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Figure 1 (Color online) The mechanism of cancer vaccines. APC, antigen-presenting cell; MHC, major histocompatibility complex; TCR, T cell
receptor; ADCC, antibody-dependent cellular cytotoxicity; CDC, complement-dependent cytotoxicity; SLO, secondary lymphoid organs
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Table 1 Summary of phase II-III clinical trials for various types of cancer vaccine
, I FRAETE Jifeyea RFEFE RS - I PRATFFE . A e
K T 9 DY gk
B Tams dem ks ommme PO Tye IR s
. ALl (n=61): 27|Cy/GVAX+4
2015, J Clin IV 1 - mOS: AZ vs. BZ: 6.1 vs. 3.9 /1
] 'ﬁ: ’ AT ’ y ; | = N é = . e N2
NCTOMITO0 B oncor s OV e PRSI0 PRGN .02), s T OSHIE
- ) AZl(n=40): 45HIGVAX ~ mOS: A% vs. BZ: 9.38 vs. 1470 H
pogy NCTO1896869 ”ﬁﬂgig égﬁfércllle“s IV, 468 GVAX %;L%%HE +ipilimumab (P=0.019); HHI4-HTJ5 R T3 25T
ﬁFHﬂ‘é i "N B#(n=42): FOLFIRINOX (AR
PEH S (n=232): DCVax-L  mOS nGBM: 5258521 vs. X1 IAZ: 19.3
. A R vs. 16.51H (P=0.002), S4EA1E%:
4 5rs = ,
Wﬁf,m 2023, JAMA ﬁl’&ﬁ.h 1, g i) nGBMANB T BEZH (n=1366): £ 13.0% vs. 5.7%
NCT00045968  JifuJi (GBM)# % DCVax-L Ly, SMilsxT SRR PN .
(GBM) Oncol o GBM) T AE B Pl iy _ mOS rGBM: K4t vs. ML 13.2
: rGBMANBXS B (n=640): #% vs. 7.8 1 (P<<0.001), & & J5301
HRIT AR 11.1% vs. 5.1%
IR ese A ABEMDFS MAGE-A34 vs.
- SIS H - - b
BN 2016, Lancet 1o TA, Emﬁ?ﬂ FT, SKR: MAGE ASEIMIE e priogst: 60.5 vs. 57,941 (P=0.74);
NCT00480025 o MAGE-A3fH MAGE-A3 ZZZ5BiAL (n=1515) N .
Il Oncol " =iy g SHIRAL R (n=757)  JCIEST AHmDFS MAGE-A34L vs.
> R S R AL: 58.0 vs. 56.9 4~ (P=0.76)
e ceppes  MOS: CIMAvax-EGF vs. X 4L
RPCE- AR/ 2016, Clin o oy CIMAvax- T, FFL THAL: C?g;(a)’)‘ EGFEERT 1) 45 vs. 9434~ H (P=0.036); S4FA4:
ZIN 00000161 i Cancer Res Y EGF I . St R 135y T MBEREN23% vs. 0%, B
{ﬁjl_ AR A R H18.2% vs. 0%
PEH
1Y), MAGE- Iy, XU, SC54l: MAGE-ASEZMIER . ) . U ve TR
NCT00796445 M35 2013’ Lafcet A3MYE,  MAGE-A3 2B (n=895) ‘“‘i}lfﬁf’“ﬁ%& M‘?ff,‘fé’%lég?“‘
neo R oy AHIAL: et (nmas0) L 11O Vs 112 (P=086)
IV, HLA- w, wiky .. mOS OSE21014] vs. FRfEIAITHL:
4 g : S (n=139): o
NCT02654587 3IE%EJ]@ 20(2)1’03““ A2FFFE,  OSE2101 BTtk }iﬁfﬁ(&:&?' ,??éf,}g 11.1 vs. 7.5/ H (P=0.017); BE K
& XHICISTiEG KL R S PRI T HERSG A1 (P=0.004)
B oM, BEHL, o . e FRBR2E R
NCT01304524  PJJZE 2015, Lancet ~ CIN2/3  VGX-3100 M H, %t *gf"jﬁg G;;&%?i’jzz)s)’ VGX-31004H vs. ZZRIFI2H: 49.5%
(CIN) %) R AR SR vs. 30.6%(P=0.034)
s . . .. 1144(42%) /B4 88 T B AR RN ;
7 . - | S FfAL — 2
E% NCT03444376 iy 207 LSt HII)\\’/%’,& GX-188E gﬁi Eﬁé& ax lggEzilfiﬂﬁ% ‘ 4K (15%)TEA LR, T4 (27%)
- oo
. 50% 48 T PUEAE S TN S8 g
, 1 A~ BT 3 Prani
NCT04161755 Hﬁgﬁ;'ﬁ 2023, Nature  ARJFHIB)  mRNASES VIS, fU @L‘gﬂ;ﬁi@fgﬁ%ﬁm U A SRR (AR A A L
i 8 BABET AR RET T 92%
- T-VEC#] vs. GM-CSF#, DRR:
- 2015, J Clin IIB/C-IViH{ ey IR (n=295): T-VECHETE  16.3% vs. 2.1%, ORR: 26.4% vs.
jatg  NCT00769704 REFH ~" Fagg  TVEC F’\ﬁgrﬂm XML (n=141): GM-CSF  5.7%(P<0.001); mTTF: 8.2 vs. 2.9/
ik H; mOS: 23.3 vs. 18.94 1 (P=0.051)
PET
SURTERE 2018, N Engl IV, - —— 2AEFIBAEAAT I J21%, Him TG
NCT01491893 e 1 Med WHO 4z PVSRIPO 111, L PVSRIPOYE i (n=61) WA o 1 (14%. 4%)
SMERETE Vi, mE — v OTSWT1 mRNAMDCIE  SFOSH: WA H vs. AENEH:
NCT00965224 "y 2017, Blood Ty fpe™ - DCJEHT I, A (n=30) 53.8% vs. 25.0%(P=0.010)
DCs TLPLDC#] vs. TLPO 4lvs. 2/
RET 2023, J Im- : 11, BEAL, TLPLDCZH: 103 A ik
NCT02301611 BEZI¥  munother ;riIFI;hHJﬂjb TLTI;;%C/ WH, L TLPO #H: 43\ 34EDFSH: 55.4% vs. 60.9% vs.
Cancer " 5%t R 7SR AUN 27.2%; 34F0S*: 93.6% vs. 94.6%

