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cal Sciences, Tongji Shanxi Hospital, Taiyuan 030032, China)

Abstract: Cervical cancer is the most common gynecological malignancy. The persistent infection
of high-risk human papillomavirus(HPV) is the main cause of cervical cancer. Traditional treatment
methods include surgery, radiotherapy and chemotherapy, but the curative effect of advanced,
persistent or metastatic cervical cancer is not optimistic. In recent years, the research results of
therapeutic vaccines, PARP inhibitors, immune checkpoint inhibitors, adoptive T cell therapy
and other immunotherapies have shown their good application prospects. This article reviews the
clinical trials and researches progress of immune checkpoint inhibitors, therapeutic vaccines,
TCR-engineered T cells and PARP inhibitors in cervical cancer.

Key words: cervical cancer; immunotherapy; immune checkpoint inhibitors; therapeutic vac-
cines; PARP inhibitors
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HPV ) 522 B YL AT SR S8 I 32205 (X 8 5 200088 191 b7 7
1, b HPV T3 57 1 28 v A 4 ) I B 2000 i A
B B VIR AR Y LSRR AR R Y O R SR A
A IRAR 22 1 X H A3k B R R O W B R
MAE B SO IG YT 7 L LG F AR 0T DL AT
SRR IR, T AR 7 12 32 W Sk /s HG R A 7 iy
FRiS:, E6 . E7 H A2 HPV i EERE N, NIt H
IR Z B PEIRIT EZ4 X E6 M E7, 876l
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1.1 HAEHEEE

ZEHTRE A (Lm) 2 — R i 2= R B R O(LLO)
4 22 [CBHPE B, ADXS11-001 J2& i1 Lm S, J0 i
LLO S E7(HT It~ 570 mi 45 26 1) Y S8 92 i, A
FHAL 2 Pt e 4 2 40 il (antigen presenting cells,
APC)AELm, 4336 LLO 38% G4 I o 75 s (R 244 i
Ji ,LLO-E7 7 APC " T Bk Bt , T 1 i Jed 40 G 4t
SRR SR T 40 & HE R TR S

Maciag % “#EAT A9 T B RIS (NCT02853604)
S — KK T ADXS11-001 B/ 19 % 4, %508
A 15 B2 R M S0 B IF SR 45 )R o )
JEFET 2 19 s R 5 ), weiE R T B, g



fi 1, (HATA B BT EEE IR, GOG-
0265 (NCT01266460) j& — 5 ¥F-ffi ADXS11-001 2 1
TEA Je BRG B e S e 0 I AR IR 58 . A
50 {5 e 3 B SR AR A2 1 IR UL B R S
MRS, FR B ST 2 TR S v 1 & A M AN A A
(overall survival,0S), Z5HR A, 1 41K K 38%
(19/50), #1457 OS H7 6.1 4~ H (95%C1:4.3~12.1) , i
JToit BAELFI (progression-free survival ,PFS) 4 2.8
H (95%C1:2.6~3.0), &M% (objective re-
sponse rate, ORR) & 6% (3/50), ¥ & il 2R (dis-
ease control rate, DCR) ] 16%(8/50) . & WLIGIT A%
AN KL W (treatment-related adverse events, TRAEs){K
K2 TE R (58% ) I 55 (54% ) . K K (36% ) . 3k I
(36% ) FM 0> (32%) ', H ETIEAEFEAT B &1 XF 1292 i
M XCE | BEAL I R 5 (NCT02853604 ) , iF 5% £¢
SR Z R AT IS Jr) 0 0 301 5500 RR A 1 T
H A7 (disease-free survival ,DFS) | 3] 5 H 4% ) &
i, LAFS 5 I8 ¥ 7 B S0 BB R AR I R B A
1.2 REE

JR9E ¥ o3 Ry R v S R i A R K
2 G TP OSSR RE B S R A,
JOR T Ao o A T 4 v OO R R v e i RE )
A R S A, KK S
MHC [ & MHC 1l £ 745 &0, WAS/N R B,
A LU InAT R 0E CTL R R

