signals by reporting frequency in FAERS were externally validated at the case level, with cases originating
from the European Economic Area (EEA) used for sensitivity validation. Results A total of 65,247 independent
TAC-related reports were included from FAERS, comprising 12,054 renal and urinary system disorders, with a
ROR of 3.33 [95%CI (3.26, 3.39)]. Among 224 PTs under the system organ class (SOC), 93 were robust signals
that met the positivity criteria of all four algorithms. The most frequently reported signals included acute kidney
injury, renal impairment, renal failure, toxic nephropathy, and renal tubular necrosis. Renal fibrosis, renal
tubular injury, and renal tubular atrophy showed RORs of 56.37, 54.85, and 53.76, respectively. By the EV data
cutoff, 6,557 eligible renal and urinary disorder cases were available for external validation. All top 20 robust
renal PTs ranked by reporting frequency from FAERS were repeatedly reported in both the overall EV dataset
and the subset of EEA-origin cases. Among representative events, acute kidney injury, renal impairment, renal
failure, and toxic nephropathy were reported in 1,371, 1,373, 910, and 585 EV cases, respectively, whereas renal
tubular necrosis, renal fibrosis, renal tubular injury, and renal tubular atrophy were reported in 229, 100, 69, and
68 cases, respectively. A total of 1,662 FAERS drug-PT event records had valid TTO data. The median TTO was
110 days (IQR: 19-648 days); 32.6% of events occurred within 30 days, whereas 31.9% occurred more than 1 year
after treatment initiation. Conclusion Signal detection in FAERS and external validation using EV consistently
suggest that acute deterioration of renal function, renal tubular injury, and chronic structural renal damage are
key pharmacovigilance concerns associated with TAC. The recurrence of these core signals across databases
strengthens their reproducibility. Nevertheless, as these results originate from spontaneous reporting systems,
they should not be interpreted as true incidence rates or as evidence of causality. In clinical practice, continuous

renal monitoring should be tailored according to baseline renal function and treatment stage.
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2.4 EudraVigilance 5MBI&IE
3R 15 FudraVigilance Gateway Date 7 202 {53
K WA IR ZR GEAH A5 Herb 6 557 1y 9] vh
TAC 7£ Suspect/Interacting Drug List # #5 i N S
F1 2 TACHXAREHREMEREHE
Table 1. Basic characteristics of all tacrolimus—-related
adverse event reports

FEAE 15115k IR (%)
51
% 32157 493
I 25 607 39.2
(PEN 7483 11.5
iy ()
<2 999 15
2~11 3107 48
12~17 2167 3.3
18~64 32741 50.2
65~85 10 021 15.4
>85 177 0.3
(7SS 16 035 24.6
st
[ 18907 29.0
H2H 14133 21.7
Hofth ALl A B 13 848 212
2y 5303 8.1
(FEN 13 056 20.0
TR ER
B 28 875 443
HA 7396 11.3
pr | 2954 45
Yl 2952 45
i 2181 3.3
JRaixc
JEEAN R 57 495 88.1
e EA R 7752 11.9
BT 9019 13.8
A B BT e o ] ZE 4 17 897 274
f& K A 1448 22
by 673 1.0

E: APPERRFMHARLT, ARRERE ALK, EA LG
KR F R T 65247 AR TACAT A B LR, WAk KRG m
BlAE 2R, Fl—aRETREZESAOUTCLE B, HI&ELKLER
ERVFAELF . AR T AAEARA,

F2 ER#HRE4TEEREIRAER SOCHES
Table 2. SOC signals that simultaneously meet the positive criteria of all 4 algorithms

SOC Bix ROR (95%CI) PRR EBGMO5 1C025
TR R AR AR 36 069 3.73 (3.69, 3.77) 3.27 321 1.68
5 JUE B bR R G R 12 054 3.33 (3.26, 3.39) 3.19 3.11 1.64
B SiE RGP 9570 428 (4.19, 4.37) 4.13 4.01 2.00
N RN 2SS 8125 2.33 (2.28, 2.38) 2.28 222 1.15
SR N 2 e Vi PR 2639 3.05 (2.93, 3.17) 3.02 2.89 1.53
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Table 3. Top 20 most frequently reported renal and urinary PTs meeting all 4 signal criteria for tacrolimus

