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The Advances of Cancer Vaccines
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Abstract As a promising means of antitumor treatment, cancer vaccines elicit effective immune response
and the long-term immune memory against tumor, and lead an important research direction in the field of cancer
immunotherapy. Cancer vaccines can be categorized into four kinds by different formulations: cell-based vaccines,
virus-based vaccines, peptide-based vaccines and nucleic acid-based vaccines. These vaccines can inhibit tumor
growth by enhancing the antitumor immune response. This review discusses the mechanism of action and recent
advances in basic research and clinical trials of cancer vaccines, aiming to inspire the in-depth understanding of
cancer vaccines and promote the development of next-generation cancer vaccines.
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KA BLK, 1R T B A6 G e e (1) B B3R T
T, P AR 5 F AU 7 AR 0 R 5 s SRR 11 4
P2 N MG il B BRSNS AR i B 2
4o HETEH R S RPUR R R R R K
WG A7 BRE S5, B 0T TR i 1 ik e 8 i ST
PERR T . 1897 DAIERRAMRIF AR G5 R
iy 4 i 7 T A LR IRl R R FH A B, X A2 i Jed
G B VR T W FL AR B BT [ O H T R s D R
IR, R0 R TR I v H AT 32 EE R A R EE A O
P PibIg £ 255 1 0 A\ 28 7L tK 9% B (human papilla
virus, HPV) B, TR HS 73 e 0 R w9 F AT
B, R TR IR I s, DRI T R )
B FOLSTT A e e 2 W o AR SC TR I IR % B R R
T IR S T o MR A G B B AT T LB
W02 201 224 Coley T 31 (T2 B 9 K B BEBK R
Aybar B )BT I P, DL 5 OLD4E PIFE 201
28 50EA & IR/ 1 (Bacille-Calmette-Guérin, BCG,
IR I A% AT B ) e % 75 3 I TR R i >, 3X
WG AN, B TR 0 D ) A T 2 T AR R IR VR T A
M, BRENEFHFA TG E . Mg e — i
L FH s 77 BRI MR e Va7 7 %6, H 20140 804
KLk CA 2 IR R 5 i iE ™. R4 Bl
WG PR R 2 R AR A T IE R, BRI T3
I W B8 T 51 I ¥ Sipuleucel-THE 1 AL T
TRIT g IR A, (R AR BE A IR IR TT
PIPGRAF AR, O 2 PR 9% i 78 1 PR
55 RS TR IR T ROR , AR AR AR A
BRI PR e TR ey OB, PR
FIR AN 7 5 5 R R, 0 B TS
ARG OLE B TR A S T AT A A [ e
2T R G DL, o AR 5 R 4 S i i B

Metastatic gastrointestinal cancer
Cervical cancer

Ovarian neoplasms
Glioblastoma

Metastatic lung cancer
Colorectal cancer

Non-small cell lung cancer

Hematologic malignancies

B DRI, TR 28 e 2 — R S50 T ) frh g
BIT T, B RAFRIm AR A R ANME , (AN
FIBT L SR A

iR 2 T — AR PR = Ah o 2 O R, B MR 9T
JR RIS IR R G0 PR S AT LS A
Jif e AH Pt J5 (tumor associated antigen, TAA)F &
R PP TR A ST M B R AR R b Rk
fRHE A AN HER24LJR , B3 72 1R WAL A Lk
B Bl R S Rk BR W IR . T
iR R e M B R 4R AR R Al R AL T
FEIEH A AFRE R BUR , CFE R 40 SR A2 ik
B 4t B 7 1 25038 i 7 A2 1R 05 (neoantigen), DL
T i JeE AR DG BE SRR K9 25 BT R W HPVRIE 1 E6
E7H0RM e el T o B SR AE bR R A R R R
CA2 i G RGeS 7%, BT bL 2 Bis it
) G e SR PRI 59, 75 200 & S i 77 (adjuvant) R
SR T 0 S0 S N o B SR TR R 2
AT REMARTUR A 7y, & R RSl WO A R ]
A G 58 IS N SR SR AT SR A 5 83 N A 2 s N )
FMIBRSE , W F = BT 2. AN [RIAE 57 R 8 5 i)
S8 B 5 T I T N A B SR, T DA AN (R )
b7 56T SR AL LA RSB R 1, B e e R AT
PAZR AR (1) B S el R Bc i 7>-1, il
T 45 A G 2 A - B A8 IR 1 B2 AR 20 Tol LR
24K (toll-like receptors, TLRs). Tt 2 3k &I i [ 1
(stimulator of interferon genes, STING). % H RS & 5
FAEE /48 (nucleotide-binding oligomerization domain,
NOD)F5Z A& (NOD-like receptors, NLRs)%%, 5| & [EH
TIN5 (2) FIAEfEAF BT R % i 1% 2 42 R RTRL
e O3, S SR A SR TR |2 T 2 e e A
7, BEME S U AEAR A SR PR LA S LR o A

