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Research progress of drug resistance mechanism of PARP inhibitors in
ovarian cancer treatment and strategies to overcome drug resistance
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(State Key Laboratory of Oncology in South China / Guangdong Clinical Research Center for Cancer / Sun Yat—sen University
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Abstract: The poly (ADP-ribose) polymerase inhibitors (PARPi) represent a highly effective targeted therapeutic ap-
proach for ovarian cancer. Various PARPi have been approved for the first-line treatment of ovarian cancer and mainte-
nance therapy after recurrence. Despite their broad application prospects, the prominent issue of drug resistance remains a
critical challenge. In recent years, studies related to the resistance mechanism of PARPi and strategies to overcome drug re-
sistance have become a research focus both domestically and internationally. This article reviews the latest advancements
in PARPi-based therapies for ovarian cancer and their resistance mechanism, aiming to provide insights and references for
expanding the clinical application of PARPi.
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R Ye ) B M R, AR SCR G IR T PARP (1)
Y T DB 245 BIL ) RN 5 IR i 245 118 A 5% 5w, LA 359
PR PARP: A1 AR R FH 42 687 JE %

1 PARP 5 PARPi B91E R#1&|

PARP ZZ 5 il i :f ADP #2424k (ADP-ribosyl-
ation) V., 7E DNA $i (718 52 3k R 22 35 1 4 S 24 Jif
PR T A R R R PEOSCEEAE . R ADP- B S Ak
(poly ADP-ribosylation, PARylation) 4 — 1 4 %€ A%
ADP-ZHEIALIE X, 45 192 PARP ¥ PAR S5 347 14
BEEEA L, £ PARPZEET ,PARP 2 3 3,
HoAh PE 29 7 DNA 45 15 5 5 19 PARylation 2 [ Y
80% . £ DNA #5145 i, PARPT 1k 7 {3 48 B
DNA W% (single stand break , SSB) FIXUE DNA W74
(double strand break, DSB) {37 &5 , 31 7 5 B 5% DNA
(single—stranded DNA, ssDNA) 454 )5 i i PARyla-
tion &4 [ B S FLA AR 11, 2 1M1 41 55 DNA & 52 A ¢
BRI, i BRCA 1 H1 BRCA2 740 )51 3 S 11 G/M
Wit —2 5 U, LIES DSBBE /Y £ E ik
w2z — [A] Y5 7 21 1& & (homologous recombina-
tion repair, HR). BRCAT1 i1 {2 #F DSB A i DI >k
J& 3 HR, Jf 5 BRCA2 & PALB2 ¥ [W] E FH , 2 iF
RADS51 2 1 [m VI Bk J5 B9 ssDNA 55407, B, HR
I R S 0 0 L Ik % 2 B AR A S SRR, S KT DNA
WU #EE . M= HR DIHERY BRCA1/2 248
AR i IeA A L UL T 2 i R A DNA B S LT
e A 7] 58 2K 3 2% 4% (non—homologous end joining,
NHEJ) F1f [ I 45 A 3 14 4% (microhomology—medi-
ated end joinging, MME]) & & It , PARPi A
DL 5 55 PARP AR £k 235 F4 3ok AH 5 -3 o L3 1
BHIET ssDNA B &, RA&E 1) SSB 2338 13 & il S %75
9 DSB, 52 F) M/ T4 b 968 200 1 2 B0 HR DA%
X451, (A HR 73 BRCA R 28745 (1) 41 iy
TCILIEH Ja 8l i DNA 53405 IR, 5 28 5 350088 4
JBET, B A Rt BRIk 2 4h, PARPi ]
PIEEE DNA-PARP & & KB 4548 , BELATH 43 25, 3X
— I FEWERR N AR . DNA-PARP & & ¥yl i fH
1E 4543 #8457 #4 PARylation F11 PARP1 fi# 25 B0k 1 4
PARP1 7€ DNA #4473 5 5 ' (4 AL 96 28, DT 417 461
DNA J5 226 52 it #E. WIR SSBHFEEA7AE , S BIE K,
DSB. TEAFLE [ #5 BEZH Bk (homologous recombination
deficiency, HRD) [ 40 ffd v, DSB Joik B &, AT &
A A BEOE , B RE ARAE T
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FK I A UL BRCAL/2 5 B 55 4 F: 1 HRD R4S .
SEPR 2 KRB AT R, 29 10% 1Y B L0855 AT
BRCA HE[H 275 | 1% 28748 n] 8 HR & 4% , PARPi iF
— i i 4l 4R PARP IR i H s v, 3 SSB 1B &
i FEZ . 4 BRCA & H P RE Sk fa I, HR 2352
FH , NHEJ XE DA 4E R Pt 0018 2 72, RECE A AT
SE L 51 K Y JE S B AR Mg T . R, BRCA 3
P55 45 i ol PARPi Y697 B 598 1) — A~ 35 22 0
R LG R IESE , PARPL B8 9578 203 il i
S R A AN A U BRCA 172 J R 58 725 (1) B
Hom B BENRITRCR T, B, REE MY
i Wi B # R (Food and Drug Administration, FDA)
CLALE 3 Fh PARPI FH T-3697 01 8198 , 23 512 B LA
F (olaparib )  JEFLMAF] (niraparib) Al 5 R IAF] (ruca-
parib) . BREHAFE e AR T PARPi, HoZe 4
PG Y7 RO R AR 54 BRCA1/2 227 H XHAZE 25 )
TR B TP E IR Y . R AR 2
FIRIT A BRCA1/2 58745 (1) M A B L38 FB o (H
Hebk £ B9IEHE R B, BRCA1/2 RADIR SN RESE 4
e 8.5 6T PARP (1) BB B, 5543 K & 4= BRCA1/2
75 [ H - v BE T PARP VAT URE, X 4575 1] fig
7 E LA A S0 AL ) 385 5 T 8 248 L%k B i ) 1
SRR TR FRATT A 9 A B, A B9 L9 A0
Z, PARPi I HURRYE 5 DNA 45457 13 24 5L ] 1 98 7%
ARZS B HRD W4 2 (0] 6 & AR Gk . E— 2 ik
HMIFSE CRIHI BRCA 172 Sk FA 40 L 17 40 g Sz PARPi
75T I 245 40 AR R ) 2% B PARPI I BUERME S
BRCA 2748 5 HR Ty BER 25 22 1] TG & 3 AH SC HE
X5 H AR 2 1 R 56 45 5 B AH ML 5% i 25
W —3, #78 PARPi G eI 7 S e R =W 12
1) B 598 FB A, LA M IF R i BRCA1/2 %€
AR a HR /15 A9 DNA B B AR AS Tz 247
I, E— 25 8 5 IR Z PARP F5URE 19 52 i [ 25 %
T RILING PR FH B EEMA

2 PARPi #2589 FHLHE

PARPi i 25 B Z 53 FHL L i 155 HRD
Sl HE 0] HR S IR %) 3R W& 175 % 6 UEROOE , W] D4 &
PARPi (976> . HHT, PARPi i 25 19 £ 524> T H1
AT ARG R LA 34~ F5 1T : (1) HRAS 5 9K 2 3%
. FZiE BRCA1/2 & RAD51C/D \PALB2 4§ HR
A O S5 RR 52 58 A% B 3% R 15 A% A A iR 52 38 3k 4%
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SCHL . (2) PARP M) R & % o 4 c-MET W% 2 1k
PARPL i H: % PR3 5, #0] PARPi 5 PARP1 454,
SEPARPI i 25, (3) DNA & Hilfae Mgk, &
1l SR P R i ] AR FE DAL Wb X DNA $5 453
&5 ST, NI 530 PARP Tif 25177
21 HRESHMEHE

