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Abstract

Malignant tumors constitute a grave threat to human health. Although significant progress has

been made in tumor pharmacotherapy in recent years, challenges including low response rates, dose-limiting toxici-

ties, and drug resistance persist. What’s worse, the five-year survival rate for patients with advanced tumors remains

unsatisfactory. Therefore, it’s necessary and urgent to develop novel, highly effective and safe targeted therapeutics.

The p53-MDM2 axis plays a critical role in the regulation of tumorigenesis and progression. Targeting this axis to

reinstate the tumor-suppressive function of p53 has emerged as a prominent direction in the field of cancer targeted

therapy. This review systematically delineates the molecular mechanisms of the p5S3-MDM2 axis, summarizes the

research advances in drugs targeting this pathway for cancer treatment, and critically analyzes the challenges en-

countered during clinical translation, aiming to offer insights for innovative strategies in cancer targeted therapy.
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IR pS3ME SRS HZ O RRERAE A, [
MDM27E R R A8 R e i # R 5 5 BB R 4 A
%[17]0
1.2 p53-MDM21E S5 A1E R AL

TEIE R AR, 4 W psS3 & KT
BR B2 R A% R 09, p53-MDM2AE S5 Hliff KL
WE TR, 2420005 3 DNAS . HE a8 2 K
WOESE RIS 5 R0, IR £ 45 ATM/ATR
CHK1/CHK 25544 S0 , 2 1 i R A0 A2 1 7 7% 44 p53
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PHEBERRIL; UbRFIZ R AL, ARFIVADP-IZHEHAL A T, MDMXCAMDM2 [l 2 FH; ATM/ATRHFICHK 1/CHK 29 DNATS 3 1% &A1 5% 45 -
OFERIOR I BIE, L O RROR B, TR ARR ], M R %

P represents phosphorylation; Ub represents ubiquitination; ARF is ADP-ribosylation factor; MDMX is MDM2 homolog protein; ATM/ATR and
CHK1/CHK2 are DNA damage response-related kinases. Black arrows indicate activation or transport, red arrows indicate degradation, T-shaped lines

indicate inhibition, and dashed lines indicate indirect regulation.

E1 p53-MDM2{E S HIREE
Fig.1 Schematic diagram of the pS3-MDM2 signaling axis
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Bl 40 Y220CH R17SHA 55 58748 22240 2 fih P 5748 )
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FEAR PN AR BRI T 3G ARG /N o0 7 R 22 7 30
fiil (methylene quinuclidinone, MQ). MQREHE 5%
#1281 pS3 8 FAZ O N IR JE I 2 IR Bk B L 45
A, I SR & PpS3 8 IR E IEH i S
RIFE AT G, WO TR N 0 TP21
BAXFIPUMA, 524755 4 1 Jo 39345 A 20 L O 12
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KE I RATHT 7T 7870 5000E T APR-2461)) 1%
PUMEE 15 RUFI LA RE . 7EARSMNH M R AN
N SRR RS IR | APR-246/E 12 3517 G454 R175H.
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Il PRAREG F W, APR-24615 2 H LAk 245 W B L g F
I FH LA S 38 1 I R 2k iz 20230, — 3 [ e 22 v o
& THI AR 06 20 TV T 10041133 52 APR-24615%
A BT LI IGIT 10 TPS3 9878 AU v f6 1 e 4 A = 8
CEAAERN 2V E & A AR I R A MR T B
g R B RZER G B RAR R R IE 69%, Hdog
ERRFN 4%, PALSAEERN 1184 F , it T
J3 S B RO, X S T R R HES) 1 T I R A 5
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N S 42 B L AR R S 1 R B TR 2 P p S 3 FE I 7
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1 p53-MDM2{ESHTEE IR h RIBK T
Table 1 Expression levels of the pS3-MDM2 axis in common cancers

LR
Common cancers

TP53RAL iz
TP53 mutation frequency

MDM2y $# 5 5%
MDM2 amplification frequency

T #p53-MDM21E S A8 1k
Major alterations of the p53-MDM?2 axis

~80%
~96%
~10%
~30%
20%-30%
40%-50%
50%-60%
10%-40%

Triple-negative breast cancer
High-grade serous ovarian carcinoma
Liposarcoma

Glioblastoma

Osteosarcoma

Colorectal cancer

Non-small cell lung cancer

Chronic lymphocytic leukemia

Rare
Rare

>90%

10%-15%

~10%
Rare
~5%

Rare

TP53 inactivation mutation

TP53 mutation (containing Y220C)
MDM2 amplification

Both exist simultaneously

Both have a certain proportion
TP53 mutation

TP53 mutation as the main type
17p deletion/TP53 mutation
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AR N I ARG AR T o | Rezatapoptds) BEZE £ ME LR
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FEAE A MERE AR A R G R A | Rezatapoptfe i FF
SeEH A ) TP53 Y220C R AR AL S BE T 11 M5 48
JL, 551 B 3 ekt 175 4 ) R 3 R 4
J| BRBEL AR F 227,

TE s PR #4677 T, Rezatapopt [RIFE3E g ik H ik
R, — I RHER TPS3 Y2200 5825 [ 3] e ik
I B O B Im PRI 78 R 36T 20265 2 H The New
England Journal of Medicine, %% % .7~ B34 1) 2 W
A i Rezatapopty )& HUM N # m, #70
SEHLMOR RF SRR, HAGY BA BRI 2 A
SRS H ETIEAE AT B T A I PR e 2
W= BRI T ZAMN R RERINE . XEERR N
Rezatapopt#l [1] TP53 Y220C KA H IR iG T #efit 1
USRI R | Fr 555 SRAR R TPS 3L 6 T 40
Hrg AR R . SR, B i 2516 AH DS 7t
PIANWTIERN , B 50N BRHRTT e B3 1 e A A gk
1T TIRFE 234, KB kb TPS3EE R W] R A —
T ZRAE | K K Rezatapopty 7 2% 3%, S &
2., Rezatapopt I & FHIG AR I8 A TPS3 Y220CRAR
R R T UISEIATE, N pS3 A T] i ME R
OGS N PRABE A B0 E A AT THT I i 24 13X —
B, JE BT RRIRNBIE T, TE8 M 24 B G] SR o
2.1.2 REp53G#E # ] 248 53 ) B R 24
AR RS VR T AR B AT S A R T Mz — . fE
— e R, R pS3M AR E MR T AR A
p53, JF H R pS3FR B 52 2 2 ML i 4%, H
W o AR AR 2 AR 5 2 11 90(heat shock protein
90, HSP90)FlJiit 2, I 1. ¥ 6(histone deacetylase 6,
HDAC6) #3174 < i Ay (1

HSPOOZ —Fl R H 1 7 T AR, T 51 4ERF 2 Fi
EARNEFTS. RoE Mg, A RAR
JE I RAZ R pS3, fEA P26 AR, HSPOOi# it N-ify

ATPIE M 48 45 & R ps3, BHIEHAZ & -A
PR ARG IEAR, T L3 548 7Y pS3 1) RARJE R K
1R S HE JE B2, T HSPOOI 1] 771 7] 5% 4 1tk 45
HSP90Z A N-iiit ATPHEPE 048, FHLIET ATPEEIEIA, H
BER HSPOO 5 AR R p53 2 R AR HE S A H &
Y, KRB TFAEB R R AR pS3 8 K Bkt
AKX, #7 PIEME B372 2 el R ), 52248 268
ARG, B3 N RRER pS3EARIE, M
R 3 P g A 2232