21
21
23

25

25

25

28
32

Benign breast discase I — S

0 5 10

Number of vaccines

15 20 25 30 35

Bl $tRREEMEEE AL ER

Fig.1 Distribution of vaccines against different cancer types
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TRIRI R, T SRR 2 711) 1 S S8 PR RS 19 8 U0 [
B RPESZARI TS T8I0 SORE/IMA [ B, SR I
FEPE B S SR R E G A 58 A B A U4 i
52 AR T IR AE DU 235 241l (antigen-presenting
cells, APCs), it ZRR4H I (dendritic cells, DCs) -, A
% SRR R vy FEE DR ST (00998 JER AR D AR G 1) 43 TR )
(pathogen-associated molecular patterns, PAMPs). 4 H
25 AL PAMPsZE 14 IV 7511 5 APCsHIBE IR ) 32 A4 AH
BTG, IR 1 R BRI AL APCs I3 iR LT R
S UiRe, WA B T-Hu e 5 00 T4 MR BZH AR
PR, B R A RO

R iz Bt S5 A AN [F] Ak F R 20, e 2
AT DAE — 543 D 200 D 288 58 T T bR SRR 4 R T
R T . 2R . IRISE T [ FEDNA
% I F{E [ RNA (messenger RNA, mRNA)JE 71 5517,
H PR ARAE TR ORI 07 2R AN ], 3 LG eg 72 W
W E A AN R R R 4 i A8 e 92 T G v SOTR 4 A
9% 1 B R A N Sz O Re AT PRVE 14, (RS
BRSMEFRANNG, 8 A = B AR BRI
PR TN BB R K, (E % I R R HR Z R By
T L 75 B 5 17 R 1 22 A AU 5 22 RS i 42
PRI PRSP, R e 2 IR ] 4 A
s S SRS i R A R R P W DNAJE B i
AR, ARAFLE SR N IR DR 2H 08 AR [P AE 22 4 X
W ; mRINAJZE B i) 28 14 2 i, REfs 9w i BT AT S84 1
JHIRE BT R AL, RN SRR, (B AFE mRNA )
B R AEAS R S B 56 ) 181, AR S 1Y) )5 4 N 25 %
S4B R P22 B FRD KBS FH LA, 508 A [R] SR 20 i
PR P25 P (1R S AT 78 A A6 2 FE R AT WS, LA
H IR XoT iR 2 T PR B AR, D IR 8 1 T SR
TERIRBE RIS

Cancer vaccines
¥
\

Naive or memory
CDS8" T cell

Naive or memory
CD4" T cell

| e RIS

Ji g Ho g2 Y I (1) A 3R s O A LA N B
LA, 3 5 [ A G0 % RIS S VE S s RS ThRE, A
T A2 ko i 200 oL 1 e 72 3% 0 4 FH SR IE BV 97 e 98d
(1 E e AR —Fh R e va 7 7 20, R 3=
SELIE I B T M A 5 () TR S g% IR R R AR AR
o s ANEEDUR MR, Aeiig Bl g )R
B PN e 0 D5 A R S P T4 I S 3 OB L
1 iE R G0 IR 4r M 1R 5 AR ER, A fe it
KIARIPCIIE A2 = A . B 2F8R T IR
53 T M R HE P e 287 () B AR AL 0 &
S, MR RS e, AHEAN BT 200 A i R Je
PR R RS R R MR PR, S &
il A B PN AR T B A I AR B A F , BRI P R 3R
ALK (epitope)5 A A 25 14 52 & 4 (major histo-
compatibility complex, MHC)7>T-45 &, X MHC-
ZIRE IR SRR . ERTERNEZ,
MHC-1A MHC-11ZE 73 78 K [ P 2 38 LA 5 FAS
HE. BARIS, M 10 i AME DR 2 E
Wt N AAE R 3ENE) APCs4H A N R 52 DCsEY, 1
28 B R AE A B AR & 1020 IR 2 IR
XL 2 IR P PR R IS R E N B RN
BT I ) 22 IR 23 et — A2 W A N & 8~101 2 B IR 1Y)
PrSERALRIK, X LR K5 N BN MHC-173 1
B E A s B AR . /MRS
FiE N APCs)a , il A& —E B iR s — D D pi
fif s N TR R AL KR, AT PLS AR - MHC-
W TEa MBS, FIFERe: 1 3040 i i % 1,
Z 5 R 8 HOE TSR . e TS5, NI
(¥ APCs g [ 27k EL 45 A, JHC 20 fif 2% 1 ) MHC-
PR Z IKE &Y S hHEEGAZME CD4™. CD8" T4