Z I 58 22 B, — 6 g 20 L X PARPi 7= Az i
2 S TR HR JE D] 119 35 1 72 5 sl e st AL A
84578 S 7 T, ANAE PARP T 25 46 g 7, BRCA1/2.,
RADS51C/D 5875 [ifJ83 40 Bt & A — R &A% (Secondary
mutation ) , i f5 IR FLPI BRI B, VK 52 i PARPi 45
F 1 DNA B e J17Y . pS3 45 A1 1(p53-
binding protein 1, 53BP1) 7£ 4k 5 HR 5 NHE] 1) °F
g 2 OCEE N . B9 &I, 53BP1 Bk
A GEE o 2 2E K I DNA B9 i T8 A ssDNA F-9% 2
HR ZIRE . 1075 BRCAT SR /I BUFL AR R A5 75 v
R4 53BP1 £ 2K 51 HR #8005, AT 5L
BRI AT 252, e Ah , FE /N BURT B8 4 i &
th REV7 BEPR i 26wl i 52 C oK o4l G 38 1 ELAR
5 H (C—terminal binding protein interacting protein,
CtP) 6 (1) DSB A VI RN RE , f2 fiff HR RS2, fe
A5 PARPi i 24510 o 3 W38t 4% 77 11, BRD4 1) ] 551
A 38 o 8 % DSB K i YI BR OC H# 2R 1 CuP, 5 S
HRD, 5 PARPi = 4= Pp [F] B 5L 800, 105 5% PARPi Tiif
240 W BN AR AL OB SIRT6 5 44
J57 55 8 [A F- CHDA Wp[R]VE FH , 75 DNA 45475 00 137 v i
PEYL 0 5 TPk, SIRT6 5, CHDA4 2k ] S 35 e (0 i %
4 F DNA & 52 25 1 4A LB A, i 2678 {6 5 3 HR 6k
B , 350 20 L PARPi (AU PERY . DNA KA 4
J& , BRDO AR FELEFy B 5 RADS4 A0 B AR, I iF
RAD54 5 RADS1 B AHEAEH] , 3X X T 4E 47 HR D) fig
FOCH B, I BRDO 19 223K 1T 14 5 fi 98 41 it Xof L
P AR A MR S 5 — T 5T SR, C/EBPR ]
3 o8 B 5 R GO P DP SRR (high—grade serous
disease, HGSOC) () HR KA iE PARP: Tiif 255,
2.2 PARPIfERE

Z I HF 5T B , PARP I BE 5% 55 PARPI Iiif 25
UG, AW, T PI3K AT 31 DNA $i
i br & ——PARylation 5 y—H2AX % 7K F , {H sk 22>
Rad51 £ 508 B, PI3K 1 1 551 5 B i A1 4 vl
S A R AR K S — TR AT R, 2R
Pk I B c—Met 5 PARP1 25 & JF B R 1k PARP1 [ [
R % 5L 907 (PARP1 pY907) , PARP1 pY907 J 44

5% PARP1 A& PEIT S L 5 PARP 454, DT
S8 40 ML XF PARP: 7= AR P 38 3 0 % 5 PARPi
HUBPER SR RE N, & P PAR A% WK f# B (PAR gly-
cohydrolase, PARG) §ft 2K J& /- 5 PARPi Iiif 25 (1) 32 %L
ML, PARG B2 FT % & PAR JE WL I & 4 Pk &
PARP1 {5 5l %™, #R e %% 5T 1 (heat shock
transcription factor 1, HSF1) il i 37 48 85 HH PARP13
FH55 PARP1, 75 DNA 453 433 0 1 o, B 3800 A& 2R
PARylation ) PARP1 )\ HSF1-PARP13 i 55 , 5 7>
2] DNA B s 2 S5HifiieE . Mz —=oc&
BV U PARPL E 55 434 Al 1 DNA i g &
AT 48 X PARP i 257, A7 BF9E S, S
N-MYC 3K 5 19381 % MYCN-PARP-DDR il % £ 5 i)
i 9 40 %oF PARPi A BURRPE
2.3 DNA EHIFaE 132

DNA & il 2 P 3 o 2 5 50 PARPI i 24 1Y) 5
BLIF 22— 7F PARPi i 25 ) BRCA 172 S [ 4 fifd
T AR & I SR 3P R DNA &N i, 5 20 Ak i
USP1 B2 5 5 i LE56 ) Fa e L4500, i A4 b
T8 2 M 52 52 PARPi B 437 . £ & il ' 77 Fl DNA $ii
B2 T, PBRM 1 526 AT 75 5 R—loop FU R $E  &2
il 5, AT -2 PARP (A BB ™ . CHKI
] 57 F0 ATR #0150 7T 5 PARPi B [RIVE S 3L
SSB 1Y o (B AR AT I A X 24 L 3
TRt 10 T 500 P2 A 7 e B 2 ) O L R T — R K
4 20 A 3 24 JE 25 1 7 (cell division cycle 7, CDC7)
PO X413, 5 R A A PR E =%
A R T 235 19 DNA #1405 1 DNA & i 7 3456
VEFE , TS50 2 40 X ST e 1] 1 SRt 1 n =

25 L Jrids , PARP it 25 46 Z 0 o0 WL i
55 PARP Tiif 245 4 G 19 5 o T A0 A B TR &
B AIRIT T, 30O F 2l BP Sl iR oE AR A7

3 =R PARPi i 25 i) 55 Bg

AT R IA , PARP i 25 55 F W05t 1% | 4 At 1]
Y M5 5 % AR R 2 A G, BT s ik PARPI it 25 119
AH S 9% 3 22 4 T #E PARPI T 25 AL A 5 00 S0
oAby 7RG IS T —E e .
31 BARBEEAEEMFF

O 38 I Ak & P it A% 202E (41 BRCA1/2 8¢ HR
i 18 At S B L IR 1) 4k % 22 4% ) 51 1Y PARP i
2, 5] HR A 245 Py A4l A AT g 2 4 i e ik g
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YERTAT 505 1% . DNA R4 0 (DNA polymerase
0, POLO 5 POLQ) J2& HR Bl [é 1) A s B , F 2
HR R B i 75 A A€ B #E . 2021 45, D Andrea A1 BA
3 N> R AR F BT AE R R (no-
vobiocin, NVB)J&— ¢ 57k POLQ #ll il 1] , A] 7E44
WAMEFENEASE HR BG4I, NVB W] 45
POLQ HY ATP &5 4 5045 5, 30 3 ATP g 35 14 9
FHPOLQ #8% . AEHEP TAR /N BB | S A A A
W) RN BB R R Y 5 B AL AE 4 (patient—derived xeno-
graft, PDX) A v $53E 52, NVB 0] 1 i1 £ HR 5
0 7L A e B S BRI k. DIPTSR SR, NVB
A B R 5 PARP A H TR YT HR SR IR L 78
PARPi A5 LT 245 [ e v o A AR B 3R 7 R0OR
73— A WG TR 55 AR bR R AR S 90 (heat
shock protein 90, HSP90) , B 4% T DNA i {5 i 2
(DNA damage response, DDR) JIr 75 (14 JLA> el 25
B AR ZE PE . 2019 4F, Denise C. Connolly 4] A
Iz AT FH /N5 300 551 ganetespib #1 [a] $1 fi] HSP9O
AR BRCA 5822 7Y B SLI 41 X PARP Al iy
Fl] (talazoparib ) BUZ . ganetespib 4 HSP9O 411 il
ARG T O HE DNA B 52 F0 20 it Jol 4G & i 2
KAV IR Ty B 25 S 1 DNA B AZY . 2022
4, Geoffrey 1. Shapiro A1 BA JF Ji& T — 51 PARPi B &
HSPOO 11l 77 7 6 1 S (A £ 2 v iyl PR A0 1 480
WFSE , 38 4 B9 S PDX L BLIT AL 1 B4 e A K &
HSPO il 5] onalespib 11 32 P FT7 8K, e BLIZHK
4577 %2 1] LA BRCA 28748 HGSOC M PARPi 35 15 1
it 24 58 K FEAT RB 3 i 22 (40 CCNET 974 . CD-
KN2A R M RBT E 5K ) By e s 5 i Re e , 2
BARLIAFIIK & onalespib AT T TE A9 I R e AL AN
5k PARP i 25 M4 4L 7O AE T 5
3.2 EXANAMPT #MHIF

PARPs J&— & BES H H NAD™ 5 Jil PAR BT
A ADP-AZBE BT ES N3 H bR A F B b, AT
T PARylation., PARylation & — v 2 i B 1% )5 15
Wi, PAR £ 1] 4 PARG 4 fi B0 % (nicotinamide,
NAM) o 8 B 1 4 12 % i 5 e 7% I (nicotinamide
phosphoribosyl transferase, NAMPT) J& NAD* /¥ &
AR R AR ) R R, NAM AT LS 2 NAD Mg
A2 NAMPT A e B T 19 B 1 BB 2% 7 1 (-
otinamide mononucleotide adenylyltransferase, NMNAT )
FEH B NAD' . PARP1 & H: PARylation 7£ £ > 5&
SR AR TR FEAE R, AL 45 DNA 5 4 e g FMg &2 Y

—24 -

0 S B AL T 2020 4F , Zhang %5 i
FH NAMPT 11 il 771 (FK866 ) BX A 4125 17 , & BLHAE
PRSI FIA A 17 B 1) B0 5598 A Mg A= 4, AT AR —Fd
A HT S U IR IRYT R I . 2023 4F , Mes—Masson 2
AT BAE FH NAMPT #1157 (daporinad ) 5 PARPi (&
LA ) A 3697 K v IR PARP it 259 , % B8 B hr
A A B¢ A daporinad T #E JS 4f L N /) NAD' , 5 &
DSB, e T, BHIL, 7E PARP i 25 P61 5
T NAMPT #fi] o g A O 898 s 3 P it — A A 22
TRTT BT RE
33 BEAXRMEEHEXA DMNT.HDAC 1 EZH2
3 51

