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Abstract

Tumor immunotherapy is a therapeutic approach that kills tumor cells by activating the body’s own
immune system. It has become the fourth major tumor treatment modality following surgery, chem-
otherapy, and radiotherapy. Represented by immune checkpoint inhibitors (ICIs), it has signifi-
cantly altered the treatment outcomes of patients with various types of tumors. However, mono-
therapy with immunotherapy has limitations such as a low objective response rate (ORR) and high
tendency to induce drug resistance, which restricts its clinical efficacy and application. Combined
tumor immunotherapy, through synergistic and complementary strategies, remodels the tumor mi-
croenvironment (TME), enhances anti-tumor immune responses, and reduces drug resistance rates,
thus emerging as aresearch hotspot in the field of tumor therapy. This article elaborates on the core
synergistic mechanisms of combined tumor immunotherapy, reviews the research progress of com-
bination strategies involving immunotherapy plus chemotherapy, radiotherapy, targeted therapy,
cell therapy, and traditional Chinese medicine, summarizes the current status of their clinical ap-
plication in different tumor types, and aims to provide a reference for relevant research on individ-
ualized clinical tumor treatment strategies.
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1. 5|15

AR R AR E N RBUEE T EEE R —. LFEAR. W7, BT RRERE S bR G
SR Z N, EIERYE R, B RS TR IR RO . AT RO BAR RS BN
P 2 Bz e e, (R PRRE S W R RIE R, Bl S s, B IiEhRe AL RS . Fritk
AN, BT M LR P IR 4, SECR BRI SR, RASIRBRER. Tk,
[ S v TT R L RE SRR e MBS B B B R R G T MR A R AR K MR LR, Ok R S =K
JPVEZ G WSS DU Fh B 6T T B ABURR PS54k 1/R2 P I AE T BCAA 1 (programmed cell death protein
1/programmed death ligand 1, PD-1/PD-L )i 4ufEEtE T REGAEAH PR 4 (cytotoxic T lymphocyte-
associated antigen-4, CTLA-4)FT /A A3 A 0 246 2 5 #1177 (immune checkpoint inhibitors, ICIs), i fi#
B T A e iS5, £ 2 s ias 7 o BRI R AF I R BER 1]

R RPIRTT IS R R, (RIRIRSCER I, SRR, Fhss T ICIs YR 97 [l AR
RLFEAEAR, o> BEAFEIFRVEM 2, 5 — Lo a0 B2 5 0 A] REAE 5 22907 P WAk R PR 25 B
X AT ) S 1R I R RE B G BRE RtG [2] Nk — B3R T i Ty T A OGRS ANBETE L, iR
P AR T RIS OIS T AE o SRR I B S A FR YT T B P E BAME S, T8I 2 Mg L) o (5] 1
R, A5 B IR A AN M P PR PR B L B s R PR I SR SR L (R RS T 4 P iR R 5 T
RENETL, DASCA e i VEA PR &, AT S 35 3R TH AR B s 7 28

BT, M einsT R 2 R RS, TR T B aEREIT . RIERETHUT .
S RA EE IR ST . WARIERREIRIT . IR AHIE T DL R S R R 2556 2 G YT SRMG,  AH OGS
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BliAIF 78 5 i RS0 2 S BN JE o AR S5 72 2R Ge £33 IR S I T 1Bk 157 ¥ 2 2 SR AT T 3k Joe I W
PRNEFIBLIR, - B OAAZ AR R A2 F 7E -5 1 PR S B e AL 3R (1225 4