vs. 62.5%

a) GVAX, JTIRC4mi- B 4n i 4 7% R T (GM-CSF) R SRR I 4, Cy, PRBBIG CRS-207, 3Rkl i 3R M s Z=iiRs i
FOLFIRINOX, 5-J5Uk M e+ 30 45+ 37 35 BRI VD RIBARY A6 7 77 58 DCVax-L, H R IR 244 F 38 it 58 40 IS 1 ; MAGE-A3, (0 308
AHICHUR3; OSE2101, EHRTEREHURIY 2 ETE; CIMAvax-EGF, 3 TR i AR K HF(EGF)IW AR I ET; VGX-3100, 851X AFL LB #E(HPV)
KA 16H118HYECHIETH H DNABUHLEE 1; GX-188E, it 4ASHPVINE6FIETH I WDNARE; T-VEC, U H SAlfT5 I 15U i R0 2R
1; PVSRIPO, H2H (AR B M i IR 5T 48 - S itk & ARE 1, REUI B IR BT R 8532 1 CD155; TLPLDC, 3@ i (R 77 iz iy A 1A 52k
AIHI(DC), FFHZEEA AR 2R (TL) BRI R (Y CWP)X A T8 shifi il e, TLPO, i IR iEREL A2 4R K TLRY
YCWPs, FI TR DCEA M3 ; mOS(median overall survival), {74 /73]; mDFS(median disease-free survival), F{7 JoJk 4 77-4]; DRR(durable
response rate), FFLEZEMHR; ORR(objective response rate), 2 WZZ#%; mTTF(median time to treatment failure), H{V 1R AT ]
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IRAERCR. MEAb, S AR v e KA ThI L i
i, B T ek — 2B il R, P, AR
KEGTT A, Al e ZOR IR AR e B S AT
O RHAIE e P ik &, DU s iAs
JTRICR.

3.2 HAUZIEEEN

Jieg 22 JIR 928 v R B 1 O N sl i A e i R o7 2 3k
BRI A A B 2 IR e . X ISl
T [ R ) IR DT S A R T AR Y, R e R
ST e AR R BRI R A RE g, T B R e
PESN. 5 IR R e AT T AR L, IR 22 e i L& ik
PR Ml AR A AR R LA B E T 2 Fh
JiRr AR o5 DRI 37 B IR A= 36 7 T 9 A ek A
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FEMIR S 2E L e ik, IR bR B
S RPIRZE: R RSP (tumor-specific  antigen,
TSA)FIREAH AT B (tumor-associated antigen, TAA).
SR, AT HTHIILAIAA, P b i nl AR 4 b R o
JEHEAT SOG40 7 2. LG T B )R (predefined
antigens, 28 %8 I 7R HE S0P iE rh i) 3R A P bt
Ji, LS L E A AL BT R FiIE 44 P15 (anonymous
antigens, 1832 171 ZLAPCHRIIE Fe i SO 1) AR JF I Bt
J, AR RSN S B R R SR M KT A
B R PR AN [R] e e s i o AT, i ELX
TR A RO A Ak 14 i 928 v EL A B 22 ) I DR 3 L.
HHEr, 752k n ot & b I TAAGFEMA-
GEA3. WT1. ERBB2/HER2%". B SR % HET K 1k,
v TG 22 IKSZE P AR AT FD A HAAR SCAILAS A HEHE ] T b
JEIRYT, ABARSC A RIS A E B R i 7 v,