25 HLAR R 25%) Tanespimycin(fRFK 17-AAG)TE N
SRR AN R IR (1 HSPOOFM 5, K E Ik
PREGHT ST EAIESE T 17-AAGYE 2 M e B R b gy
TR S 14 B4, Ik LR AR L AR S, 17-AAG
A [A5 N Akt. Cyclin D125 £ B L& A£IE, H
Ak BELBBTTfieh 8 P 1t i A2 R P, [, 17-AAGTEZ
P R 1 b e 4 4n = A B O SR S R
SRR E Ak Ar T C A VASEER L B SN
Fpes 3 1% 2 U AH G B0, B E B, ARAIML I S5
BE—BIGIE, 17-AAGH] =305 T 2 Pk pS3 A iR
Y N AR R A PR, TR R R AR B AR B pS3TE
PE, Bir [R5 = B8 4 et AT 25 9 R BUE A, SR T R
T 25424 7RISR T SR, R 17-AAGTE
Il PR AT 58 R R B BRI s s v 7, Hoilis
PRI #0535 1) 2 12 i 1] 52 1) 77 2 PR A

HDAC6FEE A T Aot , Pl Fe5E HSP9O >
THAEE A IR AR R pS3 A B4 iR, HDAC62
F—MieE AR pS3 I IE E E Y. HDACH)
7 TR S P P WTHD A CORfE 1, T4 HSPOOR A4
() IE 2RI AR, (A1 PR AR B pS3 s b Fae 14 B
Britbz 4, HDACH 75 AT 52 5 582 1Y pS3 Z Bk Ak K
-, R, TP BT DR, AR
B p53iz FHALBEAR , A ROY % RAS pS3/-F BT FI
B[R YT 1 2 HE N 25 1R

Vorinostat{F N1 N3k FDA #7111 HD A C 1 il
), FERA 3 R T B JBK T2 Ak 2 R v )
IR TEP U IUR IR RIS, X Pt &
PR A S YEIRIT R R I R . R E
R, 1R Vorinostat(400 mg, & H — %)% W 2%
fiR 2R IR B 2] 30%, #5 BFH T PAFREA M 6256,
H. Vorinostat & 2% & 4F i 22 e HERVE Rk, 78 40iE
T ILAE 7 T A0 Ak B8 R I PR AR 04 kb,
Vorinostat{f 7 77 &bk R . 2 RV BEIRE K AR /Ngh
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i i S5 2 o B R B AT TR RIS AR T
xif 82 R/ E TR VR A vk B LB I R 5, &
I Vorinostat!k5 mTORH il 71 78 27 5 =] HA Pp[F] 41
JHRE R RL T AR SEARTR IR YT A, O A DI R
U5 HR 2 Vorinostat-5 $7t L8 A= B 245 4 A e e Jé 50
BEARI I GO R IS 7 B W, X Sem L o
IRk TP5 3987 A0 G Tiif 245 52 i 7 MR S i B Bt 5
] E) i PR A A I 552
213 &SRB ARBUERIZ O E NN
PR 2 TR B0 5 B R AT R — A OO A T R
Ry MBS RIERS, A AT AERg , (2 R
IhfEZ P &5 R4 ERAGEAET W, AR
WAL FACTT AT B, ASURS HEET 0 iR e A (1) 2
DRIRIE , RERPEm . ARG, 2R, G
PR 75 = U 29 R R A% O R o B AR
p53/2 G/SHIDNAB K £ A% O #s iR AL, SRAR Y
pS3MRI AL G IAS 2 AT Th AR B 2R, B0 K Go/M
WIS AT AT DNAMB ST, EGH S 1) B S D i 52 1 4
SRo DRI, HE R Go/ MU S BE 1 428 IR -1 Bl A2 A R8I
33 B8 T 7E p5 3 FRAS I Hh 7 R A BEE .

WEE 101771 . WEE 135 i #§ R 1k CDK 1
Tyr 1547 £ BE i 40 i 1) 5 22 43 245 0% , WEE 1 2
Go/MIGEE F B o IXPMK ISR BRI T A B
FHE R AREE /5, & WEE L0577 &2 F5 4 A HL
il et . PESRAR R pS3MRE AL, WEE 141 77138
bRy S PEBH T WEE L3 vE 14, 2 B H X CDK1(Y)
POHIER , 175k DNARUEE05 K &8 B, 21 55
YNHFET: . WEE1HIH]7] AdavosertibIF &3 Fix —
JR R T AR 2

AdavosertibZ —Ff [ ik 201 WEE =i 1%
NG TN TR, R E I PR BT A FUAE S AdavosertibfE
YRR A E M. R BRI M IR 55 2 P S AR A5
Rk B B2 BRI E Y, R A 5 2 Fl DNA
P43 7RI TBCTT 5% P98 40 %) 7% 47 2k Rz 1446, B A L
()72, AT'E 57 H1IAH A H 454438 SA(AT-rich inter-
action domain 5A, ARID5A)Z SWI/SNSHx{f Jiii 7 33
AL O RS, TE2) 9% 45 B e R AR
RAZ U WA FC 30 [ I 485 717 ARIDS AFN TP5 3R R
AR P 2 L i T WEE 11 2 30 HH 8 5 s v 14749
K RN LR T X6 e 45 5 4%
PERYERAA , B8 Il PR 58: Hh RS i 077 12k B3¢ T RE SR 25 11
SRR (R TP53/ARIDS AL 5RAZ NHE )R AL T A

Al TR o TEIR IR AL TT 1, Adavosertib
FIFEEAS T R . 78— TR TPS39 AR B 402K
T} 245 519 5398 (T TR PRI 72 7, AdavosertibBx & = 411
(177 S B~ R IR 2 A M A 50, 97 R0 35 99,
XISAE T WEE I 7E R 2 2> 715 5¢ R it & K
BUEHUM IR AT AT, JupS3 AL R RS HE VR IT 4
HE TR L

PARPHIHIF . SR ARFF — W5 IR A% 4 2R A B (poly
ADP-ribose polymerase, PARP) &4l il Iy DNA HL55
TRl 2 U B A8 S 0ok R o P A% o PR B o 200 I 52 380 B2
55 I, PARPICH S PARP 1 RERS I IH H 7l 4%
Wi, JFE A NAD AL R ADP-IZBEBE, X 5
B J JE B AT PARMLAS A, BE I 4E R R A
E o FRAZRY pS3 iR 4 i -k £ b R R S S
4 B Fes, DNAXUEE 5 67 B3 BB, & K
PARPAUZ4EFFSE A s . 17 PARPHI I 7138 o #1
#] PARPHEEIE M, [F]IN1 PARPIH] 5E 45 & 7F DNA HU5%E
WrZdht, FHEDNAMEE . ZHLHI AL Z PARP
PO R A B J 4, H e iz T2 ok
Ji g I T, U T A A (AR AR R A
BRCA /25878 iR 400, 1% 0% A & 45 S 2 10 2 A
TER . ImPRSZ Bt EL 78 /e SE , PARPHIHIFIAE A —
R KRG AR TT A BTN A AR B, B
K T B TG R A A R,