HPV16-SLP(ISA 101) 1 HPV-16 E6 . E7 5145l
ISA-51 MK IR . R H ATIZE I © 2258 i
T2 15 GRS . NCT02426892 J& 1%
B — T mrpns TG R 56 L A 24 )
HPV16 FHPESIE B 2 ZF o0 & 2 DAl S A
A AN HFIBE A ISA 101 (18K R, 25 53 BoR
HEHEN 33%(8 11,95%C1:19%~50%) , "1
0S R 17.5 A AL 2 835 B 3~4 gtk S i
RIS R B TSI IT A RLET, Sousa 55
FE G TS0 PR30 BE At 43 B S8 5 R I R 45 =) I
o I 45 R L S5 BoR 24 9] 5 0 v g BE T I
]2 46.5 ™~ H ,H6 0S 24 153 T~ H (95%CI:10.6~
27.2),3 FHEAFHE N 12.5%(95%C1:4.3%~36%);CR
(complete response) fHH CD8* T 4 MK V-5 /& , UE
BT 200 6B T 9 L 00 T A I R R
BEAEMC(P<0.05), HETX TizfEiiica —um 1/1

W R (NCT02128126), 3= BE3FAH A [ 71 4 Y
ISA 101 LEFTHRA IRV AZ BE () 2 20k 5 R 7
PRGN, IZIRER O 2 58, TR a8 R A A

1.3 EEREH®

EEEN S WAL, RIS ETFasE
E6 E7 FA BrIfEAL, & MHC 1 2551 By BR %l
HCdle TR S SR R X LA AT s Ak X SR
F B A PR S AR

TA-CIN 1 HPV16 L2/E6/E7 @i & A 20 i 1Y —
T 2 1 B2 1 o Peng 25 MO 2 7 /)N B T T4 TC-1
i 8 41 B (235 E6/ET B I A FF e A5 76 ) 4G i /)N B
B s G PD-1 400 50 98 N S TA-CIN B g2
2R 55 BT IR AR o R B Y S RE O RT LA
SRZUAY CD8* T ik B4 21 it 7™ AE e I 200, 3k A5 vy
PD-1 410155 350 D) 1 B Rt b 398 58 7 4R S5 038 I 0
ZARFEUESE T BCEIRIT A e, R L — 20 Y
WHoE

TVGV-1 J& 7 —Fh B 8 BT 1, Da Silva 51
16 C3.43 /NERABEHD (HPV16 #4610 B6 /N BRUIE i 41
fiLZR C3 W s AR | 22 T s i 5 ) rh s il 1 LA
CpG % GPI-0100 44 I /) TVGV-1 432 I o Fyy
BB I HEE 2 I e R TP 5 ok 2 4 S
JOF 38T, AR T B4 A RN 5 1 T B B BN, A HE T
GPI-100, Lk GpG b £ 50 9 2 v 75 /N R AR N i =
HPV 16 E7 45 50 CD8* T 4i g 2 [ 17 4 95 % T
o 5 S S R R T DA /0N BRI 9 % w0 B
RAFTG 3, XIS AE S MR K - R W] T TVGV-
1 B R SO0 T A, LA XoF 28 1 s DR F 5
i AT
1.4 DNA &

DNA % 17 (9 /E HIBL 1 2 6 #5477 HPV E6 (E7 %
AR BURL DNA A Y, 5 3032 1A 48 it 1 Dy 2
BB P T e M e Y R R I S i
PE Be= P Ry S A A0 M A fE A

HHEX GX-188E W58 K Z FRE7E CIN I, Choi
SEISHEAT ) — TR T EPE BEAL 2 e T R e
(NCT02139267), 5 7E M 5% GX-188E 75 7 F % I }¢
PR AR (CIN) TH IR AR . PR BRI A TE SR 7
YR T I SR AR TR 2 CIN T A9 o, k86 0 41
& VI(EST GX-188E J& 20 J& , %8 7 K k), V8 (TE
$F GX-188E J& 36 J& 55 8 Wk ki), 4f5H Won et
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A 72 BB v o VT AL B 64 (8 I AR
2 TR SRR HERR ), V8 AL 52 1] (12
AN TR) B B 0 R 1 R HERR ) 552% 9 VT iR R
67%1) V8 B AL U FE 2= i iR, — 5 [ b/ 11
Wi R R B (NCT03444376) PEAf GX-188E Bk &
Pembrolizumab X} M 3] 5 2000 £ 34 1) 22V i 52 1k
K ORR, ILiU 55 1F 4b T HE SRS h I o8 245 2 10
7 26 Bl E 11 13Kk 43 OR(42%),4 il CR(15%),
7 5] PR(27% )™,