BRCA1 4l 7 H 34k f 58 2 DT8R AT 175 5 HR
B AT PARP BBURHE | 1T 7E B S BB AR VR Y PDX
FERI L EEF] , BRCAL A1 RDAS1 3 31 25 34k ]
DL 3 HR Dy REPR &, DATfT 7 A= PARPI fiif 25147
DNA H AR (DNA methyltransferase, DNMT) E.
A DNA H LA EE I P, v DABR s 6 DK sl B HY
FE 7K. DNMT #0461 570 45— %024 it (BT LI )
N 5— 5 4% =2 B A M A [ b VY At 35 (decitabine ) Al
guadecitabine | /2 il BEESS DI , 75 7E DNA & i 1 72
s A LR 4] DNA, 3 i3 2 i DNMT-DNA Jill & %)
33 DNMT P, 2475 5 DNA IR H 24k . Gua-
decitabine J& 2% A% DNMT 415l 5] , J& — F V5 fib 52
Ky, A E KA A i ER e k. 2019
4F | Kenneth P. Nephew M1 B\ & B guadecitabine 5
PARP: i 7 s i F) 65 7 410 i) BRCA B A= 7Y sl 58 A8
RIGHELIE . e Ah , DNMT 00 il 570 38 5 1 fth 7 i g 1)
X} PARP A “4i3R” . Joi BRCA RARIRZS U, gua-
decitabine 5 A fib 7 R IF A1 34 7T 32 825 PARP A998,
00 o4 S b RS R W ek R A A O R B A A R
2022 4F, Jeong—Won Lee A BA 75 A 4N B 5595 41 g 2
A N PDX LR 374l T PARP (B F)) 5
DNMT # il 57) [ 5- Bl LA AT (5-AZA) JHRBIR YT 1AL
J, FRUCGIE I PARPi B DNMT #1175 %5 519 5 95 41
FELAT B S e kR U, T e B B0 RV AR VR T
SR, I R AU % 45 AL LR 2 W 4 A 7E PARPI
i 24 I E A i — 2D I R ER R bAh, i T AR
2 SR 2 0 S 19 55— P ST BRI, 21 2K
H 2= 2 Ak B 41 i) 57 (histone deacetylase inhibitor,
HDAC) A] LAl i< 30 6 35 21 5 1 25 2 Bk ok 2 i 6
38 124 56 PRI 1 I A 4 B R VR 2 SR, 5
DNMT 1 5 258L , HDA Ci B 245 X6 SR (10 35 1 458
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%, 2008 4, —Ii HDACi fR 573 4th (vorinostat ) B 24
IHIT IS 0 T ARG b, 27 B R 3 U 1491
O fRE , s HDACE 5 HoAh 25 54 i FH T B
Y. BOE Al M (entinostat) J& — Fl BE 8 %
HDAC1/2 #4151 . 2021 4F, Dineo Khabele A1 BAF /1]
ZA~ HR Yy BE 1E 5 19 B9 5198 Ik PR TR AL PPAL 1 B2
A0 AR SRR P B e 1 T, R 3R D At AT LA
T A0 HR B PR 2 58 AP L A il SRR o e
A5 5 14 DSB, I 5 350N AT 48 &2 1 DNA i 473
I & T 2N AE T, SRy SR MA R AR F A I A
1RYT HR IR IE & OP S5 01 PRAFFE S AL 111 R AT
TRV, CARMI & —Fioks e LG R iy, © gk
I TRUREIE (e eI i L/ i 2
CARM1 " 34 /3 FIRAFAE T 20% [ HGSOC H , 3 il
5 BRCA1/2 22 42 #1 H HE J¥ . 2018 4F , Rugang
Zhang A1 BATE P o 5 35 O 5 A4 S e RS ARLASE A o (1
I PRI FH (14 7N 43 ~F- 4 il 370 GSK 126 #1041 41 2 1 R 3
R W EZH2 1M R IFRIK CARMI 1 5P SLIE A6
F EZH2 /9 3% M, 30 6 BEZH2 0T 2 3 ) 3%k
CARMI1 g i A= 4, 42 8 3K CARMIT B 5195 /N B
FIAFIE R 20204, 7% M BAPEAS T EZH2 Fl PAR-
PilA 7R OP S0 T A, R B EZH2 AT 1
MADL2 il NHEJ 1% 14 , ff CARM 1 5 2 35 U1 1588 411 i
X} PARPi U8k, AT LA %05 ik HR DI RE IE & 1) PAR-
PiARAF PR 25, — & W A R AP0 U [FITE1 , hy
CARM1 55 2% 35 [ 8 (19 PARP: It 25 $2 41k 1 — i osr i)
IHIT MG
3.4 BEEYHREFEHAHE S B HD 7

DNA $5 93 F1 52 il Fs 1 2330305 ATR/CHK1/WEEL
15 5 1, fioh 2% 200 e 3 B L A2 ] LR R DNA
B, LMRIE DNA BUERR S 17 BT IR 4 i 4
Ak, ATR/CHK1/WEE1 18 #3485 HR 1 DNA & i
PEARES PR, AT L o O 2 ] HR S
IO Tl SURG e Pk, {6 i 8 240 i X PARPi #50U%, DT
TEARTE 25 . 2017 4, Fiona Simpkins A1 A 18 15 4 41
BRCA &l [ F1 PDX #% AU i W] PARPi AJ ¥ %
ATR/CHK1 i % , 330 G, AR R, 5 ATR #0 il 7] =%
CHEK 1 41 ] 570 55 FH P4 240 LA G, BT RSl , 2 B0
FLE AT 225724, [R] Bsf 14 it 2% €00 A 93 720 R0 248 L 0 1
HEOM©, 2020 4%, 2% P A FR-UGHE 1 44 2 PARPi 3845
PR 24 B 598 20 B R PDX B AL | 2 PLAS ] i A4 75 5
i) PARPi H 7 40 it v ATR/CHK 5 518 B& 9k 0 350
T o 1 PARPi & A ATR #0570 07 LS B3R A5 A

A PARPi B PDX BT et DNA 45 475 185 Jii 1 firb g
FEAHIR , BTS2 B T o X SR SRR I
IR 28 PARPI VAT 5 1 R 11 09 5598 £ F PARPi
A ATR A FIE 7', 2021 4F, Joseph Paul Eder
PAHRIE T — S B AR A ATR #1615 ceralaser-
tib 7 ATM % 7 il 53 A1 PARPi Tif 25 BRCA1/2 58 48
HGSOC 7 i Il R 5%, i 58 2 W 2% i % (objective
remission rate, ORR){X M 8.3% ,{HIEZL T ceralasertib
A4 7 B A R 9 42 M | FFAF ATM Sk g 780 A
BRCA 5875 2 PARP: Tiif 24 5P 595 v 7 Hh 920 1 i
Rk 26, [F4F, Fiona Simpkins B A A T — 3t
ceralasertib & AL FIGY T 5 K AT 245 1 7 1
OE 5 i 11 A I R B 5T, & B & 245 % i 3
PARPi i 25 ) BRCA 87 B HGSOC B A7 ¥ 75 A I
PRIE MR AT 4 1) B, LR 25 e S [l 3 1 ST
f PARPi B253597' . Judith Bliss A1 BALA A T —
it Z2 vy IR RAF ST, P4 ceralasertib FRL 24 K HK
B BAMAFIEYT ARID1A 43 )2 Bk RE 0 36 M, 45
H IR ceralasertib B H] 5l 5 BRI A A HAE L
B ifrEg BB v 8 LA I RS . 2023 4, Fiona
Simpkins A1 A PR R AE T — 501 5 T B AL F] A cer-
alasertib X 51RYT PARPL RIS PE i 25 HGSOC [R5 1)
11 HIG RF 5T, WFFEFR W, ceralasertib 5 BL 7 p i
BIRITAEE R PE HRD H1BUR HGSOC /35 i i
WM H BRI A2 . B AT UL, ATR #0461 57 1
PARP il 71 366 & A7 B e PARP it 24 [m] e . it
Ab, CHK1AE N ATR B R W08 26 1, w0 750 240 )
TR A R HR 72 5 R R 0 Hh R 4 AR A
2021 4E , Geoffrey 1. Shapiro A A A #i T — 301 & F
CHK1 4101l 5] prexasertib 1 PARPi B4 57 f1 A Bt 514
J7 HGSOC FlHAb S AR /9 1 301 ilm PR 5%, BIF5E &
I, prexasertib B¢ G B 7 0 R 7E BE 7 $2 32 PARPI iR
J7 i (1) BRCA 285 B HGSOC & H AR A1
I RIGPE ) BRI Z AN 158 R B Weel #1357 AT /F
T CHK1 T i7, 5 PARPI A HRIVERH . 201948,
Gordon B. Mills 1 BA M 3 {4 4N F1 AR Y 0T 5% 50 30E T
PARPi 1 Weel #1 i | adavosertib B JH 7] 75 &30
Jigea | I ELAEAA P e YR P 45 245 0] LATE B4R 380004 T
I d5 K BIR B e AR 25 9 3 141 . 2022 4, Mark J.
O’ Connor H B\ i 11 PARP: ffit 25 PDX #55 , )\ Weel
I 550 R0 ATR $0 60 70 50 S K G PARP B9 s i o
R LR 1) S o) I 3 S N7 S e IR PARP Tt 245 19 A5 44
TRITHERE, Weel 50 9 S 1 -5 52 il 7 b i 0 A7
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K, A4S STK11/RB1 (G 3 ) R i £k RPA (52
), ATR AR A S0 5 ATM 528 G, Xt 4
7 Weel S04 575 PARPi fiif 24 09 S0 o HoA = Y
I R & 3 S, eAbh, CDCT & —Fh 2 E R0 &
i At , T 3 Ao Wl R Ak /N e £ R 4 47 2R 1T (mini-
chromosome maintenance protein, MCM) B & ¥ #
DNA & il iy i o B b B ¥ CHEVE . CDCT i v]
TR 20 B 0 A A BT , RS 5 DNA & il
SHERE A DNA #5455 S ' o S5ealn , FRATT i A
IO 3T 4 ) H0 SR D o) 70 2 e e 2 R L
—Fh CDCT 417 X1.413 5 BB If R B A 5
/N IR R DNA #5145 68 1 F DNA & il & ), 3L
I 9 200 6 Xk B R ) UM R I . A, X413
55 BRI AR A {18 758 3 cGAS/STING {5 %38
Bk % T B0 2E (interferon, TFN) W 2ZS, B8R H1 i
JERPE R EOMIE IR . IRATABFEHE H T CDCT
P81 705 PARPL R G16 97 M 101 B0 5198 19 A 08T
M, AT PARPI N A R S R T — PP A
BRI
35 BEESHESBEERANFF

