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[Abstract] Objective To investigate the prognosis of allogeneic hematopoietic stem- cell
transplantation (allo-HSCT) for patients with acute myeloid leukemia and MLL rearrangement. Methods
From September 2009 to May 2016, the clinical data of 47 patients with MLL-rearranged AML undergoing
allo-HSCT in the First Affiliated Hospital of Soochow University were retrospectively analyzed. Results
Among 47 MLL-rearranged AML patients, 24 were male and 23 female. The median age was 30 (15-58)
years old. There are 36 (76%) patients were FAB-types M4/MS5. Two-year overall survival (OS), disease-
free survival (DFS), relapse incidence and transplant-related mortality (TRM) were (64.4+8.4) %, (47.3+
9.3) %, 41.0% and 17.9%, respectively. Of them, 45 patients were detected with 11q23 translocations, and 2
patients with normal karyotype were MLL partial tandem duplication. According to different chromosome
karyotype, 47 patients were divided into three groups: 16 cases of t (6; 11), 15 cases of t (9; 11) and 16
cases of other types. Overall survival was compared between the three groups, there was no significant
difference (y°=1.509, P=0.472). On multivariate analysis, independent risk factor on OS was transplant
age >45 years [ HR =4.454(95%CI 1.314-15.099), P=0.016]. The multivariate analysis also confirmed
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the higher TRM in patients at non-CR state when transplanted [ HR = 10.370(95%CI 1.043-103.110), P =
0.046 ]. Positive minimal residual disease (MRD) before transplantation was a negative prognostic factor on
DFS [HR=4.236(95% CI 1.238- 14.495), P=0.021] and relapse incidence (RI) [HR=5.491(95% CI
1.371-21.995), P=0.016]. Conclusion Transplant age (>45 years), allo- HSCT in non- CR state adn
positive MRD before transplantation were negative prognostic factors in allo-HSCT for MLL-rearranged

+559-

AML patients.

[Key words] Leukemia, myeloid, acute; Mixed lineage leukemia; Allogeneic hematopoietic

stem-cell transplantation; Prognosis

Fund program: National Key Research and Development Program of China(2016YFC0902800);
National Natural Science Foundation of China(81470346); Jiangsu Provincial Natural Science Foundation
(BK20171205); Jiangsu Provincial Special Program of Innovation Capability (BM2015004)

TRATE R I (MLL) A T 11 5 e Ak
K2 X377 (11923) . HETHFFE R I, & Fh A%
P L TR S A D S R T L 00 50036 7 AH OG F IRL
2 DL MLL JE R HE ), 78 BN 286 R I
(AML) Y % 1R 8525 5%, MLL KK i {0 4%
G gk A, G 6k 70 2R, fEMLL
SR HER AML A R 20605 BRI T A U 2
KA IR 2017 AERRIN I
W (ELN) Xt 5 AML (/32 Wi 53697 1F H HERE R
t(9;11) (p21.3;q23.3) V3 Ay st (& 2 rp &8 XU 41, 1717
Je At 11923 Z) (i 3598 A st AL 24 AN R 2, £
AN R IRAEFAFIE R AML S50 75 3545 58 2% i (CR)
Jr R BT S B PR o 4 B A5 A (allo-HSCT) LAEK
HWE' . ARFFEXT 200949 H 2201645 A ]
47 15|35 5% allo-HSCT At MLL 3[R F HEFH P AML f#
B HEAT BB 3 A IR SRS S e A 2R

w5 7%

1B 5287 20094F9 H 22016 4F 5 H T3k
BE1T allo-HSCT iy 47 5] £ MLL 3 X & HE AML f&
HOABEY . b B 24 5], 4 23 ], v AR
30(15~58)% . ZWiff& WHO(2016) brife , B 45
Mo 2 ] .M, 361 (M, 561 M, 9 i (M 27 9] A 432
1451

2 RTT TR AR RS 46 T LA IA DA T
FEMBESEMIEIT . IA T E PRI (Ara-C)
100 ~200 mg-m™> -d™", 55 1 ~7 K; EHALAHER
12mg-m” -d", 5 1~3 K, DAJZ: Ara-C 100 ~
200 mgem™ +d" B 1~ 7K REFEK 45 mg-m” -d,
B 1~3 K. 5 CRIEE R K i Ara-C FRZ
SIA B BEIRZE T BT . #8022 # (PR)
SR G2 i (NR) 1Y 835 422 52 b VY A VI 000300y 258
Hi5F . A B 217 allo-HSCT, fil b 7 28