Activated
CD8" T cell Perforin

Tumor cells

Activated
CD4' T cell

B2 B ES SRUE TR AR & 4 P R R 0 1 A ALY

Fig.2 The mechanism by which tumor vaccines induce T cell responses for antitumor activity
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2 TR S 12 1) TS24 (T cell receptor, TCR)%:
%, [AII APCsZR I HIFL R T CD80/CD86. CD40
SR 5 T XS BRI BE {4 CD28. CD40L&S &, M
110 56 B R 0 S5 A S PR T 5 3 5 380 . MHC-
[-Z KRG &Y EEL A CD8™ TR TCR, i
MHC-II-Z Ik E 57 £ 2455 CD4" T U1 TCR.
H MHC-173 1/ 3 [ A0 5 ) 2 o 72 A B Oy
A& X 2 3# (cross-presentation) i F2 , X T i 4 F
CDS8" T4 S IR H L, W5 T4l &
AR R Gz, =IERI R AN, W R R
PE TCRIR AN GG & b eg 20 0 5, R TS 4 B B8] -1 2 e
JEE IR FE A F-a(tumor necrosis factor-o, TNF-a)s y-T-4L
Z(interferon y, IFNy). Fikifi#B(granzyme B, GZMB)
Mg LA, S8t IR 4B ) 4% . CD8™ T4 i
Je& AN T E R U ME B TAIME, T CD4" T4 kR
T HEAA DML, RSN CD8" TAHMI S ALHi ),
Uik CDAOLH AL SRIRGH AT 7334 IL-24fe 32 CD8”
TAMEY . SRt s, HORTBOr R s
SCRT AIE [ 2 70 i e o e B 2 X — el A, (e kot
RS R . BRAh, TR v AT DAOR BEHE /9%
M A R R PR PR, 55 IR 40 i 51 EE BT
PRSI 20 B A T B 48 M 254 H (antibody-dependent
cell-mediated cytotoxicity, ADCC). IX%E{E FIHLH|$2E
INE R B B SRR S R RE ), BERIB S
A R B 58 S5 S SRe 73 0 P T 240 B R 7 ok b g

2 MEEE R SHRER
2.1 ZHARARRIERE B

AR5 e 70 R 8 T s R 2, i Re v
B EE NS SRR TR 2K
FBET LIRS T - M S 2 v 3 el 4 i
s AR A AL BT %, Be RS IR SR, S
I BIPUE A R e OB . BARTIT S, 4 S
T 73 DA R TP A ML A 8 4 I 2R ) s ik 4
P HT UL AR IR DR I SR GE R W . AR
2 B T A PR i R 0 R S B R YT Tk, B
PR I 1A Jl e 4 L A e 4 i B O o) 6 D
B, BEELE T MR AR ST, R R 2 AR
B RNRITROR B 2T SR I H & i 2ok
U 2 AE 7T, DCsPE B /& B IR AR S PR 3
AR SR A [ i B A AR DY, AR AR N 23
iR B0 i LA S e 0 S S P ) S B SR, R —

AT R b ed e i A% o 36 & il 245 i 1 B JR) (Food
and Drug Administration, FDA)T20104FHL#E 17T 51)
Ji% e %2 17 Sipuleucel-T At & — A ] 2 1k 1l 1) e
BU AT A R ER 4 19 TR i (prostatic acid phosphatase,
PAP) % SRDR 40 L [e1] i 262 35 1) 240 B € 7

FENm ARG, F T 5 B AR 40 i e 48
PE WAL AR R A R PO RCR, — Rl RER
iR bR A P B AR L AR L T S
TR, Xk iR B0 1 RS 8 S B B L A T ST
2 L A s NS Y i) P e PR gy R B
ST A B SR Ak AR re e P ) SRR .
an, fER AN PR IA R TARRAFmATCIZ T4
TR F AT A 3% -7 (interleukin-7, TL-7)RT Afe /i
R 755 1 CD8” TR R e S g 224, it
A, IS AN R AR 5 T R 8 e SR AR Tt B
iR A e e S B R A RO A R IERR,
6 Jips 7 T DA e 155 5 45 s 400 R A e e R A
LTI R A P P S P RO P e A
5 G RS s U 1 75 2 BEL BRI R P 40 AE T 2 A
1(programmed death-1, PD-1), 4 8 VE Ttk 241 i #H
K45 H-4(cytotoxic T lymphocyte-associated antigen-4,
CTLA-4) BRI A5t AT DL 25 4 v 40 2 1
AT R 2 iR A e A 2 T L HEAT 2 TR PR
BRI, Herp e IR A0 A B GVAX, &t
L PRME M T 263 4 A L 4 L — 5 4 L 5 i o i 18]
T (granulocyte-macrophage colony-stimulating factor,
GM-CSF) 4 i i s 4 e 52 228 1o s L o) 8 1T, 7R
fie b R BLLE T — 2 IR RIR ST BOR 2. Vigilt
T PSRRI AL 2 A SRR A e v, AEEE
xRS O SR £ R LU PRAT e 4 R o, 5 22 R
I B F AR, FeAh e i 4 B e = R AA7 I
84N HIEKEILSD A,