2. RERTTHREUTRERA

T PEIR A ST R A M IR I R VR 7 v B B o V2 B G VR IT SR 2 —, FL P [E A F LR B
Il ARA 2 R BB FCIESE, BEN R B E AR AT AT 29 AN AT BB A5 AT 38 58 1 ) b
JEANIE, W REEIL S T s R A ISR T T BR IR A B (Tumor Microenvironment, TME)H 1] 493 4115l
YA IR R G A A (R L Y 5 S VT R . RN, AR T O LR B & R
PN, AIE—E R EER ST 29 B R, IR BRI 4 i e 4 G AT T 2 PR i 24 1
[3]o AR Wb [R) RS AT e A SROR AR B ple 2, $G i Pt IR 520 8 /0, 1ET R BhRe S PR T 4 4 e B
% MeAh, IERE T R EIEI R TR W, G TME B iHRAS, FHreemim ot 1CTs Bk
PE[4]. ZTUMPRAT FEUESE, Sl E 1 IT 7 RAE 2 M SR v 7 iR B 27 &% #ilan, E=FITER
e (triple-negative breast cancer, TNBC)4M#, IMpassion 130 #ff 75 Eo~, B F|ERBHIBES HE A S
AR 2 BEAIC PD-L1 FH: S s 1 Je AUy, I 8 A Az Jo 1 8 A A7 ] (median progression-free survival,
mPFS) [5]. REEEANFEH RN R BA G52 B E R 2 A1 (Overall Survival, OS)3k#i, {H PD-L1
FHEZZH 30 2251 OS R, Hum M 82 I S BoIRAS FT R 2 TRINZIBE SR TT 7 2297 R S
BRI 25 o [ AR G 9 IR PG 230 e, — TGN 64 451 1 [ /N4t Ffa /i (non-small cell lung cancer, NSCLC)
AE W BB Fe R W [6], PD-1/PD-L1 #IHIFRI A 407 7535 8K mPFS,  H AR ZE RN A R
R RAZ . AL, fEBE. SiEE. SERSHAEEREME T, %SEBEWIT 7 R AR
RIFIHTHRIE T, #5077 RO Z IR IRTE R, Oy IR R — 267 1K B 2 £8 7]

3. REBRABITERANA

VER R MRE T A% O T Br e —, o7 vl B R R dn B e i ig . ek, uTs
G JZ VR T IR N 77 AR TR B R0 8 2 A IR Ve T U A e B e S AR BRI L 3 A
IAE AN T3 TH : — 5 TH » 50T 7] AR 3 88 #H 5< B i (tumor-associated antigens, TAAs) RS, FF18 55 TAAs
H G S, DT 3 2 41 B (antigen-presenting cells, APCs)XI HtJ5 iR A5 230, 2timE
SINURERS R T 4 e B 3 —J7 1, U7 RefE AT TME, 930D S #0401 e g AL 2R ) 55 5
1R, AT A RS S e AR , H9 58 1CTs FOBTIMIR DhRL(8]. H BT, BUT A %% 6097 H BT C N8 NSCLC
SR BRR AN R R A5 2 MR B BT ST T ). Spigel 58 A[91JT € ) PACIFIC #F 7T 5 SRl Vs
R R RIR, 3207 JE G PD-1/PD-L1 NG TT &, 3 5 4 OS MR T2 =BG T i
N2 . AHCHLHIRIE AR 10] [11], U7 AT 57 A2 4V I I 30 90 005155 1 (plasminogen activator in-
hibitor-1, PAI-1), 145 BEW% HE N M8 4 23 H (1) e i AH G G414 41 ifd (cancer-associated fibroblasts, CAFs)
[ T e 1k 7 WA AL 2 A SS 2E 13 2 (secreted frizzled-related protein 2, SFRP2)# #4314k, 1 SFRP2 i #ik
2 CD8* T IR IEAE /1 S5 ThREIGPE, ] SFRP2 BY PAI-1 {5 5 i@ % o] & 5 38 o fR s, e &iA
S ek AR P I R H 8. BRIk 2 A, SR E TR T (stereotactic body radiotherapy, SBRT)
SRULARRPUEA M, a8 I35 ST B 0 2008 5 1 % WL 22 fif % (objective response rate, ORR),  [A] i
FEK R I AAF [ 12]

4. REKAWLEATHRANA
G REIE A L YT LT AR RE VA7 TR I 7044, H i 70 42 L) = B A4 g 40 2 5
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48

G518 W1 TME Fa4s . (2t e gn iRl J iS5 o Choueiri %8 A\ [13]F & ) CheckMate 9ER Hiff 5%
a7 25 R R, 55T & B & e i B E A L, IR BB S R e v] 1 KTt i A A7 B OS,
RS TG 7 AR T A KA AR AR . B B R ER R P & DU ER ) T BRI R
EE IR R, BAIRTT AN A OS B K, FET- RIS HFRE 42% [14], =T HE
O il 37 9 AN BT U 5% JHF 440 PR e 1) — ZR AR HETR T 7 . A, 3R AR K TR 1 2 R T IR T I A £ 7
(epidermal growth factor receptor tyrosine kinase inhibitor, EGFR-TKI)#% & PD-1/PD-L1 #1775y NSCLC
B FE L AT B Bk R 1510 [RIIE,  Hiin & A sl (7 250 5 S e va 97 BB & SREME IR e L HY 1R 2 1) 97
HI5[16]o AEAFERRIE, RBEPA AT YT 80T ¥ 7 254 2 15 e 08 A J0R ¥ TME, 7EHE SR
AZEf . TME R G5 400 1) ¢ 204 v A 0L ) 24 90 306 26 PR R ooy L O TR DT 2 [17] (18], T ZEBE mUAS B Bl
[) 240 TG 325 28 Gy FO o] R0 ol o U7 8N s It 1 SR IS T IR [ 19 B TR BRI M J8F [20]H 128 B2 2k
T A% 0 S AL

