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Advances of platinum-based complexes in chemo-immunotherapy
strategies for malignant tumor

GE Xiao, LI Shan, LUO Ya-xuan, ZHANG Qi-chen, CHEN Fei-hong’

(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189, China)

Abstract: Platinum-based complexes, particularly divalent platinum [platinum(II), Pt(II)] compounds, have
become classic chemotherapy agents for the treatment of malignant tumors. However, their widespread clinical use
is limited due to issues such as insufficient stability, the induction of acquired resistance and strong cytotoxicity.
Although antibodies that interfere with the interaction between programmed cell death protein 1 (PD-1) and
programmed cell death ligand 1 (PD-L1), in combination with platinum-based compounds, have shown significant
clinical progress in cancer treatment, their high efficacy is often accompanied by substantial toxicity and immune-
related side effects, which limit their long-term use. In contrast, platinum(IV) [Pt(IV)] complexes, with their unique
octahedral geometry, have demonstrated promising anticancer potential. By modifying the axial ligands, Pt(IV)-
based complexes not only show higher inertness and improved tumor selectivity, but also enable the targeted
release of active ligands in the tumor microenvironment. The mechanism allows Pt(IV) -based complexes to
overcome drug resistance, reduce toxicity and enhance immune system activation, making them a research hotspot
in the current cancer field. More importantly, Pt(IV)-based complexes can exert anticancer effects through multiple
pathways including causing DNA damage to trigger apoptosis, autophagy and ferroptosis in tumor cells. This
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multifaceted action mechanism not only enhances antitumor efficacy but also significantly reduces side effects

associated with traditional platinum-based compounds. This review summarizes whole anticancer mechanisms of

platinum-based complexes, particularly Pt(IV) complexes in chemo-immunetherapy combination therapies,

discussing their potential in cancer treatment and providing theoretical support for the development of efficient,

low-toxicity and highly selective Pt(IV)-based complexes.

Key words: platinum-based complex; tumor chemotherapy-immunotherapy; anti-tumor mechanism; drug

resistance; malignant tumor
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« Clinical application time:1978
« Types of cancer treated:
Testicular cancer, ovarian cancer,
bladder cancer, lung cancer, head and
neck cancer, and esophageal cancer
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Carboplatin
« Clinical application time:1989
« Types of cancer treated:
Ovarian cancer, lung cancer, head and neck
cancer, bladder cancer, and combination
chemotherapy.
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Oxaliplatin
« Clinical application time:1996
« Types of cancer treated:
Colorectal cancer, gastric cancer, pancreatic
cancer
« Disadvantages:
a.Peripheral neurotoxicity, gastrointestinal
reactions;
b. Bone marrow suppression
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Pt(II) « Disadvantages: « Disadvantages:
a. Severe side effects: nephrotoxicity, a.Bone marrow suppression leads to a
ototoxicity (hearing damage), decrease in white blood cells, red blood
icity, g i inal i cells, and platelets.
(nausea, vomiting), etc.; b. Antitumor activity is lower than that of
b.Prone to developing resistance cisplatin.
Ormaplatin (LJ-901) Iproplatin
« Previously conducted clinical trials:1980 * Clinical application time:1990
« Types of cancer treated: * Types of cancer treated:
Ovarian cancer and small cell lung cancer Ovarian cancer, non-small cell lung cancer
P(IV) o Dt « Disadvantages:

Severe neurotoxicity problems led to the Renal and gastrointestinal toxicity

termination of its development
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LA-12
« Still in clinical trials and not yet approved
« Types of cancer treated:
Solid tumors, platinum-resistant tumors
Data for large-scale applications are not
available

Satraplatin (SP-1)
« Previously conducted clinical trials:2001
« Types of cancer treated:
Castration-resistant prostate cancer
« Dosage form: oral form.
« Disadvantages:
a.Bone marrow suppression (such as anemia,
thrombocytopenia, and leukopenia)
b.Gastrointestinal reactions (nausea, vomiting,

diarrhea)
o
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Figure 1 Currently clinically available platinum-based anticancer drugs. SP-1 is the chemical name for satraplatin, LJ-901 is the chemical

name for ormaplatin, IPro is the chemical name for iproplatin, and LA-12
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Figure 2 Axial ligands of Pt(IV) complexes and their reduction mechanism. CTR1: Copper transporter 1; ATP1A: Sodium-potassium
ATPase alpha subunit; NER: Nucleotide excision repair; HER: Human epidermal growth factor receptor; GSH: Glutathione; Vc: Vitamin C;