TEEEXTHE /N B 983 (non-small  cell lung cancer,
NSCLC) IR A ZIE TR, JETMAGE-A3SLE )
LK B EHEAT TR HRY. —TpEhL. W
AL I RAFE 5 o He 2 AR P TR IYMAGE-A3 FHE
NSCLCHJH T LAMAGE-A3 2 JIKFE 1 . Foe s i
R, TEHZ MAGE-A3E 1 AV R0 1) S A 2 ),
Toie e fETCER I B B . Topee A A7 1 (disease-free
survival, DFS)If /208 |-, R MEH| 3 3% 2 7, 5
Ja F TG PRI I 45 SRR — 3. i, MAGE-A3
YERANSCLCHEE IR YT — D s g 2k, [RIRE, 7E

DERMAMF5EH, MAGE-A3JE 1 M6 208 4 BG
J7 PR s B AL, SO R A RERIT T
FRE— RS g 111,

REEETMAGE-A3 Y £ I 1 A4 95 I T Ifs PR
WFFE AR REIR B TS A I H AR, H I AbR TJRAH ¢
1) 22 K P25 P AR S SR I RF 98 P SR T — B AT
. TR, BEHLA BERFIEH, BFSE AU T
—FpIEF A K KT (epidermal growth factor, EGF)
B F1E BT CIMAvax-EGF, I TR T IIINSCLCH &
gEHL IR, CIMAvax-EGFJE 1 B i 12 = e INSCLC
BHEMIMOS(12.45 vs. 9.431 H)FISHEOS(23.0% vs.
0.0%)"". BRI, 2GRV ETESEAT, LA —1T
ffiCIMAvax-EGF % I i) A 2 tE(NCT06011772,
NCT04298606, NCT02955290). #E[aIDH1H4EFPE K
REM TR BRI AR e K T R IDFS, 518 T
R RN B TA AT A i 22 BRE 40 B i 1
NI A F P s T 8 A B8 S AN K I
PRk, BRI BOBFFE IR B, A X St M 0 7 Sl
PURMZ IER, EaEER TR IINSCLC, R AR
2 b R €8 2R A DY ) 22 e B S (AR 3 e R o
T RE S FE AR Rk 25 Y. ATALANTE-17F
FESE—TEXTHLA-A2BHYE . ICTiE 25 A i INSCLC 8
BITHHTFRC BEHLA BRI RIS, DR iR T 2 k%
HOSE2101 SARMEILI T Y P ek, 455 s, £
ICI4E & P 25 F 3 b, OSE210 18 1 & 41 v 148
FHmOS(11.1 vs. 7.54 1), I HA T g )

B E AR B 2E i, TR £
FRPE T AE NIRRT Sk H 2552 250G, 20194F, Keskin
2 NSRRI R B I S R 2 R R B
G A R iR A T CR T L B B RV . SR,
AT AR S ol 28 A B LA B g 1) S 4 il P B A S5 4TS
SR IIRVAYT T IR B T2 R,

3.3 KRRYEM

95 A% TR 2 1 3 3k T A 2 ) b e D D U DN A B
RNAJTFRNG g R G0, Ik 205405 g 4t i
B, R0 E B iE e R G
WS BUR ZRERRPE RN . RIF et miaett. B
WIS R, B ATTREA R AR TE AT X e A
CDS" T f) i i >,
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957103 1 MR Lo Fh S PR 2 R T R
F 22 AR AR AP SR SR SR, AE Trimble s AL
FFRER)—T 2l SUE < LRI HR AT A It FRIVF
g, VA TS AFLRIE R EE(HPV) 2R 16 A1 8ATEG6
HE7THE I HIDNA R T VGX-3100, FHTI6Y7 = 40 N
FEIE2/ 390 B AR R 5. FE R B, IE50%355Z
VGX-3100% Fi Sl i & AT 1 & IR IR T8, It
TERF SR CDS " TN FMASR SNy Tl B 5 4 T4
BRI HRT, MBI G K X% (NCT03185013 F1
NCT03721978)IEAE i — R K VGX-3 1005 i iR TT
1. Hillemanns% A HGE R VB10.16(—FhH B1AST
PEDNAYET), il B b ARG 5 T HARE IR k.
FERRE AT ) — T AR R, XTI HPV R
#iEE, GX-188ESE 1 (UMt HP VI EGCFIE7HE I FUDNAYE
B BCA AT A 2R B PT(Pembrolizumab) i 7w T #8247
AL AR 3 P R R G0 2 A FEFLB RS 07 T,
M ST A BN 2023 4F (i — IR Y 221, 4
e I FL I IYERBB2 DNAYEH R i T BRI 1y%
S, I HUEE R T = 7 i 1 B S A DN AR
SRPEZ AL EMIC. N TS IR, Bt s
Bl T — IR I AR5
3.3.2 mRNA