SR, pS3MRIdR R AR B mf ABR A — Fh o 7. 1) i 24
ML BFFEER B, pS3ER IS AT DU I F e I X 3
T A =1 0 A i i 0 56 22 g A2 35 I A4 i 1k
I8t PARPHIHIFE S AIAET B2, pS3 -y i X0 R 1 i
FLRCH PARPHIGI YT 5405 i 24 3 245 15 72 1 G Bk A
o N TEPARPHIGIFIR R A5, &A1
FAMER B AHT BB 1R YT H g . — MRE RIS 7
[F1) 2 ) FH S AU P e e 2 2% B A A R AT R v 24
MR A B 7 i 2 7 pS3 AR FL AR 2 28 B 0
PARPHIl 57| Talazoparib-5 # SEW4 i% ) IR S 16 7
P 2 1 P IR AU, T B AR A pS 38 s B AN A
&, RN G T R EA R AR R D, X
— R RS HE T 52 25 N FFER AL 7 5 A 77 1 5K
IR . TEONE N, £ IE BRCARAR [ p53 5
AR, ET I S B RE SRR R . T SR
FLR I, DNA2IZIZEGAE 5 DNA K il A &k 72
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YR F B2 N STY s B A A a5 2 B T AR
R TPS3FER, JLf PR B FHASE 3032 B8 i T, JF
LAY o« — I B 69191 Sk 290 0K 4 et R84 (1)
Bl AL BRI R EG 27, 252 Gendicine Bk & 50T 40
FRH I 58 A R MR RN B W B M 2R 6 35 e T PR Al
#, HARMER ™ E RGN RN, 5L T HE
U P 22 A M RO [R) FBOTT SRR AR BT I o Je 3 e R
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S L 1) TR0 U, SRR BRI IA . TEIE TR DIBR 1)
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BB IE R MR B G SR PR L AR TR 2 2
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TPS3EER B W iE I AT, ORGSR 24, &
R TR RR T SRR BT T RS A
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e b, E YR IE AR FE R 78 N FL K8 23R
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BT AL KI5 Cas9(dCas9) fICRISPRIE R 45, @i
dCas9-5 U U 45 IRl &, BB 1m) TPS3 3L A
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pS3EE A RIRIEAKT, NI SR ARE T, #%
20265, CRISPR-p5397 V2475 4b Tl AR #e Ak (1) - HH Y
B, ADHOH N DI RIS B By, 3 EARE PR T7 [M) :
— ARSI AR, B A A 4 B T I F AR A
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PN IR RS, ELARAE R N B w2 4 e 2H 21
A TPS3FE IR 000 SR, 12245 A 1) S o 7 FH AT T
I 3228 250 L I L A5 N A P 22 A MR A5 2 B R
H BT 1 AR A5 4547 9% T CRISPR-p5 377 145 [ T i T3
Il PRS2 A A, HIm IR EA A e KRR, K
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(IR DG 2454 B FLm PR Fdk Jig .
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A48, BHWpS3 5MDM2 IS &, YK E pS3ikskimit
MRV IE R DhRE . H AT, 20135 p535MDM24H
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Table 2 Mutant p53 targeting strategies
NG ) ES 41 R
Small-molecule inhibitor ~ Source Structure Characteristics
APR-246 Quinuclidinone- / A first-in-class small molecule designed to restore wild-type

o
derived reactivator QN/\\%/OH
o

p53 function, which covalently modifies cysteine residues in

mutant p53 to facilitate refolding, thereby re-establishing the

wild-type conformation and transcriptional activity of p53. Ad-
o ditionally, it targets thioredoxin reductase 1 to disrupt cellular
. redox homeostasis
Rezatapopt selectively binds to the surface cavity of 7P53
Y220C mutant, stabilizes the p53 protein structure, and re-
stores its tumor-suppressive function. In mouse tumor models
harboring the 7P53 Y220C mutation, it exhibits significant
tumor-inhibitory and regression effects
A potent HSP90 inhibitor with substantially higher affinity for
HSP90 in tumor cells than in normal cells. It effectively dimin-
ishes the viability of tumors carrying mutant p53, induces the
degradation of mutant p53, and partially restores wild-type
p53 function

An orally active, potent inhibitor targeting HDAC1, HDAC2,

derivative ©/ \n/\/\/\/U\N,OH HDAC3, HDAC6, HDAC?7, and class IV HDACs. It downreg-
o]

N
H
Rezatapopt Carbazole-fluoropi- F HN/Q)L
4 o
idine derivati o
peridine derivative _: Vel /F
n s
F
17-AAG Ansamycin antibiotic  \—NH
o
Vorinostat Hydroxamic acid H o
N
Adavosertib Pyrazolopyrimidi- " S;N/ b
none derivative Q/ NT\NJVQN_/:
N~
N
O b
Tal i Benzimi 1 H
alazoparib el?zm".udazoe Moy’ N0
derivative ¢ |
=
[jv‘" N
H
F
Gendicine Recombinant p53 /

adenoviral vector

ulates the expression of mutant p53 and promotes its ubiquiti-
nation, thereby reducing the protein level of mutant p53

An orally efficacious WEE] kinase inhibitor. By inhibiting the
G»/M checkpoint, it triggers synthetic lethality in tumors with
p53 functional defects (mutation or deletion), leading to the
accumulation of DNA damage and subsequent cell death

A highly potent, orally active PARP1/2 inhibitor with robust
PARP-trapping activity. It exerts potent cytotoxic effects on
tumors with BRCA mutations or HRD (homologous recombi-
nation deficiency) and is frequently used in combination with
chemotherapy or other targeted agents

The world’s first commercially approved gene therapy drug.
It delivers exogenous wild-type 7P53 gene into tumor cells
via an adenoviral vector to reconstitute the tumor-suppressive
function of p53

I: BRI 2, AE M2 Ei

/: gene therapy drugs do not apply to chemical structural formulas.

EZE S 259 1D AR IS D A7 T W 750 e R o) 2 5 12 v
PSRk . DU AT — L% WY MDM2/N 1
FIHIFR, 2 4FIFR 55T N AH I MDM2 /)N 73401 il 71
T e R 7 o

Nutlins. NutlinZ &2 B MR AT R Z
J37 F T4 N AT 9T ) MDM2 7], k%L g il
i g R HAR IR pS5 3% St I8 1) 34 S 7K
BEHE (Phel9. Trp23. Leu26), fyik #1445 A MDM2#E
TR pS3Ei /K 148, 354+ PEFH T p53-MDM215 5 4l 1%,
%5 £ EALHE Nutlin-1. Nutlin-25 Nutlin-3, Hr
Nutlin-3 (7 X6} B4y Nutlin-3a) i P sk . N H

), TEIGPRATHE 78 A s H 3 i b e vis 4 2,
PARSZEG B 7R, Nutlin-3am] 225175 S pS3 5 A4 R R 41
POy T RE A A P I 2R B Nutlin-3 7] 45 3%
PO L PRYRE B 2 Fh SRR e PR AR AR K, L
BA R 52 1 05, SR, NutlinZK i A7 £ AR
FEMEZE . DIREVMRIH MR W20 S
FIET B it I B AR, R K B Im R
1, HAUE A T EAEY) 12 T pS3-MDM2{5 5
BLIEIH 9 5 25 iR i A Y A 20,

RG71125 RG7388([H Friffi FH 44y Idasanutlin).
95 il Nutlinf) 254K5) /1 %780, Roche A R ITR 1
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Table 3 Clinical research progress of drugs targeting the mutant pS3
ki HE /AL ERE M PR 6 B B IS GH T/ # it
Drug name Target/mechanism Indications (#ZE2026%F5H) Clinical trial
Clinical trial phase identifier/notes
(as of May 2026)

APR-246 Mutant p53 reactivator Myelodysplastic syndromes, acute Phase I/11 NCT03072043;
myeloid leukemia, and solid tumors NCTO03588078;
harboring 7P53 mutations NCT04419389

