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Abstract: As an essential amino acid, tryptophan (Trp) has various physiological functions and is of great
significance in the metabolic process of tumors. In the human body, tryptophan is mainly transformed through
kynurenine metabolic pathway, which not only promotes the inherent malignant properties of tumor cells, but also
leads to immune-suppressive tumor microenvironment. Changes in tryptophan metabolism often occur in tumors,
accompanied by abnormal gene expression of tryptophan-related enzymes, among which indoleamine 2, 3-bioxy-
genase (IDO)-related gene expression and tryptophan 2,3-dioxygenase (TDO)-related gene changes are the most
significant. A large number of clinical trials on IDO inhibitors, TDO inhibitors and combination therapy have been
carried out. This paper reviewed the tryptophan metabolic pathway, regulation of IDO (TDO), kynurenine (KYN)
and other related genes in tumor cells, and outlined the development of therapeutic schedule targeting tryptophan-
related genes. The new progress provides new ideas for the further exploration of tumor treatment options.
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Figure 1

The kynurenine (KYN) metabolic pathway. It shows the enzymes and main products related to the kynurenine metabolic

pathway. IDO: Indoleamine 2,3-dioxygenase; KAT: Kynurenine aminotransferase; KMO: Kynurenine-3-monoox-ygenase; TDO: Tryptophan

2,3-dioxygenase; KYNU: Kynureninase
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KYN.3-HK.3-HAA 1 QUIN 25/ Qi =4 n] LA ik
Jie g 448 B S T Sz gn B Y. s IDO AT TDO = 4R
1] KYN A& 7% /& %2 #& (aromatic hydrocarbon receptors,
AhR) [ A5 MBS0 77 . KYN A LUE I [ 70 ) i 55
I3 us B 5 ARR AH ELAE L, AT A0 0 b 96 9% I
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Figure 2 IDO regulation and effector signaling pathways. It shows the microenvironment of tumor cells and several IDO regulation and

signaling pathways. Tumor cells are depicted on the right. AhR: Aromatic hydrocarbon receptors; KYN: Kynurenine; NK: Natural kill cell;

TC: Tumor cell; DC: Dendritic cell; Treg: Regulatory T cells
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4.1.1.1 Indoximod (D-1MT) Indoximod 72 B %K
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% IH % 2 ¥ & 1 (mammalian target of rapamycin,
mTOR) & 4 fid A= 4 AT HE 58 1) 2 228 755 5 7, mTOR 2%
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i, D-IMT 7] PL & — M B 7E Trp #8345 B Pk 2 mTOR 1)
WEE, AN B R A IR (AR AR A A B A
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mTORC1 15 = 18 #% K Jy € 2 R Vi #6110 52 21 1 52 1
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SR I R 2 R, B2 A I, A D R 1
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RMFFEREA M BT 06k Z 52 35 1) 250, 3 —
P R JE B T LT R AT NG| R A At G T VA A
IT A,

Table 1 Clinical trials of the IDO1 inhibitor indoximod

Drug Stage Cancer Clinical trial process
Indoximod I Advanced NCTO00567931 Completed
solid carcinoma (good)
Indoximod 11 Prostate cancer ~ NCTO01560923 Completed
(good)

&2, indoximod /& — P A 2 L FH i ) 22
(1) IDO il 7, J 22 VR BT, A B8 G Mg iR T7 3
RO, AR A VA TT I 77 22 I 4k 2R 147 11 PRAR 5636 11F
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SRR KYN 7K M 24 i 21 FH 24 5 (8 16 R AR, (22
epacadostat FL 2] f I IF 65k = Bt Je v 141
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Navoximod (GDC-0919) /& IDO1 [ —Fj/~ 7)1
7], LKA IR bR SR R DL 4T 3R R R T
TERRECAI B8 . & B R0 AR B R 254X 30 g 2
FRAEYT, 78 5174 800 mg BID 77 & F B KU I 245
P 2 GDC-0919 5 PD-L1 #1 %l 7] atezolizumab B
F AT DRI R ES I, BoR R P 1 2 4 i 25 0
R 2R3N 1R
4.1.4 &M

