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Abstract: Organoids are three-dimensional in vitro culture systems derived from pluripotent stem cells or adult stem
cells through self-organization processes. These models can faithfully recapitulate the key cellular compositions, spatial
architectures, and physiological functions of target organs, and have emerged as one of the most promising new approach

methodologies (NAMs) in drug development. This review systematically summarizes the recent advances in the applica-
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tion of organoid technology in pharmacological and toxicological evaluation. In pharmacodynamic assessment, patient-de-
rived tumor organoids preserve the original genetic background and tissue architecture, enabling high-throughput drug sen-
sitivity screening and promoting the transition of precision medicine from a purely “genotype-guided” strategy toward a
truly “functional response-based” paradigm. In safety evaluation, liver, cardiac, renal, and brain organoids can mimic or-
gan-specific metabolic enzyme activities, transporter functions, and electrophysiological properties, thereby providing
physiologically relevant models for predicting drug-induced liver injury, cardiotoxicity, renal tubular injury, and neurode-
velopmental toxicity. In pharmacokinetic studies, intestinal and hepatic organoids stably express key absorption trans-
porters and cytochrome P450 enzyme systems, allowing effective prediction of oral drug absorption and hepatic biotrans-
formation. Furthermore, the integration of organoid technology with emerging approaches such as organ-on-a-chip sys-
tems, 3D bioprinting, CRISPR-based gene editing, and artificial intelligence has substantially improved model reliabili-
ty, standardization, and predictive performance through microenvironment reconstruction, precise genetic engineering,
vascular network establishment, and intelligent high-throughput analysis. Although current challenges remain, including
insufficient vascularization, lack of immune microenvironments, batch-to-batch variability, and limited standardization of
evaluation systems, ongoing advances in multi-organ integrated systems and regulatory acceptance frameworks are ex-
pected to position organoid technology as a key platform for replacing conventional animal experiments and driving drug
development toward greater precision and efficiency.

Key words: organoids; new approach methodologies (NAMs) ; drug screening; toxicological evaluation; precision
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Figure 1 Schematic diagram of the formation and classification of organoids
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KHEHASATEBHEANGS G ZEESGE
ST T B — AN B 24 8k . N T3 B8 (artificial intelli-
gence, ADVE Il B IR H AR T B BT A %L
J1 hPSC 2 U 28 25 B AR 5% &0 3k Y Bk B 28 1 . %) hP-
SC ok 5 26 4% B 0y AR B 43 B A7 78 W 25 Pk AR, HF
)2 E A A S R AR R R AR . A A 3R HE A 3K
AN I W) 20 M SR A R B R 5
B G o B & 5%, R 8 ME LUKS .y R0 Hb S 80 41
Jt 53 0 55 3R TR R sk S R A A v e i 2 ) 1% AH
HAE R EL W — B3 7T e . AN
ATE AR Ny 5 T R B RRAE 40 B e 4t 1 fig ok O 22,
FEAE S AT S A 4k 308 H R R v i 5 i 3k
GAHGE A R R A i an, B AR 4
# 2% (convolutional neural network, CNN ) & 5l & 5§
Ty i T 9 4% g o sk i SRR U0 R b i B 26
i E A AR A SR B TR S AN TR
Pr A & BT E AT R R, B R T AR A B
BE . eAh , NN I ] 3 - W] 37 P 45 3 KA hPSC
U5 g 1B 26 A B AT RO 5 AL A sk sk g
Bt 78 hPSC Sk 1y i 28 28 5 b, 2 M s 2
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J2 IR 25 B R RE 5 DA T 7 &1 A5 b S BRI 25 2 R
S B, I NECH A28 B B9 9 R S B
PR 23 5 1 4 T