5. RIEEKAHEIETrEAS R A

T BIRTT BRE AR T 2 B AR T SR B BN 2 — o o, gAY R B R 0 1
BE T TME, (it S e 4u MO e Sam A S iay T Mgk — B UosRe R T i e S e, —3& bRk
REA ORI Dhak,  SCRE AR 5B & RS o 481 G 24 e 4% BHLWT 4% Ak A= 4 X 1 B (transforming growth
factor-B, TGF-B)f& ‘5] CD4" T28zT2 4fifd, S#EMKMEEH 3 (glypican 3, GPC3)[#) CD8 ik & HiJ5 324k T 4
Jfi(chimeric antigen receptor T-Cell, CAR-T) A I, R TOA 5% 1) % S R A G 8adi i, ¥ [+
T BT T R (R I6 7 RO [21]. HLEIRFFCE ], CD4* T282T2 ZHMf vl 4 BHiT TGF-p 15 Sk, W
BN AR AHIER, B S SHER GPC3 [ CD8" CAR-T 40 r [R] R A MR 4l R A RN o 3 F1%
WA TT RO IR EIT R BT O TR S SSRGS IR 7L . AL S B i L £
MR RGOSR ARG . BEFUER N, EER/MEIRTETRIZIE R B 40k 8 B i [22], IL411 B
FRIE SRR B UM S5 iR B, ILAIL AFEGE IDO-AHR-Kyn fRUHEEE, Mt —50
il T AfiEPE, BREI CD19 CAR-T 4HJfI & PD-1 Ml FIBC & VYT 7 ROKHE . thah, TR iR ik A
Jfd(tumor-infiltrating lymphocytes, TIL)5 PD/PD-1 il F| (B A N A, 78 B 2B A1 NSCLC H L EUE R
Wi, AR FESRTHEEK ORR, #7 B H 2 v el K e AR A7 23]

6. REREMEEEKENA

98 28 T — pod I [ AT AR 3 2 R IR LR BT AR A, DA R S e B I ST Al
I RPZEIRYT T B HI TR . PURZE T . DNA W BRI 55, PR % i ie s S LA
AR VR PUMOR SR L, B RRRBEICAZ, NI A T R 52 [24] 0 SRR BB iR 2 v w] ik b
BT PR % A0 T UMV AR, o G2 e A2 T B, IR BU I Rg G 97 25 (1 R 20 1), PARAER e
HRA[25]0 iX —VEHAE Salewski 55 A [26]IHT 78 15 215G E A4 BN 84 B 1738 g 1) MLH1
25 DRI R 53 0 R Bl FH BT B 2 T BT SO PR H S PD-L1 RIS A B, 2 B3 e KON RRAE AT
IR MR AR . [RIFE, DNA #5185 PD-1 $I B G VA T RE 8 1 % MHC-T {31 it Rg A5 A v e
JE PRI G, IR E D E R AR [27]. BT X LG PR ATIESR , 1% SRR TR IR IR LR B — DR &R .
Bl AR AT 5 % B NEO-PV-01 &5 PD-1 #i I B A 8, 7E NSCLC B3 R It R i I IEIRI7
B, AN T R GRS A CD4Y T 4i IR T, 38 B2 IE K PFS [28]. [A]i, mRNA BT 7 BNT122
WA UE S B KA IZme /1, fEEFR 3.6 F VIR A BORM AL BPUR, &% RS AR G
2R AR [29].
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7. REREPEHKARNA