Bu/Cy ([ &+ I Bk ) 77 58 44 ), NR S & T 1
151 % 1} CLAG ( 587 Jit 75 + Ara-C + G-CSF)+Bu/Cy
5%, LR TBYCy (4 B FR§f+Cy) 7% . HLA
A F MBI R A(CsA) BE A FE 2 g nd
(MTX) #iiflj GVHD, HLA AN 44 & & % F CsA %
15 IR 1 (MMF ) 3 4 45 A% MTX 95 GVHD, 31
T M i 0 O BR 2K 11 (ATG) o Hp MR 41 e %o %%
(ANC)=0.5x10"/L $52E 3 d LI & 0 ki 40 i A 5
PLT=20x10"/L4F4E 7 d FLR 5 it/ M 3 A I/ 1M
G . BAEG 30 dAT B BEAN T A 224007 v
5% B (MRD ) AGI | Ji AR 15 3 42 7 91 (STR ) A il 45
A PP 3 I 2 R A S K R 10 o

3. BT R G N TR .
A= A7 (OS ) BSFIR] - 38 14 i el 4y 2R P T BRI BE T
FYRFIE] o JCHe A= A7 (DFS ) s [ « 5 afi 200 it [ iy 2
g 0 e s AU T B AR BE VT I s [E] o 2 R e [ - 3
I 248 L I iy 22 o R R R IR B A ], rh
A7 BtV I 18] A 19 (3~ 73) A A, BE T 8% 1k 15 8]
201742 H10H

4. GiiteA b B N SPSS 17.0 B4 k47 B dis
8T . A AF MR F Kaplan-Meier #: M Log-rank £6;
55, W FH Cox H A XU 455 70 53R 17 B0 Z2 IR R i 40
Mro P<0.05h2ZERAGITFE L,

s R

1. — ek 43 47 I MLL S HEFHME AML &
F 20 6 (42.6% ) #9112 WBC=30x 10°/L, 27 i
(57.4%) 9112 WBC <30x10°/L, 1t 34 {1 # 3%
Sanger I 5 , # 1 FLT3-1TD BH ¥k 4 4] . FLT3-TKD
FHVE 151 .CEBPA B8 7% 2 f4i] [ DNMT3A 5748 144,
15 5] s 3 B sz — ARyl = U7, Kt FLT3-ITD FH
P 3 4] \FLT3-TKD FH 1 3 5] . CEBPA B2 A% 2 f5i]
DNMT3A 75 2 i) NRAS Z&75 2 ffi] KRAS 7% 2



-560- PR IR A2 2018 4E 7 H 45394645 7 Chin J Hematol, July 2018, Vol. 39, No. 7

1] \EP300 2277 2 i \ TP63 2875 1 ffi] . IDH2 28 7% 1
i, 45 B E At 11923 Sy, 2 01 G fA A% AL IE
WK MLL S R A, $ e R AN
[ 430 =41 t(6;11) 2 16 5], t(9;11) £H 15 3], HiAh
ZER16 [ F045 t(11;19)9 41, (10;11)2 1], £(11;17)
241, t(11;22) 1481, IE R A7 2 43 ]

2. 15 AT 2 % . 47 ) MLL & HEFH 4 AML
BEH LA PR CR 2701, 24 L LA LIP3 CR
141051], B ZEfRN 87.2%(41/47) , Je 4T LA KH
5 Ara-C F2h o G A B BR 25 O R ILIENR YT,
WETFFE A 100~ 3), Horp (545 CR 3% 34 191,
70 B K (4 VG I A T RS A
J735 CR,4 1] PR 1 4] ,NR 244) . #5S:4kI7 Kk CR
(1 6 1] £ 35 L 2 491 43 0 48 3 L4 AN YT R 4B YT I8 PR,
445 B H B 2T AT NR