PI3K/AKT/mTOR 38 i i 417 il ¥ Je 38 i T+ 1
BRCA/RADS1 I3 /il DNA #5145 8 3 il HR. 2019 48
B — 300 1h 3116 PAC 3 56 SR FH PI3K 411 i 551 By 5% 1] ]
(alpelisib ) AR IAFBE AR 22T 2 59 4198 &
Hh s BRI, 28 B2 & b i v O L R
A 10BIIRAH 261 . AKTHETPI3K/AKT/mTOR
3 0 TS A R AKT AT 75 S i 8 40 R A
HRD. 2020 4E, Johann S. de Bono A1\ 2N 4 T 1 4
BRLIAFIBE A AKT 4181 55 - 1 ZE 85 JE (capivasertib)
BT 30 RIS, 7F 25 51 6 30) 22 28 3R 97 F5 O 48
PARPi /) I K2 M B9 598 J 38 oA 11 I IR 3k 5 (%
WL 2% fitt 5 22 i 18] =4 4~ H )™, 2021 4, Gordon B.
Mills FTBA A #i T — 300 BRI R G A R ir 28 e
NEPNEIY o i o = N G i e S e ST SR e )
b G KRBT, 2 B 5 56 FH 78 3 b ek 3 v 48 S /s
R A BRI R, O B RARTY . 20224 TR A G
B 32 X 422 52 5 PARPi YA YT 19 5 & R4 24 o
i BB M A PDX B A BE A T AKT 99 41 5
(LAE003) F1 PARPi (BLALIAF] ) IR A 16 T7 IR , B
YR A AKT 3151500 F1 PARPi 3 487 & & Ve O 498
AEE R TR IR AT S SRR Bk, ZEAR G B
BB, —2F 5l KRAS JE PR 3K 5, 13 26 g Xof
A7 AR, — B R R LT R B i . AE

~26-

HGSOC AR /DA RAS RAE  HATS AT £ 25% 1Y i
TR RAS 8 B I% . 2017 47, Gordon B. Mills
BA & B PARPi $t M 21 il 3 Hh RAS/MAPK 3 % 1
AL PR 218, iR RAS/MAPK G % [ %5 PARPi
it 25 45 5, IF H X Pt 24 44w LL3E o #1) d MEK 3§
ERK ¥ #% ; ik — L 158 45 3 7R , PARPi ¢ & MEK
PO FIATT RAS 5 48 7 Jofoga 7 AR S A ik py 2 A Py
[A] 36 147 2018 4F , Daniel Hochhauser 41 A % Bt
MEK #1137 pimasertib 15 PARPi B4i7 5 1) 1 7 <
FIE A1 FH 23 39 BRCA2 5 A= 7 5 5395 40 it 2 114
DNA 445 175 UG FE S, 2 BH MEK #7510 7T LA
VBN —FIGIT R 7= 42 “BRCAness” 8 , {if BRCA2
Az 70 Jiep g Xk PARPY SRR XSRS Ry iE it 5
TR HR (9 259 20 4 19 5 5 Ik PARPi Tif 25 82 41 1
B0 I RS -
3.6 BEXEHUIME & RINEHIF

2019 4, Synnéve Staff A1 Az 18 T — 301 3¢ T BE
A7 5 DU AR ER B el — LR e R EA YT (6 id PARPI
(1 52 2 P S U 9 S s A8 3 il e har e R BB D
PR EAPTHY 1THAIG R ST , & IAH FL B 25 41 I
R PFS B 38 Bl , Amit M. Oza S
FEH BAFE 2020 4F K 6 T — 3 2 oty JFRL . HVE T
Wil AR IR 25 ., XF 34 61 PARPI 4EREAYT 5 & & 8L
R 1) B9 LR £ 5 (8 FH P b JE A (cediranib) A B
PLAFIIGTTE , 5r B3 WoR PR, JUH R PARPI
it 24 #5170 . 2021 4F, Raffaella Giavazzi A1 AT ] £
R R 1) P S S AR AR (OC-PDX) BRI TEAS T
VEGF {55 5 1 30 1 7] 11 PARP BEA 1 FH 19 26 5%,
4R B R, VEGFR #1155 74 1 JE A 5 BRI AR KA
it A T A7 B9 SR PDX B v 35 ot T2 i e
Jifrgea 05 1 L TCE i HR 2 A8 PR W e] | o 1) 7E Xt
B2 25 ) A SR E R B 29697 SO AN b
WA RYT B 5 K7
3.7 B&EMYT

HET, W98 B 4 % LS 2L PARPI i 25 1t JL A 3k
DA Ty B 72 2 2 10 00 40 At ot FL 8 6 S ) O o
W, PARG R 15 BUSRN R T PARP KA BRI VEH
{F 2 5 350 98 A0 o) P 5 S ) SRR . 2%
119 , 53BP1-RIF1-REV7-shieldin & CST A i {4 4
B AW I B PARPL A 26t © Bl ik B Al
S SN X E R R A R RO N . R, )T
PARG . PARP1 5 DSB 7K ¥ {4 3 3 25 T %} PARPi
A ARAF T 25 1 BRCA SRR e £ 5 ORHE 7 nl



g 242 2025 4F 2 45 15 555 1 1)
Anti—tumor Pharmacy, February 2025, Vol. 15, No.1

fefE— A AT AT A ESE ', 2021 4F, Amelia Barcellini
SEVEAR T OB A PARP YT A2 Ak | BRI
ik 1 R85 TR A R 288 A A S o 1k HLRE A i A
R (HIZ G T 2 AT R . 2022 4F, Anna Fag-
otti A A2 AT 1 — I [l Joi P4 B BIF 5, BIF 9 % 2
PARPI ZERHG T I 0] 1 BUSE 5 5% E e 10 52 4 1 0
R T TREGLMASE mAUAYT (stereotac-
tic body radiotherapy, SBRT) , 45 5 8.7, SBRT ] LA
JE < PARPI AEF5 07 A I 18], B8R A7 AT LA
XK BF YL PARPAERHAYT AR 757
3.8 BBREIRT

