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Abstract: Cancer therapeutic drugs include traditional chemotherapy drugs, targeted therapy drugs,
monoclonal antibodies, as well as novel antibody-drug conjugates (ADCs) and peptide-drug conjugates (PDCs).
PDCs have demonstrated significant clinical advantages in cancer treatment, but they still face limitations such as
poor stability and insufficient targeting specificity. In recent years, the application of multivalent targeting peptide
strategies and dual targeting peptide strategies has significantly improved the targeting precision of PDCs.
Meanwhile, molecular engineering approaches such as peptide cyclization, unnatural amino acid substitution, and
fatty acid chain modification have effectively enhanced the in vivo stability of PDCs. These innovative strategies
have markedly strengthened the pharmacological activity of PDCs and their therapeutic efficacy in tumors. Based
on the structural characteristics and research progress of PDCs, this article systematically reviews the latest
strategies for improving the targeting ability, stability, and cell membrane penetration efficiency of PDCs, aiming
to provide a theoretical foundation and research insights for the development of PDC-based anticancer drugs with
superior pharmacodynamic properties.
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Figure 1 Overview of peptide-drug conjugate (PDC). A: The structure of PDC; B: Mechanism of action of PDC
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Table 1 Advantages and disadvantages of PDCs, ADCs, antibody drugs, and small-molecule drugs. ADC: Antibody-drug conjugate

Drug type Advantage Disadvantage
PDC Good cell permeability, low molecular weight, high Poor stability, low oral bioavailability
bioavailability, low production cost
ADC High target specificity, long half-life, bystander effect, Complex pharmacokinetic, poor tissue permeability,
wide therapeutic window high production cost
Antibody drug High target specificity, long half-life, low adverse drug High immunogenicity, poor tissue permeability, high

reaction
Small-molecule

drug synthesize and modification

Good oral bioavailability, low molecular weight, easy to

production cost
Short half-life, poor target specificity, drug resistance
generation
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Figure 2 Peptides in PDCs
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Figure 3 Types and structures of linkers in PDCs
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Table 2

Clinically investigated PDC drugs. CXC: C-X-C motif chemokine; DM1: Mertansine; DOX: Doxorubicin; DTX: Docetaxel;

HCC: Hepatocellular carcinoma; hTNF: Human tumor necrosis factor; MMAE: Monomethyl auristatin E; MPM: Malignant pleural mesothe-

lioma; MT1-MMP: Membrane type 1-matrix metalloproteinase; pHLIP: pH-low insertion peptide; PTX: Paclitaxel; TNBC: Triple negative

breast cancer
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(¥ PDC, il it {8 BE AN HER2 #E ) £ ik, b T £ k5
SEAR IR 2 [ AL GANAH ELA IR, 3 T 45 & A RO
BEGAR T SRAN Y, NI $m T PDC AE M 4L 28 rb 1 s 4R
KRR [ 1 o Salem S50 T 1 45 44 AL FF YSA JIK
ek A e M T A 123B9 Ik, R A RO i
FIEE 7 XU PDC 70 1o X AR iH 38 7 PDC 5 A 1
2120 0 A AR I C B 52 AR 2 IO A T AR AR 1,
FARTE 7 HAE R, SIRR Y, ML 5 ) PDC FE £
PN A0 25 2 0 S 1) R BE 1 RE 0 AR T RCR, v
TR RL IR ST SR 1B SR
3.22 WEEEGERE 0 HHE ) HEEE T R R e
Bz Az A PR 52 AR 1) 48 0 S 225 4 S50 A i P 2 A 3,
FH&TH T PDC LA HR; % . Tan 55°7¥ 11 PDC fE
i W o B T A I P S, S 24 ) L el R AL 1
FRANRTT R o [RIINY, 122 S0 8 e k2D %o 1 40 i )
BN, 25 PRAR T R G RENE, VR YT S T —
Fofr Q0BT L v AR A 1) 38 32K SR
3.2.3  HUORMRIRRS  9UKRDRL SIS D e B 1

TESETHT PDC L A P AR T R . Wang 2509 F]
F13% W B2 (hyaluronic acid, HA) £17 PDC-DOX2, ¥4
## 7 HA@PDC-DOX2 9K 24 . X M [ £ FH B 1
f§i 3 HA@PDC-DOX2 44 K Z5 ¥ e 6 6 20 & 46 T Mg
AL, B T PDC 25 47E I Al 23 Hh R, 2R
K5 T 23000t R A I TR R T R . HAME N —FRR
SR Z B, R84 S M VU e 40 i SR T 20 1 CD44.
RHAMM Fl ICAM-1 55 5244, M 17T S 50 i 98 S [ 3 3%
33 B v 2 WA R SR A ) SRR T AR . AL,
HA It 57 B9 R R0 25 1 A2 0 T o At ok A 2 4 P Aff £
TR ZTEAR N (5 8 PEAIRBE 1