VGX-3100 & —Ff i I i 28 £ 2% B LR 1 5 1Y
DNA 218, H Fii% 2 i i i o8 o = 248 P A 5 S
RURAE 7T Trimble ZF15%F5%F VGX-3100 375k %4
M A R AT T IABEDLX IR 56 (NCT01304524 )
WP 2L 3:1 8 CIN T/ 98 &5y i 4, 43
%32 VGX-3100(3 ) 5 2B, ge it 43 B 8o 43
BE RN (BEZ A 3 57 VGX-3100 5k %2 55
() ANLEE i RO LY JB ) 5 0 R YR YT 4
Mr(3EZE /D 1 # VEX-3100 s Z2 @ g ), &=
LN 36 JEBE VG A & CIN 1 8t 1E
oo BRI M 49.5%(53/107,VGX-3100
) .30.6% (11/36, 4 B30 20 ) B A 20 24055 8 27 1] 15
(95%CI:1.4~36.6,P=0.034), M B & 13497 4 Fr
48.2% (55/114 ,VGX-3100 41 ) .30.0% (12/40 , % gt 5
M) HAHAL WM EF I (95%Cl:1.3~34.4,P=
0.034), ZB—KUEN] T s v X By S50 FW S A
Rt . Bhuyan 85 "0 I3 56 HE AT R A A, W Y
VGX-3100 % 1 155 A& W B0 95 SO 15 Ak . & IRAE 4%
% VGX-3100 4 5 & 1 ,91% 8 & (32/35) fE 16T 5¢
B 18 A~ H HPVI16/18 B4 B (97 s il & i+ F R
BITHI S ) s B VGX-3100 175 5 A9 5 5 4 28 i B 7
18 A H BT i T2 R AL 2 BB T 2 S o L
AR, ST O FARBIT B RYT

Hasan %5 "7 #1719 ¢ F MEDIO457 (INO-3112)

1 T G R, A 58 6 G 02 Ak 2~4 JA J5 B2
Wik 1 Bi~IVA B85 R ek 5 1 e S /8 3, PEAl
AT T A8 2 1 1) 2 Ak S 2 S5 SR R 10
B 8 b 8 Bl e ALY N R B R 4 HPV $T
77 0 I A VR SR S, T S8 U T R i A
PG B S AL bR A el KON 3 CD8* T 40, T A
B HPV DNA KA B 1

SR IR M R 283 E6 E7 S H
YR g s, e 2 1/ i AR5 1 78 9E4T
AR & FRYT R B G 52 A ik JT R
FAAE 22 5 A AR WA AE SZ RV | [R) I I 7 R 32 1
KRG TREWA B RERS, XA TR
PERD A R AEAE BRI E R R B — Rl i
A B0k RAEAE R P ATD 88 75 30 A7 IR AR 0F
5% (Table 1),

2 GEWRE S

2.1 PD-L1 #&%

PD-1 %3k TIG ALY T 40, H 5 Fd & PD-1L1/1.2
565 T 4L Az 2], 80T 40 PE T, PD-LI
JZ IR T MR A S e i b, Il T
TE M IR YT R AN

KEYNOTE-028 (NCT02054806) 5 KYENOTE-
158 (NCT02628067) & M54t X PD-L1 #F5% Pem-
brolizumab & & %) 1 ‘& #i J& i) 7 A I IR ik %
KEYNOTE-028 ( I b 1)l K1 4% 48 A 24 {5] PD-L1
PR B 0 JR 3 R IIRTT 1 B N %R 1791
KEYNOTE-158 ( I #1 ) llfa A 2 56 49 A% 2 A 18 J2 15
#35 PD-L1, H ORR H 12.2%, %X 5 UE S Pem-
brolizumab 7& PD-L1 FH4:95 141 Hp (47 %8 &5 1 BH 1 9
> A8 T KEYNOTE-028 ¥6:4iE 7 PD-L1 Al fE Jy
— M AE bR RN 25T R, H TR ZIR T