75 B0 S8 I6 Y7 T PARPI 5 60 28 K6 A7 A5 410 1) 551
(immune checkpoint inhibitor, 1CI) & fifi FH ] DA%
5 S E R G RO VR T . PARP 8 i 15 5 DNA
A5 005 760 Jof 0 o e PR DR R S b R R A T T
T {& -1 (programmed death-ligand 1, PD-L1) 3
ik, R Xt PARP K 5 1CT /9 B J 1 Ry 20008
SR 2018 AR A Y — 355G T S I i 1
AR GRS BAT 24 U9 80 85 00 17 10300 PR AF
FEAN , JE R IR A A Bk BT 7R 3 32 0 K
TG BAA T 24 P 59 8 s )RRk, A
5 BRCA P RURV/E PD-L1 BAPER . [R5 —
TF R, 19311 PRAJF 78 (NCT02734004) 3P4l 1 B4
BRI 73 PD-L1 3 55 2 AR JE 54T (durvalumab)
TE 52 R MR R OB S0 Th AP ROR e ek S5 R
71N BEREIFR AR A T BT IRT s A Ay
SRR BTN TG PRS2 S 2P B PARPI
T 968 5 98 TR BRI AN A e R U B T
FIVE ML, Jean J. Zhao B FLAF 5% I BAK £ T FVB
o N p53 I BRCAT [R] Ik K c~Mye i ik (Fx
S PBM) 5% p53 A1 PTEN [A] B 812 K2 e~Mye i 2235 (B
i PPM) 1) HGSOC [A]i5 35 A T8/ N Y (syngeneic
genetically engineered mouse model, GEMM) , iiF: HH
PARP: i 5o 375 5 b 988 P A S0 JA il CD4* . CD8” T 4
JHL, 7E BRCAT e B 5898 h 5| & e e S 2 1 25
HE—2EWF 58 R, Pt it 52 3B 21 B (antigen presenting
cell, APC) , Un# 2 MK 40 i ( dendritic cell, DC), 7] L)
7E PARP 1l T~ AR F BRCAT il 5 21 i 14 0B
DNA (double-stranded DNA, dsDNA ) F Bz Fll/al 34
H R — Bf 11 PR (cyclic guanosine monophosphate—ade-
nosine monopho—sphate, ¢cGAMP) , 313K 2l + 4t & K&
IR 1) 8% Al -F- (stimulator of interferon gene, STING )&
i 1T B IFN 55, #8204 5 PARPi X BRCAT 8k

IR IR I ROR . 2019 4F , Guang Peng 41 BA BRI
7 1525 A 2 A/ BRUBE RS IR B T PARPE A 7%
P IFN ARG e SN . PARPI AR 4R i o
dsDNA , 31 STING 55 S HAHRHL 7, X £65¢
SRR AUTIOR T STING {55, £ 2 i 78 122 17 Jhk [ 448
Mg (tumor infiltrating lymphocytes, TIL) F147¢ i J&8 G2
£, I HLBH Wy 5 5 A6 A 5 nl ik — 20 B 0K — AR
JH®Y ) [6l BT, Pamela Munster B A AN AR T — 301 2
TLIE A 3K 5 WA R 2R BTG 7 52 R PR A 24 B 8L
P 1/ 1B RBIESY , 25 58 7R Bk FH 24 7T T
0 TRYT VA BR 1 9P 559 55 5 (TC IR B iUk
P LRI bR R K T sl BRTE 2 5 4 A2 i DA R
BHURIT ) W BA R BRI S . 25 BT
W, PARPIRE A SR 2 107 X B L8 A s A A
SR RIS, O H AR SU% B9 8L R T 1 HT R
3.9 HtRrE

B LR SEms LAS i st BET 40 i 77 ALK
il 0 Kz RNF 168 #1157 S 65 1R 97 SR s 5 ik
PARPi {7 I 5 R B 25 B DT 55 WAE AR B PR R o
FHN RN RN S I, B ) Z2 A5 R LR A L (poly-
ploid giant cancer cell, PGCC) 1] 3 5 [f J§3 X} PARPi
NG TT RN, IFA7 B2 7R BF B9 b S IR PARP TR Y,
XA A JE 2L 5 ik PARPI it 24 (4 1l DR A7 R R F 5%
FRAL TR S B

4 RFKREE

H I, 1 09 5508 Gk = A 800 #E A YT B,
HARGAMEIGIT 52 B BR S, T PARPi () & g 4241t
T — R A T U0 LR 0 ROR N . SR, H AT
PARPi i FH A 75 B AR DLF 22 () 0. 25 — A1 24—
A3EATE 2 5 25 1% F PARPI (997 RO, 2 75 1 DL
FHH A 25 936 97 1 A 715 55—, BRCA 5875 1 HRD
B AT BEXT PARPI i 24 , 75 22 F-3 8 9 3009
FhREY ;58 =, PARPi (1458 5P R0 20 B 54 dn el 428
i, F A e A 3 R PARPI G IE F 40 4 —
FE FFEME , A e] B3k 25 R VR AR — KA i
£ X5 PARPi i 25 H 7T C. A 25 LRI IE 45 5, (H 2
FHBI A T F AT AL T I PR 336 B B, T 2
— IR R I UE . HATF Ak B 2 5 A A0
Gy F bR P AL S AS [ 25 B 3R 5 5, A B
BRI WO Z A . AR BB 5T N v T
Y HLH ) Z REVE RN Sh A, JF KB BIG T SR,
SRAMARALIG T T Z LA, IR 8 R S A I

-27 -



IR 242F 2025 4F 2 J1 55 15 58 1 4]
Anti—tumor Pharmacy, February 2025, Vol. 15, No.1

R, LAY PARPI (93K 25 o

[1] SIEGEL R L, GIAQUINTO A N, JEMAL A. Cancer statistics,
2024 [J]. CA Cancer J Clin, 2024, 74(1). 12-49. DOIL:
10.3322/caac.21820.

[2] HAN B F, ZHENG R S, ZENG H M, et al. Cancer incidence
and mortality in China, 2022 [J]. J Natl Cancer Cent, 2024,
4(1): 47-53. DOI: 10.1016/j.jncc.2024.01.006.

[3] VAUGHAN S, COWARD J I, BAST R C Jr, et al. Rethinking
ovarian cancer: recommendations for improving outcomes [J].
Nat Rev Cancer, 2011, 11(10): 719-725. DOI: 10.1038/
nre3144.

[4] SIEGEL R L, MILLER K D, FUCHS H E, et al. Cancer statis-
tics, 2022 [J]. CA Cancer J Clin, 2022, 72(1): 7-33. DOI:
10.3322/caac.21708.

[5] MANGILI G, BERGAMINI A, TACCAGNI G, et al. Unravel-
ing the two entities of endometrioid ovarian cancer: a single
center clinical experience [J]. Gynecol Oncol, 2012, 126(3):
403-407. DOI: 10.1016/j.ygyno.2012.05.007.

[6] GROEN R S, GERSHENSON D M, FADER A N. Updates
and emerging therapies for rare epithelial ovarian cancers: one
size no longer fits all [J]. Gynecol Oncol, 2015, 136(2): 373—
383. DOI: 10.1016/j.ygyno.2014.11.078.

[7] MIRZA M R, COLEMAN R L, GONZALEZ-MARTIN A,
et al. The forefront of ovarian cancer therapy: update on PARP
inhibitors [J]. Ann Oncol, 2020, 31(9): 1148-1159. DOI:
10.1016/j.annonc.2020.06.004.

[8] CHAUDHURI ARAY, NUSSENZWEIG A. The multifaceted
roles of PARP1 in DNA repair and chromatin remodelling [J].
Nat Rev Mol Cell Biol, 2017, 18(10): 610-621. DOI: 10.1038/
nrm.2017.53.

[9] CHEN C C, FENG W R, LIM P X, et al. Homology—directed
repair and the role of BRCA1, BRCA2, and related proteins in
genome integrity and cancer [J]. Annu Rev Cancer Biol, 2018,
2: 313-336. DOI: 10.1146/annurev—cancerbio—030617-050502.

[10] SCULLY R, PANDAY A, ELANGO R, et al. DNA double-
strand break repair—pathway choice in somatic mammalian
cells [J]. Nat Rev Mol Cell Biol, 2019, 20(11): 698-714. DOI:
10.1038/s41580-019-0152-0.

[11] LORD C J, ASHWORTH A. PARP inhibitors: snthetic lethali-
ty in the clinic [J]. Science, 2017, 355(6330): 1152-1158.
DOI: 10.1126/science.aam7344.

[12] POMMIER Y, HUANG S H, DAS B B, et al. 284 differential
trapping of PARP1 and PARP2 by clinical PARP inhibitors [J].
Eur J Cancer, 2012, 48: 87. DOI: 10.1016/S0959-8049(12)
72082-8.

[13] MATULONIS U A, SOOD A K, FALLOWFIELD L, et al.
Ovarian cancer [J]. Nat Rev Dis Primers, 2016, 2: 16061. DOI:
10.1038/nrdp.2016.61.