PR ROPR 20 AR Dy BBk i1 A 4 8 2R 0 M ok 1 4
TP RGEINTGE, W] DL 22 AL i S5 EBORT 2 3
kAN NI W23 Dok S R 93 VA i)
R IR H 0 e A 1) T L 0 SR 1 T TR 4 2R g )
IR RIR K mRNA R 571 1) TAADUER 5 A5 TAA
) mRNA, L2 B8R4ty B 7 PR 2iE )
R4t , DCst A & 7E ik L VR Rk AL 2 2 [H) 3T
FeIIRE Sy, Reid 73 uh 4 i PR 5 A AL TR T kA%
JEREFI 5 Wa Ik CL A U1 B S S P e e e 4 58 e
JSEA EEELME B2, K 2 B SRR 20 M 2 I PR 1
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rH S FH B AR 11 LA A PR AT AR A SRR 48 (monociyte-
derived dendritic cells, moDCs)P*! 1xX $E4H fifg 3= %
F A A4 55 A 4 w7 0 AT ok . BRI T
GM-CSFAITL-41 5 4b 3 0] LA AT i 3R UK 2
moDCsP, 5] 32 IR i AT E & B, i R
K2 HUE X moDCs B 1 Wi S AR B AN K, X AT g
HE AR moDCs K B M4, WEGTH e 1% .
WoE TH M RCR 9955 3 A < B0, Ry B4R
(1) DCsfe K& B =K -F I’ MHC 7> T A& A 1, B
A BRI TR 52 B T MR Re 7T, n] TR
FARAZH B8, B T moDCs#h, H A1) DCs
A5 4 i) DCs(conventional DCs, cDCs)FH 41 g
¥ DCs(plasmacytoid DCs, pDCs). ¢DCsH ] cDC141|
AL A BRI A2 X R I HUR DI fE, X T-Hihe %
P AT LR B, B4t cDC L I #1% IFNs.
C-X-CH: 7 a1k A 7 i A& 9(C-X-C motif chemokine
ligand 9, CXCL9)FCXCL10RAE i g T (1)
TP, H R 2, pDCsTESR TH IR LB BT 15 g
PR B TR IFNS, 7T LA cDCTH R B4, PRI,
X P DCs IV HELH LI 45 F AT e BAT Bip R 4 FH
DL FMSHY: % 28 R B 3L 4 (FMS-like tyrosine kinase
3 ligand, FLT3L)Ab 34 /) sl By 8 240 o 5 13 if 48
MRETS T 7L DCs™ ), P2 4284 T pDC. ¢DC1A
cDC2 A A, W LAZRAZ 2 4% (1) DCs A il %
DCsHRIREHT . BLAN, N Tt — B e M i ey
R, AR SRR B m] LS B Ve 7). AR DN 4
BRA A, BT 5 R 4 i GE DCsH) D ™. &1
HH R B SRR A e R 2 o 11 Rt DA S gk e
2 RS 7 AT IR AL T i RIS
22 ETRENMERSR

BT B 0 o e o2 v L A AT DA A g A
3T G 92 B TR AR DA I R R A B g% S
HID0 o i T-5 25 B IR 2 1 20 9 =R 2 2K
el 7 BV B A7 PR S0 0 B Y, VATURTOR T v
FoAd R B BAR L P o R ROE , REI12% K9 E B
FRIL 5|k, Hop EBY 7 (epstein-barr virus, EBV).
IR EE . I 5 5 A HP V2 5 I B e A AR
IR T U R RE KOG B O AE L A IR 7
(coronavirus disease 2019, COVID-19). #2875 5
SR YL EEBIH HIE YT 77 TH o Y RAF T 27, 3%
Je I BRI VR RE S AR Dy — i LI MR S TS, AE
R BE I8 200 0 [ P (2 1 e Je e S e S L e 4

