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HL,4/9 1(44.4% ) FEA +8 S 2 BN IE R AL, 4T BEE G AT, BB %M 8/11 #(72.7% ),
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ABSTRACT Objective: To investigate the clinical features and prognosis of acute myeloid leukemia
( AML) patients with the mixed lineage leukemia ( MLL) gene rearrangements AF6 ( MLL-AF6) positive.
Methods:; In the study, 11 patients who were newly diagnosed with MLL-AF6 positive AML were ana-
lyzed retrospectively, related literature was reviewed to clarify the clinical features and prognosis of MLL-
AF6 positive patients. Results: Among the 11 patients, there were 6 males and 5 females, with a median
age of 36 years. Six patients were diagnosed with AML, M5 and five with M4 according to FAB classifica-
tion ( French-American-British classification systems). Gingival swelling and pain occurred in 6 cases
and fever occurred in 5 cases. At first diagnosis, the median white blood cells were 55.5 x 10°/L. Im-
munotype showed the expression of myeloid/monocyte and early stem cell series antigens. The expression
level of MLL-AF6 fusion gene (real-time quantitative PCR) was 14.2% —214.5% , and 6/11 cases
(54.5% ) were associated with high EVII gene expression. Mutations of KRAS, TET2, ASXLI, TP53,
DNMT3A, and FLT3-ITD were detected by next generation sequencing ( NGS) in 4 patients. Chromo-
some G banding examination showed that 2 cases were t(6;11) (q27,q23) with complex karyotype ab-
normality, 4 cases with +8 abnormality and 2 cases with normal karyotype. Hematological complete re-
mission (CR) was achieved in 8/11 patients (72.7% ) after conventional induction chemotherapy, and
primary drug resistance was observed in 3 patients. Two of the eight patients with CR were negative for
minimal residual disease (MRD) , with a median CR duration of 4.5 months. Two patients with positive
MRD and three patients with refractory recurrence underwent allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT) , but all died due to leukemia progression. At the end of follow-up on December
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1, 2019, 2 patients were alive and 9 died, with median survival time of 9 months. Conclusion; The
AML patients with MLL-AF6 positive were mostly young, the majority of FAB types were M4 and M5,
and most of the patients often had fever as the first symptom, with increased white blood cells, accompa-
nied by organ infiltration, and high EVII gene expression. The hematological remission rate of routine
chemotherapy is not low, but it is difficult to achieve molecular remission, most of which have early re-
currence. Early allo-HSCT in a molecular negative state may prolong the CR duration.

KEY WORDS Leukemia, myeloid; Gene fusion; Gene rearrangement; MLL-AF6; Disease attributes;
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1.1 WF5ext4g

2015 4 6 A 522019 4 9 H AL at kv [H Pr s B
Fliih 5141 11q23/MLL #HE 2k F o, Hp
MLL-AF6 it & & K B AML @825 11§, ¥ 2
MICM 73 B2 o
1.2 Rt

W R UBERAE S mL, ZIEOCHR( 3 ] Jr i F 740
KHUAPRIC, %18 2016 Rt thE 5 TL A= ZH 2088 % i
ANEE MR 2 W B BREFES TIEY
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W G A AR, Zad ’AGCRAE i, 2 i
CNFEA N3t 1 27 [ P iy 44 AR ] (ISCN2009 ) ) BEA T
VSGREN P3G g /s
1.4 rAdaith

MLL-AF6 5 3 IR I >R I S92 i) 72 4 PCR 5
5, VL ABL BN N2 SEEE I KK F = $E5E
FE DL/ ABL $2 D1 % x 100% , MLL-AF6 gl 35 R 1
BT AR T kS MOk (4] 0 4 B8 s R AT

T A I A A
L5 jfJ7

BRI LU IA TR(EPEFLER 8 ~ 10
mg/m’ x3 K, FTBE TR 100 mg/m” x7 K) K E,H
0 B IR 5 IER e  EPE H PH A IS + CAG J7 %8 (Bl
SPLAE R + BRI + R R AR VA M ) o o8
GRS WL A T 32 2R FH O] 1 BD A e, 52
RIGERIERALST J7 4345 CLAG J5 %8 (e Jm ¥ +
BB T + LR M AT R ) (DS Al + CAG
TR TEREMIGHSZILEAST 2 ~3 7, BT 5+
FLIR i I T 20 M2 #% 48 ( allogeneic hematopoietic stem
cell transplantation, allo-HSCT) , ¥4 5 & = V£ F i
AT RS
1.6 JrahE