Linrodostat (BMA-986205) & — Fft i &5 1) % $% 1%
(1) C1 AR IDOT 41177, A& B 53k N e AR 16 i — — Fh AN ]
W47 . Linrodostat 1] BL &5 #% 1L 21 2 4 R 7 45 5 A
&, PAB 1R IDOT #E— 534k, T 8k K PR 20 1) A=
1%, Linrodostat 75 /I Ifs AR 356 6k A IDOT R 81
HAR 5% 1) %4 77, linrodostat % & nivolumab 7E 30 {51] . 34
B e e B AR SR T PR TS TP, I AW 5% 3 I R B
EZMARRMN, RIH THEHEMNAE TS %4
PERI, H AT, IEFERET IO ARG . ek, A0 5EE
B linrodostat 7 5 6 2% x5 401 35 B A ¥6 97 I AU &+
B Y,
4.2 TDO HPHIF

TDO /2 L& R AR T 1 DG B g . ik 25 L4k,
R R 2 (R HE 3R B TDO 2 5 % Rl i, X et 1 %
TDO il FI R R
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TR IR 5 I LS 8 A S5 G %A e, Al LA
505 % 55 4 PE I ) TDORY, {H 2 VA R IS, A= 4 F)
FHEEZERS S O T3 THX — PR, B 503 1A AR R
I AW, B 2 R BL T kB M TDO # il 771 LM10F7,
5 680C91 2518k, LM10 %7 tH %F TDO B IE £ 7E, S8 10
LM10 5 A5 580 R 47 1 A PR A0 A 4 ) BT, gk AT
4= B 597 I AT DU BE G TDO B R HE 7 8, 25
TEF/IN. B2, TDO (1) 25 B 22 30| il G4 s 7 — Fh e
A RIERE 1R YT J7 V1@ i e R e R R
N7, AT ) ) e i S ¥R 97
4.3 IDO1/TDO X E HNH5

FF % IDO1/TDO XL # il 551, ¥4 A 2= 5% % IDO1
5 TDO il 77 75 I R8I AS A2, [R] B 47 K 40 i 751
1 FE VG TT Ya . IDO1/TDO A 471 71 RY 103 7] LA
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AR Z G R AT EYB R ILEAT IDO1/TDO M
HINHIFEVE, Q1 1-1- 51 H-25 97 [2,3-d][1,2,3] = M-
4,9- AT A0 8 B EUR AT A T I Wk -2- R R AT
A 4, 6-BUAR - 1 H-W5| L AT A 104
5 BABTIAR

FIAT, 1 PR 150 2 ] 52— {8 H IDO 111 71) A fig ke
B4 1) 0 23 0 1 O D, R AS B8 B 432 % B0 i 8 4 ML
7K TDO 41 370 55 180T A7 55 45 G F BOSEAT B S A
H, AT BLE BAR & (4l B AE H, 9F B IDO i 771 2 1
/N, R EARFSREE 21,
51 S5KESHIHIFIEA

G ER AT R A )2 4 RO AT 5 R R T 1Y)
H T B, AE R NP e e 1 s A 1) 7 B 2 I SOR
ANEHL, BT B IDOT Y 3 A A BR T i 83 ik 31
$519%, AT R 2 DR Jie R A HA 855 T A7 AE RRER T, IDOI
(0 _E R 5 e A & AR YT (W4T PD-1 |5 A
i K, phAh, HT PD-L1 A 7 3k 6 & R 4 iR AR
7, Brown SR Y, IDOT B 1111 771 15 40 e 4G A 5
) RV IBK A RT B  HOREVR T BT, DR G
0] T B G R A AU R BT R %
DO 1l 771 546 75 w400 ) ) 306 P A B A A L L3R 2

HH T epacadostat 1) 5. 25 16 J7 HUR AN, I R 5T

T OE IDOT #5755 CHLAE R HUe 25 50T .
SR, 2018 £, ECHO-301 (IDO1 #1417 epacadostat 5
PD-1 & 2 55 47 %1 7] pembrolizumab ¢ & FH 25) F TiA
I7 AN AT ) I B P R £ 30987 1A TIL I AR i 6 DA 2K T
AR RNk, 1A VF 2 B E AR TR A
A B AR [ N BT, IDOT 411 57 epacadostat
8R4 27, T 5 B ECHO-301 Bf 78 2% W 1) [R] 2%
fit 5 epacadostat 7| B AL G I, AT HE 5 A 5 2R H BE
A KUY BT AR T IDO H ] 771 B AT 78 0% i
MR IH =Bk o