324 ZREREMBERG ZURESWHIER
Grim i pH BUR I R S VI R # R SE I T 2540 1 R
3 35 AN = OB . Berguig 22T K A A4 46 AL FE pH
N ORFF S R RS T M, 1 R 2 W AE I BE v ) 58 B
FFRE M, BT L 25D IRATRE . FERRTE N R A IR, 2K
PR A R GIL AR R R A 5 A8 Sy AT 2, AR PN
JEE, AR HE 2454 P 1 R 3 R 400 it P R, R B R T 2
() A PR B AR % . LA, 1% R GRS R s A
AN AT R T B bk B R -2 2 R SR e A LA
A5 JOR ZE 0B P, S 24 W T 44 5 H DR R TBORN
BRI AR, NIRRT SR T m ARk T 6 .

325 FhBVERa)BREREE B AU AN a) K B g A Ak
linker F1EE ] ik 5 11, 2 25 52+ 1 PDC B A M R VG
IR . Geng Z5EVF Fif CTPs Al Al 24 # linker {4k T
2y R G AL, B9 T PDC G B UE B0 e A Sk, N
B IR VR TT SR T R IR RS . T ECITE R T 2R AR
TF1) DK 5 9 P S e 7 P S - R R 11 1 LR oK R
CPT-TK-KLAK, 3L 1 25 1E Rk 1) & 4, ‘2 35 3
TR A0 R R AT SR AR T % At . Cho IR H
TR R TR BRI  7k ) R O (R R R A0 FL IR
Gy I HE R SR (e A5 ¥R T SR, 3@ ik PDC 5 B4 iy
CH, 3958 7 PDC R 9] M FVE T 30K, MBI =
B LR S Bt T BTV T T R

3.2.6 B EEPDC HAZLPDCREW L 71 AIAH
1 FTE B A SR B 22 M R (R 40K 2544 . DL Hao
SO T N, FTT R 1) PEG-Pep-SN38 P sE PE AT 2
gy F, ATAE K AR A 5 A d o B 7K A T AE B A - HEFR
0y FIEF 70 B R LT KRR . SXFf [ 4 26 4
KRz ] A B b R 2 2 ) 4 5895 0 5 i B (enhanced
permeability and retention, EPR) %87, SZEI # 2 41 [ 3%
%o EPR ZUN 14 T WL 3 YR T s 37 46 I o 2
4T B 1) B 3 i SOpk B 51 IR R G Th e i, (545 90K R
BE 0% 30 Ik 85 P Bz B 3 o P JRg of 5 R, 5 7 i 8 1) 5
HH SR 0T B, DT E iR AT S 24 ) B AR Y,



EEPIEE IR R IR KB v PR T ) Sk SR R R -+ 2079 -

XA AN KL (1 R I ) 5 RO TR m bR i 0 iA
T ARHCE A B S — 5 T R S YR 2 4 TAE
G o B AR, 53— 7 T AT BRI 290 10 &R e i B
28, W 5 35 i 1 245 0 Ve g 380 1) 25 6 AN AR D R FH B o

FE I g R R VR 9T I, T B A AR R S A
TR R FVERA PDC 70 1Tt o W B AR R AR BORAE
N IEE TR &, B 28 LIk 107 1) 22 JIK SCEE i
36 H 0T i 96 24 Bl 2 THD 52 A 1 5 RN g AR 5 1 D L 1
JIR o I B i JORGE O Al R R N AR RS N
PDC, 3t 58 FCAE ) S, SRS HE R IT B 58 JE A, o
SNV B 25 B 456 HLEs 2 2 BE UL EE 19 IR 71
BREE ) dRl , ATE— P 4R TH PDC A e M REY . W)
RE JRASAN A 15 531 Jiev 89 448 i 55 THD b 5470, 346 R i CPP
TR AR R 3 PDC 5 BB 5 18, 32 v 25 W0 A i IR
YA BRI BT o X P 22 IR TR SR D B SR e
YT AR TR T 1A
33 {ESPDCHIMZFIE M