WI7aE G 2 ~3 Jo 2 A B3, I MLL-AF6
FEPR 55 K A R i/ 5% B8 % ( minimal residual
disease, MRD) PEAFEHR, 2% 565 4 Rt CIML I 12
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1.7 Bvi

A AR E Y A2 Z B I MEREYT, 80k
8242019 4212 A 1 H JET- &R EIET-H .
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2.1 BHE NN

11 5] MLL-AF6 A4 AML f835 5 3R B[R] HH 2otk
PR 2.1% (11/530 f6]) , 5 AML (2. 6% (11/
424 ) , 5 11q23/MLL B HE % Y 21. 6% (11/
5L o 11 flEFE T, 56 6,24 5 ], A 4E % 36
(16 ~63) %, % 21k L 1) 73 B2 Wi bn ofE FAB
437 ( French-American-British classification systems) ,
M5 6 f4i],M4 5 {4, & AAERH, SF IR AR 6 11, A&
S ], kTSI R 4 ], B RIRAE 1 ], s
A A% 55.50 x 10°/L (1.76 x10° ~180. 00 x
10°/L) , Horp 8 i >30 x 10° /L, Hh v 1fi 41 3 (5 7%
80 g/L (64 ~113 g/L) , i ffi/MiIT4k 77 x 10°/L
(21 x10° ~133 x10°/L) , HAR L 1,
2.2 YL sE s

11 flB BT YR G A, 45 R 2,
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Table 1 The clinical data of 11 AML patients with MLL-AF6 positive

Case number  Gender  Age/years FAB type  WBC/( x10°/L) HGB/(g/L) PLT/( x10°/L) Bone marrow blasts
1 M 19 M5 55.25 86 77 0.95
2 M 36 M5 55.58 102 23 0.71
3 M 16 M5 120.30 94 106 0.84
4 F 39 M4 68.98 80 28 0.78
5 M 36 M5 2.26 64 133 0.84
6 F 33 M5 9.10 80 21 0. 88
7 F 57 M4 1.76 73 90 0.67
8 M 25 M4 70.30 113 117 0.84
9 M 63 M4 34.90 73 31 0.83
10 F 39 M4 61.60 79 16 0.42
11 F 35 M5 180. 00 69 34 0.95

AML, acute myeloid leukemia; M, male; F, female; FAB, French-American-British classification systems; WBC, white blood cell; HGB, hemo-

globin; PLT, platelet.

R2 MLL-AF6 FHYE AML 3% 40 i 354G 25 5,
Table 2 Cytogenetic characteristics of AML patients with MLL-AF6 positive

n (%) (n=11)

Cytogenetic at diagnosis

Normal karyotype 2 (18.2)
t(6;11) (q27;q23) abnormality 9 (81.8)
1(6;11) (q27;q23), +8 4(36.4)
Complex karyotype 2 (18.2)
1(6511) (q27;q23) sole abnormality 2 (18.2)

1(6511) (27;q23)t(2;13) (p25;q12) 1(9.1)

2.3 PSR

KA BARAGIN 11 5] 2 A S R A, %
ik CD34 % 8 4] (72. 8% ) , 3¢k HLA-DR # 11 {4
(100. 0% ), 3k CD117 # 9 i (81. 8% ), F ik
CD33 +CDI3 % 9 i (81.8% ) , ik CD64 3% 9 {4
(81.8% ), F ik CDI5S # 6 {] (54.5%), #ik
CDI23 % 4 | (36. 4% ), F ik CD9 # 2 fi
(18.2% ) , HAA&NL3% 3,
2.4 FAEYwEFES

L1 ] i % ¥4 MLL-AF6 5: K & 4, 9] 2 i
MLL-AF6 i 45 3 P 3% 3k oK ~F o 47 0 47.1%
(14.2% ~214.5% ), Hrp 6/11 ] (54. 5% ) 4 3t
EVII ¥ 7 55 323k, v EVID 3K K 124.2%
(75.8% ~339.6% ), W3 3, 4 Fl #1474
JF, 40 it RNA BT Y] (U2AFT 2878 1 53K |
DNA H! 34k ( DNMT3A , TET2 . IDH2 2875 4% 1 {4

W) Yo )it 8 9 (ASXLI 1 513K | Ras i f#% 1% 1k
(KRAS 1 f5]¥K) DNA &S AH I AEFE R (TP53 1 44]
) JFMS Ff: i BRI G 3 9878 (FLT3-ITD 2 14
).

