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Abstract: The immunotherapeutic agents targeting programmed death-1/programmed cell death-ligand
1(PD-1/PD-L1) and cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) have been applied to clinical
practice and are gaining increasing clinical significance. However, as limited population could benefit from
these agents, it is imperative to identify new therapeutic targets and explore the appropriate immunoregulatory
mechanisms to improve the therapeutic effects for malignant tumors. From the perspectives of specific
immunity and non-specific immunity, this paper reviews the origin of the immune checkpoints, the basic
studies, as well as the latest results of the completed and ongoing clinical studies, involving the specific
immune checkpoints including T cell immunoglobulin mucin 3(TIM-3), lymphocyte activation gene-
3(LAG-3), V-domain Ig suppressor of T-cell activation(VISTA), etc, and the non-specific immune checkpoints
including killer cell immunoglobulin-like receptor(KIR), indoleamine 2, 3-dioxygenase(IDO) and CD47, in
an attempt to provide evidences for clinical and basic studies.
Key words: Immunotherapy; Immune checkpoint; Cancer
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CTLA-4ZE25%), 10T i 3 S PSR 0 1 0 32 52 e
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I B AR RCR . FAEIDOSRIR By 1 9 55 [
BIN1, 7EZF I IMRis, i/ B i —
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FMIDOM KRG 2, i — 20 5 B e e 05 1
B ERAE . I PR AT BT O 432 /R IDOR S 259 5
CTLA-45PD-1/PD-L155 58 55 25 WA iR T T RICR L
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B D R o i N [T S 2o i il 117 N
W LA 4Nyl 5], Indoximod .
Navoximod, EpacadostatflIBMS-986205, X FH.H%§
Epacadostatfi AHEIR , #EfEfE i, CA 2l
IR G IEAEIEA T, —iEpacadostatf) T #A1lfs RIS
SIEGN AT 5245 i B SRR R, e HR 33 AREE
PR IeEs, #1450 mg/d 1% F)700 mg/d 21K,
H:AH300 mgA1400 mg/d 2K FIHE2H 44 L 1DLT,
IR B ) B, (R TH B E B
e i R 16 Y, i 53 Ah— 00 T/ T I R
WF5E, K HIEpacadostatll4Pembrolizumab, 44 A 54
Bl 2, 1491 & fF Epacadostat 50 mg/d 2{K
B4 Pembrolizumab 2 mg/kght &4 T 3R M K2,
ADLT, # k215 2 Bk, 7460 a7 PF0y7 2500 %
PR A8 3R 5 ORRFIDCR 4351 2 57% 186 %,
Hrn# BEITRCR, 5445 HIE & ORRA
DCR%51540%F180%™) . 45 —IECHO-3011lfi &
WF5E #1478 Epacadostatlé 45 Pembrolizumab I A~ g
Pl I 0] PR G0 R R IIPFS,, HLIZF 8 A T
1k, PRI R A A G E i . Z W Epacadostatfiy
MG RIS O HT, 52 HsZ i, BMS-986205F
Indoximodyfyy Sk 200 . AE /N B i 9 T 2
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Tablel Summary of clinical studies of specific immune target drugs
Molecular target Lz gl Combingil Sy Conditions NCT number  Recruitment
drug treatment phase
TIM-3 TSR-022 None Phase 1  Solid Tumors NCT02817633 Recruiting
(T cell LY3321367  LY3300054 Phase 1 Solid Tumors NCT03099109 Recruiting
immunoglobulin MBG453 PDRO001 Phase 1/2 Solid Tumors NCT02608268 Recruiting
mucin 3) Decitabine PDR001 Phase 1 ~ AML/MDS NCT03066648 Recruiting
TIGIT(Tcell ~ \T1G7192A  Atezolizumab Phase I Solid Tumors NCT02794571 Recruiting
immunoglobulin
and ITIM . -
domain protein) OMP-313M32 None Phase 1  Solid Tumors NCTO03119428 Recruiting
Nivolumab Urelumab Phase 1 ~ Glioblastoma NCT02658981 Recruiting
BMS-986016 Nivolumab Phase 1/2 Hematologic Malignancies NCT02061761 Recruiting
Nivolumab Phase 1/2 Solid Tumors NCTO01968109 Recruiting
Nivolumab Phase 1  Solid Tumors NCT02966548 Recruiting
LAG-3 TSR-033 Anti-PD-1 Phase 1  Solid Tumors NCT03250832 Recruiting
(lymphocyte None Phase 1  Solid Tumors NCT03252938 Recruiting
activation IMP321 Pembrolizumab Phase I  Melanoma NCT02676869 Recruiting
gene-3) Paclitaxel Phase 2  Solid Tumors NCT02614833 Recruiting
REGN3767 REGN281 Phase 1  Solid Tumors NCT03005782 Recruiting
