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Associated gene mutations in patients with cytogenetically normal acute myeloid leukemia
Jing Chuanhong'?, Qiao Chun', Guo Rui',Zhang Chi*,Zhang Sujiang', Qian Sixuan',Li Jianyong', Hong Ming'*
(‘Department of Hematology ,the First Affiliated Hospital of NJMU ,Nanjing 210029;?Department of Hematology,
Jiangdu People’s Hospital ,Y angzhou 225200;°Department of Out-patient ,the First Affiliated Hospital of NJMU ,
Nanjing 210029 , China)

[Abstract] Objective;:To explore the prognostic significance of NPM1,CEBPA,FLT3-ITD and c-kit gene mutations in
cytogenetically normal acute myeloid leukemia (CN-AML). Methods: Bone marrow (BM) samples of 112 patients with CN-AML
were collected. Mononuclear cells (MNCs) were extracted and genomic DNA was isolated from BM specimens. Chromosome
specimens were prepared using the direct method and short-term culture without phytohemagglutinin and the metaphase chromosomes
were banded via improved heat treatment Giemsa R-banding method. Incidence of NPM1,CEBPA ,FLT3-ITD and c-kit gene mutations
was analyzed using genomic PCR and sequencing. Clinical characteristic,overall survival (0S),disease-free survival (DFS) and
cumulative incidence of relapse rate were compared between gene mutant and wild-type patients. Cox regression analysis was
performed to estimate the significantly prognostic factors for OS. Results:Incidence of NPM1,CEBPA,FLT3-ITD and c-kit mutation
was 21.4%,21.4% ,13.4% and 5.4% ,respectively. WBC count of the patients with mutational NPM1 was significantly higher than that
with wild-type NPM1. Patients with mutant FLT3-ITD or c-kit had significantly lower PLT, higher PB and BM blast proportion than
those with wild-type genes. After excluding the patients giving up treatment and undergoing allo-SCT,patients with isolated NPM1
mutations had significantly better OS compared to wild-type patients. Patients with isolated mutated CEBPA had significantly better
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OS and DFS compared with the wild-type patients. Patients with CEBPA mutation had a significantly lower cumulative relapse rate

than the wild-type patients. Cox regression analysis showed that age and BM blast proportion were independent prognostic factors for

0S,and CEBPA mutations were associated with OS. Conclusion;: FLT3-ITD and c-kit mutations were associated with lower PLT count

and higher blast proportion in PB and BM. Isolated NPM1 and CEBPA mutations were associated with better prognosis in CN-AML.
[Key words] acute myeloid leukemia;normal karyotype; NPM1;CEBPA ; FLT3-ITD; c-kit

LPEREAN M MK (acute myeloid leukemia,
AML)VE R 38 [ BN S5 UL 1 A I S 7Y 7 oy
AN, R4 BVEIRYT, 5 AR SRR R
(0S) WAL Ry 209%~35%"", dfiffiist f% 2% & AML 3
PR NER, B OA% A AML(CN-AML)
B & AML [ 40%~45% , )& TR 4EwES, (H BRI
CN-AML /B35 B PSR ETEAR R i S Bk, HAi
JE R RER D5 I AERICT AML 15341
T S T K2Ry UE A  NPM1 CEBPA J FLT3-
ITD ZEAE W Z T RAF 78 UESEAE CN-AML H HLAT il
SERTIE B SO FE R 5o X AML B35 4T
G BE 43 2 HE EARES ), T e-kit A ZAETET
RO & T AHICH AML(CBF-AML) H TEFEA ¢
(8;21) Fl inv (16) [ & & h &k A= 2430 K 22.0% ~
48.1% % 29.5%~48.0% , 5 A~ KT J5 A 7 (B 7E
CN-AML H RSN 520

AHFFEIE LR 4 PCR B 5 5 B % 112 44l
W2 ) CN-AML #& 517 NPM1 . CEBPA . FLT3-ITD
e ce-kit FE PR ZEAR BRI , X — ZR 1 FE R 28 AR 7
CN-AML & i Rk K TS A,

1 XgMFE

1.1 %

2010 4 3 H~2013 4 6 A iki2 T s ERK
20 B EERE N CN-AML 4t 112 61, Y554
TH 5L T 4T (WHO ) 2008 4F3 1l S bk % 2H 2 eg
B2 AML B2 WibRiEDR! Yeta i34 e i
AL, B BE A2 HERDTE 2013 45 7 H
31 H, P AikfEviis 10(1~30)1H
12 Fik

TCRAAF FoRERAEEHE S ml, /05 %40
JfI(MNCs), DNA fli$ a0 S HE L DNA SR R 1)
PAE IR G R AR AR T LR T 5
R4 PCR K B30 73 64T NPM1,CEBPA [ FLT3-
ITD % c-kit FERIZE ARG, 25 55 1E % 551 ELXT
LRIt B A 2l 2 A S AR AR HEA T 7 BT 7

[Acta Univ Med Nanjing,2013,33(12):1687-1692 ]

B B IR TR, 73BT 4 Fh 98284 CN-AML H iy
R HHR 4 FhBE DR 5878 B 5 B A B AR I R
HE X s 22 5+
1.3 %itE sk