R ZAITIEAE “BAAN” 5 “PHIERIR” MEAS, KREAGG M T 408005 1% 2 e 2202
TEHRE T I8 R G M R 7 7 W o (RIS YR e el 24 0 1 2 ) S S SRR s, FE BRI VR T 4T
EATEARRI . BEE MR R ia T PR R e, i ER 251 S A AR BT V208 P A 4 32 (301
Li S ANBUWER T —FE T e 2 WE 00 MR oK 28 1, 1208 1 R 0% T H 8 ) 4 9 R 411 (dendritic cells,
DCs), H# DCs &, BEFREPRAERMEE DCs, HHETFMMPIENE T 4000, SCBLE I H R %
DR A& S8 24 B 53 TR VI S R 8 41 JifIeg A= K A ROBOE M LA S 88 e S o 11 AR iy S48 v
AN 257697 5 PD-1/PD-L1 #MIFB A A, BEW RN M NSCLC &35 CD3* T 4 fl CD4* T 4l
B, R RR £ CYFRA21-1 RIA M [FRS DA R RB[32]. thAh, NS T Re3 gl mlgg 3 my
E N PD-1/PD-L1 Bhu7 2, RANAM L SRR, HALHS Re3 T /DRGE RS, (2R
PEDNRERI R EE 5, W% PIBK/AKT/mTOR {55388, ol AR 4 Th Rk 2 Y AH ¢33
8. &ig

JHIRE G B IR T B AT VE BN FE T F B AR B AN, ARGIR 78— ERRRE, CRIERBCN
R R VR T AIE BE I R ER R T . B AT, RERA T BT SEAEYT . dipiEsT &
RS2 PG A N, S T RERE, HOEDNHTIRKRSZE ST, AR A &
BRI IR T AR AT IR k.

(B R A, IR e iy T BB T VETE I PR B S0 S R vp, AT3THI I 36 1 22 R A AR R AR Bk K
e, BEA HZTRER A BRI R AL AR, 7@ E IR AT R fE B g Aads ok, B AR bR E )
i TAEIAAERCR R R A1), DA AR BRI T GE /AR, M DA 2 IR R I2T I FR 3R [34]; 3=, #1
R VETT AR B, VR 2 B FE T R UL AN ), R MR R RMEER K — &5,
JUFFT AU 298 nT ge B 25 0 5, HLMR I 290U 22 288, H TR e 2. £ Bk
B, SEBARIT IR R RS IEIRTE R, AT LR JUm e — AR 25 A R ik [R] 21 4
E B IA BRI S ANAAE B, B KA B AR T 7 R TE s R A [ P 2 38 RUR B
IR AR 2] RGP 2 BIR YT, ERTHT RN R 2 SR RIER . =R R — VbR &Y
PR RYE, FFREET TME RHEME A Dbn ), (RIS v6 P8 Fl 6 22 180 i G 72 40 o) A0 0% L 2 o
BEAFAE, PR =245/ 2 A B0E RIS IR R, 20 P [F) SE O RE I B Rd TRl . S A BT B IS R8s Y2
PRI PR AT AS HERS Y, I IR 8 i« A VRAL /N BB S R, SEILBEGR T 7 R IR PR T A 80
RmEIEIREAEE . SATIS, I R BGIRTT R AT 75 R 705 IR SC B AR FE R G, T R A U
TG VRTT SRS AR ZR, 9 2 s i i R A A7 3R 2

EHEWHE

BraEgEE R HiG X HARE L 4:(2023D01B27); HrsB4EEREIRIX “2+ 57 EAANA TR - “Ril
FEA” B FRHRI(2023TSYCIC0062); & 7 [F1ig 6 PN ARH T H (2023504-04) .

SE

[1] Cheng, W., Kang, K., Zhao, A. and Wu, Y. (2024) Dual Blockade Immunotherapy Targeting PD-1/PD-L1 and CTLA-4
in Lung Cancer. Journal of Hematology & Oncology, 17, Article No. 54. https://doi.org/10.1186/s13045-024-01581-2

[2] Devaraji, M. and Varghese Cheriyan, B. (2025) Immune-Based Cancer Therapies: Mechanistic Insights, Clinical Progress,
and Future Directions. Journal of the Egyptian National Cancer Institute, 37, Article No. 62.
https://doi.org/10.1186/s43046-025-00319-6

DOI: 10.12677/acm.2026.1641689 4208 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641689
https://doi.org/10.1186/s13045-024-01581-2
https://doi.org/10.1186/s43046-025-00319-6

(9]

[10]

(1]

[12]

[13]

