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[ Abstract ] Adenosine is a metabolite produced abundantly in the tumor microenvironment, dampening immune re-
sponse in inflamed tissues via adenosine A2A receptor (A2AR) which is widely expressed on immune cells, inhibiting anti-tumor
immune response accordingly. Therefore, blocking adenosine signaling pathway is of potential to promote anti-tumor immunity.
This review briefly introduces adenosine signaling pathway, describes its role in regulating tumor immunity and highlights A2AR
blockade in cancer therapy. Prospective anti-tumor activity of adenosine/A2AR inhibition has been revealed by preclinical data,
and a number of clinical trials of A2AR antagonists are under way. Primary results from clinical trials suggest that A2AR antago-
nists are well tolerated in cancer patients and are effective both as monotherapy and in combination with other therapies. In the
future, finding predictive biomarkers are critical to identify patients most likely to benefit from adenosine pathway blockade, and
further researches are needed to rationally combine A2AR antagonists with other anti-tumor therapies.
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LA PR A B (BT o AR AR 7 A
AWk, AR 2 A A =B R I 1T (adenosine
triphosphate, ATP) 7E/MZ 1 i CD3OVEH] T 2B AL AF 1
— 1R BT (adenosine monophosphate, AMP) , AMPTEA}
BT EECD73/E AR IR AT R BR Bk kAR Ah, M AN
Pk iz R W04 — 44 iR (nicotinamide adenine dinucleotide,
NAD*) A[fECD38 FICD203afEH FHE AMPE!, 4kifij2
CD737K i A= UM o B 7E 40 ML MR AR PR, (A7 AE £
FRAmF ), AR VE R TAH R A S2 A4 A, 2wk
N2 (adenosine deaminase, ADA ) F&fiA: LS,
SR T AN b AT B s R B ds = N AN
W] DL 4% A U, R R N AE AR AT EC D 73, AT
H I N AMIP 7K iR A 0B 70 M DA R T 28 b R Rl
(adenosine kinase, ADK ) /EF4: il AMP, 5 #f ADAKf#,
SR B R e s 2 MUAME ML A AT P2 Y TR I 1k A
TR LR 0, T MR S AR TG 5 S 3] A g 4
YER, AEBORZS TAT PRI 740 M A K PARMR, ELW
FRE T BASVAvh, SR SO iR BE P e AR 2K
{BAE R %34 5% (tumor microenvironment, TME) #, T
RS RAESNL, EFRBLZ | AR 25 ) i 155 b b
IR, AT P28 il 3 BRSO RS, BANAEIRAE e
R A 20 XBX ML Ah, 2 SbAT PAE U in (1
1) o [, TMEHR 2 HEAT Py it e AL il 45 Fh G Y R A 0
ST TETMEIRIZNML | S e 40 . A0 L K
2140 M A R IKCD39 N/ BLCD 730213, [ 24 fif ik T
PIPAEHE T CD39MICD 73 AN A 1), HE X S il (4 1
IR AR I A 2, BRCD39RICD735), CD38{K il
PR FETMER R KT A 2R A TR
S, AMNAD ST, I TR e
M2\ AP A s AR R SE AR T LA R CD38 A0S, [H]
ff, TMEfRAPAEE T il i fIL 4075 5 71 (hypoxia-inducible
factor 1, HIF1) &A%, IRH /KM ADARIZR A Z B,
Zi b, TETMEP R AT PRIOK AR IR TY, MIANNAD TR
CD38fEHI e &AM A iU H, HADAZRIARENR, 31
JLAMRF KT

2 BRE/A2AREHAE S BANE £ R ti%

ML ATV R T4 FPEERS REGEE PRS2 14, RIA1SZ
& (AIR) | A2AR. A2B2Z{A (A2BR) FIA33Z{A (A3R) 17,
XAFPSZARAE ZFP A 0 A 255, G e 4u i, Horp
AIRFIAIRFZEFR IR T MR 4, I8 v ks 20 B 8