[14] LEDERMANN J, HARTER P, GOURLEY C, et al. Olaparib
maintenance therapy in patients with platinum—sensitive relapsed
serous ovarian cancer: a preplanned retrospective analysis of
outcomes by BRCA status in a randomised phase 2 trial [J]. Lan-
cet Oncol, 2014, 15(8): 852-861. DOIL: 10.1016/S1470-2045
(14)70228-1.

[15] WIGGANS A J, CASS G K S, BRYANT A, et al. Poly(ADP-

ribose) polymerase (PARP) inhibitors for the treatment of ovar-

_28 -

ian cancer [J]. Cochrane Database Syst Rev, 2015, 2015(5):
CD007929. DOI: 10.1002/14651858.CD007929.pub3.

[16] FARMER H, MCCABE N, LORD C J, et al. Targeting the
DNA repair defect in BRCA mutant cells as a therapeutic
strategy [J]. Nature, 2005, 434(7035): 917-921. DOI: 10.1038/
nature03445.

[17] BRYANT H E, SCHULTZ N, THOMAS H D, et al. Specific
killing of BRCA2-deficient tumours with inhibitors of poly
(ADP-rtibose) polymerase [J]. Nature, 2005, 434(7035): 913—
917. DOI: 10.1038/nature03443.

[18] LI S Z. Inhibition of poly(ADP-ribose) polymerase in BRCA
mutation carriers [J]. N Engl J Med, 2009, 361(17): 1707, author-
reply 1707-authorreply1708. DOI: 10.1056/NEJMc091621.

[19] DIAS M P, MOSER S C, GANESAN S, et al. Understanding
and overcoming resistance to PARP inhibitors in cancer therapy
[JI. Nat Rev Clin Oncol, 2021, 18(12): 773-791. DOL:
10.1038/s41571-021-00532~x.

[20] SCHETTINI F, GIUDICI F, BERNOCCHI O, et al. Poly
(ADP-ribose) polymerase inhibitors in solid tumours: System-
atic review and meta—analysis [J]. Eur J Cancer, 2021, 149:
134-152. DOI: 10.1016/j.ejca.2021.02.035.

[21] PILIE P G, GAY C M, BYERS L A, et al. PARP inhibitors: ex-
tending benefit beyond BRCA-mutant cancers [J]. Clin Cancer
Res, 2019, 25(13): 3759-3771. DOI: 10.1158/1078-0432.
CCR-18-0968.

[22] GONZALEZ-MARTIN A, POTHURI B, VERGOTE 1, et al.

Niraparib in patients with newly diagnosed advanced ovarian

cancer [J]. N Engl J Med, 2019, 381(25): 2391-2402. DOI:

10.1056/NEJM0a1910962.

LIU SN, DENG P, YU Z L, et al. CDC7 inhibition potentiates

antitumor efficacy of PARP inhibitor in advanced ovarian

cancer [J]. Adv Sci (Weinh), 2024, 11(45): ¢2403782. DOI:
10.1002/advs.202403782.

[24] MIRZA M R, MONK B J, HERRSTEDT J, et al. Niraparib
maintenance therapy in platinum-sensitive, recurrent ovarian
cancer [J]. N Engl J Med, 2016, 375(22): 2154-2164. DOI:
10.1056/NEJMoal611310.

[25] SUN C Y, YIN J, FANG Y, et al. BRD4 inhibition is synthetic

lethal with PARP inhibitors through the induction of homolo-

gous recombination deficiency [J]. Cancer Cell, 2018, 33(3):

401-416.e8. DOI: 10.1016/j.ccell.2018.01.019.

DU Y, YAMAGUCHI H, WEI Y K, et al. Blocking c—Met—

mediated PARP1 phosphorylation enhances anti—tumor effects

of PARP inhibitors [J]. Nat Med, 2016, 22(2): 194-201. DOI:
10.1038/nm.4032.

[27] LIM K S, LI H, ROBERTS E A, et al. USPI is required for

replication fork protection in BRCAl-deficient tumors [J].

Mol Cell, 2018, 72(6): 925-941. e4. DOI: 10.1016/j. mol-

cel.2018.10.045.

EDWARDS S L, BROUGH R, LORD C ], et al. Resistance to

therapy caused by intragenic deletion in BRCA2 [J]. Nature,

2008, 451(7182): 1111-1115. DOI: 10.1038/nature06548.

[29] JASPERS ] E, KERSBERGEN A, BOON U, et al. Loss of
53BP1 causes PARP inhibitor resistance in Brcal-mutated

[}

[23

[26

[

[28

[

mouse mammary tumors [J]. Cancer Discov, 2013, 3(1): 68—
81.DOI: 10.1158/2159-8290.CD—-12-0049.
[30] XU G T, ROSS CHAPMAN J, BRANDSMA 1, et al. REV7

counteracts DNA double—strand break resection and affects



g 242 2025 4F 2 45 15 555 1 1)
Anti—tumor Pharmacy, February 2025, Vol. 15, No.1

PARP inhibition [J]. Nature, 2015, 521(7553): 541-544. DOI:
10.1038/nature14328.

[31] HOUTY, CAO Z Y, ZHANG J, et al. SIRT6 coordinates with
CHD4 to promote chromatin relaxation and DNA repair [J].
Nucleic Acids Res, 2020, 48(6): 2982-3000. DOI: 10.1093/
nar/gkaa006.

[32] ZHOU Q, HUANG J Z, ZHANG C, et al. The bromodomain
containing protein BRD-9 orchestrates RAD51-RAD54 complex
formation and regulates homologous recombination—mediated
repair [J]. Nat Commun, 2020, 11(1): 2639. DOI: 10.1038/
s41467-020-16443-x.

[33] TAN J H, ZHENG X, LI M C, et al. C/EBPB promotes
poly(ADP-tibose) polymerase inhibitor resistance by enhanc-
ing homologous recombination repair in high—grade serous ovar-
ian cancer [J]. Oncogene, 2021, 40(22): 3845-3858. DOI:
10.1038/s41388-021-01788-4.

[34] JUVEKAR A, BURGA L N, HU H, et al. Combining a PI3K
inhibitor with a PARP inhibitor provides an effective therapy
for BRCAl-related breast cancer [J]. Cancer Discov, 2012,
2(11): 1048-1063. DOI: 10.1158/2159-8290.CD-11-0336.

[35] GOGOLA E, DUARTE A A, DE RUITER J R, et al. Selective
loss of PARG restores PARylation and counteracts PARP
inhibitor-mediated synthetic lethality [J]. Cancer Cell, 2018,
33(6): 1078-1093.e12. DOI: 10.1016/j.ccell.2018.05.008.

[36] FUIIMOTO M, TAKII R, TAKAKI E, et al. The HSFI-
PARPI13-PARP1 complex facilitates DNA repair and pro-
motes mammary tumorigenesis [J]. Nat Commun, 2017, 8(1):
1638. DOI: 10.1038/s41467-017-01807-7.

[37] ZHANG W, LIU B, WU W H, et al. Targeting the MYCN-
PARP-DNA damage response pathway in neuroendocrine pros-
tate cancer [J]. Clin Cancer Res, 2018, 24(3): 696-707. DOI:
10.1158/1078-0432.CCR-17-1872.

[38] CHABANON R M, MOREL D, EYCHENNE T, et al. PBRM1
deficiency confers synthetic lethality to DNA repair inhibitors
in cancer [J]. Cancer Res, 2021, 81(11): 2888-2902. DOI:
10.1158/0008-5472.CAN-21-0628.

[39] KIM H, GEORGE E, RAGLAND R, et al. Targeting the ATR/
CHK1 axis with PARP inhibition results in tumor regression
in BRCA-mutant ovarian cancer models [J]. Clin Cancer Res,
2017, 23(12): 3097-3108. DOI: 10.1158/1078-0432. CCR-
16-2273.

[40] ZHOU J, GELOT C, PANTELIDOU C, et al. A first—in—class
polymerase theta inhibitor selectively targets homologous—re-
combination—deficient tumors [J]. Nat Cancer, 2021, 2(6):
598-610. DOI: 10.1038/s43018-021-00203-x.

[41] GABBASOV R, DANIEL BENRUBI I, O’ BRIEN S W, et al.
Targeted blockade of HSP90 impairs DNA-damage response
proteins and increases the sensitivity of ovarian carcinoma
cells to PARP inhibition [J]. Cancer Biol Ther, 2019, 20(7):
1035-1045. DOI: 10.1080/15384047.2019.1595279.

[42] KONSTANTINOPOULOS P A, CHENG S C, SUPKO J G,
et al. Combined PARP and HSP90 inhibition: preclinical and
phase 1 evaluation in patients with advanced solid tumours [J].
Br J Cancer, 2022, 126(7): 1027-1036. DOI: 10.1038/
s41416-021-01664-8.