Li, C., Qi, X. and Yan, M. (2025) Chemotherapy-Induced Immunogenic Cell Death in Combination with ICIs: A Brief
Review of Mechanisms, Clinical Insights, and Therapeutic Implications. Frontiers in Pharmacology, 16, Atticle ID:
1572195. https://doi.org/10.3389/fphar.2025.1572195

Wang, H., Xie, J., Li, N., Liu, Q., Song, W., Chen, W., et al. (2025) Unraveling Immunotherapy Resistance in Solid
Tumors: Decoding Mechanisms and Charting Future Therapeutic Landscapes. Oncology Research, 33, 3789-3800.
https://doi.org/10.32604/0r.2025.067592

Schmid, P., Rugo, H.S., Adams, S., Schneeweiss, A., Barrios, C.H., Iwata, H., et al. (2020) Atezolizumab plus Nab-
Paclitaxel as First-Line Treatment for Unresectable, Locally Advanced or Metastatic Triple-Negative Breast Cancer
(IMpassion130): Updated Efficacy Results from a Randomised, Double-Blind, Placebo-Controlled, Phase 3 Trial. The
Lancet Oncology, 21, 44-59. https://doi.org/10.1016/s1470-2045(19)30689-8

Z20R, T, BFREE. PD-1 HHRIEEE b7 V6 7 W A 35 /N 20 B e (0 1 PR T R0 S R D) B 2w [7]. R AR iR
&, 2022, 44(7): 723-728.

S, XUEPH, THIAE. SRR s A RIS A T A T A TE iR v 0 I IR R e R D], AR AR &, 2023,
43(5): 332-337.

Wang, C., Zhang, R., He, J., Yu, L., Li, X., Zhang, J., et al. (2023) Ultrasound-Responsive Low-Dose Doxorubicin
Liposomes Trigger Mitochondrial DNA Release and Activate cGAS-STING-Mediated Antitumour Immunity. Nature
Communications, 14, Article No. 3877. https://doi.org/10.1038/s41467-023-39607-x

Spigel, D.R., Faivre-Finn, C., Gray, J.E., Vicente, D., Planchard, D., Paz-Ares, L., et al. (2022) Five-Year Survival
Outcomes from the PACIFIC Trial: Durvalumab after Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer.
Journal of Clinical Oncology, 40, 1301-1311. https://doi.org/10.1200/jc0.21.01308

RIR, #E, FH. PAL-1/SFRP2 {5538 B RO IR Y72 WA RO RO AL B L], o B s AR iR 97 k3, 2025,
32(3): 456-472.

Zhang, Y., Guo, Z., Cai, X., Rong, Z., Fang, Y., Chen, J., et al. (2025) PAI-1-Driven SFRP2high Cancer-Associated
Fibroblasts Hijack the Abscopal Effect of Radioimmunotherapy. Cancer Cell, 43, 856-874.¢9.
https://doi.org/10.1016/j.ccell.2025.02.024

Welsh, J.W., Tang, C., de Groot, P., Naing, A., Hess, K.R., Heymach, J.V., et al. (2019) Phase II Trial of Ipilimumab
with Stereotactic Radiation Therapy for Metastatic Disease: Outcomes, Toxicities, and Low-Dose Radiation-Related
Abscopal Responses. Cancer Immunology Research, 7, 1903-1909. https://doi.org/10.1158/2326-6066.cir-18-0793

Choueiri, T.K., Powles, T., Burotto, M., Escudier, B., Bourlon, M.T., Zurawski, B., et al. (2021) Nivolumab plus
Cabozantinib versus Sunitinib for Advanced Renal-Cell Carcinoma. New England Journal of Medicine, 384, 829-841.
https://doi.org/10.1056/nejmo0a2026982

Finn, R.S., Qin, S., Ikeda, M., Galle, P.R., Ducreux, M., Kim, T., et al. (2020) Atezolizumab plus Bevacizumab in
Unresectable Hepatocellular Carcinoma. New England Journal of Medicine, 382, 1894-1905.
https://doi.org/10.1056/nejmoal 915745

Liang, H., Liu, X. and Wang, M. (2018) Immunotherapy Combined with Epidermal Growth Factor Receptor-Tyrosine
Kinase Inhibitors in Non-Small-Cell Lung Cancer Treatment. OncoTargets and Therapy, 11, 6189-6196.
https://doi.org/10.2147/ott.s178497