Rezatapopt Selective reactivator of 7P53 Solid and hematologic malignancies Phase I/11 NCT04585750

Y220C mutant harboring the 7P53 Y220C mutation

17-AAG HSP90 inhibitor that indirectly TP53-mutant solid tumors and hemato-  Phase I/11 Early-phase explor-

destabilizes mutant p53 logic malignancies atory clinical trials

Vorinostat HDAC inhibitor that modulates ~ Advanced solid tumors with 7P53 mu-  Phase I/I NCT00091559;

P53 expression and function tations and cutaneous T-cell lymphoma NCTO04308330
Adavosertib WEEI inhibitor that targets TP53-mutant solid tumors, including Phase II/IIT NCTO01357161;
the DNA damage response and ovarian cancer NCTO01164995;
repair pathway NCT03284385
Talazoparib PARP inhibitor that induces BRCA1/2-mutant or homologous Phase 111 NCT01945775
synthetic lethality recombination-deficient tumors; syn-
thetic-lethal strategies are also being
investigated in 7P53-mutant settings
Gendicine Recombinant p53-expressing TP53-deficient head and neck squa- Approved in China in 2003 ~ NMPA-approved;

adenoviral vector for gene

mous cell carcinoma

first-in-world TP53

therapy

gene therapy product

AN R IR ) MDM2 I 7 RGT112. k%
O 2 K8 9 M DK R AT A2 ), Jd et R A B T 2 =
KRR S O RAED R E . 53 DGR 5%
AN\ B B SRR 5 IR R G R R, SR
NRGT25 25 HA — & B PR s 14, JCHAE G 7
PUIRE 5 SRR R I S T R B A A, R
AR E MRS B EEN, HRARMNEMER
K7, Syt — B2 305 25 B D1 5 A, TR
Fenh bR 5 ZARAT A Y RG 7388, HXF MDM2
AT MERLRGTI 248 M2 345 , DIRAEYIFRIH B
1% 80%, H A& RUFrI2530 12 RHAE . TG
PRARES 7%, RG7388 524 5 5 5T 4k it £ 6 72 2tk
B8 &R (A B a7 R I A 1T RS T A2
PE, H IO PR ARG A IA 31 A A A7 T o5 1 T R 4%
R, IT RO B ELIN 25 25 AT 2 Fe il R S A 1) = 2 i
SR

Navtemadlin(AMG-232/KRT-232). Navtemad-
linfE A — AR B B 5 228 MDM2 = 3 £ 7 7 1
s3], AR T HE 18] p53-MDM21E 5 HliG T SIS A
SRR SRR TR M EE R —, H
2 B 1] i I AR AU, pS3 8 1 N-ify el iE - Phe19.

Trp23 1 Leu26 3/ KB B /K IR IE ) MM G, K5
P 254 MDM2 8 F N-ii (R B 7K 48, T A 24FH
Wrp53 5MDM245 4. (Al Navtemadlins 5 HiNut-
LinZB AW BA T s B e A0 S LAk ) 25 AR,
W] 5 22 Fh 28k FH TG OB A 21 R
PERE BB,

It PR i A2 350l PRAE 78 78 73 WE S5 T Navtemad-
lin B 24 (58 KAEW) 205 1. 72 TPS3 B AE R
MDM2 st ek [ 2 Fift S8 P g A 28 (2 i ol 9 A0 1
B N ESE )Y, NavtemadlinBE 05 H S050E W I ps3
g, S TR B aA AT SIS R 2
Y 5 L 14D e ) AR O 1 RGN 070 B Sy B Y
#&, Navtemadlin & Ji ) 5B EC SR T J1. B0
FUAE 5 Navtemadlin 5 5507 5 0T 52 25 3 5 0] 28 £
FIR I ROR , HAN S T3 B0 8 410 ] 55 e Ji R
RIEM A, $nH RIFECGHRTE . 5
I [F] I, Navtemadlindf i 5 A [ 4F F B 2454 5K
F, AT RL AR 2 1 P (R B e RNz, I kv ik
PR 5 e AL T 2P 1 @ 1T BOREAS I
5% LL AL 1 Navtemadlin 25 5 i £ 0] FIT VAR JAK
TN 6 B2 R IHMETR T TPS 3B A= B B8 41 4 fb
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Table 4 Small molecule inhibitors targeting the MDM?2

Ny 5

Small-molecule inhibitor

ESI 45k
Source Structure

1

Characteristics

Nutlin-3a

RG7112

RG7388

Navtemadlin

Milademetan

Brigimadlin

Siremadlin

Cis-imidazoline

analogue

Imidazoline

analogue
o
o
P NJLN/\ Qo
‘\/__L |\/N\/\/ A
Boly
cl
Methoxy-substi- Oy OH

tuted pyrrolidine
compound

Piperidin-2-one-
based scaffold

Spiro-oxindole
compound

Spiro-oxindole

compound
Cl
Pyrrolidine-
imidazolone cl \>/
derivative 7 \ N / Ny
Nl Y0
—N

An MDM?2 inhibitor that binds MDM2 with an ICso of
9x10°* mol/L, disrupts the p53-MDM?2 signaling axis, and
stabilizes p53, thereby inducing autophagy and apoptosis.
It exhibits >10-fold selectivity over tumor cells harboring
mutant or deleted p53

An MDM2 inhibitor that binds MDM2 with an ICso of
1.8x107* mol/L. It is approximately fourfold more potent
than Nutlin-3a and exhibits favorable selectivity for tumor
cells expressing wild-type p53

An MDM?2 inhibitor that binds MDM2 with an ICso of
6x10~ mol/L

An MDM?2 inhibitor that binds MDM2 with varying ICso
values across different tumor cell lines. In addition to mim-
icking the interactions of the p53 residues Phel9, Trp23,
and Leu26 with MDM2, it forms additional hydrophobic

interactions

A selective, orally bioavailable MDM2 inhibitor that
induces G cell-cycle arrest, cellular senescence, and
apoptosis. It is being investigated for the treatment of acute
myeloid leukemia and solid tumors

An orally bioavailable MDM2 inhibitor that prevents
MDM2-mediated negative regulation of p53

A potent and selective inhibitor of the MDM2-p53 interac-
tion. Its primary mechanism involves blocking MDM2-
mediated negative regulation of p53, thereby restoring wild-