2 0 25 35 1 2 4R 43 T B K B A 7 R 2 i R
I ST P 3638 1R RE D RFPE . IX — R TR E 259
13 16 R AL YR F RE I R 2 KB 1 S5, EE
S 25 (R B R TT R . fEPDC R45H, CPPs{EN
oL DR Te i, FEA T 258 I i e i AR h R R AN
A ECER R Y. CPPs HJMURR 2 Ab 7 T g 6 Ji il fig
OB B A e B R 0L IR 2 R 43 A i 1 P I
[ i3z . W FLR I, CPPs Al 3 S /N A2
)R T YRR A 2 KSR KL IR K )45 2 T
YEIT A L P s Ik, R 2 B R PDC TE IR 4 i Y 1
25 E R EE, AT 5 oo s v PE . il CPPs
(BB 7 HREAE i 7K PR R FE ] 20 A1 S5 85 M S 30, ]
H 4R 3 K2 BHE 72 CPPs. % 5% 74 CPPs Fllii /K
P4 CPPs™,
331 FIHGEBE YA IE K (activatable cell pene-
trating peptide, ACPP) 5RE& Cheng %" 3% T 8 3k
L (pH 6.5~6.8) 155 R PERFAE, R A IR UKL 2,3-—
FRJRLNI T 975 —FRIEF (2,3-dimethylmaleic anhydride, DMA)
VE N LA B E . 76 ZEBE pH 7.4 604 T, DMA il it
5t Jiie 5 5 ACPP AP i ik [ 45 4, 1) FH 25 1 o7 BEL 3% BE
] 22 BH 257 R 40 B 2 A K (BT R8) AR5 B L, PEAIS
ZIAE IR A ) AR R e R . AE SR R T SR
i, DMA K 4= pH AR # L K iR, A ACPP HiLfaf IR 25 1
e R AN BT RE . IR TR e e )9 2 SR I 25
B vy 7 bR 20 B P 24 ) B R AR, D e R B IR T A
BET R . Ah, Bae S5V BLE WU TR T OB
AU i 775 IR SDT7, 16 H 5 8 B Bl 0SS A4 i sl 771
EL, M T BRI RIEENF B PDC RS, h4ME

B SRBR B, % PDC 2 4t ] e 3 1Y 5 25 W0t 52 ik A ot
JEFIBERE ), NE RGP R AT RS TH- & .
332 SEBREBHMEKEE  Grabeck 5l It R 401
HEAT SRR B e B e, DA 3 T — &R 51 CPPs 28
B, W TR IR, 22 K H R S AL s A AT 2 5
AR o 1T, 4 20 IR AR JE v (1 2 R B 4
2 2 TR G 7 S A S e AN S 3 5 T U R R R g 1 =
A SRR R R ik B T T o I AR, (EL A BE 40 AR 7 1
B B RGO R, RARA T REE
M T77 22 M B CPP 2 35 by AR AL 2 R, (7] I b 51 48056
THNAREARBABER . T MR PDC
JE B S A0 ) 2 I P, O CPPs B B P B v 4 1 8
EARYE
333 HBHEPDCKREE Wang S 12T T
TEEIMPERTEFE, AT BT T IF & 1 — M B AT il e 40 S R
SEPE#E A D) RE R PDC. 1% PDC RE WS 75 I8 41 i % 1h1
SEHLE AL B AR, X — R R S 5R T Z
B 12 25 . IS H 2TV R 4 oK 25 K T e
2 ¥ o 325 TR A B, B v A M PN 2R B,
B 0T A S R A R R AR, S A e A
(S TETE 1 o b A, 3P R T iR 4 R 3K TR S 1 E
YL 45 25 SRIE ST T 2D IR T 3K e K PR
FEAC T 25000 IR AR AR AR, B s T
TBIT L, AR IC R G R R TR R T &
3.4 BERPDCHIMIZ51E