MRV R R TR T, 27 AR TS PE4A (reactive oxygen
species, ROS)FIAH A+ 41 TFNs, {22k DCs I+
I CD8” TAH AN H SR R A 4 MY (natural killer cells,
NKAHM); B85 e A%, B TAA, AT i
i 9eE e S S M e SRR AR ) LA B Al
WEE. MERIEE. BREWEE. PRREE. KO R
T4 5 SR VAR R R I U R VR FH CAE 2 I R AR
AR FUESE B R I9i 55 245 T-VEC(Talimogene La-
herparepvec), &) V2 KyE (5 — R E A 4l
TR i, FTVRIT AT IR 4 A% 1 B 30 Y
JE N BT T-VEC, e ol Ik I Y0 Ba A0 o 25 3 52 A
BUAAR AT B8 A A B (1 SRR, 175 3 i 8 4 28 A 1412
A 5K Je R 2 i A A Sk ) T MR 2 S B B, —
I T-VEC 5 #4117 (neoadjuvant chemotherapy,
NAC) DI RS R W], T-VECH DAfe it = FA 1k
FLIeE BB NACYR YT Bma S, A5 = [91 4 FL e 1
BT T2 NSEERIRCR, 20N EE K EH T
B 89% . BREpaiyE B iR EE AL, IR 5 —Fh
TR R B, et A R R R 4 4 1 B A T
RIw R 2 T, A 8 T S B A IR A 3 A i g
PURKIE . FET B8 B8 IR IE % 1 © 4 A2 I PR AN
I R G H s A IR AT S B e Ah, Ao B
ARG TR B EE MO DG FE A FH T o
e v, Hrp g EE AN IR OO B B A 5 R
BRAHAAR . REAEAE 7 2440 i AR E KRR 2R A I
R B8001 2 2 rh B 28 TR 40 9 B AH G IR 9 1)
I AR5 St g
2.3 ETZBMEES

R, 2T 20 R FR 82 v A2 e 32 VR AT 98 MU A
M7, IX SR v R A A — A R e s v
97 77 M AE e RSt IS B (P67 R 1, 2
JUk 9% e v TR e R e RN BTN P R P iR SR A
JWK o AN 22 PR T e B SR A 1 e P O RS
AR ME B 42 5| AT 5 B P B2 SN A AE S T 52 1) IR
W DRI, 22 Mok ee o2 e 10 =5 2 I N AZE 77 LS i
22 KRB 51 AT G S B o 55 R e g 4 2 e A
bt 22 RSV e A B 0 ek b 51 2 e 9 0 DR R A7 KRS
S G OB M 22 IR S AR A AE (R B R R A K R
T PO 4 P B TR 2 41 9 (cytotoxic T lymphocytes,
CTLs) M CD4" T 2 R 7 11 52 A4 SRR A R
PR G958 S R

4G MHC-TH Ji 8 B i 22 A7 ki 5 B 8~101
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Table 1 Selected Dendritic cell-based cancer vaccine trials
RIS EN S TH 2K WEFRS NS BB
NCT number Study title Study status Conditions Phase
NCTO05767684 Neoantigen derived DCs as cancer treatment Recruiting Refractory tumor|solid tumor Phase I
NCT04963413 RENEW: feasibility of CMV RNA-pulsed den-  Active not recruiting Glioblastoma Phase I
dritic Cells vaccines for the treatment of newly
diagnosed glioblastoma patients
NCT05882305 KSD-101 therapy for EBV-associated Enrolling by invita- EBV-associated lymphomas Early phase 1
lymphomas: an exploratory clinical trial tion
NCT05000801 Clinical study of DC-AML cells in the treatment Recruiting Acute myeloid leukemia NA
of acute myeloid leukemia
NCT05635591 KSD-101 therapy for EBV-associated haemato-  Enrolling by invita- EBV-associated haematologic neoplasms Phase I
logic neoplasms: an exploratory clinical trial tion
NCTO05317325 A translational study of tumor antigen-pulsed DC Not yet recruiting ~ Esophageal squamous cell carcinoma Phase I
vaccine for ESCC
NCT06097793 KSD-101 therapy for EBV-associated nasopharyn-Not yet recruiting ~ Nasopharyngeal carcinoma Early phase 1
geal carcinoma: an exploratory clinical trial
NCT05631886 Combination of CAR-DC vaccine and ICIs in Recruiting Solid tumor, adult/lymphoma|EphA2 Phase |
malignant tumors overexpression|TP53 R273H|TP53
R175H|TP53 R248Q|TP53 R249S
NCT05504707 DecipHER trial - DC1 Tx for early-stage TNBC ~ Suspended Triple negative breast cancerfHER2-nega- Phase |
and ER low positive breast cancer tive breast cancer
NCT05631899 Combination of CAR-DC vaccine and ICIs Recruiting Solid tumor, adult|EphA2 Phase |
in local advanced/Metastatic solid tumors Overexpression|KRAS G12VIKRAS
G12C|KRAS G12D
NATREAT HAIFDA 7 5 BRI R RS, BLIE )T Sl 47 D9 T 0 I R 156 o
NA (not applicable) is used to describe trials without FDA-defined phases, including trials of devices or behavioral interventions.
2 EROREEXMEE ERIE R
Table 2 Selected virus-associated cancer vaccine trials
RIS EM = BTH & WHEIRES N A BB
NCT number Study title Study status Conditions Phase
NCT03131765 Dose escalation and cohort expansion study of YS-Recruiting Cancer Phase I

