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Abstract  AML (acute myeloid leukemia) is a group of heterogeneous hematopoietic malignancy. Multiple
mechanisms involving both genetics and epigenetics may contribute to leukemogenesis. APL (acute promyelocytic
leukemia) is a distinct subtype of AML. The advent of ATRA (all-trans retinoic acid) synergized with ATO (arsenic
trioxide) turned most APL from highly fatal to highly curable, making it the most successful paradigm for targeted
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therapy in leukemia. The standard therapy for AML remained nearly unchanged over the past four decades. Recent-

ly, with the advent of novel targeted drugs, the treatment of AML has been increasingly promising. Here, this re-

view briefly introduced the etiology and pathogenesis of leukemia, focusing on molecular mechanism and targeted

therapy for APL, and finally put forward major advances in promoting the precision therapy for AML.
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BH—EIT 8 0, eAh, FEE BN R 1(8;21)E
inv(16)[11% 0r &5 & [ -1 (core-binding factor, CBF) [
M, HMASYERFIR T R TE BRI/ B 99 (minimal
residual disease, MRD)Jf-4& ) 8 % W L & Kk A A7

(relapse free survival, RFS)!",

2 APLEYS FHLHIFIZR @A T7
2.1 PML-RARAGMEEBME R MBS E
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AL PMLAPML-RAR otk N 8 [ A B i ads 45 AN T
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BEARIE —3, ATRASZGEHES ATOI: A fE
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3 AMALFHEEAT

140472k, AMLIT A5 AE V6 7 2 DL 87 H
o R A R 3 ) BRI ZG (“T+37 T RN B
ST . %77 T 60%~80% I 4F 5% BN i 3R
SCR, {Hi 4 B & BRI E K, HSER
1A M 47 % (overall survival, OS){X _N30%>", P4 i
204 [ IIf R AIF 78, 20174220184 [a], FDASL#E 1 74
) 245 F T AMLIJIRTT (GR 1), 8 24 1 IR 8 32 Hh e
£ TAMLEE IR S K. ASCH H 5/ 4HFLT3
) ). IDHPP ] 7). BCL2#0 ] 7). Hedgehog#/l
TR G 2TV
3.1 FLT330H5)

FLT3 A% & AMLH f DL R 548 LT
2130% 1) AMLI N 3% B, FLT3RAZ R 2L M0
TS S IEE, AT 5 A AR . TR
FLT3RAZH | 20% 4 ¥ £ B 8 & (internal tandem
duplication, FLT3/ITD)%4% HAE A R Til)5 , 737k
5%~10% 1 It 2 R I g 3k 1) 5 578 (tyrosine kinase
domain, FLT3/TKD). — 4 FLT34l] 77 4 K Wk 2%
M (Midostaurin). KAt # JE (Lestaurtinib). &7 /&% Je
(sunitinib) F12E $7 3E JE (sorafenib), FF ¢ PEFAK H A
RN Z . THEK, BHEZEHLEJE (Quizartinib).
Crenolanib 175 51 % JE (Gilteritinib) 7E N 1 5 — 1%
FLT3 NI 20 T S AF IR R R . KR Z bR By
AW FDAREVE FH T AMLYA T 1) B TR T8 A 410 1 751
(tyrosine kinase inhibitor, TKI)®, — I ITTHA 2 H 0
I PRAR S (RATIEY R38R MEZ MR IPE A bR 5 F A0S T
F T FLT3%€ A2 () AML A n] i 25 42 /= J8 5 (1) OS
TeH A 17 (event-free survival, EFS)R 2, [A 1, K
W 2 BRIBE B AR AE AT FT B AR 5 AMLAER 8 1 — 28
BITHE . ZAFLT34HI55 223 % ). Crenolanib
FT5 1 % Je 5t ITDZ AR fl TKD R AF S A 2. o,
H A B 1 A B2 T FLT3 98 AMLIT)
TKI, %} FLT3-ITDA1D835/1836 TKDZ A5 4145 % ¥,
ADMIRAL NG AR IRGS EAEG/E K (R/R) FLT35R