3. A FRAE BB AE AT RS : CR 38 f4i] , PR
3%,NR 6 7, FEZERAEFHEIER 1, [FIH A%
A (MNC) Kz CD34 i 1 /45 240 it 1) Hh 57 45043 531)
4 9.87 (1.28 ~21.10) x 10%/kg . 4.06 (1.90 ~ 6.77) x
10%kg R0 HAE A 7 B TE] SR 12(10 ~ 18) d L IfiL/)N
Mok AR 12(8 ~33)d. BHE 3 NA W
276 (57%) & KA A GVHD, o T V10
IV EE53 000 7 1 (15%) 12 51 (25% ) .2 5] (4% ) .6 il
(13%) ., R34 H G 23 141 (49% ) B & A 18 v
GVHD, H 1 J= FR 7012 ¥ GVHD 16 1] (34% ) (Fz ik
70, AR 2 8], Bz JER+JF I 2 461, B k+ 11 i 1 431, B
T L), G 1 B R+ R+ A B8], R R
WE+ET R 161D, )iz BUEPE GVHD 741 (15%) . 6 14
FEHE AT NR £ H 15 DR i B R g 248 B Ik
Wil F+15 dFET-, 1P T &P GVHD F+40 d
FETT, 2 R PR E 4 GVHD I BE 20 T4t )5
3MHET,

4. HEAEAYHT AR IR F 2017 4E 2 H 10 H , 47
MLL = HEFAPE AML 35t 31 4735 , 16 BIFET .
24 0S KN (64.4+8.4)% , 2 4F DFS K}y (47.3+
9.3)%, 2 4E 5 KK N 41.0% , 2 AE RS AEAH KEIE TR
(TRM) } 17.9% . ¥ 7] GE5 i T A0 FH & 36 b M
A Cox HLH Z 4T : AE AT AL T CRRE (&
PEAEE AL HI AT MRD FH 1 4 52 B35 OS [HR =
5.135(95%CI 1.552 ~ 16.983) , P =0.007; HR = 5.095
(95%CI 1.148 ~22.613) ,P=0.032; HR = 2.635(95%
CI 0.891~7.792) , P=0.080] }2 DFS [HR=3.572
(95%CI 1.189 ~ 10.732) ,P=0.023; HR = 3.816(95%
CI 1.103~13.196) , P=0.034; HR =4.461 (95% CI

R 47 BIMLL EHEFHPE S AEBE A e 8 R AR

BAHERRIE ZER1(%)
A

HLA &4 & 22(46.8)

HLA ARG 25(53.2)
MRS

<45% 39(83.0)

>45 % 8(17.0)
AR HTER RS

CR 38(80.8)

PR 3(6.4)

NR 6(12.8)
AT MRD

PR 24(51.1)

11 23(48.9)
el

5 28(59.6)

© 19(40.4)
VIS INIES

Bu/Cy 44(93.6)

TBI/Cy 3(6.4)
b (1K e 107 3

A 1(2.0)

A1 JE i 21(45.0)

HInJE i+ i 4(8.5)

B BEF I 4(8.5)

B HESME I 8(17.0)

ARSI R I+ il 9(19.0)
ATG/ALG f#

b 25(53.2)

T 22(46.8)
GVHD il )i %

CsA+MTX 16(34.0)

CsA+MMF+MTX 31(66.0)
55 200 5 v R

B 7(14.9)

Jc 40(85.1)
EB il #f /e

H 3(6.4)

G 44(93.6)
L A 6

i 7(14.9)

P 40(85.1)

T : CR: SE A PR 4028 Mt s NR : AR ZE i s MRD : S/ Nk B
93 s Bu: [N %5 Cy : FRBEMENE ; TBI: 4= 5 BT CsA . MK A;MTX:
FH IS s MMIF « B 193 BTG s ATG - UM BR AN ER 26 14 s ALG - Btk 2
AMLER 1

1.534~12.976) , P=0.006 ] )T J5 A B [H £, i 5%
T AR > 45 %5 B R ETEOmRAL T4 CRARZS oA
HII MRD BH 14 53 0 2 52 Wl OS [HR = 2.775 (95% CI
0.927 ~8.310) , P=0.068] .TRM[HR =21.057(95%
CI 2.341~189.432) , P=0.007] . & & [HR=3.622
(95%CI 1.051 ~ 12.485) , P=0.042 ] f) Fil J5 A B [A]