NADH: Nicotinamide adenine dinucleotide (reduced)
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Figure 3 Mechanism of antitumor activity of Pt(IV) complexes. EMT: Epithelial-mesenchymal transition; TNF-a: Tumor necrosis factor-
alpha; IL-6: Interleukin-6; VEGFA: Vascular endothelial growth factor A; ROS: Reactive oxygen species; ER: Endoplasmic reticulum;
PUMA: p53 upregulated modulator of apoptosis; GPX4: Glutathione peroxidase 4; FTHI1: Ferritin heavy chain 1; MAPKs: Mitogen-
activated protein kinases; COX-2: Cyclooxygenase-2; MMP-9: Matrix metalloproteinase-9; AKT/PKB: Protein kinase B; ERK:

Extracellular signal-regulated kinase
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B AT BT 5 G T R IR 251, F C O — R
BB YT SRR U E— P T A A ALEDR A B T
Al e v 7 BRI PR S, 2 — 2 F a7 0R
42 fAXBMEVMERBITIERESERBIEMYMEN
IR B y7 e MR G T R I T 3 A0 R,
BAE R B — g7V, JUHAE S R AL RS ML g o, R yT
LB AT SRAART ™ R, B B0 5 89T S AT VU
KHR AR IT S AR R IT T B A S, SO RTHA
I 280 R A o T 245 12 ) R SRS R A S i PR
iR 2 o R ZRZR 6 i e WX 24 B YR 9T TR P, iR T
5 HARIGRST I L B S TN 2 M M — 86T 1%
S8 4H A 47 o KEYNOTE-826 i 78 {2 7%, i1 1 ) B i
KRG ELE S (SRS RH) TR, ik
BRI 0 DLk B, 3 B v U e R R
A A SN TG 3 e AR A7 3, I 3K FDA L #E A D e 5
B I AR HE VR T 7E AR /NG P A e G R
0 ZIR IR 7, WA R 2R s p el gy ARG S 5 40
TG R, CRONHERIRIT 7 =™ 1Ak, e iR
PREHUBCA T 72 L B SR 40 M rh e B R e T
SRR E, AT AN & S B 1R 7 1 Sk 3508 B IR 41
J e J 7, TPEx J7 ZANIR A B BRI &S 1R
BEHAERT HET, AEOS G ELEERESR
S-UREENE S5HIZEAIT, e B 25 w7 RO D #
AIE . PUIV) BT 24 D00 38 i 42 ) e 240 A%, 6 55 00
% CD4' Al CDS' T 4l iy, [A B 9t > U 45 1% T 41 g
(regulatory T cells, Treg), 358 | 0I5 15 097 1
[FR ™ grE kA, WIS R Ba i HE, A
I RERE 4R T i BOR, 38 v I i 8 i 245 14 42 1t 8T 1
1BITTT 1A 6
43 SAXEEPDELMBEHIFRELS R RMGIK
S Lv &Y R, AT @i S AMEE 5L T,
RE A% 38 ik B 20 i 1) B B e e 1, DT (i A7 R 1) e b
R RPN ST . Pr(ID) SR R H ™ A R %
IS A= ) R R AR AR 3 A T S B 2K -
Pt(IT) 2438 it 1 JIE 1% 22 202 (phosphatidylserine, PS)
(1) 5 % 5 T % Al B 2 AR 45, 15 R S g% ) s R
NARARIR — 8] R, W TR T — Mo AL o e Y
5, 1B JIE 9 K KL (liposome nanoparticles, LNPs)
8 3% Pt(IV) AT 25 A1 /N F $L Xkr8 (small interfering
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Xkr8, siXkr8), il it k> PS 5 75, 1 50 MR S i
IR, A A 5 R g A K I 7 1 RS B4,
BRI A P 3k 38 5 35 n CD8™ T 4 g 1 3= i Uk b
Treg M TAM (40, #F — 25 208 S % 0 fDIR 25,
Pt(IV) 44K Aij 24 38 3o X0 POm Bl i B T8 24 4 5 o 15
TAM Ak, AT 384 58 4 92 S R IX S HF 5 36 B, 4
M A VA RE % = 28 R A 85, 3 BE Y 9 S R
TR -