Piotrowska, Z., Yeap, B.Y. and Gainor, J.F. (2024) Chemotherapy and Programmed Cell Death Protein 1/Programmed
Death-Ligand 1 Inhibitor Combinations for Tyrosine Kinase Inhibitor-Resistant, Epidermal Growth Factor Receptor-
Mutated Non-Small-Cell Lung Cancer: A Meta-Analysis. ESMO Open, 9, Article ID: 103660.
https://doi.org/10.1016/j.esmoop.2024.103660

Bai, R. and Cui, J. (2022) Development of Immunotherapy Strategies Targeting Tumor Microenvironment Is Fiercely
Ongoing. Frontiers in Immunology, 13, Article 890166. https://doi.org/10.3389/fimmu.2022.890166

Luo, Y. and Liang, H. (2023) Single-Cell Dissection of Tumor Microenvironmental Response and Resistance to Cancer
Therapy. Trends in Genetics, 39, 758-772. https://doi.org/10.1016/j.tig.2023.07.005

Ho, W.J., Jaffee, E.M. and Zheng, L. (2020) The Tumour Microenvironment in Pancreatic Cancer—Clinical Challenges
and Opportunities. Nature Reviews Clinical Oncology, 17, 527-540. https://doi.org/10.1038/s41571-020-0363-5

Yang, K., Wu, Z., Zhang, H., Zhang, N., Wu, W., Wang, Z., et al. (2022) Glioma Targeted Therapy: Insight into Future
of Molecular Approaches. Molecular Cancer, 21, Article No. 39. https://doi.org/10.1186/s12943-022-01513-z

Zheng, D., Qin, L., Lv, J., Che, M., He, B., Zheng, Y., et al. (2025) CD4+ anti-TGF-f CAR T Cells and CD8+ Conven-
tional CAR T Cells Exhibit Synergistic Antitumor Effects. Cell Reports Medicine, 6, Article ID: 102020.
https://doi.org/10.1016/.xcrm.2025.102020

Zhang, R., Zhang, Y., Xiao, H., Liu, Q. and Zhao, M. (2025) Knockout IL411 Affects Macrophages to Improve Poor
Efficacy of CD19 CAR-T Combined with PD-1 Inhibitor in Relapsed/refractory Diffuse Large B-Cell Lymphoma.

DOI: 10.12677/acm.2026.1641689 4209 I A [ 2 3k

B


https://doi.org/10.12677/acm.2026.1641689
https://doi.org/10.3389/fphar.2025.1572195
https://doi.org/10.32604/or.2025.067592
https://doi.org/10.1016/s1470-2045(19)30689-8
https://doi.org/10.1038/s41467-023-39607-x
https://doi.org/10.1200/jco.21.01308
https://doi.org/10.1016/j.ccell.2025.02.024
https://doi.org/10.1158/2326-6066.cir-18-0793
https://doi.org/10.1056/nejmoa2026982
https://doi.org/10.1056/nejmoa1915745
https://doi.org/10.2147/ott.s178497
https://doi.org/10.1016/j.esmoop.2024.103660
https://doi.org/10.3389/fimmu.2022.890166
https://doi.org/10.1016/j.tig.2023.07.005
https://doi.org/10.1038/s41571-020-0363-5
https://doi.org/10.1186/s12943-022-01513-z
https://doi.org/10.1016/j.xcrm.2025.102020

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]
[31]

[32]

[33]

[34]

Journal of Translational Medicine, 23, Article No. 105. https://doi.org/10.1186/s12967-024-06028-3

Chen, Y., Gao, M., Huang, Z., Yu, J. and Meng, X. (2020) SBRT Combined with PD-1/PD-L1 Inhibitors in NSCLC
Treatment: A Focus on the Mechanisms, Advances, and Future Challenges. Journal of Hematology & Oncology, 13,
Article No. 105. https://doi.org/10.1186/s13045-020-00940-z

Fan, T., Zhang, M., Yang, J., Zhu, Z., Cao, W. and Dong, C. (2023) Therapeutic Cancer Vaccines: Advancements,
Challenges and Prospects. Signal Transduction and Targeted Therapy, 8, Article No. 450.
https://doi.org/10.1038/s41392-023-01674-3

Zanotta, S., Galati, D., De Filippi, R. and Pinto, A. (2024) Enhancing Dendritic Cell Cancer Vaccination: The Synergy
of Immune Checkpoint Inhibitors in Combined Therapies. International Journal of Molecular Sciences, 25, Article No.
7509. https://doi.org/10.3390/ijms25147509