B SRR R B 0 T HLEIAIEE G T

189

&1 FDAHUER TIafT AMLEY7THEE 2
Table 1 Seven targeted drugs approved by FDA in the treatment of AML

%) A SRALI ] & NAE I AR 56 EE PN
Drug Target Approval time Indication Phase Reference
Midostaurin FLT3 2017 De novo 1T [28]
Gilteritinib FLT3 2018 R/R 111 [29]
Ivosidenib IDH1 2019 De novo 11 [30]

2018 R/R 1 [31]
Enasidenib IDH2 2017 R/R VI [32]
Venetoclax BCL2 2020 De novo /11 [33]
Glasdegib Hedgehog 2018 De novo 1I [34]
Gemtuzumab CD33 2017 De novo 1T [35]
Ozogamicin R/R 1I [36]

B AMLEEE T LT 35 518 8 A Ry 7 2L,
AR EREG G Rk T EKROS. HEM
SN ZE AN G () 22 A B ST R AT 45 SR
AR JE N E M HEFDA L HE .25 ) T FLT3RAER/
R AML A [FFLT3 40171 .
3.2 IDHINHIF

SEATIE IR I S5 (isocitrate dehydrogenase, IDH)
J& —RRAE A (tricarboxylic acid cycle, TCA)H 1) %L
RUIEE. AEFEEME R, IDHI2ME 4L F AT R AL
B8 3 S5 A ol o 1 TR (0-KG) o IDHZRAZ A T
FLAEA IS, b o-KGA R 2-F2 1% — R (2-HG), T3
TN A% Ty R B A BELA 36 1M 2346 . S P IDH
AL 12% 0 AMLEEE #. AR JE A (Ivosidenib)
2B ARG UE B ) IDH AR (1) RN 40 7 $ 571)
FDASEE B 2575 7 #E AP IDH T RAZ 1 AR/R AML
B KWL FR =75 % AT 144 IDHI
A5 [F) AMLI A 3 . IDH2 3157 2L 76 1 °F- (Ena-
sidenib) CL7F 201 74E 4 FDA#EAE A T A 77 #5717 IDH2
RS R/R AML. e — I B TAY T 3
RICAT /IR VG P& A7 72 A IDH12 A2 (1) 4]
18 AMLEEF th ST 20N 22 41, CRER 30108 77% 41
74%, HBF 525,
3.3 BCL23#H5

B g bk B2 983 2 [K] 2(B-cell leukemia/lymphoma
2, BCL-2) &R AR 8 208 B 1 0 gk 4y 7, d il +
Pt 200 PR O T A3 1 L A PR A Y 4 AR
(Venetoclax)iE B LS5 A IFHlH BCL-222 1, WUE
PR LR R TR B kT R FE BT A L 1T R
I3 — T 2 O BE AL I VIALE-AWF 53R 5T
T BTHLH T (Azacitidine) & 4E 743 e KL AR VRIT W12

AML S B 1A v Je 2 4k, 45 R S B L
HIRAER whi 7 R ER S 7 CRMOS, B3 [
AMLEFH 1145 /.,
3.4 HedgehogillHIF|

Hh(Hedgehog)(& 5 il % fE MG K B Hh k44 8 2
YER, Hom 5 T LS Cs I 4ERF AN G A G461, Hh
AR S B A AR 2R N S AML
MR AR B IRI 5 . Glasdegibifidh 45 & 11l Hhif
% 7 1 e 2H 73 SMO(smoothened) & FH K A 35T A IfiL
9T 8K, HETF 2018 FDALIE T2 2 4EAML
FINAYT . T, 1IBRE LR A4 BRIGHT AML
1003 A7 T Glasdegib®k A 1771 =T BE i £ (LDAC)H
JT W2 AMLE G fa MDS 3 IR A S5 . AFERE VI
B ah R ERE 2 T 525 LDACHL, BtA Glasdegibl
BEEK T B OSHHLRE T CREW,
3.5 REBATT