2.5 JRITEEIA

L1 ) BB 32 5 I AT, 3R AR 78 2 2 8
Bl (72.7% ), Hoh 1 S BRI T LB ME 5 B
(62.5% ), 3 il 35 J K i 24

8 BRI TA Jy 53 4by7 .4 BN & A R
LIF5 K 10 mg/m’ , 2FRILFN 5 %M 4 BN HEH
ERLER 8 mg/m” 2 BIIAFITE 2. 2 H
K LGl + CAG Jr i A4by7 1 Bk w2
fifto 1 IR HL VG M + DA (RLEHE R + Pk i
) RAIT 1 T RIS e 2 R .

8 191156 4> 2% i i) 8 55 v 2 5] MRD %% [, MLL-
AF6 JEHHE ORI 0,1 Bl bifkyy 5 A EE
%, IR IDH2 #3157 (enasidenib ) 1 57 F2TCRL, PRk
TG HERIET. , A AEIF IR 17 AN F L 55 1 filst ik Aby7 s
3AHER, THPEAMLEE + P9iE R + AA (B 5 $ir
B2+ PN ) 7 R HEAR S %% (CR2) , LA
FERFEIER 11 AN H o S35k 6 Bl 58 2 22 M (1) i35 MRD
TR R 8 % B, MLL-AF6 3% [N w7 # ik 7K F 4
0.11% (0.2% ~4% ), Hrp 4 FIFEILE A7 H I
82 % DU T LA K590 5 i A o0 3, A (6 B
L5(1~3) 97, A UEARST 2(2 ~5) 97, Hh
TR 4.5(3 ~I2) N H B RG4 Tk
RALIT BT
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Table 3 Immunophenotypic, molecular biological characteristics and outcomes of AML patients with MLL-AF6 positive

Level of Level of Induction . ) . . .
No. Immunotype MLL-AF6/%  EVI1/% regimen CR  allo-HSCT Outcome OS/month
1 CD34, CD13, CD33, HLA-DR, CDI15, CD4 14.2 - 1A Y Y Dead 9
CD34, CDI23, CDI117, CDI3, CD33, HLA-DR, CD64, ,
2 CD11b, cMPO 57.6 - 1A Y Y Dead 14
3 CDI17, CD13, CD33, HLA-DR, CD64, CD56, ¢cMPO 59.3 151.6 1A N Y Dead 7
4 CD34, CD117, CD33, CDI13, CD9, HLA-DR, CD38, CDI5  68.0 289.4 1A Y Y Dead 13
CDI117, CD33, CD38, CD15, HLA-DR, CD56, CD64, » ) ‘
5 CDI1, «CD4. CXCR4, CDIIb 70.1 - Dac +CAG Y N Dead 5
¢ CD34, CDI23, CD117, CDI3, CD33, HLA-DR, CD38, .o, 3396 A . N Dead 0
CD64
CD117, CD13, CD33, CD38, HLA-DR, CD16, CDI1b, » : ]
7 D15, ’CD4, CD64, CD36, CDS6, cMPO 25.0 - Dac+CAG N Y Dead ?
8 CD34, CDI3, CD33, HLA-DR, CD4, CDI15 36.6 75.8 1A Y N Dead 5
CD34, CDI23, CDI17, CDI13, CD33, HLA-DR, CD9, )
% CD64. MPO, CD36, CDI1h 9.8 3.1 1A Y N Dead 16
CD34, CDI123, CDI117, CD33, CDI13, CD38, HLA-DR, » .
10 ¢bith, €D36, CD64, CDIlc, CDI4, CDIS 214.5 154.4 Dac+DA N N Alive 2
11 CD34, CD33, HLA-DR, CD4, CDI1b, CD38, CD56, CD64  29.1 - IA Y N Alive 11

CR, complete response; allo-HSCT, allogeneic hematopoietic stem cell transplantation; OS, overall survival; Y, yes; N, no; IA, idarubicin +
cytarabine; Dac + CAG, decitabine + cytarabine + aclacinomycin + granulocyte colony stimulating factor; DA, daunorubicin + cytarabine.