MGDO013 None Phase 1  Cancer NCT03219268 Recruiting
LAG525 PDRO001 Phase 2 Solid Tumors NCT03365791 Recruiting
PDRO001 Phase 1/2 Solid Tumors NCT02460224 Recruiting
SBRT Phase 1/2 Solid Tumors NCT01862900 Active, not recruiting
Surgical Resection ~ Phase 1  Head and Neck Cancer =~ NCT02274155 Active, not recruiting
MEDI6469  Radiation/ . : i
. Phase 1/2 Metastatic Prostate Cancer NCT01303705 Active, not recruiting
Cyclophosphamide
None Phase 1  Colorectal Cancer NCT02559024 Active, not recruiting
PF-04518600 Axitinib Phase 2  Renal Carcinoma NCT03092856 Recruiting
PF-05082566 Phase 1  Solid Tumors NCT02315066 Recruiting
0X-40 mRNA-2416  None Phase 1  Solid Tumors NCT03323398 Recruiting
MOXR0916  Atezolizumab Phase 1  Solid Tumors NCT02410512 Active, not recruiting
MEDI6383 Durvalumab Phase 1  Solid Tumors NCT02221960 Active, not recruiting
GSK3174998 Pembrolizumab Phase 1  Solid Tumors NCT02528357 Recruiting
MEDI(s62  Lrovalumab Phase I  Solid Tumors NCT02705482 Recruiting
Tremelimumab
None Phase 1/2 Solid Tumors NCT02923349 Recruiting
INCAGNO01949 Nivolumab Phase 1/2 Solid Tumors NCT03241173 Recruiting
Ipilimumab
ICOS(inducible MEDI-570 None Phase I  Lymphoma NCT02520791 Recruiting
costimulatory ~ JTX-2011 Nivolumab Phase 1/2 Solid Tumors NCT02904226 Recruiting
molecule) GSK3359609 Pembrolizumab Phase 1  Solid Tumors NCT02723955 Recruiting
ig;/tﬁ iumab Phase 1  Breast Cancer NCT03364348 Recruiting
Avelumab . .
PF-04518600 Phase 2 Solid Tumors NCT02554812 Recruiting
. PF-04518600 Phase 1  Solid Tumors NCT02315066 Recruiting
Utomilumab  Rituximab Phase 1  Solid Tumors NCT01307267 Recruiting
(PF-05082566) KW-0761 Phase 1  Solid Tumors NCT02444793 Recruiting
el Cgtuxlmab Phase 1  Colorectal Cancer NCT03290937 Recruiting
Irinotecan
None Phase 1/2 Solid Tumors NCTO03217747 Recruiting
AE Il Phase2  Solid Tumors NCT03390296 Recruiting
PF-04518600
BMS-663513 None Phase I  Melanoma NCT02652455 Recruiting
Urelumab Nivolumab Phase 2 Solid Tumors NCT02845323 Recruiting
Nivolumab Phase 1  Glioblastoma NCT02658981 Recruiting
cD27 Varlilumab ~ MA950 Phase I Glioma NCT02924038 Recruiting
poly-ICLC
None Phase 1/2 Lymphoma NCT03307746 Recruiting
Nivolumab Phase 2 Lymphoma NCT03038672 Recruiting

Notes: AML:aeronautical materials laboratory; MDS:myelodysplastic syndrome; NCT: national clinical trial
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Table2 Summary of clinical studies of non-specific immune target drugs

Molecular target Ipvestlga- Comliing Slinily Conditions NCT number Recruitment
tional drug treatment phase
KIR (killer cell
immunoglobulin- Lirilumab  5-azacytidine Phase 2 Leucocythemia NCTO02399917  Active, not recruiting
like receptor)
Rituximab Phase2  liematologic NCT02481297  Active, not recruiting
Malignancies
I/;Ilvol.qm.ab Phase 2 Leucocythemia NCT02599649  Active, not recruiting
zacitidine
Nivolumab Phase I Solid Tumors NCT03203876  Recruiting
Ipilimumab
i\h.v.o lumab Phase 1/2  Solid Tumors NCTO01714739  Active, not recruiting
pilimumab
NI.V.O lumab Phase 1 Hemfi tologl‘c NCT01592370  Active, not recruiting
Ipilimumab Malignancies
IDO ) Navoximod Atezolizumab Phase 1 Solid Tumors NCT02471846  Active, not recruiting
(indoleamine 2, )
3-dioxygenase)  [ndoximod Cytarabine Phase 1/2  Leucocythemia NCT02835729  Recruiting
Idarubicin
Crelophosphamide OIS y
e Phase 1 nervous system) NCT02502708  Recruiting
Conformal Radiation TGS
Provenge Phase 2 Prostatic Cancer NCT01560923  Active, not recruiting
S D Phase 1/2 L ancreatic Cancer  nieroy077881  Recruiting
Nab-Paclitaxel
Pembrolizumab Phase 2/3 Melanoma NCT03301636  Recruiting
Nivolumab
None Phase 1/2  Solid Tumors NCT01042535  Active, not recruiting
Temozolomide Brain T
Bevacizumab Phase 1/2 rain tumor NCT02052648  Recruiting
Stereotactic Radiation
BMS- . Melanoma/ NCT03329846 ..