Table 1 Ongoing therapeutic HPV vaccine clinical trials

Estimated study

Name Type Trial identififier Phase  Primary outcome measure .
completion date

ADXS 11-001 Bacterial vector NCT02853604 I DFS 2024.10
DPX-E7 Peptide based vaccine ~ NCT02865135 Ib/Il TRAEs 2023.12
TA-CIN Protein based vaccine ~ NCT02405221 | Safety and feasibility 2024.01
PDS0101+Chemoradiation ~ Peptide based vaccine ~ NCT04580771 1 Rate of grade =3 acute toxicity 2024.03
GX-188E+Pembrolizumab ~ DNA vaccines NCT03444376 1b/Il DLT,ORR 2023.12
MEDI0457 DNA vaccines NCT03439085 1 ORR 2022.12
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A 56 A P 25 804 0] DAE— A5 48 @ I R IR,
AH AR IE 75 7P )% . KEYNOTE-826(NCT03635567)
JE—TORCE | I R WAl Re gk 2 & Mk
M B S B e AL T Feal %A Pembrolizumab
SCZERE Y PFS 5 0S %5 L gh A 617 i 17
IRIT B RAE PD-L1 Z54 PHAEPE 40 5 it PD-L1 3%
R RS =1 5 =10 44, 45 R LI,
617 )7 15 34 97 He % ', Pembrolizumab £ PFS 10.4
ASH ARG 8.2 AN H (B i e 50 58 T2 KUK He
0.62,95% C1:0.53 ~0.79) ,Pembrolizumab 41 4 7 &
504% , R H RN 404% (B L .
0.67,95%CI:0.54~0.84, P<0.001),548 {4l PD-L1 £:4
BHIEIE 4 =1 4 89 824 Pembrolizumab 20 PFS 10.4
A BRI 8.2 4 H (AR [ :0.62,95%C1:0.50~
0.77) ,PembrolizumabZl A= £ K 53% , &R 44
TEHN 41.7% (KK :0.64;95%C1:0.50~0.81, P<
0.001), 317 #1 PD-L1 BH ¥ ¥F 4 =10 4% & &
Pembrolizumab ZH PFS 10.4 1~ H 2 & 554H 8.1 1~ A
(XU EE £ 0.58,95%C1:0.44~0.77) . Pembrolizumab £
AR 54.4% , BRI A AAF% 44.6% (KU H.0.61;
95%C1:0.44~0.84,P=0.001),, X595 41 & H WA A B 2
IR0 (30.3% ) , ¢ B ALI7 I Pembrolizumab 1
BRCERY AR A ORI R IR 40 R (Table 2)

2.2 CTLA-4 %15

Y H M T Ik A MR 4 (CTLA-4) 35 T
A6 T Wk 40 A 3R T, S5 e A i A i (APC) | B7 43
T4, R RPERIE , CTLA-4 J i 570 2= 2038 i 45
CD8* T #REL 4L AN Treg 40 & #E H0 bga R0, 2

Ipilimumab & £t %F A CTLA-4 By — Fl A I 1k
IgGlx B FEPLIR (mAb),GOG 9929 J&:— I iZ I &
BEOXE e 0 R B R A BE AT 09 1T Wi R il 58
(NCTO1711515), 38 12F #0928 A5 W) o 2 ) o W 55 250 T
f£97 (chemoradiation therapy CRT)J5 4k 29t CTLA-4
BIT A e SARE, 25 8o, CRT BLTE H s
R, T 40 AW R s S R T 4H AR S o) R T
(ICOS) #1 PD-1 ik B E 1A, 1 Ipilimumab
J& 1COS Fll PD-1 Fak H2hé i, LIZEH: CD8 T 41 i
B BTG RS, B CD4T 4 /9 3005 = T 90 4h CRT
K, A IEHE/R Ipilimumab 7] RE XY 5% £8 B iR 1%
PEBIAHZI 1 g A A /N H B Ui R4 (1 4F)
TGt — 2 PFAl R 2 Ipilimumab 1697 84 CRT 2
Jei B &5 i AR JE YR A5 CRT X 6o 88 A 355 1) 52
U IS e N RN e AT

o 2R A A1 T ) P 2 T 1 0 B U9 B N 2 R
IR A AT AT LA S a7 i A A . B B
oK 8 2 1 I R S B0 B0 ST RF I IR YT N,k

Table 2 Clinical trials of immunotherapy for cervical cancer (combinations with checkpoint inhibitors)

Trial identifier Study population s Phase Intervention szt CIUEDEDISEEUI ls) CUEDe
enrollment measure measure
NCT04800978  Patients with HPV 16 or 18 37 I BAVC-C+Durvalumab DLTs, safety BORR,DCR,
positive cervical cancer and clinical PFS,0S,AE, Ad-
failure to first-line Platinum- efficacy verse events rate
based chemotherapy of special interest
NCT04641728  Recurrent or metastatic 28 I Pembrolizumab+Olaparib ORR DOR,PFS
cervical cancer
NCT03367871 Recurrent, persistent, or 40 I Pembrolizumab+ ORR PES,0S,AE
metastatic cervical cancer Chemotherapy,
Bevacizumab
NCT03614949  Recurrent, persistent, or 26 Il Stereotactic body radiation ~ ORR PFS,0S
melastatic cervical cancer therapy+Atezolizumab
NCT03612791  Locally advanced cervical 189 I Radiotherapy+Cisplatin+ PES
cancer Atezolizumab
NCT03830866 Locally advanced cervical 770 I Cisplatin+Durvalumab+ PFS OS,PR,CR
cancer Carboplatin+external beam
radiation therapy (EBRT) +
Brachytherapy
NCT03444376  Advanced HPV-16 positive 60 I/l Pembrolizumah+GX-188E  DLT,ORR DOR, PFS,0S

or HPV-18 positive cervical
cancer
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I R 1058 ) T JE AT B T 3 07 A B ARE A
20 P SR AR A G R4 R