2.6 allo-HSCT FJ¥75L

5 B E AT allo-HSCT, 35 g BLAE AR FE A, il 4b
72 R ETH 2/ ik (BU/CY) T, &
FEHEIMNRIE F IS 4 B A YT (total body irradia-
tion, TBI) , (& HEG RS 3 B3R 2 % A I
i (BRI 1)) L2 )58 4 G2 {2 MRD BH A%, 2
W L BIRS AR IS 3 A T LD i MR B, 5
WRRILFE T, AEAFINR] 12 S 1, 5 1 GRS AR IS 4R
M52 0% 4 T B3 b 2 A i a1, 28 T D %
i 18 % A Y B 15 £ G ( graft-versus-host disease,
GVHD) , HEAFI R 9 A~ H o 3 BIMETG PRI R AT HE R
PERAE R R E S TG 1| DH 51225, 1 5
THETE Jo AR B R, 1 5 9 th xR 3, 34
ST IR Ak R A AN TRl A3 3l o 6 AN 1T AN
134H,
2.7 EfEW

BORARBE DTS A], 11 1] 85 v 9 BiFET 2 1]
FETE , P AEAFE] 9 (4 ~17) D H

3 itig

O ¥ I FIB AL A S B B U 2 2
AT WAL B 2 T H . 11923/MLL 2Pk F il
PR R 1) A W 2R 4% 52 56,2001 RiR(WHO &

1553k B ZH 2 73 25 ) #% AML £ 11q23/MLL 7
WA — AN ST R T AP 5B 40 5 1% 2 5
HHg AML® . Meyer %5 fF 5% 2 8L, MLL 3% [
He AML g WL YL (R 5 i A7 MLL-AF9/1(9511) |
MLL-AF6/t (63 11) . MLL-AF10/t ( 10; 11 ) . MLL-
ELL/t(11;19) MLL-ENL/t(11;19) , R[a]" fk £k 3
PRI 3G 11 S 784 i) LA AR ) 4 1 AR R A TR OB B
HwE"

& [E [# 37, 25 A i i M ( National Comprehensive
Cancer Network, NCCN) A [l (5 1fiL % ¥ ( European
LeukemiaNet, ELN) [ 4 5645 7 240K 85 5 WL A 1(95
D) AFWE P, Hay o(v; 11q23) RIFEHUS &
fadl, M t(9511) Z Ah £ M HE 18] 19 A= ) 2 o i I
ANGEAAANR] X 11123 ) AML G825 BEA T HER 14 XU
3 V25 SR JURH L 1) ¥ 97 R 3R 2 s AR T I 1) Bk
MLL-AF6/t(6;11) MV A7 25 JU 45 19 1 R 48 AiE , XU
w2 A X AT IR AR T
N ARFZE S5 1 11 61 ER3h H AT E P 56 F ik
PRI E IR B 8

AR MLL-AF6 [HI%E: AML 25350 M4 |
M5 5 TR Be [0 Ak I Y 2. 1% , 4 AML )
2.6% , HE MR IE Z W, 9112 B AL = 4 i T A
55.50 x 10°/L(1.76 x 10°/L ~ 180. 00 x 10°/L) , %
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PEFFNTCRS Sk, EEFRIABER T B0 S B
AL B0 R, AL 1 PR 4 25, 55 D4 Sk AR ol —
T BeAh K] 36. 4% (4/11 451) B A s T
YL EL CD123 3Rk, AT Re 5B I R4 VR
TRITI 25 A B S A K

A SCHRARGE £(65 11 ) J 9] v 388 /0 L B S5
YL A PR S5 e G, AR H S 2L, b
WasF S RABF R RB L B t(6511)
(q27;q23) fF t(2513) (p25;q12) , 4K t(6;11) ff
I A e e, T 45 55 37 S5 ) 1A 9 08 A L3, G
I PR 7 S B R 29 161 LA W 2298 §E,  Groschel
SR EVID RER S 1(11q23) Y o 1k S5 5 35
S, LA t(6511) F11(9511) Z W, MLL it 3 (1 7 i
i EVIT Rb T35 BRAS SR A , MLL T4k (1 009 (9 T2
JARE L W e £ G EL A R A A TR 24, A
A7 e LA 5 s b . EVIT S5 3235 R 37 5%
W 5E AR AR AR AR (1123 T t(9;11) AML
i, EVIT S35 185 26K T3 0 22 14 A A 77 20 R 25 1
SR KA EVIT + MLL T4 AML RE M — R 58 4
ZEfif (CR1) J5 RIEE B P 3R e5 . W T EVII 5
BIFEIRTE 1(6511) AML iyt 7 U5 7 X H AT A
AR . AN B R &I MLL-AF6 AML Y} 54.5%
(6/11 {5) £33 EVIT SN i 33k (8l T 61 5>,
R BIAG AT AR IENE

S HAb 11623 B85 000 AML A L, 3%
FHALIFIY 1(6511) AML 5 59477 2Bl % F R IE,
HA K 0] B s, SECHHUS H227" . Blum
SEPIIRIE T 16 41 1(6;11) AML %, Hidr 31% (57
16 {5]) T S HIIET,69% (11/16 1)) 1715 %+
RGE RGN, P B A T A A Te e AR
FER R 1L A H 6 A H 9 A H 1 AR AR fE R
0 44% 2 AR BTN 13% KRS IR 2/ 1
YRR BT I FE YA 9T 10 FE % oP (07 TG 5 26 77 00 4
1,205 8 SHFO A .