JIRT 3% VA 97 11 B ) B ELE TS LA s R
G AR AP . 24 BT AML A RS Sy i R A
#5LACD33. CD123 X3 1) # 5e [Z $1 44 (monoclonal
antibody, mAb)FHEK & $T i 52 R T4 A (chimeric anti-
gen receptor T-cell, CAR-T) % %% V& 7 85%~90% 1]
AMLEE H U5 A0 1 5 R IACD33, HIHAEIER
HSCH /b FRiA, Kk, CD330] B NAMLIG T 1)
FRARRE gz — 18, 5 Z 2R B BWOK B (Gemtuzumab
Ozogamicin, GO)/& —fCD33 mAbAI 4 i 7 2 1 1k
25, 20004EGOH 3L 5 gAMWW, '
20174, FDA T L GO T #112CD33 AMLA
2% J bl ECD33" R/R AMLE & 935 70, GO¥h
ST AMLE 3 (1) 22 4 VA7 28R TN Bl AL I PR 58
ALFA-0701 75 DLIF 2. 248 B8 U7 $dE Bon ez T
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FRUEAGTT 24, GOBREIT IEK | 3 10S(41.9% vs
53.2%, P=0.036 8). EFS(17.1% vs 40.8%, P=0.000 3)
FIRFS(22.7% vs 50.3%, P=0.000 3)*, 14, #£CBF
I, GOBKA LA e 771 52 Rl i 9 2t iR A 7
AP B I A A7 2R S 0% F = 22 75% LA 1,

#1n) CD33 M) CAR-TAEAR AR SE5G o JE 7 1 5%
AMLZH MRS S 18 0 5 15, AR AR N S5 v ml 42 s
I/ R AEAF R B0, ghAk, BT CD197E B4 B4H
o 2 T 1 PR il 4 2 05, $E 1A CD 1911 CAR-TYT V%
B UE S BAH M I 705 e 8 o R R R R I B I R
A, CD33FI CDI1237E AMLANIE FRiE, & H
B AML ] CAR-TVR Y7 S8 A 7 7 B8 i Yo Iy
PR HTHT TIE 92 CD123 CAR-T B A B #i 4R #8911
M55 W P B4, S IR BRI, 2 B 2 e
FLMFE AT R 7 CD123 CAR-TXF AMLAH i (1) A% 45 1
H, #8785 CAR-TEK & R Mt % 22 25107697 AMLIY)
TR ST ORI R A 5 B, JE RSk, B 2 TR IR
PRI HH 5 AMLEE N T CAR-THIRYT, 22
A1 AL 35 CD33(NCT03971799. NCT03927261).
CDI23(NCT03766126. NCT03114670.
NCT03190278. NCT04230265. NCT03631576)
CD38(NCT04351022). FLT3(NCT03904069). CLL-
1(NCT04219163). ILIRAP(NCT04169022). AH#:F
ALL, AMLH T8k Z & JER R M R PR, SR
P AMLYATT S8 ST A — KBk

4 FEMRE

ZAE R AMLIIFRHE IR IT 502 — & 5 SALI7 )7
%, BARIRALST AT ALY — B RIS B, B
IR A/ B LT T 25 BB IS 5 K . APLAEL
AT BRI ATYRE T — AN ARIE 238 E i
TR B, TR AT R TR R R IE &
AMLIEA 75 8 (K SEms F7 1] . 0T 104 3K, 35 HEml
P 5 R0 e TR 2L B R 10 308 2 RS 9 3 1136 AMIL ) 43
T VRN FRAR, ¥ AMLIREN /> T 125435 —
B, /N30 700 8 24 B A R KO T A ik
VAT KR . BRI, $E1A LSC R T f e
HA 9 B IR B 545 K IH 2 AMLATUSE ) — e Bk ik,
K 1) J el P 9 A I AR 9 A T T 02
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