NCT04410874

NCT05262010

NCT05334706

NCT03947775

ON-001 in patients with advanced solid tumors

Imvamune vaccine for the treatment of non-mela- Unknown

noma skin cancer

A phase III clinical trial of a 11-valent recombi-  Recruiting
nant human papillomavirus vaccine (hansenul-
apolymorpha) in Chinese women aged 9-45 years
A study to assess the reduction of human Recruiting
papillomavirus (HPV) viral infectivity

and transmission in HPV-positive women after
vaccination with 9vHPV (RIFT-HPV)
HPV-SAVE merck sub-study for preventing

recurrence of HSIL

Not yet recruiting

Non-melanoma skin cancer|basal cell Phase I|phase II

carcinomalsquamous cell carcinoma

HPYV infection HPV-related carcinoma Phase I1I

Cervical intraepithelial neoplasia grade Phase 11
I/I/III (CIN /11/11T)|human papil-
lomavirus (HPV) infections|high-risk
HPVIHPV-16/18

Anal intraepithelial neoplasiajanal Phase II

cancerlhuman papilloma virus

R R, B AR 0 e 5 SR PR O AN v, o L AT g
FERr S LS & PR DUR 234 E, Pk H AR
AL ) T A5 FH e 2 Do 1P B e ) G O ) 5 i R
w . SRR, AT DA ROt E A &
APCsU1 DCs, JF 3 G 1 b 2 Sk A ks R FA) 8 2

G JEE T 52 4o 485 717 e P S AR IR e 4 il N Ak 5
—H ] LU I A A A B AR, NI 6 2 BIMHC-
171 IR MHC-Z IKE &4, 28542 CD4" T4l
YRR A 5 oy — 3o AT DAE N 41 o B e v
1%, HMHC-17r 14728 X 2, #— P EIECD8" T
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Table 3 Selected peptide-based cancer vaccine trials

I RRIEN S TH 25K WHERES NS Ud=

NCT number Study title Study status Conditions Phase

NCT05475106 Pilot study of neoantigen peptides and leukine for ~ Recruiting Neoplasms Early phase I
the treatment of neoplasms

NCT05013216 Mutant KRAS -targeted long peptide vaccine for ~ Recruiting High risk cancer|pancreatic cancer ~ Phase [
patients at high risk of developing pancreatic cancer

NCT05741242 Basket trial of neoantigen synthetic long peptide Enrolling Cancer|solid tumor Phase I|phase 11
vaccines in patients with advanced malignancy by invitation

NCT05950139 Prophylactic cancer peptide vaccine in advanced ~ Not yet recruiting  NSCLC stage IV|ALK fusion protein Phase I|phase II
ALK+ NSCLC expression

NCT05025488 Mutant CALR-peptide based vaccine in patients Recruiting Myelofibrosis|essential Phase I
with mutated CALR myeloproliferative neoplasm thrombocythemia MPN

NCT05749627 Using neoantigen peptide vaccine/neoantigen-based Recruiting Advanced malignant solid tumors ~ NA
DC to treat advanced malignant solid tumors

NCT05283109 ETAPA I: peptide-based tumor associated antigen ~ Recruiting Glioma, malignant Phase I
vaccine in GBM

NCT04749641 Neoantigen vaccine therapy against H3.3-K27M Recruiting Diffuse intrinsic pontine glioma Phase |
diffuse intrinsic pontine glioma

NCT05843448 IDO and PD-L1 peptide based immune-modulatory Recruiting High risk non-muscle invasive Phase |
therapeutic (10102-10103) in combination with bladder urothelial carcinomalstage
pembrolizumab for BCG-unresponsive or intolerant, 0Oa bladder cancer AJCC v§|stage 0is
non-muscle invasive bladder cancer bladder cancer AJCC v8|stage |

bladder cancer AJCC v8

NCT05609994 ViCToRy: vorasidenib in combination with tumor ~ Not yet recruiting Low grade glioma of brain Phase I
specific peptide vaccine for recurrent IDH1 mutant
lower grade gliomas