9 E Tl PR B3 AE R 5 7 CEMT A 4 % #1) vh R
FEEZAMEMP, Nk, BYE AW RS E
g4 K i ki [carprofen platinum (TV) nanoparticles, Tf-
NPs@CPF2-Pt(I1V)] # 1+ F T # il 28 5 F EMT, B3
G S N, H iR 4 B RN U AL e Y A2 4K
LI I e Bk R R AR, O 45 SR RO R 2y
CPF2-Pt(IV), DL AR 0 25 AXzh Ty 2k vk . il B
7-H2AX 1 p53 5| & DNA #5145, #1#i] COX-2 F1 MMP9,
[Fi FF FAEAEG 28 14 PR 7 0 TNF-o BT IL-6 /K F, 5% EMT 5
I FH T PD-L1 58 58 T 40 3k 1%, 2 25 W0 o iR 4
Vi3 SN AS
44 SHAFREMILEGEREESHIFIFIFTRUER O
FLA W, IGUEA R 4 2 1 7 RORE AT B TR & ICTs 5 iR
STRIRCR .« EA 5 Re B A Bk B BT IE & AT, RE i
5 10 PR S 2 4 D 10 e s AR A, IR E iR B 3 R T 4
PRIE AR CRE P 1) B fEIX — i 2, DNA #45 5%
5 [A ¥ ATR (ataxia telangiectasia mutated and Rad3-
related) 7E JGUEA ) 4 5 1 15 15 FH oh A3 S B4 Y, i g
B R Bk B BT ) G e R E T 4 BRIV S B 5 T 1 B 1k
Foag gy, T — 0 14 SR B PR o2 SR e,
B TC A5 P38 15 5 DNA 45495, 55 Jon i 89 440 g =% T
FUER 2R IA, 3T 5 = ICTs 1T R EATE e 1Y
T i 968 4 2 1T PD-L1 1 3R3E, A8 i /88 40 B8 5
ICIs PR ALty o E Sk 250 350 00K 400 P S v o7 o, A 3K
WE & 1) 5 0T A S 5 Y6 T B G R I SR AR T
&:&%[97,98]0

R &Yk Re il i i S AR AR TS (— AR PP I
2 0 BE T2 IO OB SR S B o T O A R A
Biff 3 (cysteinyl aspartate specific protease 3, caspase 3)
K5 T 40 L A T, RN A COX-2 3Rk, A R TH e
B S S WS TR T — B A N W K (In,
COX-2 il il 7)) 1 P(IV) I W B MR &M (Rm N
PHDT-Pt-In), i% % & 9% 23 Bt H K (glutathione, GSH)
A WS, BE AE A BEH KR AT R TS| e S S 1 A
COX-2, #t— B HIBRIAHE TR T . /N AR AL,
Pt-In 24 K UKL . 35 4 1 R 2 4, IR i 5 a-PD-L1
W M FH, 0 A 40 ) e A% A T R, g V8 TR B A Dy

“CHhIE”, AT R A S (0 P R A% R A
Jo S e ki b, CDAT a i 0] 2 40 B 1)/ FH 35 B e
J60 20 ke S M A . R, D47 B A — AN B L
TR AT AL /NBERR PY(IV) LA il i BE W PD-L1 #1
CDA47 %P 5 25 £, 39 9% CD3" 1 CD8™ T 4l Al 1332 i,
R B A0 A M2 Y ) MRS AR, 2 35 4R T iR
G 3

45 HLAREVFSRBREMMMERET HELG
W) e % 75 3 % R VE 4 B E U0 (immunogenic cell
death, ICD), ¥ 7T I8 S % S B o ICD it 3 R i 454
145 FH 5% 43 F 15 3 (damage-associated molecular patterns,
DAMPs), Wl =il # F R & H B AR w8 B V85 N &
F (calsequestrin, CRT) &5, W 58 IR 41 B v 41 A
1B 2 S5 BT 5 4 A, (kT A M G s R
FRALTT 2538 5 5 TCD R UM R P s, (i i S g%
RGO, 1G9 G B TT R RUR T 2GE TME™ . Byb R
HIC AR Be A 205 5 1CD. ‘Bilid 51 K DNA #5145 «
ERS Jfilt /2 ICD b5 W (2235, {2 2 DAMPs (118 i,
AT S0 e iR e 10 AN, PHIV) BT 245
R 7 (U IDO 0] 7)) AR, W TR R %
N7, 3P 3R 1CD R 1,

FETAENICD 1) — M, Wi AL iR H E
(gasdermin E, GSDME) /™5 IS FLIE Bk U 0% )R
R, B C R B, 4566 HIAYT (photothermal therapy,
PTT) AbJ7 M G B2 6T IO BRI &4, ndfs s P(ID) (1
ICG@HSA g K Ji ki (indocyanine green-loaded human
serum albumin nanoparticles) 7] & if £ T ¢ 3 fif 98 41
JiL BE T I 38 5 A g% i RPN ARy 5 ICTs B A A
R, BB8 S R AR T N R, GRS, JRAE R
W BNYRIT MR JE IR 9T rh 1 sy R, i b 2R KUK
B K R S A A .