TR 225 18 2 P 9 YR 7 T W P 3 S0 PRk ik, G
AR 2 28, T EAHE: S AR ER IR
A G R T A L 25 SRR O B Ak R AR
WE MRS o, AR SRV - S
SEAN S 25 BRG0P AT T 0 o) T 58 i JRg 441 i 106 et R
FPYERET, RS R L IG R AR ). )R PDC ERE[RVR YT
H R T URR AR B, A I PR 8L FH 4T3 52 31 3R A1 Tif 245
IR o A RBEIX — BT RS, RN R IEERR 2
b1 3 SR o
341 FBIZAYEIE RG KB  Dubikovskaya 257
FEH T —FhIET CPPs BB B 24 Wit 1% S s, a1 Kb
TS I\ R AR sk LM &5 &, NIk £
M 2 VESR A 7RI R DT B RN R 21
) 3 A0 M Jon A i B L R, A R T PR B
(P-glycoprotein, P-gp) /I 5 25 4. P-gp 1E A IR
¥ =% (adenosine triphosphate, ATP) &5 & & # i5 k
R % I 1) B B A %, i ATP /K fE R RE 5 S 40 il
29 o, T BRI 25 B FRIR B AR, R MR SRS
PR 25 0 EE AL 2 — o Kim S50 4T ff A= 9 2 Fn
5 M I A, REMERIIRE T 5 lk PDC
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i 245 () SR o AT B0 1 b R S A1 R R I S i
VAT, 7B 254 DNA R 1 85 1 400 1) 77 0 2
JE TR UL 3-8 T/ o TR R V5 b 2R 1 VR (5 5 0 I
(19l [F) 3, AMXAT RLFC AR T PDC [ 24 74 ) 8, 34 55
FHR T PRI . X 2 2 BRI
MG N e 3 PDC I R 16 97 RO S48 T S R
WA -

3.4.2 Linker L EIHIREE Mo 1€ AL A JE,
14 5% linker (19 55 7K P /2 A0 16 PDC M BE 1) ¢ B SR % 2
—. AN, B ATP 45 & SIS 1k, 78 IR 40
22 251 24 1 R e A O VE . X SR S R R (1 BE S 1R )
IR A HEZ AN A, T B R PN 2 A R T
6, AT I 55 VA T7 R0t o 3 3 HE v linker (135 K 1%, 7T
DA 25 BEAR 254 53 T 4 7 HE 32 B E R 00 R HE HS 0 Ak
o X —HURNR T 3K MEAB M O T 25 P 1 B Ak AL
PRI, 47 FL B K -5 K, 4 T AR B
F1 X JEC 0 PR TR R 45 A i T, R 24 W E AT P 4 R
EITWEE, FRE R BAE . RAANRKRHAT — &
FFLA 2 P ) linker 73, a0 d 2,5- — S AL %
Jot-1-22 4- (Mg -2- 2 AR e 2L ) TR £ I8 1 mal-PEG4-
N-F2 HE BYHBE W Jie . S50 25040 3R W, 1% S8 A 1% linker
AL TR 7 PDC [T 26 1 1), 38 B 35 42 T 7 3
YEIT TR B, X FhEE T linker Ak 2 A5 16 1 S0, 76 2 F
2R s R [ R S TR, A O U T R i
2P I I PAC M L

343 WELS PDCSREE MR 40 f ] 38 i 2 W gt A%
2 B R DR 2k 78 T I 4 R T B PR (1 R 3k, A
1M 5 £ PDC [ #E ) ZR BRI, 7= A RGP 25 . e
JiR 3k — BRI, XUEE 5 PDC iz i 2E, 3k [ i ji
JIF 988 201 it % T 79 b S ) 1 A M b 5, T S A A Bk
RS PR, S IR T 245 W I R 3 R 1 AR 9T L
Fo TR ] SR B AN BRI T B —HE AU I R
T 245 ARG, 3 38 sk B (R A FH 8 v 1 2590 19 P9 A s R
i 2g 2H 2R B AR, D o IR e 8 e 1 AR 24 1 it T 6
Wi =0

344 FiBlpayload WOIFIFH A FNwkESENITE
VIR SR BRAE, BIF N B T OF R B A T B AE F AL
(1) payload. i, 4 A DA77V ik 1A =% e S8 Ak A 5% A0
WO S BB R IEDUM R AE L 8 A PR 1A ik A
TR FZ -2 AR R G 3 1 I RS B B, AN
AR B e AR TR I T TSR G T S A R
IR UTER mRNA 5942 18 1% 5 i RNA H i S5 41
| S HEVR IT o X 8387 A payload i i 2 A AA4E A
B B [5) 3% A7 Feo 8 4, S FRAIK T B — AR F WL 3
BRI T 25 1R IR, O B R v T SR A T OSE R 16 N

