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Research Progress on Influencing Mechanisms in vivo Distribution and Optimization Strategies of

Antitumor Nanomedicine
ZHANG Zibin ,WANG Qian*
(The First Hospital Affiliated Army Medical University ,Chongqing 400038, China)

Abstract: Objective To investigate the in wivo distribution mechanisms, active optimization strategies and tumor cell - killing
mechanisms of antitumor nanomedicine. Methods Relevant literatures and information were retrieved from Web of Science,PubMed,
and the Pharmacodia database from their establishment, as well as the official websites of the National Medical Products
Administration and the U. S. Food and Drug Administration up to December 25, 2025. The continuous process of antitumor
nanomedicine from systemic circulation to intracellular delivery in tumor cells was systematically sorted out, the key regulatory
nodes were analyzed, and the active optimization strategies and their mechanisms inducing tumor cell death were summarized.
Results The in wvivo distribution of nanomedicine is the key determinant of their efficacy. This process is subject to multi — level
regulation, nanomedicine in circulation are prone to clearance by the mononuclear phagocyte system (MPS) and kidneys; the
accumulation in tumor tissues mainly relies on the mechanisms of the enhanced permeability and retention (EPR) effect and active
transport and retention (ATR) ; while the intratumoral penetration is limited by the complex microenvironment composed of high
interstitial fluid pressure, dense extracellular matrix, etc. Strategies for regulating the intratumoral distribution of nanomedicine mainly
focus on optimizing the physicochemical properties of nanomedicine and intervening or remodeling the tumor microenvironment;
nanomedicine can kill tumor cells through various mechanisms,including classical pathways such as apoptosis,autophagy, necroptosis,
immunogenic cell death and pyroptosis, as well as emerging pathways such as ferroptosis and cuproptosis. Conclusion Although
existing nanomedicine have made progress in tumor targeting through the EPR effect and other mechanisms,their clinical translation
still faces multiple challenges such as heterogeneity in in wvivo delivery, limitations of preclinical models, production processes and
quality control,as well as regulatory review. In — depth clarification of their in vivo distribution and cell — killing mechanisms which
has great significance for guiding the design of a new generation of nanomedicine, promoting their rational clinical application, and
ultimately improving the efficacy of antitumor therapy.
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Tab.1 Regulatory strategies and core characteristics of different pathways of nanomedicine for Killing tumor cells

MR RERE(HS) B H 1
AT RARFRAORSAATRIPE DA LY LLES IR BB T EESR  SERAR RTZRANARNERR S, IRH Caspase BH AA T MR
MR DNAH X
g B AR A AT X R A mR AT WEBENFORBLE, BRYRAERORBEND R E L ERRRET
FARAT BIERUMA TAFA $ LT RIPKI RIPK3 7= MLKL & & 695 G fa o ok A RIPK1 = RIPK3 8% 4, ;AR MLKL 69 362 o e R AL
kT B S AP RBRE Caspase & A8, 7] & Gasdermin /389 4o B 102 # Caspase & BB 372] Gasdermin 3| &, #3751 6 4) Gasdermin T £ 2B L AL ™
RARMT BERARE SN MFED AANEF B ARG EFRERARER TN R T A PR DAMPs B R IR A S8 16 bk o k™
BT BEARTHFA BT RRE AR ARHRI KT BARBILH AL A ERE T
ARt BERANRE ERETME AT AR AP F AR RETHFOLERRLRERY

146



2026 4F 3 71 20 H 45 35 %565 6 ] P ) ik
Vol. 35,No. 6, March 20,2026 China Pharmaceuticals Review
ZHENG %5103 g gt () B8 31 R 44 44 K ki C 4 H,Na, O, NPs 1] SUAHL
T o733 4 L8 TS s A A 5 S R AR AR B - B S
M N & R , 51 & Caspase — 1 X Gasdermin /31
JiIed AN AR T

