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Abstract: IDO1 (indoleamine 2,3-dioxygenase 1) is one of the most significant checkpoint in tumor
immunology. Numerous studies indicates that IDO1 is abnormally expressed in breast cancer, colorectal cancer,
liver cancer and other tumor tissues, participating in tumor immune escape through multiple pathways. This
review is prepared to elucidate the biological function of IDO1, highlight its pivotal role in tumor evasion, and

summarize IDO1 inhibitorsin the clinical trials.
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Figure 1 Regulation of indoleamine 2,3-dioxygenase 1 (IDOL1).
and tumor cells.

In tumor microenvironment, IDO1 expresses in DCs, macrophages,
IFNs promote IDOL transcription through ISRE and GAS elements located in IDOL promoter, while DAP12 inhibits

this process. Deletion of Binl gene in tumor cells leads to IDO1 overexpression, which is mediated by STAT1/NF-xB pathway.
Moreover, IDO1 could also be recognized by SOCS3, resulting in IDOL1 degradation by ubiquitin protease system. KYN: Kynurenine;

DCs:. Dendritic cells; IFNs: Interferon; ISRE: IFN-stimulated response elements; GAS: IFN-gamma activation sequences; DAP12:

DNAX-activating protein 12; SOCS3: Suppressor of cytokine signaling 3; JAK/STAT: The Janus kinase/signal transducers and activators

of transcription; NF-xB: Nuclear factor kappa-light-chain-enhancer of activated B cells
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S Bt TR (FRE SR 1T B GCN2, 51k iR iR i b 3%
AR . 1DOL 5 5 1) GCN2 % £ 58 CD8' T
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fiiE, IDOL A 21 Treg 71k LA S 34 58 i 24 Treg 14
PEAMAHI Th AR, 1DOL 1A Bk bl /b 7 3 (o B R )
WEE, WOE Treg " GCN2 M i 410 1wl 2L 3h 42 75 i
BRILEAEESY 2 (mammalian target of rapamycin
complex 2, mTORC2), /> & Hi#l B (protein kinase
B, PKB/AKT) S473 {7 s fOREER LY. 52005 T 41
f e AKT BI1E FHRIR, Treg H AKT (401 2 186 5 1
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AKT/mTORGE #% b i X ¥ Sk st 61 3, ki {2k H
F i PD-1 fFikBY,

DCs 1 IFNs fig 15 #i% 1DO1 & AhR, IDO1 [
TEPEFT ANR [0 XRETE 4k SR 7#E IDOL (5 5%, 1X
— WL S 5 YRR R K 1DOL 5 5 10 R Gz ik
I, ghAh, IDOL IS REAMUAY B BRAE Ak e 1, B
F AR W] IDOLIE fE % a8 i AR AL 1K) 77 X5 3 DCsRE I
A4 KT B (transforming growth factor 4, TGF-5),
2k 11 3 5 AR 42 R R GE NF-xB 4EFF DCs 1) % 7 10
WL, 25 Mg i 2 120B,

4 1DO1 HIFIFIRM R R

R (AR E B, IDOL FIFRIA Jo S Il i 5
ML XS IR e ¥R 7 AR . 2006 FEA A 1) 4-2K FE K
M55 IDOL & 3L 45 f 4 ik 1 e s R 1) 1DO1
F#E, b5 — £ 41 1IDO1 #0751 4 navoximod 25 3
B4 . BRI K Z 5 1DOL $MH 55 7E s PR L4 1t i 45
& 5 RERITREE T AMBE RN (R 1).