[43] KAMALETDINOVA T, FANAEI-KAHRANI Z, WANG Z Q.
The enigmatic function of PARP1: from PARylation activity to
PAR readers [J]. Cells, 2019, 8(12): 1625. DOI: 10.3390/

cells8121625.

CHEN S H, YU X C. Targeting dePARylation selectively sup-
presses DNA repair—defective and PARP inhibitor-resistant
malignancies [J]. Sci Adv, 2019, 5(4): eaav4340. DOI:
10.1126/sciadv.aav4340.

NACARELLI T, FUKUMOTO T, ZUNDELL J A, et al.

NAMPT inhibition suppresses cancer stem—like cells associat-

[}

[44

[45

—

ed with therapy—induced senescence in ovarian cancer [J].
Cancer Res, 2020, 80(4): 890-900. DOT: 10.1158/0008-5472.
CAN-19-2830.

SAURIOL S A, CARMONA E, UDASKIN M L, et al. Inhibi-

tion of nicotinamide dinucleotide salvage pathway counters

[t}

[46

acquired and intrinsic poly(ADP-ribose) polymerase inhibitor
resistance in high—grade serous ovarian cancer [J]. Sci Rep,
2023, 13(1): 3334. DOI: 10.1038/541598-023-30081-5.
[47] KONDRASHOVA O, TOPP M, NESIC K, et al. Methylation of
all BRCA1 copies predicts response to the PARP inhibitor
rucaparib in ovarian carcinoma [J]. Nat Commun, 2018, 9(1):
3970. DOI: 10.1038/s41467-018-05564~z.
NESIC K, KONDRASHOVA O, HURLEY R M, et al
Acquired RAD51C promoter methylation loss causes PARP

(i)

[48

inhibitor resistance in high—grade serous ovarian carcinoma
[J]. Cancer Res, 2021, 81(18): 4709-4722. DOL: 10.1158/
0008-5472.CAN-21-0774.
[49] PULLIAM N, FANG F, OZES A R, et al. An effective epigene-
tic=PARP inhibitor combination therapy for breast and ovari-
an cancers independent of BRCA mutations [J]. Clin Cancer
Res, 2018, 24(13): 3163-3175. DOI: 10.1158/1078-0432.
CCR-18-0204.
SHIM J I, RYU J Y, JEONG S Y, et al. Combination effect of
poly (ADP-ribose) polymerase inhibitor and DNA demethylat-

[t}

[50

ing agents for treatment of epithelial ovarian cancer [J]. Gyne-
col Oncol, 2022, 165(2): 270-280. DOI: 10.1016/j. ygy-
n0.2022.03.005.

[51] MINUCCI S, PELICCI P G. Histone deacetylase inhibitors and
the promise of epigenetic (and more) treatments for cancer [J]. Nat
Rev Cancer, 2006, 6(1): 38-51. DOI: 10.1038/nrc1779.

[52] BALCH C, FANG F, MATEI D E, et al. Minireview: epigene-

tic changes in ovarian cancer [J]. Endocrinology, 2009, 150(9):

4003-4011. DOL: 10.1210/en.2009-0404.

MODESITT S C, SILL M, HOFFMAN J S, et al. A phase Il

study of vorinostat in the treatment of persistent or recurrent

[53

—

epithelial ovarian or primary peritoneal carcinoma: a Gyneco-
logic Oncology Group study [J]. Gynecol Oncol, 2008, 109(2):
182-186. DOI: 10.1016/j.ygyno.2008.01.009.
[54] GUPTA V G, HIRST J, PETERSEN S, et al. Entinostat, a
selective HDAC1/2 inhibitor, potentiates the effects of olaparib
in homologous recombination proficient ovarian cancer [J].
Gynecol Oncol, 2021, 162(1): 163-172. DOI: 10.1016/j.ygy-
n0.2021.04.015.
KARAKASHEV S, ZHU H R, WU S, et al. CARM1-express-
ing ovarian cancer depends on the histone methyltransferase
EZH?2 activity [J]. Nat Commun, 2018, 9(1): 631. DOT: 10.1038/
s41467-018-03031-3.
[56] KARAKASHEV S, FUKUMOTO T, ZHAO B, et al. EZH2

inhibition sensitizes CARM 1-high, homologous recombination

[55

—

proficient ovarian cancers to PARP inhibition [J]. Cancer Cell,
2020, 37(2): 157-167.e6. DOI: 10.1016/j.ccell.2019.12.015.

~209—



IR 242F 2025 4F 2 J1 55 15 58 1 4]
Anti—tumor Pharmacy, February 2025, Vol. 15, No.1

[57] GRALEWSKA P, GAJEK A, MARCZAK A, et al. Participa-
tion of the ATR/CHK1 pathway in replicative stress targeted
therapy of high—grade ovarian cancer [J]. J Hematol Oncol,
2020, 13(1): 39. DOI: 10.1186/s13045-020-00874-6.

[58] GUPTA N, HUANG T T, HORIBATA S, et al. Cell cycle
checkpoints and beyond: exploiting the ATR/CHK1/WEE1
pathway for the treatment of PARP inhibitor—resistant cancer [J].
Pharmacol Res, 2022, 178: 106162. DOI: 10.1016/j. phrs.2022.
106162.

[59] GEORGE E, KIM H, RAGLAND R, et al. Targeting the ATR-
Chk1 axis with PARP inhibition results in tumor regression in
BRCA mutant models [J]. Gynecol Oncol, 2017, 145: 100.
DOI: 10.1016/j.ygyno.2017.03.236.

[60] KIM H, XU H N, GEORGE E, et al. Combining PARP with
ATR inhibition overcomes PARP inhibitor and platinum resis-
tance in ovarian cancer models [J]. Nat Commun, 2020, 11(1):
3726. DOI: 10.1038/s41467-020-17127-2.

[61] MAHDI H, HAFEZ N, DOROSHOW D, et al. Ceralasertib—
mediated ATR inhibition combined with olaparib in advanced
cancers harboring DNA damage response and repair altera-
tions (olaparib combinations) [J]. JCO Precis Oncol, 2021, 5:
P0.20.00439. DOI: 10.1200/P0.20.00439.

[62] SHAH P D, WETHINGTON S L, PAGAN C, et al. Combina-
tion ATR and PARP inhibitor (CAPRI): a phase 2 study of cer-
alasertib plus olaparib in patients with recurrent, platinum—
resistant epithelial ovarian cancer [J]. Gynecol Oncol, 2021,
163(2): 246-253. DOT: 10.1016/j.ygyno.2021.08.024.

[63] BANERJEE S, STEWART J, PORTA N, et al. ATARI trial:
ATR inhibitor in combination with olaparib in gynecological
cancers with ARID1A loss or no loss (ENGOT/GYN1/NCRI) [J].
Int J Gynecol Cancer, 2021, 31(11): 1471-1475. DOI: 10.1136/
ijge—2021-002973.

[64] WETHINGTON S L, SHAH P D, MARTIN L, et al. Combina-
tion ATR (ceralasertib) and PARP (olaparib) inhibitor (CAPRI)
trial in acquired PARP inhibitor—resistant homologous recom-
bination—deficient ovarian cancer [J]. Clin Cancer Res, 2023,
29(15): 2800-2807. DOI: 10.1158/1078-0432. CCR-22-
2444,

[65] DO K T, KOCHUPURAKKAL B, KELLAND S, et al. Phase 1
combination study of the CHK1 inhibitor prexasertib and the
PARP inhibitor olaparib in high—grade serous ovarian cancer
and other solid tumors [J]. Clin Cancer Res, 2021, 27(17):
4710-4716. DOI: 10.1158/1078-0432.CCR-21-1279.

[66] FANG Y, MCGRAIL D J, SUN C Y, et al. Sequential therapy
with PARP and WEE1 inhibitors minimizes toxicity while
maintaining efficacy [J]. Cancer Cell, 2019, 35(6): 851-867.
e7. DOI: 10.1016/j.ccell.2019.05.001.

[67] SERRA V, WANG A T, CASTROVIEJO-BERMEJO M, et al.
Identification of a molecularly—defined subset of breast and
ovarian cancer models that respond to WEEI or ATR inhibi-
tion, overcoming PARP inhibitor resistance [J]. Clin Cancer
Res, 2022, 28(20): 4536-4550. DOI: 10.1158/1078-0432.
CCR-22-0568.

[68] RAINEY M D, QUINLAN A, CAZZANIGA C, et al. CDC7
kinase promotes MREI1 fork processing, modulating fork
speed and chromosomal breakage [J]. EMBO Rep, 2020, 21
(8): €48920. DOT: 10.15252/embr.201948920.