HEi44 PT ik ROR (95%CI) PRR (x?) EBGM (EBGMO05) IC (1C025)
1 2k B 2200 4.31 (4.13, 4.50) 4.28 (5458.26) 4.23 (4.05) 2.08 (2.02)
2 B Redi 1438 5.12 (4.86, 5.40) 5.09 (4654.09) 5.02 (4.77) 2.33 (2.25)
3 B b 1067 2.32 (2.18, 2.46) 231 (787.12) 230 (2.16) 1.20 (1.11)
4 PR B 673 18.94 (17.52, 20.48) 18.89 (10 681.88) 17.76 (16.42) 4.15 (4.00)
5 B I 445 279 (2.54, 3.07) 2.79 (505.60) 2.77 (2.52) 1.47 (1.33)
6 B/ INE IR AL 345 10.55 (9.47, 11.75) 10.53 (2869.54) 10.19 (9.15) 3.35 (3.15)
7 HHIR 326 5.12 (4.59, 5.72) 5.12 (1061.07) 5.04 (4.52) 2.33 (2.16)
8 214k fk 282 56.37 (49.60, 64.07) 56.30 (12751.16) 47.03 (41.38) 5.56 (5.15)
9 Je b B e ANER B AL + 239 51.52 (44.88, 59.14) 51.46 (9988.40) 43.62 (38.00) 5.45 (5.01)
10 /N TR ST B R 231 3.65 (3.20, 4.15) 3.64 (437.27) 3.61 (3.17) 1.85 (1.64)
11 AR B NESG + 231 3.67 (3.23, 4.18) 3.67 (443.34) 3.64 (3.19) 1.86 (1.66)
12 B LE Atk 198 8.63 (7.49, 9.95) 8.63 (1295.15) 8.40 (7.29) 3.07 (2.81)
13 B/ INETR T 178 26.27 (22.52, 30.63) 26.24 (3951.70) 24.08 (20.65) 4.59 (4.19)
14 B /NE U 174 54.85 (46.62, 64.53) 54.81 (7685.59) 45.99 (39.09) 5.52 (4.96)
15 BFRUK T 164 6.49 (5.56, 7.57) 6.48 (743.44) 6.36 (5.45) 2.67 (2.40)
16 B+ 145 454 (3.85, 5.35) 4.54 (393.30) 4.48 (3.80) 2.16 (1.89)
17 TR 144 4.86 (4.12, 5.73) 4.86 (433.94) 479 (4.07) 2.26 (1.98)
18 RN~ 136 53.76 (44.75, 64.59) 53.73 (5903.54) 4523 (37.65) 5.50 (4.83)
19 IgA BT 117 23.30 (19.30, 28.14) 23.29 (2304.32) 21.58 (17.87) 4.43 (3.92)
20 R 103 4.89 (4.02, 5.94) 4.88 (312.76) 4.82 (3.96) 227 (1.93)
E: TATZPTTRZ TACK T E B, KB ma kRt kY, HEENIERE/ R GERMBEGTE, LEPTHREN TREES ik

AR, (2 RAE A e B 445 69 £ 24E5; ROR. PRR., EBGM A= IC AR RR LB A2 E, AR AL A FRHR K&, 4 PRIMARYID & &
BT, AARSAER ALK SR A
8234 (8.7%) #=1534 (1.6%) k4. & TR —IRE Ttk $A0UTC LA, Lik Lk

J&, 29407 TACH X R ZIREE V&
Fadk 5 AL T 12274 (13.0%) .

ERERFAELF,

( suspect ) ,

48464 (51.5%) .

QA I AN REA L R % PT,

NS EAIE . 29 ASK B 1 695 14y

KIRF EEA ., FAERS 4145 3581 20 437 H.i5 /2 4 F

R BHPERR HE G B I PTAE EV A 4 rh ¥ 5
, TEEEA R rh R ] B2 WA, 1%

R iy

L\%%Tﬂﬁﬁ%ﬂﬂﬂ, FSREN UL

B3 3 A B

1373, 910 F1 585 1345 17l ;

I%Ijj He J\ |:| N
B i 7E EV H 2 i A 1 371,
B /N IRSE

e B INER D LB /NE 245 0 AT 229

69 F168 1 ifd] (F4),

%<4 FAERS i

5 £ 4

100,

WA 22 5

HE 092401 (98.2%) A= EFRE.

2.5 KRHEHRIE4FIE
HAH1662%

JobK

{57 TTO 43511/ 25.00. 31.00 A1 50.50 d;
45 B 25 446 45 514 209.00 #1291.00 d, R A

B IE S IR R G2 -PT il
SEHAARTTO, il ZA R E A 110 d (IQR:
19~648 d) . HHr 54241 (32.6%) %4=F30d W,
53041 (31.9%) kKT 14E)5F. EZEPTHITTO &

P INVEIRSE R 2 B 3405 £

GENES

[7) P 5 R HAT AN R R S I ] Al (6 5) o

& S R (s 5% EudraVigilance 1 9751 = B SN ERISE

Table 4. Case-level external validation of prespecified robust FAERS kidney—injury signals in EudraVigilance