A A2ARTETHRNL . AR TN, Az F
AR . B IR AHAE (dendritic cells, DCs) . HIAA4% (natural
killer, NK) Ziif) 3z # 3k, ARG A AR S22 RIFEH] 5
A2BREZLEEWELNAFIDCs 3k, HIMIG NS L E 40
14 2%-6 (interleukin-6, IL-6) FIMAS N B2 4K A (vascular
endothelial growth factor, VEGF) BRI, {HA2BRYE4F
AR IRAR, 76 AR BRI TR, B,
A2ARTEGIEAMNM o3 A Rz, SRR AR, HAE
SR AR AV E RIS 2] T B I AR A BRI FT .
JBR /A 2 AR AT IE AL T U 60 B IR A 1L g

(adenylate cyclase, AC) MM _F I FRBER A 1 (cyclic
adenosine monophosphate, cAMP) KNI cAMPR] 38 33 2
HIM#A (protein kinase A, PKA ) 5% M 7 32 41 g A1 6938 1k
o LERUN THAE, A2ARSE 55 PR ALE B A Z i
FHIVERT, 4248 O3 i:d FELIWT Z e tatilf A OC 28 1 B A9 BT
KA o7 T AR A2 A 0020l @i 22 22 2T AL
R (mitogen-activated protein kinase, MAPK) [ 7
PEDS; @ & FBLHEC (protein kinase C, PKC) [7H 1,
TMTPKCAE AL AR Al bt FE AR DS @R c AMPR
oo LE S E N (cAMP-responsive element-binding protein
1, CREB) {ﬁ’ﬂﬁ, Xﬂ’@z[ﬁl?KB (nuclear factor-xB, NF—KB) p &l
L TANAERE T (nuclear factor of activated T cells, NFAT)
E ANV, @ T 40 H G5 . A2 AR & AT )
i CD4* THNAE W FHAAE A 22 (interleukin-2, IL-2) Jf:
LR Z R CD28 Y K 22, FERLNIPECD 8 T4 MY
B /A2 AR B0 2R BB A DR A B AR
AR SRR, Toie R R0N T4 R 25 1 T
Yiiffl (regulatory T cells, Treg) , A2ARAII IR FEFET
ZAK1 (programmed cell death protein 1, PD-1) | 4liffi7i {4
Ttk A AR JCHT )54 (cytotoxic T lymphocyte antigen 4,
CTLA-4) | #REAA TG L FE K385 1 (lymphocyte activation
gene 3 protein, LAG-3) |\ THffl Sl kAR IR B 1 73 +3 (T
cell immunoglobulin and mucin domain-containing protein 3,
TIM-3) ZE PR A R A 1230 JEfEHEC D4 T
Tregiffl it feJm, A2ARIE ] I [ Foxp33Rik Kha
FE Treg 424,

BRT AN LASS, A2 AR XS HCAD 6 28 240 EA T 105

A2 AR TN HINK A ALY ENK A, A2AR
WG TE R 5 KOFA7 S Foxo-1 3R 15 Fhimy, W REJE 3 1 1 3%
A BRI N 0 AR R RE R fE FE AR, A2 AR
T LA A R e e M2 FE R AL, PR IR R 20
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A2BR. A3R) &IZ(EF, SKADAKR B AE, SMiZERIEREIZERKN, ZEHMEA, REFMAMP. AMPHIATPRIZEESHY{ER THHER L. ERFTITFNZ
kR, ATRFIARHDHIAC, TIHCAMP, MA2ARFIA2BRIMEAC, LIHCAMP, cCAMPERZIFAT R L EEEIER, ATP: ZRiERARE, AMP: —RAERBRE, ADO:
BRE NAD*: (BB AR ARIZIC 42 E R, ADA: BREREES, ADK: BRE#ES; AC: IREERIMULES, CAMP: IRBEERBRE,

Fig 1 Adenosine metabolic pathway. ATP, the precursor of ADO, can be released into extracellular space by cell lysis/death, exocytosis, channels

or transporters. Sequential hydrolysis of ATP to AMP by CD39 and AMP to ADO by CD73 is the canonical pathway to produce extracellular ADO. In
addition, NAD* can also act as a substrate to generate AMP and thus adenosine by CD38 and CD203a. Extracellular ADO can act on four receptors
(A1R, A2AR, A2BR, and A3R), or be metabolized by ADA to generate inosine or transported into cells by nucleoside transporters. In the intracellular
space, ADO and AMP, AMP and ATP can be converted to each other by enzymes. Among the four adenosine receptors, A1R and A3R inhibit AC and
down-regulate cAMP while A2AR and A2BR activate AC and up-regulate cAMP, which play an important role in immune regulation. ATP: adenosine
triphosphate; AMP: adenosine monophosphate; ADO: adenosine; NAD*: nicotinamide adenine dinucleotide; ADA: adenosine deaminase; ADK:

adenosine kinase; AC: adenylate cyclase; cAMP: cyclic adenosine phosphate.
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SEAAWH, 0 EAE R AR T A A A2 AR FIA2BR AT
JR e A%, JEA A o AT T PR TR ASE R R e 8 Ik 22 1Y
LL-LCMV i S B ik B 1 259 BH T A2 ARFT LIS SR T
YA TP VE Y, S5 GEeI, 7E /N LR
SR AN S 2R R R e A ARPBE BT AE A% 1001 e (00 5 R4 g
J1o PowellAIBA B34 2 1 7E A2 ARBR R /NG, BL 4/ 4N
Jia A= A2 BN, I —25 IR B A2 A RFEDH A /)RR
RIH R BT PD- VAT TS B IR RN o B IS AT 5 B3¢
W3, TEL PP AR, S A2 ARFIBH T G e A0 A5 1

(BI4NPD-1, TIM-3, CTLA-455 ) B I o] A5 34 50 e
JEN- TR EE ] . A2 ARBHIBTA 1] L5 CD73 BH TR FH .
A2ARFICD73 (I BELKT I X I 300 3 S G
TEAE XX TSR 22 —2% . {H L MR AT 28 i 22 Fil
R4 (K1), S—BHWrCD73JF AR E 2 iR
e 75 —J7 T, A2ZARAIEA-FOREN G fE—SZ 14, £
PR B3R = A B fO R A, SR AN IR A2BRATRE R 5
VEF B0 G k3 14 4 A o PR, [ BELIBTA2 AR
CD737EHE L nT ASC IS 8 B i 68 41 o I PR AT 5%
IR SE T R S W (A 55 - A AR rh, 5 5.2
FHEE, A2 ARFICD 73X BH Wi S n] DL — 2L il g A= 4
R, B2, IR /A2 ARTS 5 18 B BH K e R 5500
FEIGPR BT SE hA5 20 T2 0 S8, sl TR s il R
N AL

4 BRE/A2ARE R FEE IR PR LR R

HHr 2 A7 2 #0116 J7 R A2ARSE BT AET
B-THH IR R g, 35 CPI-444 ( Ciforadenant )
MK-3814A ( Preladenant) . AZD4635, AB928

( Btrumadenant ) . TT-10. NIR178 ( Taminadenant ) .
DZD2269. EOS100850 ( Inupadenant) . CS300S.
PBF-999 ., INCB106385 ( %1) . JH1AB928 Al
INCB106385 N A2ARFIA2BRABH I . #1451 465 45 21
R WAL ARFE PR AL MR B0 PR 52 R AF o WFFERs+04R
i CP1-444 825 B K A Atezolizumab [P M AE T HE A1

(programmed cell death ligand 1, PD-L1 ) $4’TL] N
FFEAR W ( treatment-related adverse events, TRAEs )
APEHE . Bl BRIRPESE, 39490 RN L
AZD463S[AIAE 4 e R AF . NIR178 525 ] T 1 ]
NSCLCHIFFEH, # WLTRAEs AL s . )25
3HARIA iR (8% ) FEL (3% ) 21, AB9287E
TRYT TS B T/ IB I RS v, R WLTRAEs

LRI AEFE 440 85 o 1 R A 39 B i3 1)
EOS1008S0MYH WA B WA %oty . S . XI55, 1%
A LR3I L) TRAEs ] BRI R
A2 ARFE P2 4 Pk B2 A I A IR 36 00 4 &5

A FIE R, (HAE SR IG T T O T, A2 ARTE P
2y Y 8RR, 5 ARy O SN A N BT R
B (FR1) o A2ARFEPUFIEE NG ZF Z0E, M2
Tl R8s, A2ARFE HUI AT 5 ifk 7. PD-1/PD-L1
Hht . CD73ERAL . M 25 S, A BRI S
AR TR R — 2P R R EHARERMNE, A2ARTS
PR A AT RE A DR S IR T 25 0 5 Ol . CPI-444 51
2K A Atezolizumabify T & & 14 B Al M98 A I R X 56