4.1 Epacadostat (INCB024360, Incyte) Epaca-
dostat /& 2009 i i /= 8 = i 146 73 2 1¥] 1DOL ¢ 5= 14
P, 25 245 B B4 I3 R B0 H KR S BRIV FE 1
A%, JF RS 7E 3N 8 0 R B A s Bk i 50% 1)
g 8 BB R, epacadostat #5441 i P 314
N B 1DOL 28045 % (ECso) %724 10 nmol -L 7%,
Xof e [ TS| Wk fe-2,3 XUIN4E S 2 (indoleamine 2,3-
dioxygenase 2, 1D0O2) FIER-2,3 X% EE (tryp-
tophan 2,3-dioxygenase, TDO) {41 i i 4R 5515,
DCs 5 T #Hiifusl 3 2A R AH 4 ML (natural Killer cell, NK)
HeRE IR 00 45 B LR, epacadostat JE T #f] IDOL 2k
fRE T AHMFD NK 20 B 3958, 3900 1FNy 153 il JF
W TregBd, T #AIGAR (NCT01195311) 45 %],
52 {1 i ik e SR B R TR R R R R A
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Tablel [IDOL1 inhibitorsin clinical trials (all informations come from www.clinicaltrials.gov). N/A stands for not applicable
Compound Phase Conditions/disease Combination Status NCT number
Epacadostat Phase | Solid tumors and hematologic N/A Completed NCT01195311
(INCB024360) malignancy
Phase | Ovarian cancer/fallopian tube Fludarabine/cyclophosphamide Completed NCT02118285
carcinoma/primary peritoneal
carcinoma
Phase | Non-small cell lung carcinomal Atezolizumab Terminated NCT02298153
urothelial cancer
Phase [ /1l  Metastatic colorectal cancer Pembrolizumab/azacitidine Not yet recruiting NCT03182894
Phase [ /1l Solid tumors Nivolumab/ipilimumaby/lirilumab Recruiting NCT03347123
Phase 1/1I  Advanced malignanciesmetastatic INCAGNO01876/pembrolizumab Not yet recruiting NCT03277352
cancer
Phase [ /1l  Metastatic colorectal cancer Pembrolizumab/azacitidine Not yet recruiting NCT03182894
Phase 1 /11  Solid tumors/head and neck cancer/  MEDI4736 Not yet recruiting NCT02318277
lung cancer
Phase 1/1I  Colorectal cancer/endometrial can- MK-3475 Recruiting NCT02178722
cer/head and neck cancer
Phase 11 Gastric adenocarcinoma Pembrolizumab Recruiting NCT03196232
Phase [11 Lung cancer Pembrolizumab Recruiting NCT03322540
Phase [11 Urothelial cancer Pembrolizumab Not yet recruiting NCT03361865
Phase I11 Lung cancer Pembrolizumab/platinum-based Recruiting NCT03322566
chemotherapy
Phase 111 Head and neck cancer Nivolumab/carboplatin/cisplatin/ Withdrawn NCT03342352
cetuximaby/5-fluorouracil
Phase [11 Melanoma Pembrolizumab Not yet recruiting NCT02752074
Phase 111 Lung cancer Nivolumab/carboplatin/cisplatin/ Not yet recruiting NCT03348904
pemcitabine/paclitaxel/pemetrexed
Indoximod (D-1-MT)  Phase | Unspecified adult solid tumor N/A Completed NCT00567931
Phase | Breast cancer/lung cancer/melanoma/  N/A Terminated NCT00739609
pancreatic cancer/solid tumors
Phase | Glioblastom/glioma Temozolomide/cyclophosphamide/  Recruiting NCT02502708
etoposide
Phase 1 /1l Metastatic melanoma 1 pilimumab/nivolumab/ Unknown NCT02073123
pembrolizumab
Phase 1/I  Metastatic pancreatic cancer Nab-paclitaxel/gemcitabine Recruiting NCT02077881
Phase 1/1  Acute myeloid leukemia Idarubicin/cytarabinefindoximod Recruiting NCT02835729
Phase Il Metastatic breast cancer Fulvestrant/tamoxifen Recruiting NCT02913430
Phase Il Metastatic breast cancer Docetaxel/paclitaxel Unknown NCT01792050
Phase II/Ill  Melanoma Pembrolizumab/nivolumab Recruiting NCT03301636
Navoximod Phase | Solid tumor N/A Completed NCT02048709
(GDC-0919, NLG919)  Phase | Solid tumor Atezolizumab Not yet recruiting NCT02471846