A0 S S FE T — BB (0 AL BE 0 = I
i 96 240 AR BB T 2ok AR b 2 R AR A AH O g3 A B

(DAMPs ) DA T 00 4 S5 P e o 8 e 8 S N7 o 32 03k P 40
KIRIT RIS I, Ak A P PR B At T 32 & 1(PD - 1) |
N A EEPE T b A0 AE SC B 1 4 (CTLA - 4) S5 e K Aix
SR 70 328 355 2 TR 200 B DA T 398 Y AR 04 - 05 Ak SRR
7 (RIS ) 259 D63 136 97 55 W T 2 3 DAMPs
BB T 175 S g SR AE T - 670 A, 45 S8 4 1Y
e 1y SR A P 5 S SR S R IAE T, L DONG 4568
BETT Y 2 5 MLKL (1) 4HB 45 #3801 mRNA i 5T 44 K A
A R R P Rk g R A AT TS S B 1 4HB
SIEH LG (R0 I TR R o 0 K 24 ) K A7 I 9 40 Tt ) 22
HLALA] CGEB ) 7 T B LA 1
3.2 FMEE

BRBECT (A% O AR I 2 A A 1) Bl o ol A ok
FERR SR Gk 2 ] B 24 R AR T T ) T R AR
W B A e H KSR D7 N5 R R IE T, U FENG 451913
T HAMERBET 5 357 Fe — DMOS, I8 kb — 5 il &
A FR 55 W 7 AR AN Kk ST X e R B R R A
FENG %5 7013 & ) DFH C 4% J 40 K7 3 38 8 1) i 983 AH
% v 4 A 5 1 ey 4 S L K T i R AR Ak
I Dl S AW TR A Y & AR & R, CHEN
SETVUTE R B9 K 25 ) CSAA 1 Fe@PPI NI i 22 5 T 1
RS TR THSET- BT IRIE YT AR

HABETF 2022 498 B Uk e B, He i A B 5
SRR N K B o oK 245 ] T A S % & v
Jed AN 0 5 5 AN HE T A DR RO S 2 g
VST 40 LIU S5 724 8 1Y) ZCEH 94 K0kE T4 4

9
@ 9
VB
v GSH GSSG

¥

LGPX4 fSTEAP3

7 A s

4 PUFA—OOH PUFA—OH 4 Fe** fFe2

\ /
fhﬁdﬁw

4 55@51‘_'

_ FEEHEAT ‘DAMP / TEY

RIPK1/RIPK3/ ':J

MLKLEBEEEE
> —
RSB RHDRIF
-
= 5 Caspasefz .
""""" : GasderminZ&
...... ERIEEE .
e 2Nid] -
KR ’

E1 ZXRAGWRGHEARNEREE (RS TE
Fig. 1 Schematic diagram of classical pathways (partial) of nano-

medicine for killing tumor cells
B ORG 0 3B 2% Z R, O ek 22 bk AR IR ok A A
W, T BTG B 0T 5 JIN 63 R A 9Kk 259 ceJD -
FA AN PT 4] 15 2o 26 55 e 400 i, L 38 T 410 1) 0 HE
B ATPTB E— 25 18 0 20 A P el B 22 DA T S5 B e
SR & T

YR K 24540 3% A% P 9 240 I 1) S 4L UL IR 2 (GSH 2y
AW H BK, GSSG A A AL LA B H K, GPX4 g 4 e H Ik
it E AL DI 4, PUFA S Z2 K10 AR 5 82, STEAP3 il
F RS B B 2 B 3, DMT1 I M &R ihis B 1,
FDX1 &SR 1 1, LIAS N RA 15 , DLAT &
TEREBERES - CBEEERSE)

S YOR TP AE M R T R B B R T,
AR R i L RE 8 e £ Rl A2 35 S i A0 i At
T o YT 40 K 245 90 B 158 31 R e B — i Bl R A LA
WF5E 5 T IE B 3R G 22 Fage 42 LA v FIR ey i 25 1 - 32
%mﬁﬁ%ﬁﬂﬁ%ﬁ%?%ﬁ T IR K 259 4R

EEL A -

4 cu+
lf FDX1\

Aizpm | §rest <pd DAT

I

-l

B2 2ARAYRGIMEEMBE A (SRIETERET) mEE

Fig.2 Schematic diagram of emerging pathways (ferroptosis and cuproptosis) of nanomedicine for Killing tumor cells
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Tab.2 Approved nanomedicine for tumor therapy on the market
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