type p53 tumor-suppressive signaling
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Table S Clinical-stage p5S3-MDM2 axis-targeted agents
LY By TS R SRR TR /% T SR I PR 45 AL/ P 1
Drug name Primary target/ B B Indications Clinical trial Key clinical findings/limitations
mechanism Clinical identifier/notes
trial phase
Nutlin-3a MDM2 Preclinical A prototype tool Used exclusively for ~ Demonstrated antitumor activity across multiple
compound exten-  mechanistic studies TP53-wild-type tumor models. However, its clinical
sively investigat- development is limited by poor metabolic stability,
ed in preclinical low oral bioavailability, a short in vivo half-life, and
studies pronounced gastrointestinal toxicity at high doses
RG7112 MDM2 Phase | Hematologic NCT00623870 Demonstrated antitumor activity; however, it was
malignancies associated with substantial hematologic and gastro-
intestinal toxicities, and its objective response rate as
monotherapy was low
RG7388 MDM?2 Phase I, Acute myeloid NCT02407080; RG7388, administered either as monotherapy or in
phase III leukemia and NCT02545283 (the combination with cytarabine, demonstrated favor-
acute lympho- phase III trial was able efficacy and tolerability in patients with acute
blastic leukemia terminated after myeloid leukemia. However, the phase III trial failed
failing to meet its to meet its primary endpoint of improved overall
primary overall- survival, and its efficacy was limited, with drug resis-
survival endpoint) tance remaining a concern
Navtemad- MDM2 Phase I, Myelofibrosis, NCT03662126 Compared with earlier Nutlin-class compounds,
lin phase Ib, acute myeloid (phase 111, navtemadlin exhibits greater selectivity and more
phase III leukemia, BOREAS); favorable pharmacokinetic properties. It outper-
glioblastoma, NCT06479135 formed the best available therapy on endpoints such
endometrial (phase 111, POI- as SVR35 and TSS50. Nevertheless, gastrointestinal
cancer, and other ~ ESIS); toxicity and thrombocytopenia remain important
malignancies NCT05797831 adverse events, and its efficacy as monotherapy is
(phase II/11I) limited
Mila- MDM2 Phase 11, MDM2-amplified NCT05012397; Demonstrated some antitumor activity, although
demetan phase III solid tumors, NCT04979442 the overall durability of response was limited. The
acute myeloid (terminated) phase III MANTRA study failed to meet its primary
leukemia, and progression-free-survival endpoint in previously
myelodysplastic treated patients with dedifferentiated liposarcoma
syndromes
Brigimadlin ~ MDM2 Phase I, Dedifferentiated NCT03964233; Early studies demonstrated promising antitumor
phase III liposarcoma, bili- NCT06058793 activity. However, the findings of subsequent pivotal
ary tract cancer, (phase 111, studies and the current development status of the
pancreatic cancer,  brightline-4) program warrant cautious interpretation
and other solid
tumors
Siremadlin MDM2 Phase I/IT Acute myeloid NCT03940352 Demonstrated preliminary activity and an evaluable
leukemia, (combination safety profile across different dosing regimens. How-
myelodysplastic therapy, phase I/II) ever, further development in acute myeloid leukemia

syndromes, and

liposarcoma

and other hematologic malignancies has been con-
strained by hematologic toxicity and dose-limiting
adverse events. Development as monotherapy has
been discontinued, with subsequent efforts shifting
toward combination therapy

BE R RYTAS wa, 45 R 2R NavtemadlinfE

SVR35H1 TSS50%45 2% 55

e R AT B 1 2 PR I N BR8N R

HIGRITUTESE R4 TR BHEERREATLE
A F B AR YT, B GV, EEE R, NavtemadlinBt & 1] %
Je F T TAK M #1577 %] 76 MF 53 1 I POIESISHF
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FTL(NCT06479135) IEFERRRFA S, vHRIAZH 60041
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A= Y 1 e A SR BB |, Milademetan B — 5
(IR i 1, ARLSATT AR R, R AR5 2
R A SR g — B3 gk a5 7. —IifE H AT 1)
Ib/ITHAHT 7Tt s, Milademetani& T Jio B &g
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Brigimadlin(BI 907828 7 HAH & 4w 5 )42 HH
Boehringer Ingelheim International GmbHJ /% ) F il
MDM2#IF, 4b 222510 Jd T ek, B
ANFF NutinZR FRHT e 228 . HIG R = B R T
MDM2BERY 38 H TP53 9% AR [ i . — I X
46 5o, Brigimadlin?E MDM247 48 (1 25 7344 Jig 15 AR
e Z Tl TP5 38 = R S pkggg v B g i 1445 =5 7,
BeAh, —IRASE 20 73 47 5 55 VP A% T Brigimadlin?E B 3
PR i £ R PR AR, 25 SRUE S AE MDMR2Y 3 g
T I UM, (AP A, B
WEFERIABIR A, — WO I/ Brightline- 11056 45
RN, fEM 5 g DT YR 58, Brigimadlin

()R A TG e AR A A B S T A il — AT 2 2
FHE, HEMEEMRZHRIGIM, SR, Brightline- 14
TR AR B F B4 )5, H Boehringer Ingelheim
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], 25— MDM24IHI I RG71122 f5 A B
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B, AHASHERYT E AR LS IE, BN
YOG PRI R b AR PR gk e B0, b, i B ) Il R
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TZ AT NSRBI ST [ s PRI A3 H ) S 3T i I
EEXESAART . WRESRE . R B R AL S
IO EL 200 A T %) DA PR e i B R B, KT
253 R A BT pS3, FF U B A 22 BB A
B ESE , A BN — R A E . B RE T
BT IERE

34k, YX-02-0301F K —Fi# i MDM2 [JPROT-
ACREMARF, EBHTIRIT pS39i i =B M AL IR
‘B RE RIS S R b g5 & MDM2 4R (A I VHL, 2Rk

MDM2-YX-02-030-VHL= 62 &%), flif3 MDM2#
HABIRBIEREMR . FHFRE, EpS3RAEM =
IF M 7L B 4 B, MIDM2 s F& AR IS p 53 2% 1t 1
JCH AT 3E TAp73 £ [ FeE AVEOE , k1M F il BAX,
NOXA. PUMA%S— ZARHT- R IRIA, B34
JORE T 4%, BT Y X-02-030 19T 58 1 Ak T I HR Rl
BrBe, CYE4NIR s S TR AE R .
U, AT = 9 L e 0 ) /) SRS o A A AR 7Y
H, YX-02-03076 97 BE 2 H0H IR AE K . B/
AAE I, FEAE R 2H 23 Al 2 MDM2 8 1 IR sk ok
T hR £ 3 I,

RUEHT S0, {H PROTACH RLE IR R ALt
FErr T % 2 ik 1 %6 PROTACH) T & IB ¥ 4%
K (>700 Da), /KIEHEAR, A4S0 RAEDF A E
fik; H X PROTACH] mi il R TH FR 1) 1 73 F 15 1%
P, SEOLA MBS EN 2, HE BN, 4N
1V FE ¥ PROTA CHiit [71] T T 1 BB 2 11— e 751 1) —
JCE AW, FEAEPIR 2N (hook effect), M T B #E 25
EI TR AR P, JEBRAS AR NI E A BB, 5
4b, B3z BRI IR B & PROTACH T 1) B
IRAT . NRFE DR 2H G iR 600 FHE3 I B2, 5 H AT
1E PROTACH & 4 iZ R A D EU LR, £
FALFEMDM2. CRBN. VHLZ:, %6512 1 ix =ff
TG B3 A M LU B S . A E3TE R MG LA 1
JRBR M2 2 1T PROTACE R RS2 —. HAT4
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#*6 PROTACERLE3ZERE R HMERS
Table 6 E3 ligase recruiters used in PROTAC and their advantages and disadvantages