HPAR MR A 2018 27 A 2539545 73 Chin J Hematol, July 2018, Vol. 39, No. 7 -561-

R, BAHZAEI(HLA 2 E2MA) W12 WBC &=
30x10°/L X B E LA R Toge 120 o gL fh,
IR, =41 OS Ik i 22 eG4 L
(X =1.509,P=0.472) (1), FRHEZRPHrHP<
0.1 AT PR 28 (REABARS UL 0 RS AR etk
A EHITTMRD) 44 A Cox o061 XU #5580 3R 47 22 1A
ROHT, R R BRI > 45 5 &5 R OS
[HR=4.454(95%CI 1.314~15.099) , P=0.016] A9
M7 A PR 25, RS AR T MRD BH 1 2 52 i 5 % DFS
[HR=4.236(95%CI 1.238 ~ 14.495) ,P=0.021] . &
% [HR=15.491(95%CI 1.371 ~21.995) , P=0.016]
(M S U A KR 2R B AR R Ak T CRORES
F M AH S BE T KUK B9 25 [HR = 10.370 (95% CI
1.043 ~103.110),P=0.046], TEWZ2,

100
80 — -

60 - T

P=0.472

SRR (%)

— t (611 A 6fD
20 — t (9;]1) éﬂ (]51&”)
—  JLAREBA ClefiD

| | | 1 |

10 20 30 40 50
wfE CHD
Bl1  AS[FEZEH MLL B PR EE HE S0k B 2R 1 i 5 S 56 R i T
ANAS A A A &

it #

MLL & A i 4 i) 119 B A5 Y 88 11 BB 1 1) I 45 5
WIS & B R i A, s A v i B R 3R
RIS Y SET X, T H A 40 & 11 H3K4, M
PO T Ui HOX PR 1 5% 5™ . MILL 2 PR3 & 76 L
W25 7 DX 2 6 W A, L S S AR R PR Rl
PG . MLL ALA 2 A R Bk SET XA
it 1 31k H3K4, S BHOX £ [N £k F 4, NN
KNGS o AR, MLL AH ¢ [ 100905 35 W0 15t {4 2%
IR 7R T e i 3 48R B I 7E MLL @l
HEAN S AR Z AT EZER

11q23/MLL & A 5 HF & 52t 13 J5 Y 22
# ., MLL EHEBH: AML FR e WA G ik 5 (i A
£(9;11) .t(6;11) .t(11;19) .t(10;11), t(9;11)/MLL-AF9

F2 MIMLL EH EHE AML B A A7 2 2R 0 h4s

K E PfH HR(95%CI)
AR AR > 45 % 0.016 4.454(1.314~15.099)
A TAE CR 0.087 3.173(0.844 ~ 11.929)
FEHITT MRD(+) 0.122 2.828(0.757 ~ 10.559)

TCIREAF
FEAEIAELR > 45 % 0.073 2.812(0.910 ~ 8.693)
AR CR 0.372 1.704(0.529 ~ 5.487)
FEHIRTMRD(+) 0.021 4236(1.238 ~ 14.495)

V3
FEAHI ARG > 45 % 0.051 3.786(0.995 ~ 14.413)
FEAH TR CR 0.427 0.422(0.050 ~ 3.542)
AT MRD(+) 0.016 5.491(1.371 ~21.995)

FEAHRAHSCHE T
AR AR > 45 % 0.813 1.304(0.144 ~ 11.805)
FAERTIE CR 0.046 10.370(1.043 ~ 103.110)
AT MRD(+) 0.486 2.329(0.215 ~25.182)