3  PARP #I5

PARP il 77 © 28 16 U0 SL90 i 4E 45697 T iz
i, Hse B A5 BRCA 2828 1 98 40 i, B 1k 52
it DNA &5, 51 A fast T, LA, PARP 1) il 57 7¢
AT B FE Al LA R AN A s L, fE kAR A
FELER R T, DA 38 SR AT I T R

Hassumi-Fukasawa 2201 3% %& B AF HSIL 274
PE 5 IRk 20 B oB PARP-1 26 35 R 43 51 4 77.5% il
94%, FW] PARP-1 5 EsimitRfa X, —Hwos
SER T W PRI (NCTO1281852) Ak 78 F5 42 1
& kM E B AT IS N Veliparib Y 5 K it
3% 39 & (maximum tolerated dose,MTD), 24 A & 2
IRIT IR RSB R R M B 1AL, AR5 58 58
1 REFEE 175 mg/m?(FIKES) 5 2 KT 50 mg/
m?( kST ) 5 1~7 K R Veliparib(2 ¥/d, 7 &
#1450 ,100 150,200,250 ,300,350 A1 400 mg), LA
21.d R LA, T 58— JRL0 VP Ak 7 o B ol
(dose-limiting toxicities, DLT), %5 &8 ,DLT £
kg WP W PRI ME (4 9% ), P s A Lk 2 (3 9, R >3
JEL ), v b 20 B s 4R ;400 mg 74 6 Bl
BEAA 1R B DLT, [F I G ik 4k 22 38 fin 31 i
TG S MTD ;29 1] 35 19 RR 24 34% (95%Cl
20%~53%) ,PFS } 6.2 ©~H (95%C1:2.9~10.1),08
H14.5 0 H (95%C1:8.2~19.4) . LWL A XA IRIT
YR —LIBIT L v AT iy, HHET PAPR #1015
B U T RN A R 2B AR AL TR SRR

Z (Table 3),
4 T3 TCR T #HRayrix

T TCR T 20 MIS7 26 T 40 M DA 2B 35 AR I
O3S HEAR SN IR AT i T 2 SR R E B R AR M T 40
ZRJE HOR A AR AR, HEBk fUE 32 MHC 231
AR, S ae N A T B AN A MHC 3845 R 5
1Y 58 2, Draper % #85¢ TCR T 4l Miy7 52 & fE
U E6 BUIR, 455 & SR BB B T 4 i 2
SN E IR 400 £ . 2 WX Flogr AL 40 My i A —
IR, /I R 56 (NCT02858310) AL T
EEXFE7 HTIRAY TFE TCR T 40 Ji % HPV 16 4 %5
Bgs (B I VR R U, R BT T
Nagarsheth 55502 b i 56 o0 JE 4y, WLER 5 19 MTD
12 835 v, 6 1) H BRI IR S (CRAR BRI ) 2 1
1B FIRS 43 HE A R A b9 VAR ), UE B 7 VA A L
£, H Al S 7 X TR TCR T 40 i 55 A EOR
Z B — AR ER T ]

B IR IG T AR AR 0 — KRR, T
BT R E SRR YT R TR R T, TR SRR YT
PET IS SR A S AR, DA KPR 2 3R YT 1 RE
PR AN BRI, BOAIR YT IEAE S Z Tl
PRI 14 G T B 2 2 0 3l B R Y7 (98 1l
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BF(EREZDAHRFAS T )RAB(TREAG AN EZFHRTEETE Ak )F 0
A8 % AL VA BB TR 8 AT 89 3 4 A A Fe i TR D | A i — F AL B S ARRBT AR S R AT R
A ERE AT AL OB AR E L TER,
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B Z S U Bl RX AT R (AT IE AT ) AEH R U B3 5 £ WHO B & e AKX 38 i 4
3 (https://www.who.int/ictrp/en/) 2% *F B s & X 3o i M F & (http://www.chictr.org.cn/index.aspx)
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ARG EE o ERERER & (RFERHHREET L) F (%5 XXXX), £+
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