Epacadostat 5 — P4t 41 i 5 1% T ik 40 fAH OC 2
1 (cytotoxic T-lymphocyte-associated protein, CTLA)
ipilimumab [ 56A A FH 347 2 VU IR K587, T
50 mg 1] epacadostat # i B H A I PR A0 245 2% M, I
HAE B O FE B E PR 52 R . GDC-0919 5
PD-L1 #1 #1] 57 atezolizumab Bk Fl (NCT01471846)™ i}
MR I R (TN 24 7 L 24 B M S 22
52 S5mEKEaER

IR 2 T A 4 I A S R 2 2R B A AR AR R
S IR Jh 98 A G Bt S S T bR SRR AR A, SO BLAA
G5 21 G A BE PR 20 B PR R S A O, DL B4
HAE ST IR B H o [FIRE, B Al 5 B B RR
52 B IR AR B S AR 22 5 T B R, R A 24 1O
NWFFERIHT R R R 3 TP AI%E 7R 5 IDO 1]

Table 2 Clinical trials of combination of IDO inhibitors and immune checkpoint inhibitors. It shows the basics of the combination of IDO

inhibitors with immune checkpoint inhibitors. Ipilimumab is cytotoxic T-lymphocyte-associated protein. Pembrolizumab, nivolumab,

durvalumab and atezolizumab are programmed death 1 (PD-1) and programmed cell death-ligand 1 (PD-L1) inhibitors. Tamoxifen is a

selective estrogen receptor modulator. Sirolimus is a macrolide antibiotic immunosuppressant

Drug combination Stage Cancer Clinical trial process
Epacadostat + ipilimumab /1 Metastatic melanoma NCT01604889  Completed (poor)
Epacadostat + pembrolizumab 111 Metastatic melanoma NCT02752074  Completed (good)

/1 Melanoma, non-small cell lung cancer, kidney NCT02178722  Completed (good)
cancer, uterine tumors

11 Lung cancer NCT03322540  Completed (good)
I Gastric cancer NCT03196232  Completed (good)

I11 Locally advanced or metastatic renal cell carcinoma  NCT03260894  In progress
I Head and neck cancer NCT03238638  Completed (poor)
I Ovarian cancer NCT03602586  Completed (poor)
I Bladder cancer NCT03832673  Completed (poor)
Epacadostat + nivolumab il Lung cancer NCT03348904  Completed (poor)
1T Advanced malignant melanoma NCT02327078  Completed (good)
Epacadostat + durvalumab /i Non-small cell lung cancer, head and neck cancer NCTO02318277  Completed (good)
II Advanced Epstein-Barr virus positive NCT04231864  Completed (poor)

nasopharyngeal carcinoma

il Muscle invasive bladder cancer NCTO03661320  Recruiting
Epacadostat + atezolizumab I Lung cancer NCT02298153  Completed (poor)
Epacadostat + tamoxifen 11 Ovarian cancer NCT01685255  Completed (poor)

Epacadostat + sirolimus I Non-small cell lung cancer NCT03217669  In progress
GDC-0919 + atezolizumab I Solid tumors NCT02471846  Completed (good)
Indoximod + pembrolizumab I Melanoma NCT02073123  Completed (good)
Indoximod + pembrolizumab + nivolumab  II/IIl.  Melanoma NCT03301636  Completed (poor)
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Table 3 Clinical trials of combination of IDO inhibitors and vaccine

Drug combination Stage Cancer Clinical trial Progress
Epacadostat + vaccine I Melanoma NCTO01961115 Completed (good)
/1 Ovarian cancer NCT02166905 Completed (good)
Indoximod + vaccine /1 Metastatic breast cancer NCT01042535 Completed (good)
Nivolumab + vaccine 11 Metastatic melanoma NCT03047928 In progress