(NCT02655822) 4 A MY ZRTLLAPD-1/PD-LIPHIRY TG
PR, WA 45 AR CPL-444 BA235 )T LY 331
T BIER 7322 (partial response, PR) , BEAIARYTTA3S
1] B AT 4 PROS /N2 il i S5 3 1 FH A B9 28 B 75
HI7/ 5 58 R 7 iR B (NCT03846310) , 70l & A3
BFIAPR, Hr {48 1§ Ipilimumab (CTLA-4 54T ) BX
A Nivolumab (PD-LHT ) JGYT )5 E R B E W, BIRYI
SRR B A SURF BB D, (HA2ARFEHLF A
A G E R AT A IR 257 K TR

s BRERERMEXEYIRE

AT Al PRI S I PRATFFE LIRSS T A2ARKE U Y 2
PR, (AR PRI T PR T B
P, AT R Z AR AR B s i 0ok R B T RER 4 Y
NHEo Bn et TME P IRFKF R R 8, A ET T
i3t fin FH A2 ARSEHU A I3RS fre AT Ak H DIl 5 4
PUBAE X A HEATINE , DR IR AR, A i
TR 10 sZe A, M TG i B e R A R
KA ARG o MR ARG A R R e 155 g iR
HACHAFTE—E AR CHE, T REAVE N I TE BRI b7 o
A BITFE A B0 15 2 20 A )~ RS R O ) — £ 2R [
TR G IR IEASE, FFRAPUE 181K
(CXCL1. CXCL2, CXCL3. CXCLS. CXCL6. CXCLS.
PTGS2HIIL-18) YERA“BE1FF5%” (adenosine signature,
AdenoSig ) o 1£301 1 Ff CPI-444 824 BB A Atezolizumab
TRIT I AR R T, AdenoSigii Rk 5K L
JRAEAFIIAIORE 547 — LA E AR B s mT g 5
FERPEIRY T IR, H H TGS IEE

CD39HICD73 8kl I /ERISCHY A bRt . CD39
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Tab 1 Clinical trials related to A2AR antagonists
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Drugs Company ClinicalTrials. Study Combination Cancer type Results Ref
gov Number phase
CPI-444 Corvus NCT02655822 1/1B Monotherapy or combined with RCC ORR 3.0% [38,40]
(Ciforadenant) atezolizumab (anti-PD-L1) mCRPC (1/33)(monotherapy, RCC)
ORR 11.4%
(4/35)(combination, RCC)
ORR 6.4% (3/47)(mCRPC)
NCT04280328 1B Daratumumab (anti-CD38) Relapsed or
refractory multiple
myeloma
NCT03337698 1B/1l Atezolizumab NSCLC
NCT03454451 1/1B CPI1-006 Advanced solid
(anti-CD73) tumor
MK-3814A Merck NCT03099161 1B/1l Monotherapy or combine with Advanced solid
(Preladenant) pembrolizumab (anti-PD-1) tumor
AZD4635 AstraZeneca NCT02740985 | Monotherapy or combined Advanced solid ORR 6.1% (2/33) [46]
with Durvalumab (anti-PD-L1), tumor (monotherapy)
Oleclumab (anti-CD73), ORR 16.2% (6/37)(combine
chemotherapy with Durvalumab)
NCT04089553 Il Durvalumab or Oleclumab Prostate cancer
NCT03980821 | Monotherapy Advanced solid
tumor
NCT04495179 Il Durvalumabzchemotherapy mCRPC
NCT03381274 1B/1l Oleclumab NSCLC
(EGFR mutation)
TT-10 Tarus NCT04969315 il Monotherapy Advanced solid
Therapeutics tumor
NCT04892875 1B Zimberelimab (anti-PD-1), Locally advanced
AB928* Arcus .
L chemoradiotherapy head and neck
(Etrumadenant) Biosciences
cancers
NCT03719326 1/IB Chemotherapy=*IPI-549 TNBC,
(PI3K-y inhibitor) ovarian cancer
NCT03720678 1/1B Chemotherapy Gastrointestinal ORR 9.1% (n=22) [43]
malignancies
NCT04660812 1B/11 Zimberelimab+chemotherapy Metastatic
+Bevacizumab (anti-VEGF); colorectal cancer
Zimberelimab+AB680 (CD73
inhibitor)
NCT03629756 | Zimberelimab Advanced solid
tumor
NCT04262856 1l Zimberelimab+ NSCLC
Domvanalimab (anti-TIGIT) (PD-L1 positive)
NCT03846310 1/IB Chemotherapy, NSCLC ORR 42.9% (3/7) [45]
Pembrolizumab, Zimberelimab
NCT04381832 1B/1l Zimberelimab, AB680, mCRPC
chemotherapy
NCT05024097 Il Chemotherapy, radiotherapy, Rectal cancer
Zimberelimab
NCT05177770 1l SRF617 (anti-CD39)+ mCRPC
Zimberelimab
NCT04791839 1l Zimberelimab+Domvanalimab NSCLC
NCT03821246 Il Atezolizumab Prostate cancer
(neoadjuvant)
NCT03193190 1B/1l Atezolizumab+chemotherapy Pancreatic