986205 Nivolumab Phase 3 Skin Cancer Recruiting
NI.V.O oz Phase 1/2  Solid Tumors NCT02658890  Recruiting
Ipilimumab
Nivolumab Phase 1 Cancer NCT03192943  Recruiting
Nivolumab
Ipilimumab Phase 2 Cancer NCT02996110  Recruiting
Relatlimab
Nivolumab
Ipilimumab Phase 2 Gastric Cancer NCT02935634  Recruiting
Relatlimab
Nivolumab Ipilimumab NSCLC(Non-small ..
Relatlimab Dasatinib S cell lung cancer) WA IREE L
Epacadostat Pembrolizumab Phase 2 Critzotnizsiiml NCT03291054  Recruiting
Stromal Tumor
Pembrolizumab Phases oo C@onsmallee a3 50754 Reemiting
cell lung cancer)
Pembrolizumab Phase 2 Thymic Carcinoma NCT02364076  Recruiting
Pembrolizumab Phase 3 Urothelial Neoplasm NCTO03361865  Recruiting
Pembrolizumab Phase 3 Urothelial Neoplasm NCT03374488  Recruiting
Pembrolizumab
Platinum-based Phateze o CECNonssmall verna 0 s MR cmuiting
cell lung cancer)
chemotherapy
Pembrolizumab Phase 2 Solid Tumors NCT03196232  Recruiting
Nivolumab Phase3  Head and Neck NCT03342352  Recruiting
Carboplatin Squamous Cell
Cisplatin Carcinoma
Cetuximab
5-Fluorouracil
Pembrolizumab Phase 3 Renal Cancer NCT03260894  Recruiting
Sunitinib Pazopanib
Pembrolizumab Phase 3 Head and Neck NCT03358472  Recruiting
Cetuximab Carboplatin Squamous Cell
Cisplatin Cetuximab Carcinoma

5-Fluorouracil
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Table2 (Cotinued)
Molecular target Ipvestlga- Combined Study Conditions NCT number Recruitment
tional drug treatment phase
MEL.I i 12.'1\ Phase2  Melanoma NCTO01961115 Active, not recruiting
Peptide Vaccine
Nivolumab Phase 3 NSCLC (Non-smalINCT03348904 Recruiting
Carboplatin cell lung cancer)
Cisplatin
Carboplatin
Gemcitabine
Paclitaxel
Pemetrexed
pembrolizumab Phase3  Melanoma NCT02752074 Active, not recruiting
Pembrolizumab Phase 2 Pancreatic NCT03006302 Recruiting
CRS-207 CY GVAX Carcinoma
Pembrolizumab Phase 2 Sarcoma NCT03414229 Recruiting
Pembrolizumab Phase 1/2  Solid Tumors NCT02178722 Recruiting
MEDI4736 Phase 1/2  Solid Tumors NCT02318277 Recruiting
Azacitidine Phase 1/2 Solid Tumors NCT02959437 Recruiting
Pembrolizumab
Pembrolizumab
Oxaliplatin
Leucovorin
5-Fluorouracil
Gemcitabine
Nab-Paclitaxel Phase 1/2  Solid Tumors NCT03085914 Recruiting
Carboplatin
Paclitaxel
Pemetrexed
Cyclophosphamide
Cisplatin
DPX-Survivac Gynecological ..
Cyclophosphamide Phase 1 Cancer NCT02785250 Recruiting
Pembrolizumab
Cisplatin NSCLC(Non-
Carboplatin Phase 1 small cell lung NCT02862457 Recruiting
Pemetrexed cancer)
Paclitaxel
Nivolumab Phase 1/2 Solid Tumors NCT02327078 Recruiting
Chemotherapy
SD'.l ol Phase 1/2 Solid Tumors NCT03322384 Recruiting
Radiotherapy
DEC-205/NY-ESO-1 Gynecological ..
CDX-1401 Phase 1/2 Cancer NCT02166905 Recruiting
Pembrolizumab .
INCAGNO1876 Phase 1/2 Cancer NCTO03277352 Recruiting
Itacitinib . ..
INCB050465 Phase 1  Solid Tumors NCT02559492 Recruiting
CD47 HuSF9-G4  None Phase 1  Leucocythemia NCT02678338 Recruiting
Azacitidine Phase 1 Hematologic NCT03248479 Recruiting
Malignancies
Cetuximab Phase 1/2  Solid Tumors NCT02953782 Recruiting
None Phase 1 Solid Tumors NCT02216409 Recruiting
Rituximab Phase 1/2 Hlematologic NCT02953509 Recruiting
Malignancies
CC-90002  None Phase 1 Hematologic NCT02641002 Recruiting
Malignancies
Rituximab Phase | Hematologic NCT02367196 Recruiting
Malignancies
TTI-621 Rl.tuxnnab Phase 1  Cancer NCT02663518 Recruiting
Nivolumab
PD-1/PD-LI1 Inhibitor Phase 1 ~ Cancer NCT02890368 Recruiting
Pegylated interferon-
o2a T-Vec
Radiotherapy
Pembrolizumab Phase I  Cancer NCT03013218 Recruiting
ALX148 Trastuzumab

Rituximab
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