FEF mRNA IRt Tl 32 R4, A=l
FILLBOA R 45 R, — B MR S 2167 S o
. BEE 2021 FDALAE T B 34 FmRNACOV-
ID-19%E 1, mRNAREM EMIRRYT v i8] T8
I R ARAN] . FUHIG RS R, mRNAYEH TG
W R R SICHR A, HWRaRIM T —Em
[EY R G

Cafri%E N\ I7E20204E #EA T BOVIUY G BRAIFFE Hh, %o
SR W aE s BB T LA A B AR MR B B IR Y
mRNAREH GoREfG, WA E T 455 PE T Y0 A 5 o A R 4
2 Ak, 20225 (55 —TFFT 2, FEFmRNALE By
(14 WG SO0 P R e S AR R R T 3 T T S
CDS8" T4, HKZ R #3057 arras"™. 75—
TRIIbIIIE RAFFE(NCT03897881)H1, mRNA g 2
(mRNA-4157)B A A A 2R PR 7 SR A R IR YT b i
T T AR A AT RS i 1. ST LA EEE SR, H
RIE 85 22 TG RIFT.
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Cancer immunotherapy, a groundbreaking innovation in oncological therapeutics, functions by either activating or
amplifying the body’s intrinsic immune response to combat cancer cells, thus establishing itself as a highly promising and
novel therapeutic modality. This approach is acclaimed as the third significant revolution in the realm of cancer treatment.
The primary components of this revolution include monoclonal antibody-based immune checkpoint inhibitor (ICI),
adoptive cell therapy, and cancer vaccine.

The underlying mechanism of tumor vaccine is complex and multi-faceted, encompassing four critical steps. It begins
with the release and subsequent identification of tumor antigens, followed by the presentation and intricate processing of
these antigens. Subsequently, there is the activation of T lymphocytes, leading to the critical and final step — the targeted
and effective destruction of cancer cells by immune cells. In recent years, cancer immunotherapy, particularly therapies
involving ICI, has made remarkable strides in the treatment of various solid tumors. However, the challenge of resistance to
ICI therapy is pervasive, resulting in only a limited subset of patients reaping long-term benefits. Consequently, owing to
their distinct specificity, proven safety profile, and the remarkable ability to foster enduring immune memory, cancer
vaccine has surged to the forefront of research within the sphere of cancer immunotherapy.

Tumor vaccines, categorized based on their biochemical properties, are diverse. They encompass five main types: Tumor
cell vaccine, protein and peptide vaccine, nucleic acid vaccine, viral vaccine, and dendritic cell (DC) vaccine. Each of these
vaccine types offers unique therapeutic potential and mechanisms of action. The journey of tumor vaccine, marked by
decades of relentless research and development, has culminated in various formulations advancing to clinical trial stages,
where they have demonstrated promising therapeutic effects. Nonetheless, the pathway to their clinical application is laden
with multifaceted challenges.

This review delves into the fundamental principles underpinning tumor vaccine, tracing their developmental history and
elucidating their mechanisms of action. It places a particular emphasis on examining the results of recent clinical trials
involving various tumor vaccine types, while also shedding light on the primary obstacles they encounter in the current
clinical landscape. Moreover, this article, in consideration of the prevailing difficulties faced by tumor vaccine in clinical
settings, investigates potential strategies to surmount these challenges. It also prognosticates the future trajectory of tumor
vaccine development. This includes exploring innovative approaches like the synergistic combination of tumor vaccines
with ICI, the genesis of personalized neoantigen vaccines via bioinformatics techniques, and the optimization of vaccine
design and delivery through the application of systems biology methodologies.

In summation, despite the current challenges facing tumor vaccine research, the amalgamation of diverse therapeutic
strategies and innovations suggests that tumor vaccines possess vast potential in the burgeoning field of oncological
immunotherapy. They stand poised to offer patients more precise, efficacious, and personalized treatment options,
heralding a new era in the fight against cancer.

cancer vaccine, tumor immunotherapy, immune checkpoint inhibitor, clinical trial, precision medicine
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