NCTO05721846 Nivolumab with ipilimumab combined with TGF-  Recruiting Pancreatic cancer Phase I
15 peptide vaccine and radiotherapy for pancreatic
cancer

NCT04688385 Personalized multi-peptide vaccination in CLL Recruiting Chronic lymphocytic leukemia Phase I
patients

NCT06095934 Efficacy and safety of neoantigen peptide vaccine in Recruiting NSCLC|EGFR gene mutation NA

the treatment of advanced NSCLC progressed after
EGFR-TKI treatment

NATREA W EFDAZ IS SRR, B IS BT SR8 17 9 A I AR 30 .

NA (not applicable) is used to describe trials without FDA-defined phases, including trials of devices or behavioral interventions.
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Table 4 Selected DNA-based cancer vaccine trials

B f3E , A — M40 CLDN6HTR ) mRNAJE
1 AT DL 5 Claudin-CAR- THH 5k S 4 b8 (1) 554
RAELLO ST %S T T 3T mRNA K 4 e

s PRARISTEN S WTH &R WS NS BB
NCT number Study title Study status Conditions Phase
NCT05743595 Neoantigen-based personalized DNA vaccine with retifanlim- Not yet recruiting  Unmethylated glioblastoma Phase I
ab PD-1 blockade therapy in patients with newly diagnosed,
unmethylated glioblastoma
NCT06088459 NWRDO06 DNA plasmid for HCC after radical resection Recruiting Hepatocellular carcinoma Phase |
NCT03988283 Neoepitope-based personalized DNA vaccine approach in Not yet recruiting  Pediatric recurrent brain tumor ~ Phase I
pediatric patients with recurrent brain tumors
NCT05455658 STEMVAC in patients with early stage triple negative breast Recruiting Breast cancer [triple-negative Phase II
cancer breast carcinoma
NCT05242965 A multiple antigen vaccine (stemvac) for the treatment of pa- Recruiting Lung non-squamous non-small ~ Phase II
tients with stage IV non-squamous non-small cell lung cancer cell carcinomalstage IV lung
cancer AJCC v8
RS ARSI mRNABPEZ B HIIEARINIE
Table 5 Selected mRNA-based cancer vaccine trials
R BEIEN S WTH 4455 W FOIRA N Fir B
NCT number Study title Study status Conditions Phase
NCT05714748 Application of mRNA immunotherapy technology Recruiting Malignant tumors Phase [
in epstein-barr virus-related refractory malignant tumors
NCT05456165 Study of an individualized vaccine targeting neoantigens in TERMINATED Colonic Phase 11
combination with immune checkpoint blockade for patients neoplasms|colorectal
with colon cancer neoplasms
NCT05938387 Safety and tolerability of CVGBM in adults with newly diag-Recruiting Glioblastoma Phase I
nosed MGMT-unmethylated glioblastoma or astrocytoma
NCT05949775 Clinical study of mRNA vaccine in patients with advanced = Not yet recruiting Advanced malignant solid NA
malignant solid tumors tumors
NCT05016622 Booster dose trial Recruiting Cancer Phase II
NCTO05981066 A clinical study of mRNA vaccine (ABOR2014/IPM511) in Recruiting Advanced hepatocellular ~ NA
patients with advanced hepatocellular carcinoma carcinoma
NCT05799612 Phase I study of TH1 dendritic cell immunotherapy for the  Not yet recruiting Angiosarcoma Phase I
treatment of cutaneous angiosarcoma
NCT05192460 Safety and efficacy of personalized neoantigen vaccine in ~ Recruiting Gastric cancer|esophageal NA
advanced gastric cancer, esophageal cancer and liver cancer Cancer]liver cancer
NCT05660408 Study of RNA-LP (RNA-lipid particle) vaccines Not yet recruiting Pulmonary osteosarcoma  Phase I|phase II
for recurrent pulmonary OSA (osteosarcoma)
NCTO05761717 Clinical study of mRNA vaccine in patients with liver cancer Not yet recruiting Posto perative hepatocellular NA
after operation carcinoma
NCT05359354 Safety and efficacy of personalized neoantigen vaccine in ~ Recruiting Solid tumor NA
advanced solid tumors
NCT06019702 Clinical study of personalized mRNA vaccine encoding neoanti- Recruiting Digestive system neoplasms Phase I
gen alone in subjects with advanced digestive system neoplasms
NCT05942378 A study of HRXG-K-1939 and adebrelimab in patients with Not yet recruiting Advanced solid tumors Phase I
advanced solid tumors
NCT06026774 Clinical study of personalized mRNA vaccine encoding neo- Recruiting Digestive system neoplasms Phase I

antigen in subjects with resected digestive system neoplasms

NATRBA WHFIFDA M UG B IR RIS, SASEETT S MECE 17 8 T B ik PR -

NA (not applicable) is used to describe trials without FDA-defined phases, including trials of devices or behavioral interventions.