6 EFERIMFMRME

RERBFEELMFAITM T BAE R,
{BAT) A7 AL — SE [R) . R = 145 ARS8 A% B A A
B2 S8R B OB IR 2E S AR L B
G5 — R SR MPE M AR v 45

B = D REPE Y M4 R G0 R R & B L
PR B 23 Hh BBk AEUFD R ORE B =2 0 B, R T 3 N 4H
ZURBE S DI RE R it o oA I fiff ik S ) L, A 7R 2K
i E 2 R TR I R 4, A RE A R RS AR
(4 I FH ik 712000 Ay T R IR BE BRI B =
ARG EFRMY PSCRIFEM LR T Higis s —&
ARG A R 2K B ROR R 7RSI WL -2k
LR L 20, PR 26 & 5 109 A= i A 301 45 0 g 3R LA
ZE) TR il g AR R R T
6 LR 8 2 B B B, 32K 1 45 28 45 B ME AR —
B 5 W) AT R Y R 2R R G, B R R i
BRA

RPN R VB B R G o
Ji, 5 = R O 55 5T 4 At HL R S AR BAE AR o IRt
2 A ok L Al e R b B S g R P S A g A
JHO T 24 20 il 28 T A A A A0 L A7 s S5 A5 HC At 4
i 24 1 ke Ay B AT SR AR AY o A, A Al ) A
2 M Ll 51 | A R B 92 AN L5 T A 0 L ) AR A M
TR AT & AR e i [ L K 280 PDO e 35
I A v il = ] R S 5T 4 i, TG vk R R B
(tumor microenvironment, TME) . % TME AN {Y tJ
o] FL BT 24 200 R D B A0 L 3 9 A 5 A
A AN . PDO Hh TME (9 2% 7T i 52 i 7 701
011 A 355 SR v 1 B AR (Y

G340 NI AR E B IR MO T /N B TR 0 4
A1 I o AR W, 491 2 I RS (matrigel) TR IS A 4 B
Py, LA G SR ASE 00N A 0 i A0 B B A RORR B . G s 4R
YRy TR O A 7 5 B AT 22 S b L X2 e 2k
Py oE b 52 0 25 B T A YL AR N R B
2 [/ — H AR AR R A H R R b, R
AN 25 85 7 TR AT TR BRI A 2 M . AR dEAL 1Y
AR INEE o N U E NP7 S VA v N i
B M A OR AR 8 B R AL AR R 22 5, XA
A2 B Yt | BEVE VT SF N 45 R AR BOR
i 22 , 1) B8 Ay I 82 3 AR AIF 52 5 1 DR g FH A >R AR K
AR

=
o
Kk

7 RESEE

BEE RS E ARG THREBA MmEREA A
TR RESF R AR ML &, 2K 8 B B 2 70 25 B 5E 1T
rh Je B H TR A N TR B, ROk 2R AR B AR 2 3
BEHVEM TS A Tz BN o K R A FE A
U LA I : (1) 248 B X4 F & 4t (multi-organ-
oid systems ) ¥ 8 B Z )5 1] @l oA VE B 0
i A5 AN ] 286 i B A Ak ke LR A I AR O R
4t (human-on-chip) 7, 3 K i B8 47 Hb A5 #0025 ) 72 A\
TR B W A3 A AR S HE I AR AT T
T Y AE V5 (2) I8 A0 28 & B RGP A A
AR S B R R g AN B S A 2 A Tl DL
B S R 108 2 R R G S SR AR 1 )
AEME; (3 AR E MMM A B TRy 5%
P O B 22 18] R I BIL R, Ay B 78 2 4k D 0 4 92
HIT IR AR M T B (OB TR RE R, ATIK
Bl A% B 25 W) 0 k7 B nT LS B R e ARAE o)
B 25 A - DU A0 i 25 W A A, T AR
AR R (5) BB E AT LT
HAR AL, A 55 TR R R ] SO 48 bR
ST I AL A AR R

B2 AR — P X% = RSN RS 2 2R RE
O HSE B AR SS B ARSI RE X T Y
i 3 3k T LA K AR T 245 B i S, IR AE
B 24 T R 2 BHLEE AT 5 O R B BRI .
Bl 75 AR TR RO AN TR BE A BOR 1 R R, 2K
wE AR R Rk YW R N A T 0 B
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