PT EV 5 5k EV-EEA {51k
‘l"rék'%‘}ﬁ{% 1371 425
B rhe i 1373 308
B v 910 315
PR R 585 209
B B 279 30
B /NEIRFE 229 58
HIR 243 70
4l 100 18
Jaikb T B /NER B AL RE + 112 23
ANVE TR TP R 142 29
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24
PT EV 5 %k EV-EEA J 1%k
LRI B + 126 19
B LG ET 127 29
B /NE R T R 57 17
B /NE 69 5
BREUKT 87 15
(=5 97 16
JolR 91 33
(ENEE = 68 11
IgA B+ 68 13
R 74 24

JE: KEFTF PTH R B FAERS 3829287 20 45 FLith 2 4 % 5L 3% [P AR R 69 TR iE 2

b0 RIS R AR A AR o R AL, K RAUR T

EudraVigilance P 3R 5% %) & &1 69 & 4R, RIH7] FAERS #] K % ROR. EV 5% %] %A EU Local Number # 4% 5% 4] 345, J+% K Tacrolimus /&
Suspect/interacting Drug List 747324 S (suspect) ; EV-EEA % Geographic Origin #7372 % European Economic Area 895%%], EV 2~JF Line Listing 2 %
EHFFMEST, B ERERTARAEVMROR A, & A FRE R,

5 FETACHXE#RH PTHI&R £ EFFHE
Table 5. Time—course characteristics of PT occurrence in major tacrolimus—related kidney injuries

PT AR TTO 1%k sRf & A A (IQR) <30 d/ (%) <90 d/ (%)
2B 194 50.50 (14.00, 258.80) 39.20 61.30

B Dy e 259 83.00 (10.50, 471.50) 38.60 52.10

B 191 202.00 (19.50, 940.50) 26.70 38.20
rhEEVE 41 160.00 (17.00, 711.00) 31.70 46.30
B /NE RS 35 31.00 (8.50, 425.00) 48.60 62.90
2T Ak, 32 291.00 (110.00, 940.00) 9.40 18.80
/N TR T AR 18 65.50 (15.00, 486.50) 38.90 55.60
SRNCEE 22 209.00 (96.50, 446.30) 13.60 22.70
ToIR 19 25.00 (8.50, 131.50) 52.60 68.40
DR 13 53.00 (20.00, 265.00) 38.50 61.50
3 it Py s Bk, FEMIK . B (RIS . 259

AWFGE R “FAERS & #l —EudraVigilance
Bouk” AYMESR, FAERSRASALAT 20 R e P ik
PT1E EV SR K EEA SR P55 1) vh X4 8 52 4 7%

Hp 2o S . SOREHE . Bl haEtE
B LR NSRS SR i, LA B £F

HEfl . B/ INEASR IR/ INE ZE A A IR PR S P
P2 RIS B il 2= i B A2 S o IRAE R A
O AR IR BT ARAL iy B — [ 4 S R 2R A X
SRR I BT IR, S T A A ]
k. X5 TAC S BRI 3 71 2= AL E
A —RE O A AR D ) ) iR R
BRI RIN B R A WA R GeE M, IR
—FAALRS T EF K, T EABR/N B K
%\%ﬁET%&%$ﬂﬁﬁ$%ﬁmmoﬁ
i, B/ NESRAEA R B B S S e s B 45 vl
REANPR T AT PR A W, F52e ol v AR iRk vl
PERESAALILI . LR A T BEFRAT A /VE K 4
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IiF. eGFR. JREEFT. MLBRALIEESFIHE TR bR; 16
JY <30 dYER Stk B . PR T BN /N
AR H S OWIEE T 11, 31~90 d 4kSLsh 2514 B 1)
REAIR R IR L H>365 d G eGFR
FREL T . RO R R LA S B /N [ 5 46
itk % . TACIRIT @ %5 H CYP3A ARSI A 25 A0 B
VEFATT 5 AR %, RILTE R shidy e . A
o RYY/IE TE BUET I CYP3A MR FIAR SRS
NG5G 25 . B T RE A HRNIE AR S A T
ALEZVE, AR S AL A fe vy

o R PT 7 S O T . TAC AR B
AT T R PR Bt B /N ER B AL E | TgA B
ERLEAE, MICPT AR . Bt
JEEGARIT R, WEHAER R A RFE; EBUK
SRR T BE S M SR I PR 2R G 9 AR ml At g
Ko B BAEZ A B DIRE TRl th R . Sl
PRI o R T e I, ARFIE RS
RFHPNT B PTAETRRIE, JKr 3222 25 4 i fit
BERET A0 PEEER. BN
W24 B LF AR DA TR BRIV R 5 25 5 4
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