W £, 2 TR LU A 59 I8 FH 24 7] 2 1) 49 o 52 571 RS 3 9%
ik, HA KPR F 100 mg epacadostat Bl 7] % 1DO1
H 80%~90%HMHIMEH, MG d Tt 76 8381
T i Ra e TR T 16 R,

Epacadostat 5 PD-L1 H.$i pembrolizumab 5§
nivolumab & FH RERE H2 fmy i B 28, 45l i 1, (A 3L
ARG A )R MR 2017 4E 11 I R
4 (NCT02178722) 45 R 1yl iE, pembrolizumab
It epacadostat 2 % Ay 56%, HH A g g A
pembrolizumab [ i7 % 33% T &R 214, 4 A &4
M2, F B VR T B 3R 1 TG IR 58
(NCT02752074) 5 RARNE, 7 He AR BEA & XF

IDO1 #MfilFFIBUK I N bR EA ¢, HHET Incyte EAR
f 1Bz 56 32 1 4H 52

4.2 Indoximod (D-1-M T, NewL ink Genetics) 1-H
FOEMR (1-methyltryptophan, 1-MT) i & (05
PR AL i e T 2 il 1DOL i 77, I S HE A
IR0 B A A R VA L SR T i SR A IE IR S, R A
FIRIAMEER 1-MT i) L-1-MT B4R 15 1DO1 H —
TEWIEE &, HIF T R D RE . S A2 Bl 2 K-
JoiEYER indoximod X 2 47 fit J6 A5 Y i s Hh o] A
™, B9 R, indoximod FE % 1E 44 P 13 5 Hy £
RAIRFER SRR AN ENERLEAEZSY 1
(mammalian target of rapamycin complex 1, mTORC1)
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(4], ECs N 70 nmol-L %, [l it indoximod 7]
AeiE I WOE mTORCL M4 it 5 W, K& T 4
Thfk, MM BB R R,

Indoximod [ JH5fI &€ IR 4 KW, 52
il B3 [ 4 FH N i85 0 43 K 5 YK 1200 mg indoximod
M52, WSk T H2z 4, JaTiEATTE indoximod
54t T E4 AP 4 (cytotoxic T-
lymphocyte antigen 4, CTLA-4) 37 ipilimumab 5%
PD-1 ¥4 pembrolizumab/nivolumab 3£ i 11 1 1if PR
I (NCT02073123)10), fir {rdRit #m, %It o
2B F S M N 2 Rk 31 52%47 . Indoximod 4 £ i
ARG R I B B, 11RIF5 %23 pembrolizumab
24 nivolumab X FH V6 97 AN T V) 5 5% 7% M SR (L 3R 1Y)
TR
4.3 Navoximod (GDC-0919, NLG919, NewLink
Genetics) Navoximod s& NewLink Genetics 2 ] %
A4-ZRFLIK e AT S5 0GR B (JRY NLGO19, J&
FEIG AR IR I % BN GDC-0919) . 8 [E BHF A
53R 45 G | DO 1) 771 T s Fiev 8 248 koS A0, 7 245 184 )
#5504 4 navoximod 5kiT 252 2 bR L F
B 0 A e B e g ISR A A B T, e AE
1A P9 S R AR /S B B P L R R S
5K, navoximod 1E4H L ZK-F- 4] 1DOL 35 14 1
ECso iy 75 nmol -L ™Y, FL%t IDOL 37 14 3 1l {1 F 21 4
TDO 1) 10~20 £, Kt tgi e LN IDO/TDO X
RATHI A 1a i RIS 45 Hur e, &2 B4 T3 i
(1) 988 £ 2 5 navoximod FRITIR 52 1 5T, TR R IR
F %455 800 mg FrI1/ 0 B % A1 IfiL R R 2 R R FE
1% 3096, B RIE 1 1b PRI (NCT02471846)
*, navoximod 5 PD-L1 ¥4 atezolizumab Bt & H 24
)22 A PERTER 23 25 R0 C 25 8 T IRAEPY, {2 2017
4F Newlink Genetics % #& Hi {174 2 1 52, navoximod £
A A2 B i 7 e B 1t L g 1 TR PRl 38 T
RUAE o SR AR B HR AR 0 2 p nT e R NI
R Z R G, HiX—45 %Wk IDO/TDO
LR A 1) 7] PR R 52 8 PR 1)