E3# 4R ol e AT
E3 ligase component Advantages Disadvantages
MDM2 High tumor specificity and preferential expression in Basal MDM2 expression in normal hematopoietic cells may
tumor cells, enabling synergistic tumor targeting be aberrantly activated by exogenous PROTACsS, potentially
causing hematologic toxicities such as myelosuppression and
hematopoietic stem cell apoptosis
CRBN Broad tissue distribution and a diverse substrate rep- May induce dose-limiting adverse events, including thrombo-
ertoire, making it well suited for the development of cytopenia and neurotoxicity, resulting in a narrow therapeutic
PROTAC:s targeting hematologic malignancies window
VHL Relatively high specificity and a low risk of off-target Its relatively low intracellular abundance may result in insuffi-

effects, making it suitable for the development of tar-
geted protein degradation strategies against solid tumors

cient PROTAC-mediated degradation and reduced therapeutic
efficacy

RV FE P Xt R M ke 24 4 (K 2 # PROTAC 7y
TR T PR AT PEAG B B, AR RAEA #1701 2E
B HIARAL & B E3 1 2 g IR 0 2k A S0 1K 2R 4t
F 13 i, AT 9 PROTAC I AR % AL 2 it 1) s
F AT H SN
223 MEHY RV R
FEIADRSHE . WA IR SRR S, O TE MDM2%R
RN ALY F B, TS MDM2 R IA FI % R T
TO% 45 £ AR /N TP RNA(small interfering
RNA, siRNA). Jx X 5% (antisense oligonucle-
otides, ASO)FI¥ IR RNA(circular RNA, circRNA),
JEIL TR N HT IR TT RIS I ERIE ) O, IR 2
Vvl BB AR S K P2 MDM2 mRNARIE, IR
KK MDM2 & H & B, #85E pS3 R H IR H
FEIE R, 9 MDM247 14 B i 24 g 2 17 AL T T 3R
B o

SIRNAKFF LR A 454G MDM2[) mRNAJf
7 I BEAR, PHISTMDM2 8 (3R5E , H0 file 41 i 2%
PESGFE ), ARAMSERAESE , FEXF MDM2TH) siRNA 2
7 3 255 P R A A RIOR X DA AR 182
SR fit T BB IEA, AW 7R WIHE A MDM2[¥]siRNA 2
= N AR A0 MDM23E L, B ps3, MITA
RCHIV ) e 3 24 e (1 184 5 75 S 40 BRI T 8. ASOS2
— KR 5 MDM21f) mRNA L7 51 R PR 16 7 X2
A I R SEAZ IR U, TT 5 RNase HF%f# mRNA-
ASO-SF7 Y5 XU B EL 12 FH i A% W AR B 55, A BB AIG
MDM2 i FH 3R KF, B ps3th I RIS R, fEHST
TR 243 fir 8 B 200 v R B R 2 9 g 1019 e
cRNAZ — ML & KR 731, SikAeE . A

Gy WAL IR M, X FhAS 2 M A& cireMDM24E 2
DRI R 428 IR 1~ RV AR VR 97 S AU G A A, R vA
7 BB TR ST RN SR 10100 AT RIF AR cire-
MDM27E Z Ff i g 25 L o Al e 1o 52 i MDM23K 54 1
2, At R A e ) A B RN AE S, RIS AT AR B pS3
T % R R R 07108

BT B P B e, LR 245 W) R i ROKG
I 7] MDM2 mRNA, Jd/> LSRR . X} Kl MDM2
Tk R TR AE ALy e AR 24 1R ) R R, LR
25l DU I B 32 PR MDM2.2E [ 7K 15K 5 iR Fh
it ZG AL o EE H H A% R 24 475 3 A 7 Ak P 3 0k TR
M DAL TR P A G5 T 1k A v SR, ) 75
AR 2R G DAHERE IR R AL
23 BEIRTTRE

T p53-MDM 215 5 il 1 & 44 14 A0 fi 98 57 ol
P, B — B R T A A DUSE IR AR IR R 2 o 3K
HIRYT R ORI — AU B R R T . HRAE
WA FHZ /R AL, BE17] pS3-MDM21E 5 fli fr 1
HIRYT RN EEARE 5T A 5 AL R EE
RIS 5 Sk 2 S SR A VR T SR
23.1 Sius7 BRI RDNASMY (LI
A B 75 5 DNASURE W 24 5 5 i B2, 330 iR
DNA A% N2, {5 R 40 i 5 A4 M I MDM2,
DI & A pS3T AR, AT SR AF XS ST 254 B it 24
PEo BT, MDM24IH ) 5 09T 25 A B
B Y[R B e J At — T, AT 25
75572 DNA#U , 405 ATM/ATR S 0 , 2 1m
W& p53-MDM21E 5 #ilt; 53— J7 1, MDM2 41l 77 7]
A BH I MDM24 5 1 pS3i2 AL &R , B 11 pS3 i B
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BWAREAE R, FrEm K FiE i ps3, ik — 2K DNA
WS, MR IR 41 DNABE /8 17, 5l
J B4 e ) BARE i 5 e R AR T

APR-2461E A8 G p53 FGE /N1, TR [ 4H
Jf A5 A ST, A A A SRR B p S 3 8 4
W S TR AE T R A2 o TP AT TUY I PR A5
(NCT03072043F1NCT03588078) >y APR-2465% 5 Fi
FUMLE 7 R A RO R AL 1 5 I REdE , &5 510
KO3 HT 100451 TP53 9878 e fes i BE 1S A 7 2R A Ak 2L
SV EE AR I E G A S AR S R ) R
MR AR RIL69%, 56K MHH N4 %, CRANLFFLE
WA 10.20 H, HA20S N 11.84 A, T %21 Bif. 1H
FE, JE I TITHBEHLA RS (NCT03745716) K fig
IE BN I EL T, BIR BEIE B APR-246 1% 4 il +L A
TS AAF I BT S BT LR, 2B G T
BEANOUT R AT 22 BRIk Ah, — Tl AR 56
(NCT03107780) 4% 7% , Navtemadlin .24 7 5 & 1K i
20 g i Hp A AT o R 4R e s T, Ho
PRI 30N H . HH 5 S i B
F Bf ] S 2 M S A R R T S S, HAS RS I
Y, J5 o OR A T AR K5 i, BRI AR YT AT
TEANE A GO0 ML 5 EE VR I AT R 3 FH7 20 L
HRIE e — s, D SRR 0T A0 I Sy A AH 56 B DR )
2T Navtemadliniiid 25 T HLE] , AEVRTT R
TS 1R A2 R B v I R BB ) TPS 3R R 7%, 3%
HAAZTE AR 28 B [T 24730 100

R R, H A p5S3-MDM21E S A 1L
GV WIT AYBCE N, 7 2 Pl PR AR A &
FL I I PR 3 56 e IO LS I I 9 i 1 e e v
PR Z G RS B — P IR IR A8 7. R
1M, &85> TTARE 70 R 0K BT 2 05, R 7 8
T A v 1Y) BB O 4 DA AR A B G T B R B UE LI
PRATAT Y, AT R A oK 19 I 98 v 97 S Ak o] 5 (1 3%
I 3% %
2.3.2 54T PR de k) R 8RR 2 LA AR K
& MR R AR RIS R A 2 AR M i S
WoBOE , B FHT p53-MDM215 5 il 5 filh & 55 115
SAEEREGE, MR G170 FBOREER 2. T
B4 REHU S 1) 22 3 % i [ BELIBT SR B, R
T+ MDM 2RI 25 /0 38 5 i e 240 P s e 12
ENVIPS: YA AP