Salewski, 1., Kuntoff, S., Kuemmel, A., Feldtmann, R., Felix, S.B., Henze, L., et al. (2021) Combined Vaccine-Immune-
Checkpoint Inhibition Constitutes a Promising Strategy for Treatment of dAMMR Tumors. Cancer Immunology, Immu-
notherapy, 70, 3405-3419. https://doi.org/10.1007/s00262-021-02933-4

Grzelak, A., Polakova, 1., Smahelova, J., Vackova, J., Pekarcikova, L., Tachezy, R., et al. (2018) Experimental Combined
Immunotherapy of Tumours with Major Histocompatibility Complex Class I Downregulation. International Journal of
Molecular Sciences, 19, Article No. 3693. https://doi.org/10.3390/ijms19113693

Awad, M.M., Govindan, R., Balogh, K.N., Spigel, D.R., Garon, E.B., Bushway, M.E., ef al. (2022) Personalized Neo-
antigen Vaccine NEO-PV-01 with Chemotherapy and Anti-PD-1 as First-Line Treatment for Non-Squamous Non-Small
Cell Lung Cancer. Cancer Cell, 40, 1010-1026.e11. https://doi.org/10.1016/j.ccell.2022.08.003

Sethna, Z., Guasp, P., Reiche, C., Milighetti, M., Ceglia, N., Patterson, E., ef al. (2025) RNA Neoantigen Vaccines Prime
Long-Lived CD8+ T Cells in Pancreatic Cancer. Nature, 639, 1042-1051. https://doi.org/10.1038/s41586-024-08508-4

ik, TREE, 20, PR 2 MEAE IR G va T IR ST R T T E A2k, 2023, 48(12): 3215-3223.

Li, N., Zhang, Y., Han, M., Liu, T., Wu, J., Xiong, Y., et al. (2024) Self-Adjuvant Astragalus Polysaccharide-Based
Nanovaccines for Enhanced Tumor Immunotherapy: A Novel Delivery System Candidate for Tumor Vaccines. Science
China Life Sciences, 67, 680-697. https://doi.org/10.1007/s11427-023-2465-x

Pan, L., Wang, X., Long, F. and Tang, A. (2025) Clinical Efficacy and Safety Evaluation of Traditional Chinese Medicine
for Nourishing Yin and Replenishing Qi in Combination with PD-1/PD-L1 Inhibitors in the Treatment of NSCLC Pa-
tients: A Meta-Analysis. Toxicology Research, 14, tfaf013. https://doi.org/10.1093/toxres/tfatf013

FaiE. NS EH Rg3 BkE PD-1/PD-L1 B4 va Y7 1 /I 4 i it e e 1 PR YT 25 S LA Bt 96 [ D] [ b 2 3]
Jent: hEFEREERL, 2025.
Lu, Z., Du, W., Jiao, X., Wang, Y., Shi, J., Shi, Y., e al. (2025) notch1 Mutation and Survival Analysis of Tislelizumab

in Advanced or Metastatic Esophageal Squamous Cell Carcinoma: A Biomarker Analysis from the Randomized, Phase
I, RATIONALE-302 Trial. Journal of Clinical Oncology, 43, 1898-1909. https://doi.org/10.1200/jco-24-01818

DOI: 10.12677/acm.2026.1641689 4210 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641689
https://doi.org/10.1186/s12967-024-06028-3
https://doi.org/10.1186/s13045-020-00940-z
https://doi.org/10.1038/s41392-023-01674-3
https://doi.org/10.3390/ijms25147509
https://doi.org/10.1007/s00262-021-02933-4
https://doi.org/10.3390/ijms19113693
https://doi.org/10.1016/j.ccell.2022.08.003
https://doi.org/10.1038/s41586-024-08508-4
https://doi.org/10.1007/s11427-023-2465-x
https://doi.org/10.1093/toxres/tfaf013
https://doi.org/10.1200/jco-24-01818

	肿瘤免疫治疗联合疗法的研究进展与临床应用
	摘  要
	关键词
	Research Progress and Clinical Application of Combined Tumor Immunotherapy Regimens
	Abstract
	Keywords
	1. 引言
	2. 免疫治疗联合化疗联合应用
	3. 免疫联合放疗联合应用
	4. 免疫联合靶向治疗联合应用
	5. 免疫联合细胞治疗联合应用
	6. 免疫联合肿瘤疫苗联合应用
	7. 免疫联合中医药联合应用
	8. 结论
	基金项目
	参考文献