1940

ST - RS ST BT R

P W i ARG . el BOSR U, mRN AR 2 i 2 — Ff
IS5 B IR S ey T35 o

3 RESERE

S A — Bl BT S5 WD 1 R 8 36 9T
% AR ST A R S5 A 5 e 10 S0 328 7
T0AZ, R TR 5 3R T A 3 B I PR R LA
{H. Aok Mgs T R IOTE FINLE], A4 7 08
TERETIIA 2. SR 5 IR R | Fh a4k
T AR IR R AR 5 (e 6), A S ER AN IT K
R AR G B I B . AR T

(I FE ok A, B TIPS 2 B e e v
ARAFHEAEAE I, I 23 8 2 v 73 4k T 1/ Tl PRk
BB Be (B 3)0 Q] 2 v B B AR 7 ORI T Y
it R S TRATY R AT O s IR R . SRR, PR BE
P BB, PRI I A B X B A
R S )R B I R R R, (AR T
I Jed T L5 01 e 8 2 T B U A Y — A R
JeTita . BEAk, Bk HAt TV AN fe e der A R4 77
LHPEITVE, LA A A mRNASE I HOR, A i
JEERE P W FRIIE T IR ORISR BE 2 T LR
o

*6 TREMEREEMRAXTEE

Table 6 The advantages and disadvantages of different cancer vaccines

i PR SR 2

Types of cancer vaccines

Pesi

Advantages

R

Disadvantages

Whole-tumor-cell vaccines

Dendritic cell vaccines

Viral vector vaccines

Peptide vaccines

DNA vaccines

mRNA vaccines

(1) incorporates the complete spectrum of tumor
cell antigens; (2) provokes immune responses
against multiple specific antigens; (3) allows for
personalization according to the patient’s tumor

characteristics

(1) customizable based on individual patient tumor
features; (2) efficiently activates T cells, elicit-
ing a vigorous immune response; (3) utilizes the
patient’s own dendritic cells, with a low risk of
side effects; (4) provides broad immune protection
against multiple antigens

(1) rich clinical experience supports rapid op-
timization of vaccine design; (2) effective for a
variety of infectious and non-infectious diseases;
(3) induces long-term immune memory

(1) precisely targets specific antigens, minimizing
non-specific reactions; (2) lacks live pathogens,
is degradable, thus safer; (3) no requirement for
a cell culture system, enabling simple and rapid
production; (4) can enhance immune activation
when used with adjuvants or other immunothera-
pies

(1) more stable than mRNA vaccines, without the
need for stringent storage conditions; (2) sustained
expression can lead to long-term immune memory;
(3) applicable to a variety of infectious and non-
infectious diseases; (4) comparatively simple pro-
duction and lower costs

(1) rapid development; (2) no risk of integration
into the host genome; (3) activates both humoral
and cellular immunity effectively; (4) simplified
production process allows for rapid, mass pro-
duction; (5) facilitates personalized treatment for
cancer; (6) capable of encoding multiple tumor
antigens concurrently

(1) requires a sample of the patient’s tumor; (2) not suitable
for patients from whom adequate tumor tissue cannot be
obtained; (3) carries potential risks associated with using
entire tumor cells; (4) some patients may not mount an ef-

fective immune response

(1) complex and costly preparation; (2) heavily dependent
on the patient’s intrinsic immune system; (3) limited appli-
cability

(1) complete viral vectors may pose certain risks; (2) pre-
vious exposure to the viral vector may cause an immune
response, reducing vaccine efficacy; (3) complex production

process

(1) peptide segments alone cannot induce a strong immune
response; require use with adjuvants or carriers; (2) targets
only specific peptide segments, not all antigens; (3) vaccine

response may vary significantly among individuals

(1) DNA must translocate into the host cell nucleus, poten-
tially limiting efficiency; (2) potential risk of genomic inte-
gration of DNA.

Induces a relatively weak immune response; (3) slower clin-
ical advancement without large-scale clinical applications

(1) relative instability necessitates cold chain logistics; (2)
potential immune responses to the mrna or its delivery sys-
tem; (3) technical challenges in synthesizing high-quality
mRNA
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Fig.3 The current status of tumor vaccine clinical trials
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