ALYERHE R, 11 (5% 2% AT 52 2 B
HAIK 2. 7% L) IA J5 4SS, 50 £ 4
FLIHEE 8 mg/m” HURFAMIL, I 10 mg/m” f) 4
(R AR B 58 R W, $R 8 mg/m” F I H R
AHEBFETHAEAEAL . BTGNS
ST 1R BT A 1 LI AT, 8 4158
IR EE U 2 Bk E] MRD B4k, H {58 42
SRR FFELI IR N 4.5 A, 3R % B ALy T
Jr ZEMELATERR MRD, 1] MRD 4428 % RE 5 9 14 £ %
W5 B % L 44T CLAG J5 R4 R b7 o
AV

Manara 25" % B, MLL-AF6 5@ 1 — % /E Ji #l
AF6 S @ NLfH Ras 55 5 WG . AATRPA
1 B8 EAAE KRAS 587 , HETE A FEXF Ras J8 #% 11
BUEIRYT , #EAT MLL-AFG 4000 [ Ve FUE T IR R vk
WF5E' . Neff 25 fUBF ST I8 /R T R4 2 54
£ MLL il 58 1 5 19 I & A= bl 4 B B4R
L AT R 1 1] 58 5 AT IR 25 SRk S
M2 S AT 6 )G 7 T T BT AL 4
M HIBBN T2 G AT 25 TORAAF 3 DA #
BIEERIGHET PR RE 3K 0 2 28, 1R
1B RS 1% 25 6T W/ RE R DAL GE AT T Tt 245
PR ES#E— PR R AL, X T 1 il MLL-AF6 4
If FLT3-ITD 572 3%, 16 1 7R 1A JF B A7
JoRE 4T FLT3 $ifi)50) (ASP2215) ik, 1 J7 RRiA
7 IGVEAl B E CRi(RIE R8P 8575 2 22 ik, (H I 20
MIHEORERIRE) | G878 Rtk — W

ST allo-HSCT 2 75 §E % it MLL-AF6 AML [{)
ARBUG, A FBFFEAEAEA F 458, Krauter 251
AT (65 11) [P LKA o 5 XU £ 75, CR1
J& 1 allo-HSCT A g 25 % < JG 52 & AR A7 9, T ) T
FEF(6;11) FAPEE S, CR1 J5 11 allo-HSCT 324k
BIF IR S A A AN O R AR A o RO B
BEM AH B2 4b ( Bone Marrow Transplant Registry,
EBMT) (#5845 3R o, BIfEAE CR1 W ZE T /54,
t(6;11) AML ¥ 2 4E & Kk FAh & ik 50% ,t(6511)
AML F1t(10511) AML A3 J& 520 MLL K& P9 o HlE
R G UG WA 7 A 6 R 2%, 1 2% TR R0 i #% A
T A/ R 2 R R, H 5 allo-HSCT J5 1Y A% 4 )
PUHE IMA ( graft versus leukemia, GVL) %A , B iE A
R IR g BT 5 AR RN 45 e, B A
Tamai 25" [a] B 23 47 7 9 B/ F 60 2 1 1(65
11) AML 2% CR1 J5 allo-HSCT [J7F 3L, 45 3 55
SR allo-HSCT (1 BE AR, 1 £ T0H A A7 10K
60.0% vs. 0,2 R HEAFF N 66. 6% vs. 0 (P =
0.045) , 425 allo-HSCT Ry B35 45 > H 1 B AEAF
N 44.4% TR 2 allo-HSCT By & S AR
0, AHFFEH S Fil4T allo-HSCT [ ik ZXMER R
RIESEREHE T MRD [V, B 0I5 15 ) 90 1
SR IR ATIA A, Rl R PR PR s B A R
BRI HUR BRI SR R RS0y A RS TR
JLRAT allo-HSCT Al RESPAT K E M,

2% bk, MLL-AF6 AML J& MLL T4 AML rh
() —FPRER AL, FAB 43U DL M4 M5 2 U1, i 2
PRI BESNEIE , B2 I 2 0L A B R
PRERE EVIT 3R 573 i 320K, W IALT T i R A,
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