Table 4 Clinical trials of combination of IDO inhibitors and chemotherapy

Drug combination Stage Cancer Clinical trial Progress
Indoximod + temozolomide jats Primary malignant brain tumor NCT02052648 Completed (good)
I Primary brain tumor NCT02502708 Completed (good)
Indoximod + docetaxel I Metastatic breast cancer NCT01792050 Completed (poor)
Indoximod + gemcitabine/paclitaxel I/l Metastatic pancreatic cancer NCT02077881 Completed (good)
Indoximod + docetaxel + vaccine /11 Non-small cell lung cancer NCT02460367 Terminated

FIH B S H 251 I . Nivolumab 5 — F 4 %} IDO 5
PD-L1 f¥ 1 BEH (NCT03047928) I, 2 1 ] LLE
IDO/PD-L1 45 51 T 41 A, PR i) b 4 92 10 1) 248 B A =
(1 s 2 I 5 AR 9 TR, AT e 8 el A B P 2 21 3E
B P R AT I IE T B, SRR A A TR R R R AR
(ORR) i£ % 80%". 1DO i 7] L-IMT 5 DC %% 1 Bk
FH B AR T B 24 Y.
53 B&EWIT

A IT 25 F0 IDO HI IR B & H, sk 4 s, W]
CARE 7R B G 1R B R0 3580 7, A0 24 T 4 % B o e 4 e,
B IT A DL % RGN AU R A M.
A, 3 AEAE B TE)_E AR B AN AT 25
PR, VB FH S E) %2, T S8 36 97 7T DA™= AR S Z T RE R BT
Jit g A P o A2 G T VR AT DUTE /b FH 24 77 & 11 [
i, BTG T AR, A RO IR RIA T %P 3 1
—ERIESG . SR, IXFPIEA T VA L a) R B R A
T W 25 Bh 1 25 P B AEAR Y I A S RO TR,
T K 250183 R G0 AT BT M 2 25 ) 254K 80 7 2
PRI SEBIE 1) 5 a5k FERE U e 7

ORI I H TR & 99K 25 %) RPMANB NPs 1] L)
[F] B} 32 28 40 97 245 P A0 IDO 041 751 NLG919, A #E R ik
I HLF) I 2050 56k v B0 A 9T 254, AT R TT
U, IDO il ) D-1MT B & 7807 7T A BAE 2% 1o
JIi g /0~ B 1 g A= AU, g AR K 3 R D% 30%, AT
FLFATR I IDO B0 AT LARG S A6 ST 197 R SR,
TE — TR ST A2 e G & BUAN B & D-IMT 1897 56 %%
PE 7L R I T I R 3036 (NCT01792050) 1, B A
D-1MT F-35 A 2 21 1Y 5 24 350 7 7Y
6 HEERE

ORRIENA L FARER: —, BB Z M4
HAER . FifiZE PD-1/PD-L1 i 751 4 b 5 FH , JaiE B
EIRIT AR T BRI . E2& R — /s &
N Z 35, DR AT T T BT R I SR SR R ik i

Rk B Ak A METR 25170, Trp-Kyn-AhR 3242 (1) 42 401 41
EH 2 il IDO1/TDO 41 5 ¥ Trp #6345 . KYN /1 5 )
T 4 i AH 5% 1R i I 4 4 2 T e e 0 A i = W0 (1) AR
KA G B, A IDOT B TDO2 1% 241
A DA 6 3B A 2 R U, 17 %% 5% IR~ AhR G 455 IDO1/
TDO2 =¥ KYN 2 5 J i G 2 1 i o A 11 5% 2 2k
PR A 1) B [r) /N 4~ F00 k) AP o 2 AR T AR R e
J™ bR T K 22 B4 ] 770 TC VA AR B — A RURA
ST E), LI A VR 9T 7T R & B & BRI SR8, Trp 73
AR R [ 20 5 G BT VE I A 6, TE SR IR T U
BT T AR = ) .

{2 Bk 9K 3 0 ot OF 0100 L R OF R L S
5 I AR AR BT R O R B R SCHE SR BT IR L T R
M DTHE IR A H R

FIEEMSE: ME3E B TR & R .
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