[69] KONSTANTINOPOULOS P A, BARRY W T, BIRRER M,

-30 -

et al. Olaparib and a-specific PI3K inhibitor alpelisib for
patients with epithelial ovarian cancer: a dose—escalation and
dose—expansion phase 1b trial [J]. Lancet Oncol, 2019, 20(4):
570-580. DOI: 10.1016/S1470-2045(18)30905-7.

YAP T A, KRISTELEIT R, MICHALAREA V, et al. Phase |
trial of the PARP inhibitor olaparib and AKT inhibitor capiv-
asertib in patients with BRCA1/2— and non— BRCA1/2—mutant
cancers [J]. Cancer Discov, 2020, 10(10): 1528-1543. DOI:
10.1158/2159-8290.CD-20-0163.

[71] WESTIN S N, LABRIE M, LITTON ] K, et al. Phase 1b dose

expansion and translational analyses of olaparib in combina-

[70

—

tion with capivasertib in recurrent endometrial, triple-nega-
tive breast, and ovarian cancer [J]. Clin Cancer Res, 2021,
27(23): 6354-6365. DOI: 10.1158/1078-0432. CCR-21-
1656.
[72] XU J, GAO Y, LUAN X T, et al. An effective AKT inhibitor—
PARP inhibitor combination therapy for recurrent ovarian can-
cer [J]. Cancer Chemother Pharmacol, 2022, 89(5): 683—695.
DOI: 10.1007/s00280-022-04403-9.
SUN C Y, FANG Y, YIN J, et al. Rational combination thera-
py with PARP and MEK inhibitors capitalizes on therapeutic
liabilities in RAS mutant cancers [J]. Sci Transl Med, 2017,
9(392): eaal5148. DOI: 10.1126/scitranslmed.aal5148.
VENA F, JIA R C, ESFANDIARI A, et al. MEK inhibition
leads to BRCA2 downregulation and sensitization to DNA

[}

[73

[74

[

damaging agents in pancreas and ovarian cancer models [J].
Oncotarget, 2018, 9(14): 11592-11603. DOI: 10.18632/onco-
target.24294.

MIRZA M R, LUNDQVIST E A, BIRRER M J, et al. Nirapar-
ib plus bevacizumab versus niraparib alone for platinum-sen-
sitive recurrent ovarian cancer (NSGO-AVANOVA2/ENGOT-
ov24): a randomised, phase 2, superiority trial [J]. Lancet
Oncol, 2019, 20(10): 1409-1419. DOI: 10.1016/S1470-2045
(19)30515-7.

[76] LHEUREUX S, OAKNIN A, GARG S, et al. EVOLVE: a mul-

ticenter open—label single—arm clinical and translational phase

[}

[75

Il trial of cediranib plus olaparib for ovarian cancer after
PARP inhibition progression [J]. Clin Cancer Res, 2020, 26
(16): 4206-4215. DOI: 10.1158/1078-0432.CCR-19-4121.
BIZZARO F, NERINI I F, TAYLOR M A, et al. VEGF path-
way inhibition potentiates PARP inhibitor efficacy in ovarian
cancer independent of BRCA status [J]. J Hematol Oncol,
2021, 14(1): 186. DOI: 10.1186/s13045-021-01196—x.

[78] BARCELLINI A, LOAP P, MURATA K, et al. PARP inhibitors
in combination with radiotherapy: to do or not to do? [J]. Cancers
(Basel), 2021, 13(21): 5380. DOI: 10.3390/cancers13215380.

[79] PALLUZZI E, MARCHETTI C, CAPPUCCIO S, et al. Manage-

ment of oligometastatic ovarian cancer recurrence during

PARP inhibitor maintenance [J]. Int ] Gynecol Cancer, 2022,

32(9): 1164-1170. DOI: 10.1136/ijgc—2022-003543.

MUSACCHIO L, CICALA C M, CAMARDA F, et al. Combin-

ing PARP inhibition and immune checkpoint blockade in ovar-

[77

[

[80

—

ian cancer patients: a new perspective on the horizon? [J]. ESMO
Open, 2022, 7(4): 100536. DOI: 10.1016/j. esmoop. 2022.
100536.

[81] KONSTANTINOPOULOS P A, MUNSTER P, FORERO-
TOREZ A, et al. Topacio: Preliminary activity and safety in

patients (pts) with platinum-resistant ovarian cancer (PROC)



g 242 2025 4F 2 45 15 555 1 1)
Anti—tumor Pharmacy, February 2025, Vol. 15, No.1

in a phase 1/2 study of niraparib in combination with pembro-
lizumab [J]. Gynecol Oncol, 2018, 149: 246. DOI: 10.1016/j.
ygyno.2018.04.554.
[82] DREW Y, DE JONGE M, HONG S H, et al. An open-—label,
phase II basket study of olaparib and durvalumab (MEDIOLA):
Results in germline BRCA-mutated (gBRCAm) platinum—sen-
sitive relapsed (PSR) ovarian cancer (OC) [J]. Gynecol Oncol,
2018, 149: 246-247. DOI: 10.1016/j.ygyno.2018.04.555.
DING LY, KIM H J, WANG Q W, et al. PARP inhibition elic-
its STING-dependent antitumor immunity in Breal-deficient
ovarian cancer [J]. Cell Rep, 2018, 25(11): 2972-2980. e5.
DOI: 10.1016/j.celrep.2018.11.054.
[84] SHEN J F, ZHAO W, JU Z L, et al. PARPi triggers the

STING-dependent immune response and enhances the thera-

—
oo
[U8)

—

peutic efficacy of immune checkpoint blockade independent
of BRCAness [J]. Cancer Res, 2019, 79(2): 311-319. DOI:
10.1158/0008-5472.CAN-18-1003.

KONSTANTINOPOULOS P A, WAGGONER S, VIDAL G A,

et al. Single—arm phases 1 and 2 trial of niraparib in combina-

—
oo
W

—

tion with pembrolizumab in patients with recurrent platinum—
resistant ovarian carcinoma [J]. JAMA Oncol, 2019, 5(8):
1141-1149. DOI: 10.1001/jamaoncol.2019.1048.

[86] YANG L, ZHANG Y Y, SHAN W W, et al. Repression of BET
activity sensitizes homologous recombination—proficient can-
cers to PARP inhibition [J]. Sci Transl Med, 2017, 9(400):
eaal1645. DOI: 10.1126/scitranslmed.aal1645.

[87] KARAKASHEV S, ZHU H R, YOKOYAMA Y, et al. BET bro-
modomain inhibition synergizes with PARP inhibitor in epithe-

lial ovarian cancer [J]. Cell Rep, 2017, 21(12): 3398-3405.
DOI: 10.1016/j.celrep.2017.11.095.

[88] CHU Y Y, CHEN M K, WEI Y K, et al. Targeting the ALK-
CDK9-Tyr19 kinase cascade sensitizes ovarian and breast
tumors to PARP inhibition via destabilization of the P-TEFb
complex [J]. Nat Cancer, 2022, 3(10): 1211-1227. DOI:
10.1038/s43018-022-00438-2.

[89] PATEL P S, ABRAHAM K J, GUTURI K K N, et al. RNF168
regulates R—loop resolution and genomic stability in BRCA1/
2—deficient tumors [J]. J Clin Invest, 2021, 131(3): e140105.
DOI: 10.1172/JC1140105.

[90] ZONG D L, ADAM S, WANG Y F, et al. BRCAT haploinsuffi-
ciency is masked by RNF168-mediated chromatin ubiquity-
lation [J]. Mol Cell, 2019, 73(6): 1267-1281.e7. DOI: 10.1016/
j.molcel.2018.12.010.

[91] ZHANG X D, YAO J, LI X R, et al. Targeting polyploid giant
cancer cells potentiates a therapeutic response and overcomes
resistance to PARP inhibitors in ovarian cancer [J]. Sci Adv,
2023, 9(29): eadf7195. DOI: 10.1126/sciadv.adf7195.

By FiE 24

ARSI AE AR, XOME, X 0E, % . PARP 0 57 76 5 SRR 7
PR RS 245 AL 1) % S T 24 SRS B TF 5 R (). e oid 2522, 2025, 15(1):
21-31. DOI: 10.3969/j.issn.2095-1264.2025.01.03.

Cite this article as: HAO Jing, DENG Peng, LIU Shini, et al. Research
progress of drug resistance mechanism of PARP inhibitors in ovarian can-
cer treatment and strategies to overcome drug resistance [J]. Anti—tumor

Pharmacy, 2025, 15(1): 21-31. DOL: 10.3969/j.issn.2095-1264.2025.01.03.

-3] -