MDM2 = 3% 8 £ B CDK 438 28 57 7 I

T, L7 R Sl 200 B s ik R . MIDM240 1) 7513
T pS3, 1 BE i £ i JE B EAR , CDK4/6 45 7]
A3 CDKE B, XUEE BH W40 i 8 A G /S H %
W E I G . A IR ST (NCT0234317240
NCT04116541) 7%, Siremadlinfk & CDK4/6301H171 £
7E MDM24 14 lig 177 PR1JRE Hh A R A F4D I R A5 SR 1801
FAk, BeA WEEL. PARPZE DNAE SRS 2 i flil 771
J2 W3 [R)PU 8 (0 A KT s o R 4 B A O G/ MASE
71 1 5 PARPA FE H B R AL A7 1% , MDM240il] 77
I pS3 A i S 5L DNASG B, [ WEE1 5,
PARPHI I 7 B AR FH 5 58 53 A0 & OB AR
BOBTE LN , 75 TPS 357 AE RUBESUIL AR A2 o
Siremadlin5 PARPH11l] 5] Olaparib (1 2 & 7 1% 4% 1IF
SR P F PR e, A6 3 (L DNAXY
BEWTZLIT A SARAET. RIS 2, A BES
iR RIVER AT, AR HEA R TE T I
BT AR L AT S SRS A
2.3.3 L5 d 540 H A KA 8 AR MR
¥ ILEFERMEFRDL, pS3IAMAIELIIE T, i
Iz 2 5 e B A SR I AR AR T
i BORE R T KB TR, TR ik
%o MDM2HH S ps3 Ja, al i e 40 i 22
MHC-17r T3R5« (EE ik R 753 ih 338 i 8
INEE N CD8* A7 PE TAHMIR i , R I G 9% 0 1
DRl -3k, 235 $R T IR S e V6 I BBUR 8,
TR TT O I8 I6 I A3 I — T
HERE, JUHERE P BB T 324K 1 (programmed death
receptor 1, PD- 1)l 757 i T2H B A0S (1) 4t i g
G 58 IO THI S s HY S 3 T g 1010, MDM2 41
7 A PD-1/PD-L 1 5 2 A 25 ad 410 1) 75045 FH ]
[ AR o e e B P AR AP 5, 38 LA 4 B P
T o g% N, A bR b R R 5 R R — T
I R 56 (NCT03964233) 3 7, BrigimadlinfFk & 4
2 R A0 A BE A 25 S MDM2Y 34 (¥ 5 B Y
AR T, 3 e 25 2 3 TR 40 i 3R T MHC-111)
FIA, AL TYH M ) i i 00 DX S VIR0 5 B B
()72 , Brigimadlin-& 58k 2 s 40 i) 770wl $p 5] 42
B THMEAY, Y RPUMIE e R U2, hAt,
APG-11538 1 S0 e S 55 Hh S B2 40 1) p53, S
PE VR M2 M1 E YRR, 58 T4 1L, Bl
IR A L PD-L1. X —HLiI N APG-1155 PD- 1411
FUE A N SR 46 7 B LA, U RN AR T
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AL B S p53RE M. K, PD-140171) 5
FLIR) p53-MDM2 Al KT A S0, 7 50 iR e e ik % 5
T FEE L L 2 e R AL 01

LA TR, KGR T Al I 2 AL
il R FEVER, RGBT R B
BEPEOR  SE R 24 4 2B e A K TN 45 7 T
BATRZS, R p5S3-MDM21E 5 4l 5%
MIERHIE FEAE 0 i PRSI B P O B e A2, e I 1 o 2
FIRHIE O 5 R Al R AL AT 5. SRTD, AR
SR B 58 SIS F R AR KR, A
1% (073170 2 SR e R R B AL T e g — 20 B
k. R 7THANEES T BB p53-MDM21E 5 fl (1)
BRA VR TT SR o

3 FEBIEIETT P EE[EpS3-MDM21E S 4
RoBk %

FE R VAR TT HH R A pS3-MDM2AME S VAT 5
W L LSS EE LR, (EAE DG [ 25 0 LE I PR AL
B AT T s 7 0 B AR, 7 E I 2 T RIS R
K5I NH
3.1 MEBREEEMERE

#[] pS3-MDM215 5 4l (1975 R0 A AR T
SN TPS 3% A AU SE IR H A4 MDM24™ 1 liiek
Fiko BRI, 21 50% 0 N i #51F TPS3 2L A
(RGN I AR | X L I AR I8 3 335 pS3 8 [ ThREH 7
ARk, SLE PTRESRI R I BUE D RE, AR
AT R FIRE) GRT RS /N 43 JU0 i 79 R AR P = A R
R IS 5 R G R RS AR AL
JRE, 2250 IR FERE TPS3578 . Bak sl Thfig
5, BT BRI AEAEMDMX ALY 1 . p53 55 B 1161 308 %
S H BT AL, R TE 8 B2 0 R BE AT 8K
PR, deab, RSB 28, DGR IR
HH R IV o [ [ B A5 TR BT 5 S0 22 (R 3R A S T
AT RO LARRSE, ToVRse ) W N
3.2 FIERFIM MRS

M DM 2 40 i) 751) 368 ik A o B A2 8 pS53, 7 M 4
L HR R S A T R, L [RRE RT7E D R 3 1 AH 40 A
B A % 28 P I p53-p2 L, AT 0] 4% 4
. ZAERACRIET L/INRE i, I F36 i+ /41
YUARPE T, DR, MDM2 L e AR S A3 i
P i 525 1 2 A 1, N RE, B
B K B AN A R A I R A B SRR SR

Uiz AR AR R A DA RGE LT AR X R T 5 58
Bk $3N 2

G, pS3WIE NG EAZ AN A . B4R
(1 1E 5 A2 A I /NARFE B RT3 . MID M2 4101 1] 5]
Wi ps3, fF BRI & 1R M B T 5
CD34" it M AL 40 M 7] E A% R LI RE 152 4. M b
BTN, RGT11240 78 J5 B 4 i 4R V& T2 B Jik
D21 40%, [FIRE IS =0 2 0 B R AR A0 e AR
T, fEEAZAN R (R IR B, MDM2 40
FIE ok pS3-p2 1 5l 0 1) A% 400 B 1) 22 35 i Ak R i L
INRIE K, TR EAZ A B> . /N RORE
JREERRIT, HR, pS3A T B S ] . MDM2
I T 0 pS3BE IR DUE B R B A% R
MR ZMHA R, R &KEZ RS L &S ML
FRo BDSEG Kls AR 6 EIUESE , Nutlin, RG7112,
Navtemadlin%§ 25975 51 ML /N IED O [FI, FAF
A HH P L A i 5 el B B P BT R R, $R R LS
B L A R A 4 R PR . — T 56 10FF MDM2
POHIFRIE 18T ARHE 7L R G iR 48 H , 14 98k
/D SR B R I D 7R PR A ek B Y B,
pS3FEFIE M T4l - 5w MGl . BNRA
)42 , MDM2 il 75 0 55 Ji 4y Fr) i of 440 e =2t 2L
AHEBEHEM. pS3HIBIE T /e T A0 40 i i S
TS, SBEEITHIRI R M40 M B R k> . —
20254 K& T NPJ Precision Oncology )95 1541 1&
R, Ay B 1A 25 5 U K A 1 40 e A
D, AN A I B AT RS B 2 0K 20 R0 AN [ (1)
TPS53U9 A%, 37~ MDM240 i 771 7] 3R 3 TPS 35838
(1 e B PRI I, X — 30 5 AT BB I gk kM AR
98 P A U0 JRURG: , DR s o K 0 Y 24 ) 2 4 P B o o
LRI,

R BLHIAE 2 AN AR RS 1) MDM 241 ]
FIRIS 3] T ERAE. Ebin, fENavtemadlinff)— 1
WS /22 R M BEIRR G, 39417 & i 1 BA 5
A 3491 A H IR PR B L SR P A B e
BT RS MR, IR BRI 4A 2 Rtk a2 2
J% 9 MDM 240 3511 R IF & HH 1R F2 3 e o (AT 75
WL HATT R« BEA SRR TT MRS 1 B T ik 20K
Wik — 2D S, DAHE B % S ) 259 AR 5 36 E
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Table 7 Combined therapeutic strategies targeting the pS3-MDM2 axis