T : MLL: JRA 1% 22 AL s AML - 2 P58 2 F I ;s MRD 350/
BR F9 s CR : SE 2 G2

W hBUG R, Hoftht (v;11q23) TR TS = 1E
40, Hrt (6;11)/MLL-AF6 #iF 52 i J5 5t 2%, HiAlL
il AT fE7E T MLL-AF6 [ i 4 st F 4F Al 5
DOTIL AE TS 5 FE R ik ik 4241 , 18 BE il
IS TEAN A PR B AF6 25 R 3458 RAS I8 42 5
P ARIFSE t(6;11) (£(9;11) M AR HIZ OS
Feii 22 RS L (P=0.472) , Al e iy J I 2
allo-HSCT 5 il T MLL J& P FHEXS BiS (2 0 . LA
AERFSE B, BN 11q23/MLL 5 8UR% 20 A 1 11055 25
FEAHOC AR ML /M 57% , 5 SCER
[12-13 ]85 5 —2, DIERFSE o , MLL 5 HEFH
AML 8725 25 = ok RAS il B bt 1, Acg 4k 2
i B A Y KRAS 278, 2 4] H 5 A6 Y NRAS %
A% . FLT3-ITD 28755 AML S ph 7 i TS A B 45
Fr , 76 MLL T HE FH 7 AML H % b i 16 1 = 25
8% AL ] H AL 4 5 F K Y FLT3-1TD %8
s R D R T et 2R i

H i, 11g23/MLL 5 fF fH 4 AML B8 1R 97
5 LAALYTT Fl allo-HSCT Sk 3. Krauter 55" ¢ 15 49
i MLL HEFHPE AML 8445 4K CR, J5 17 allo-HSCT,
579 GlR i Z R B LU, B t(6;11) UL 4h,
PR LB A A TS o Chen %67 HRIE 1) 39
i (24 451 CR,)MLL HHE FHM: AML i #5257 allo-
HSCT 5 55 il 4l fbyr 41AH L, 547 OS 2 51 (39%
XF13%) o AESE i A 835 3447 allo-HSCT., £



562+ rP AR IR A 2R 2018 4F 7 H 45 39 45245 7 44

Chin J Hematol, July 2018, Vol. 39, No. 7

5T b B AR AR IS > 45 % 4 4ETT MRD FH
PR3 B 500 B OS \DFS [ S7 [l R &, B hil
HI MRD BH: 8835 5 kR85, AR T A TE
CRREBEBMAR LT 5 E . BT T
F BT H AR R SR G 5 5% S8 B ag i na
J7 o DOTIL /& M — & 1 B9 41 & 11 H3- i 2 1R
79(H3K79) H ZLAL AL, B4 UE S MILL 3[4 & 4
F 1ML 975 &40 i A0 77 % Fd A 2 e LY HaTE &
JF% T EPZ004777 A1 EPZ-5676 %% £+ DOTIL i)
Wil 5 T — 2P i it &, AT IR
7 BN MLL 5 PR J HE 20k A i i 1 Il PR
B e Ak, B RAS 3 B (6511 AZ R E Y
BRI T ARG B TR 2R R R il 1
(PRMT1) .HOX MEIS1 %5 KA 2 A IR MLL
FEPR S HE B A

2 LRTIR AR 5T 45 5 R , allo-HSCT J2 iR Y7
11q23/MLL & HEFHE AML 898 8507 . # it >
45 % B AETTHER AL T IE CRARAS B AE HT MRD FH
PEJEFZ IR allo-HSCT ¥397 MLL S HEFHYE AML &
S ER YRS PS

2 % Xk

[1] Hayette S, Cornillet- Lefebvre P, Tigaud I, et al. AF4pl2, a
human homologue to the furry gene of Drosophila, as a novel
MLL fusion partner[J]. Cancer Res, 2005, 65 (15):6521-6525.
DOLI: 10.1158/0008-5472.CAN-05-1325.

[2] Libura J, Slater DJ, Felix CA, et al. Therapy- related acute
myeloid leukemia- like MLL rearrangements are induced by
etoposide in primary human CD34+ cells and remain stable after
clonal expansion [J]. Blood, 2005, 105 (5):2124-2131. DOI:
10.1182/blood-2004-07-2683.

[3] Grimwade D, Hills RK, Moorman AV, et al. Refinement of
cytogenetic  classification in acute myeloid leukemia:
determination of prognostic significance of rare recurring
chromosomal abnormalities among 5876 younger adult patients
treated in the United Kingdom Medical Research Council trials
[J]. Blood, 2010, 116 (3):354-365. DOI: 10.1182/blood-2009-
11-254441.

[4] Meyer C, Hofmann J, Burmeister T, et al. The MLL recombi-
nome of acute leukemias in 2013 [J]. Leukemia, 2013, 27(11):
2165-2176. DOI: 10.1038/leu.2013.135.