4.4 Hf IDO1 #IFIF ITEk, AL IDOL ]
FIAWIRIM . BT UL BB S HARREMNHE
WA, A HALA EFF AR 1DOL FH 5 EE I
IRBFIE . P £ 51 5 A ml B H) BMS-986205 &
55 DO A W] g & iR, F 22805 i I AR T
epacadostat 1 navoximod, H.XF IDO1 H 15 1R 5% )ik
Pebk, ECso v 1.1 nmol-L ™% T il AR K04 o 2
okt BMS-986205 7B if it 2. H il BMS

986205 IEfE#EAT [ /111G KL (NCT02658890),
5 PD-1 #4710 nivolumab & [F] i F 8 CTLA-4 .41
ipilimumab 7597 1F & 1 ml O 54 7% 1) i 8 . S kIA]
i}, BMS-986205 I | PD-1 #.47% nivolumab fI T IIf
PRI S 0 IEAE T 8 (NCT03329846), H 11647 it g
LUNNEEER ST

W o8 T JT & ) PF-06840003 5 Hi KR A2 AE %
375 ek 100G e DT A ET e LA o kR A RS A
. PF-06840003 fig it il #% 1DOL 51 &1 T 4 i K3,
ELAE B PR R A A 1l A KR BRIR FE T % 80%, 5
G KA A A A BB P e 4 o o A KA. G
PF-06840003 L4 7E 1 JIlG K iA5% (NCT02764151)
DL R R I R R AT e A MR A 25 AR
BTV
5 HERRE

VE e o ek &5 s i) “RI%E” 2 —, 1DO1
TE MR A B s ] T 40 g AR .
B Treg 1Dl fe %57 2 B b6 40 B b 1 4o 2 e A0
FEINRE] T IDOL M E EAEH 2 5, i JL4E 1IDO1 41
1l 70 5 A RS Gn K s o #5100 T A I PR 56 45
ROZUEM T K% | DOL il 77 B B A3 FH 1) 22
. U2 DI RS 45 Rtrr, H S REma N
FH < 0 25 W Bk A 1 ) R B S5 3 I iR o A R, B4
A I AR 56 2 A 2 21 b S 25 58 A S5 1 i
TBIT AR A R RE AR BAF I

W | DOL I 71 5 HAMAE T e i & ri i 254
BCH JE R a0 R IDOL 7E 2 Ff i e 4H 23 57t 3Rk
FL R 1) 1 AL R T A B S i T IR
Holmgaard 2Pt F 7t o, 76 504 Bt 3 i 7
H, IDO1 K IE LR ] CTLA-4 [ PD-1 B4707 %% 1)
FERFZE, #H 1DOL ety A A X — R . MY
Wik, CTLA-4. PD-L1 #1 IDOL 7 s e 3R 885 vh 55 &
HY), BOEANGR . XA EEZ 1IDOL 5 5 24
25 RAME R IR I o (B AT SR, A SRR E AR
EL 4 ipilimumab, 1DO1 #1171 5 pembrolizumab F 15
FHBERE AT BAHME H, XA IE A R B 1) &,
Pl B AR KR, Bk, HATisR B2 E Ny E
TR )R 1Y 5 G IR T RO

i 988 G 88 ¥ 977 88 Tk B KT S 2 PR R 1) G 92 A
P AL AR I 5 R0 i 8 e 38 e 7 S 410 o1 b Jg A e
2 1T R iR AT oy P P SR o (H D B Y28 A 2 S
il 700 AR R 1) G B VR TT 250 — AT AE A T B AR 1
W, ARKFRRE BRREI T IX—y7 kMM H . 1DO1 il
7000 A R AR AR S B VR IT L B T ORI )
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