IREVRTT AN /A B RN & 1 FALA AR RATFE 2

Combination Target/pathway Representative drug Mechanism of action and clinical progress

strategy combination

Combination Hypomethylating APR-246+Azacitidine APR-246 is a first-in-class small-molecule p53 reactivator that modulates

chemotherapy agents cellular redox homeostasis and induces apoptosis and ferroptosis in tumor
cells through covalent modification of mutant p53. A pooled analysis of
two phase I trials included 100 patients with 7P53-mutated high-risk
myelodysplastic syndromes or acute myeloid leukemia with myelodyspla-
sia-related changes. The overall response rate was 69%, with a complete
remission rate of 41%, a median duration of complete remission of 10.2
months, and a median overall survival of 11.8 months. The combination
was well tolerated

Combination DNA-damaging Navtemadlin+Cytarabine Relief of MDM2-mediated inhibition of pS3 potentiates the p53 signaling

chemotherapy agents induced by DNA-damaging chemotherapy and drives tumor cells toward
apoptosis. A clinical study showed that navtemadlin monotherapy induced
death in only a subset of tumor cells, whereas its combination with cytara-
bine markedly enhanced apoptosis without affecting normal bone marrow
cells. Upregulation of oligodendrocyte differentiation has been proposed
as a mechanism of drug tolerance or resistance

Combination with  CDK4/6 inhibitors  Siremadlin+Ribociclib The combination of Siremadlin and Ribociclib simultaneously blocks the

inhibitors target- p53-MDM2 signaling axis and the CDK4/6 pathway, thereby synergisti-

ing complemen- cally suppressing tumor proliferation. Clinical studies (NCT02343172 and

tary pathways NCT04116541) have demonstrated promising clinical activity for sire-
madlin combined with CDK4/6 inhibition in MDM2-amplified liposar-
coma

Combination with ~ PARP inhibitors Siremadlin+Olaparib Combination screening of 22 agents identified marked synergistic activity.

inhibitors target-
ing complemen-

tary pathways

Combination with
immune check-

point inhibitors

Combination with
immune check-

point inhibitors

Immune check-

point inhibitors

Immune check-

point inhibitors

Brigimadlin+Ezabenlimab

APG-115+an immune

checkpoint inhibitor

Among the combinations examined, Siremadlin plus Olaparib signifi-
cantly increased DNA damage and induced cell death in 7P53-wild-type
rhabdomyosarcoma models. The proposed mechanism involves concur-
rent inhibition of MDM2 and PARP, resulting in dual disruption of the
DNA-damage response and synergistic induction of cell death in tumors
harboring wild-type p53

Combining an MDM2 inhibitor with a PD-1/PD-L1 immune check-

point inhibitor can synergistically reverse the immunosuppressive tumor
microenvironment, enhance systemic antitumor immune responses, and
suppress distant metastasis and recurrence. Brigimadlin combined with an
immune checkpoint inhibitor has entered phase I clinical evaluation. The
results showed that this combination not only effectively induced apopto-
sis in MDM2-amplified liposarcoma cells but also significantly increased
MHC class I expression on the tumor-cell surface and promoted T-cell
infiltration into the tumor core

By activating p53 in immune cells within the tumor microenvironment,
APG-115 promotes macrophage reprogramming from the M2 to the M1
phenotype, enhances T-cell activation, and upregulates PD-L1 expression
in tumor cells. It synergizes with PD-1 inhibition to enhance antitumor
immunity, and this effect is independent of the intrinsic p53 status of the
tumor. A phase Ib/II clinical trial involving patients with metastatic or
advanced solid tumors has been initiated (NCT03611868)

BEoy R R A S S RAF VR 25 7 T o R P 24
FJET TPS35ARIRAS . MDM2IHI i BT p53 -5
MDM245 & SRR sE FHR ps3, Hoy 7 o™ A& Acas T igg

YR ETAE AL TPS3EER . 24 50% 1) NS IR 17
FE TPS3VRAIRAL | IX 2L 35 0 MDM2AHIFIFE R
SRR MM Y o
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S A R B A5 TPS 398748 (i 245 W0 v e 120, 7
Siremadlinfif Z A | 54% )52 & iR H B Trp533k
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J ANTrp63/ANTrp73 L, #5510 pS3ThAE ; MDM23E
DRI 388 m] B e st 244 BH 0210

Ji g AR 458 HH ) 20 RN R Tt RT e 2 ST 24
IR, s VR TT ISR . — DU i 4 SRR,
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PRI 5 73 FREAE A, 1 M R AR U 2 R O i
T £ BA5 MDM2 A CDK4 X EE i 5 A7 13 8 4k
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P B K P A 008 96%, B YK 44 24 BV AT 5 5 i 8 e 48
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PEWE 700,
43 BERRITE
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Table 8 Comparison of three major strategies targeting the pS3-MDM2 axis

AT SRS L) AL A pS3 #1\MDM2 AT

Therapeutic Mutant p53 targeting MDM2 targeting Combination therapy

strategy

Core mecha- Restore the wild-type transcriptional Disrupt the p53-MDM?2 interaction and Target multiple pathways to achieve

nism of action

function of the mutant p53

relieve negative regulation, thereby acti-
vating the p53 pathway in 7P53-wild-type

TP53-wild-type tumors with MDM2
overexpression or amplification, including
liposarcoma, myelofibrosis, and certain
acute myeloid leukemias and solid tumors
Broad-spectrum applicability, broadly
applicable to 7P53-wild-type tumors;
agents can be administered orally, and their
clinical development is relatively advanced

Pronounced dose-limiting hematologic
toxicity and gastrointestinal toxicities,
including nausea, diarrhea, and vomiting

cells

Primary ap- Tumors harboring specific p53 muta-

plicability tions, such as Y220C, which occurs in
approximately 1% of solid tumors

Key advan- Fundamentally reverse p53 loss of

tages function and restore its intrinsic
tumor-suppressive activity; overcome
the traditionally “undruggable” nature
of p53 and provides precision
therapies for specific mutations

Major toxici-  Predominantly anemia, including

ties grade=3 hematologic toxicity, nausea,
vomiting, and elevated transaminase
levels

Mechanisms Heterogeneity among different

of resistance

Limitations

mutation types makes it difficult for a
single agent to target multiple muta-
tions

The overall population likely to ben-
efit is limited, generalizability is poor,
and drug delivery remains challenging

The p53-MDM2 negative-feedback loop,
activation of p53-independent bypass path-
ways, and clonal selection

Dose-limiting hematologic toxicity,
diverse resistance mechanisms, and short-
lived and inconsistent clinical responses.
Several phase III trials have failed to meet

their endpoints

mechanistic complementarity and syner-
gistic effects

The widest range of applicability, encom-
passing 7P53-wild-type tumors and some
tumors harboring 7P53 mutations

Provide mechanistic complementarity,

enhance antitumor activity through syn-
ergistic effects, reduce the dose-limiting
toxicities associated with monotherapy,
and delay the development of resistance

The toxicity profile depends on the spe-
cific combination regimen; dosing strate-
gies must be optimized to avoid additive
toxicity

Resistance mechanisms are more complex
overall, although the emergence of resis-
tance may be delayed through multi-target
coverage

The optimal dose combinations, treat-
ment sequences, and drug-drug interac-
tions require systematic investigation.
Tumor heterogeneity results in substantial
variability in treatment responses, and

the mechanisms of resistance are more

complex
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