4.6 $AXEEMHEUE cGAS-STING 5 S i@  #1K
FiC A5 P TE 0% cGAS-STING 15 53 6 7 1 JE P 2 %
W0, JCHAE MR Gy b, I 5 3 ICD SR o 592
N7 o SR £ 8 X 4 B YR T P, R, BRAE T
4T B £E T 55 87 1 1CD % 20 0] B X R VR 9T B BT
B, R SR G A )k 16 0 e 4 v i) DNA 45245,
Wom cGAS-STING i %, i 8t 17 P 2 A K AE B 1
fR 77 A, DT 38 i IR ) B S RN Pu(IV) BA
Y OAP2 (i BRI 5 X 2.k & 3 W 4 ) mead il T
VAL KL MR R [ SAMSO [ R I, I i3k 28 b 4 i = 4
FF B i 26 K &K DNA (mitochondrial DNA, mtDNA), i
— W cGAS-STING & i, v It B vb F #14E STING
BE I E . LA, OAP2 IE BE W% (it HE B 21K 41 il
(dendritic cell, DC) (1] B3, 384 58 T 4H H 3 14, 401 i Je
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2 e 184 B RN A B, DT B AR 1 g v T R BT
F T8 ) 33 5% Pe (IV) R/ 245 34 Ji ma) B2 289 498 oK i kr
[reduction-responsive nanoparticles, NP(3S)s] B i i% 5
DNA $5 5 375 STING 3 #%, 3450 T 41 i A~ 5 1 G 9% J
OO TR T R T 4 A IR R STING #2h 7l
) = R e R -2-40 (IV) BB (MSA-2-PY), i &)
REfy L 55 5 R 5 A O 19 6 BT, 2 J3E NIKC4H =i
FFBOE T NK FDC 40, M 535 38 s b i 8 40 % I
PN X et 5 3R B, BT A P RE 8 TS STING
A R G B VR TT R
5 NEERE

HIZEIE S0, H ) 2 POV L&, B AL ke
P TR S e R R 22 T A, E T R I AT - S
W TR EENE. S5£E% P (LA LT,
Pu(IV) B & 438 ik il 1) FCARAZ M B i 1 A 22 0 1 A
SV, e 75 R O 35 b E O R e B R TS
Pt(Il), oo il T A% e 2R 29 W TE FooE 1 L B MR R O 5 1
J5 T () R PR o G470 iR AL ) 6 & DNA 452453 L ICD
cGAS-STING J& % #i% & TME E ¥, ~N1byT 5 %% ih
7R A B SR A I SR L . AR SR, PHIV) B AW AE
WI7 5 R BRI P EUS T R R . i ) i
AEME, PLIV) BE &AM BA SRk 81, i Re i
FSCA 0 P T A, 184 5 R AN O v R 2 1 . 45
BRI REFHIEH A, P(AV) BL&WIERIT %
PR B 1 PR AR B AR R 4 v 7 T 3R IR H B R AR
. SR, PuIV) B -G WL R va o7 rR i LA AT T Il
W2 RE P(IV) BLE Y & 1 I R = 1, H
7T REAE AR 1) 20 23 b o OB RIGE ME Pr(I), 5 B0
Btk Rk, JF R B g B M AN v] 5 R AR 70 ) K
HEZ Wi 3% 7 & A2 $2 = VB T ROR kD A R R 9%
U A, TR R 0 43 AR PR R G % T PR B R TR
PEA PIV) BL A& WD HIIT 00 R BR AR o B0 AS [ fit 783 2
BRI SR BTE BB 16T &, J& X IX — 7 i
PERY e g g, U P(IV) BE S AE — E R E L
SR T P(ID) PRI 254, bR 4 A AR AT e E AR )
SRR 24 4R B AN G 28 08 36 S AL ) BIR 1V T R
DRI, TR AR T 24 AL I 52 R X IR i ok 07 2R, A B
FERI-HIGR AT F. PtIV) Bt &Y5 ICIs BLHE [ 2
YIERE R, BEIGER T B P E RORE, H T R Bl A
PEAH R FEME R RAMEAR R L, o] P17 25 e 5 2 4
PR — PR . REVIEHMEPAV) iEEwE
HEN G AR RS, (5280 ) 5 K 7 8 7
IRNVEAL, ELAEUASE AL AR 72 R s A 4 1) 7 T AT T e
7&?%]15 > [116-118] R

SR T N 5 A ) iR ol B 55 e R (1 34 2% S

B, G5 A YUK R B R BE A, SEEPY(IV) BE A 4 1
i 3% 5 TR G R A IE 28428 5 f s B
AR, HE v 24 0 B PR Sk B ek /L A TS, AR
JR 43 4 R R AR, B AR BB VR T
%R, MATETT BOR; 2 — P f AT Pt(IV) L & ¥ /E DNA
0« B W AR BE T2 %5 2 38 42 B s 25087 AL, Ay
R VAT R AR SR

{EZTIMR: W7 DO E RS 5B 0 220 BUEE ALK
RO TT R R 22465 BR R 5 LR IR RIS H %
MRS Pra 18 = e s R .
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