[5] Gole B, Wiesmiiller L. Leukemogenic rearrangements at the
mixed lineage leukemia gene (MLL) - multiple rather than a
single mechanism [J]. Front Cell Dev Biol, 2015, 3:41. DOI:
10.3389/fcell.2015.00041.

[6] Dohner H, Estey E, Grimwade D, et al. Diagnosis and manage-
ment of AML in adults: 2017 ELN recommendations from an

international expert panel [J]. Blood, 2017, 129 (4):424- 447.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

DOI: 10.1182/blood-2016-08-733196.
Gordon MY, Blackett NM. Reconstruction of the hematopoietic
system after stem cell transplantation[J]. Cell Transplant, 1998,
7(4):339-344.
Tamai H, Inokuchi K. 11q23/MLL acute leukemia: update of
clinical aspects [J]. J Clin Exp Hematop, 2010, 50 (2):91-98.
DOI: 10.3960/jsrt.50.91.
Poppe B, Vandesompele J, Schoch C, et al. Expression analyses
identify MLL as a prominent target of 11q23 amplification and
support an etiologic role for MLL gain of function in myeloid
malignancies [J ]. Blood, 2004, 103 (1):229-235. DOI: 10.1182/
blood-2003-06-2163.
Zhang Y, Chen A, Yan XM, et al. Disordered epigenetic regula-
tion in MLL-related leukemia[J]. Int J Hematol, 2012, 96 (4):
428-437. DOI: 10.1007/s12185-012-1180-0.
Manara E, Baron E, Tregnago C, et al. MLL- AF6 fusion
oncogene sequesters AF6 into the nucleus to trigger RAS
activation in myeloid leukemia [J]. Blood, 2014, 124 (2):263-
272. DOI: 10.1182/blood-2013-09-525741.
Tamai H, Yamaguchi H, Hamaguchi H, et al. Clinical features of
adult acute leukemia with 11q23 abnormalities in Japan: a
co-operative multicenter study[J]. Int J Hematol, 2008, 87(2):
195-202. DOI: 10.1007/s12185-008-0034-2.
PEEDR, B BTE, AR, 25 79 61 11q23/MLL 3 [ 5 HEBH
BN MRS ZR LR I PRAFIE X U5 407 [T ). e i i
Jk &, 2016, 37 (8): 702-704. DOI: 10.3760/cma.j.issn.0253-
2727.2016.08.014.
Goemans BF, Zwaan CM, Miller M, et al. Mutations in KIT and
RAS are frequent events in pediatric core-binding factor acute
myeloid leukemia[J]. Leukemia, 2005, 19(9):1536-1542. DOI:
10.1038/sj.1eu.2403870.
Libura M, Asnafi V, Tu A, et al. FLT3 and MLL intragenic
abnormalities in AML reflect a common category of genotoxic
stress[J . Blood, 2003, 102(6):2198-2204. DOI: 10.1182/blood-
2003-01-0162.
Krauter J, Wagner K, Schifer I, et al. Prognostic factors in adult
patients up to 60 years old with acute myeloid leukemia and
translocations of chromosome band 11q23: individual patient
data- based meta- analysis of the German Acute Myeloid
Leukemia Intergroup [J]. J Clin Oncol, 2009, 27 (18):3000-
3006. DOI: 10.1200/JC0O.2008.16.7981.
Chen Y, Kantarjian H, Pierce S, et al. Prognostic significance of
11923 aberrations in adult acute myeloid leukemia and the role
of allogeneic stem cell transplantation[] ]. Leukemia, 2013, 27
(4):836-842. DOI: 10.1038/1eu.2012.319.
Chen CW, Armstrong SA. Targeting DOTIL and HOX gene
expression in MLL- rearranged leukemia and beyond [J]. Exp
Hematol, 2015, 43 (8): 673- 684. DOIL: 10.1016/j.exphem.
2015.05.012.
Liu W, Deng L, Song Y, et al. DOT1L inhibition sensitizes MLL-
rearranged AML to chemotherapy [J]. PLoS One, 2014, 9(5):
€98270. DOI: 10.1371/journal.pone.0098270.

(ki B 1 :2017-11-20)

(RS - % 5R)