A 5t
34.5 BXEIRTTIRES N RMRm 24, N R
K HI PDC #5915 HAh VG 97 25 W kA B SR ms, s it
2 B0 U [RIAE R S 36T P8 {5 5 i 11 4 T A 45
Bl n, % PDC 55 G 2 A% 25 a0 FUEE A, mT o [F) 380
PO G N ST 25 B A8 FE R A Y R 48
L E5 R F 5 1T 5 B 2 1l 24 P 1 R D) R 36 e o ) e
IR 1L 3BT A R 50 IR T PR B SR 1 5T R SRR A
F W, X Hh 2 4 U A R T TR I AT I 25 4R X i 24 i
6 200 AR P 2R A R0, D o IR e e P R T 2 P R
HE T B R T e

B b SRS b, B AN G338 1R A R S6E i 1 e
KRS M4y 748 5, i CADLTP53.FDPS f1 ATP6VICI
S50 SN PDC BB A T B RE v A ) G . X A
B R E IR A P rp R S P v R IR BOR AR Th e PR R AR,
A1 N PDC o H AR 45 & 07 ™, 583 $E )X 28 4y 1,
PDC R85 I 25 4 i 76 oRg 40 B b 1R e B vk & A, [RI I
e KRR by 0 o 1F 3 20 SR AR S 1 4 A, AT %
RGN X P2 T8 B8 2 1 SRS AN 3 i T
PDC G IT & 11, 340 2 o A i Jga i 245 1 S 4L 17 3 1) 49
THA .
4 RESHEK

PDC 1 A i 88 B8 [ 36 97 40038 1) YR 9T 92 5 10, IE
AT B R B SR B Be . ARSI AT RAZ O H BR AR
16 PDC Y6 J7 203, B i SR AR T 5 T L B0 i) s 7 12k
st RasE A AR . B ST PDC 4 F B3 R
HE RN R AR, PR 2B AL 1) Bk O o =5 B 5 5 1),
B TE I8 I AL A TR B 25 7 5 Dy fig, 1 i 245 0 0) R 4 i
(A4 S PR AR RN 45 B S R0 7, SEBLRE HERE ) ¥6 T . DA
B R oK B 27 0 s UR R A A AR, AR A
P H 2% PDC S A T R Al PR g o dd o G138
Jik B 41 23% 5, 3 52 T PDC A4 i % 328 2R A i
JEH LB A, N PDC Ak vk 4t 7 8 i R .
PDC [ 5 FH BT S5 AN PR T g8 v 97, 78 e 1 L
28 3 G0 5 RN AR U 0 S U B R I R TE  .
W 55 ) 22 Jok 25 =3 M O R R AR B AL IR A E 92
PDC 67 BB 3 2 — D4R g . & 2N H PDC
25 e AR RAF FC A . B I I PR 6 A AN A 1R
TRIT WG, 455 B 1 oy LA BRRRAE, W] S
PDC WIREHE R 2. 540, JE T B8 A= W b 26 40 A
g5, AL PDC TR TT 77 &, TE 3 &1 iR I7 A B 28 (1) [F)
B, B KPR b PRI A R OB, A i SR T 22 4 AL
MR T I FE .

Zx LBk, PDC £ B Mg Va7 O3 e B L 3
(00 I R R FH T 5% o e o P e o S MR B ) 2 K S
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payload it 47 & 4 8 15, 9B T b Al 1 K1 4 B ¥4
T o R S) TUEAI N, PDC %) T 5ot e
AR 14, 2 Pk IR I SN B 250 A
TP FR B AR R 25 TR S R 555 0 D 244
T R 2RI T 5, LA R AR R CPPs
R 25 JICHE AT 125 5 LA SR 2500 1 o A P
RasEtk . RTI, PDC 15K 8 I i % Bk, 095
IR0 I S SR A5 e 24 1L RO 2 7 P Y
P AR S 2, R M {2 = R B4 ) L

N RN X EE B, AR ORABIE FU N AR T T AL 1 1
5 SRR R T S 0 2 ik AR R AR B A A1
R % 2 5 A6 PDCs 1125 1R 3 73 5 R 25 240 4
P, I bk 2 R e 1 AR s R Fe fb o R Pk
A, (AH %2R A 5 O BFEOR RIS, PDCs
T R R, I O B AL R
i MR AW IL, PDCs 7E R AR HE VR I T U 0 A JR K 5
St G SR A LITAIT T . AL
I 2 SEHIER N, PDCs 41 20BN IR 1 V77 LR A
T BEIER, TR R (03607 BT 0 SR g 2

fr& TRk 5 00T RS S I
CRENTPTE STt U AR ST N
iEsen IR RIER e TEVSE 7= 8

FIZE: A SCHA {1 75 WA 2R R R
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