adenocarcinoma
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= 1 A2ARFEHFIIGRINIEHE T (L23R)
Tab 1 Clinical trials related to A2AR antagonists (Continued)
Drugs Company ClinicalTrials. Study Combination Cancer type Results Ref
gov Number phase
NIR178/PBF-509 Novartis NCT03207867 I PDRO001 (anti-PD-1) Advanced
(Taminadenant) solid tumor;
Non-Hodgkin
lymphoma
NCT04237649 1/1B KAZ954 Advanced solid
tumor
NCT03549000 1/1B NZV930 (anti-CD73)=PDR001 Advanced solid
tumor
NCT03742349 1B Spartalizumab (anti-PD-1)+ TNBC
LAG525 (anti-LAG-3)
NCT04895748 1/1B DFF332 (Hif2a inhibitor)+ Renal cancer
PDRO01
NCT02403193 1/1B Monotherapy or combined with NSCLC ORR 8.3% (2/24) [42]
PDR001 (monotherapy)
DZD2269 Dizal NCT04634344 | Monotherapy mCRPC
EO0S100850 iTeos NCT03873883 1/1B Monotherapy or combine with Advanced solid
(Inupadenant) Pembrolizumab/chemotherapy tumor
NCT05117177 | Monotherapy Advanced solid
tumor
NCT05060432 11 EOS-448 (anti-TIGIT) Advanced solid
tumor
CS3005 CStone NCT04233060 | Monotherapy Advanced solid
tumor
PBF-999 Palobiofarma NCT03786484 1/1B Monotherapy Advanced solid
tumor
INCB106385* Incyte NCT04580485 | Monotherapy or combine with Advanced solid
INCMGA00012 (anti-PD-1) tumor
NCT04989387 | INCA00186 (anti-CD73)+ Advanced solid

Retifanlimab (anti-PD-1)

tumor

*: A2AR & A2BR antagonist. RCC: renal cell cancer; mCRPC: metastatic castration resistant prostate cancer; NSCLC: non-small cell lung cancer; TNBC: triple-

negative breast cancer; TIGIT: T cell immunoreceptor with g and ITIM domains; ORR: objective response rate; PD-1: programmed cell death protein 1; PD-L1:

programmed cell death ligand 1.
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RO LI R S 2 R R 2R R b 1 L ITME
1 CD73 1R IA KT 5 U A O, 2R —BkaE
CD73 IR PR MR TS AN R, 33X 55 R 19 S i i)
VEFIARRT & o ARTITAA TR/ WF 5T s 1 1 CD 73 15 R ik 4
IR RS R, JCRTER A, XSRS I
PRE® b HedEs . 18 I S LR . — AT RE A R
CD7347 S Az LA IR R AR by I PR Bz e e DA 400 o
BBy &, [HCD39NICD 73R8 A AE A Tl A2 ARFE B 57
SR AR, BT IR PRI

6 BII=RE
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IR A L A TR A 23 1 AR i 25y m] RE S 1 P B
G IEBCa M, A ORI IR 7 I i B AL
RO WAL g AR AR S IR P RCR | R A
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JERAE FE A I R4S )R
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