K HI SPSS17.0 #1443 & Graphpad prism 5.0 i
Gt o, SR TR AT « K50, FR Y LR
RIREEY Fisher KK SR, OS & i2WiZ H 2
FE T UK BE DT 1 I 8], Joi B A7 (DFS) 5 SCh
LWz B 252 RS TSR K BT R, Ka-
plan-Meier IR HUH A7 OS 1 DFS, 224l 4= 17
M2 Fn RS K RN 2k | A 57 A 5 B A= R AR K
225, P<0.05 & SO i E 225 R Cox 1]
73 BT 5E CN-AML £ & 3Tl PRAFAE Bz 5L PF 58
ARLERFRAE OS TR & L,

2 5 R

2.1 —RFH

Jir A CN-AML £ 35 (4 Il R RR A AL 455 4 % | 1k
) PG AY | 4 A A (CBC) B 4E A i T4k
(WBC) | Il £L8 1 (Hb) | il /Mii-£ (PLT) A1 A il
(PB) S 58 (BM) I b 4 M LU 3] | 58 4> 22 i (CR) 2
KM RFEFNR 1 FREH T RO EHE (R
FEEWHEZATR FARRICKITERR ) DA bl
W 522 73 ), e = RAZER BRI & BT A 5 58 4
i, 5 Z A AR B B 1 CAG 74 30 41, T
BYRYT E 2R SRS P A TS, 14
B B 42 AL R i T AR A, A tE TR Y
ARG 11 ], Tt HLA B AAH &L
Rl gs 1 54 )8 35 452 FRS A 1 114
A, 5 BIEEAREEAS (RIGITERDT) .
22 4FEEREAECN-AML BEFPeh L AR

112 il v NPM1 . CEBPA FLT3-ITD }% c-kit
BZRAZ RPN 21.4% 21.4% 13.4%H 5.4%,, 4 1]
B35 NPM1 5 CEBPA 2:[fH % ;4 #i f235 NPM1 5
FLT3-1TD 3 fH: ;2 fi] /35 FLT3-1TD 5 c-kit 3:FH
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Table 1 Clinical characteristics of patients with CN-AML
[P B (B IME~ R |

I RAFAE BUE
() 47(12~86)
(5 /2L ,n) 58/54
45 IR (n) 5
FAB 4354 (n)

MO 4

M1 27

M2 45

M4 12

M5 18

M6 6
el R IR R A R R '8

WBC (x10%L) 34(0.6~299.0)

Hb (g/L) 86(39~154)

PLT (x10°%/L) 42(2~295)
HINE IR A AR L (%, H %) 65(6~98)
B8R 40 AR LU 51 (%, TP AR 75(11.6~96.2)
CR % (%) 69.2(74/107)
BRZE(%) 17.8(19/107)

PA .c-kit & FLT3-ITD A%k,
23 4#EE T EAE CN-AML B £ 697U & 3L
231 REALGIHAREF R LR

ZRA LR 4 Fh LN 5 AR A 5 B A AU R AR |
WBC . Hb .PLT .PB } BM Ji i 40 ffd L5 \CR R & &

R G NPML S8R BB E A WBC & & T
BPAERIERE (P = 0.046) ; CEBPA 8751 f F ) CR %
EE TE A (P = 0.027) ; FLT3-ITD 5874841
BE T PLT BB AL TEPA B SE (P = 0.003), 1] PB
Ko BM FJE A2 51 (PB blast .BM blast) B 5 &5 T
PRI (P 0020 & 0.012) ;c-kit 848
RUEE PLT B R R THEFAERIEE (P = 0.035),1M
PB K BM A4 U iA 40 b 5] BH (e v T AR R BB B (P
{53514 0.019 J2 0.028) ., Hofthllfs RARFE7E £ 5L
DR AR 70 I W A= R g 2 2 () e i B2 R (3R 2)
232 AEBH

Kaplan-Meier 17351l 1155 58745 74 55 4 A= 70 £ 2%
BT OS F DFES XSGR BE (HR) \95% "] {5
X 8] (95%Cl) , Z: il A= FE M 26, LA A ] ) 22 5%
HEBRBCFHIA YT B A7 57 25 PR ol T 40 i i Fe s e, A
S NPMI 2878 B35 10 OS %501 A= R i 34 1t 4iE
£, P e 35 P 22 5% (P = 0.025), 1fif DFS 7/
H[E) T E 25, IS AY CEBPA RASH & 1)
0S J DFS ¥y AR R B B W S AL () A d
ZMEER (P =0.037 £ 0.018), 1M FLT3-ITD } c-kit
ZRAF BN 0S K DFS 57 A R fE 35 A TG 35 1
25, RS9 NPM1 5957 /) CEBPA 28748 #4 5
AR E AL 1,
233 REALHAMBF ZRILFILEK

xR 2 ARAEFERITRSE 4R BEHIE RIS LR
Table 2 Clinical characteristics of gene mutant and wild-type patients [ {374 (35/IMBE ~I K MH) |

NPM1 CEBPA FLT3-ITD c-kit
(+) wt P (+) wt (+) wt P (+) wt P

n (%) 24(21.4) 88(78.6) 24(21.4) 88(78.6) 11(13.3%) 72(86.7) 6(0.7) 75(99.3)
fasviiid 44 47 >0.05 46 49 >0.05 43 47 >0.05 37 49 >0.05
(%) (12~76) (12~80) (15~76) (12~86) (29~86) (13~81) (33~73) (12~86)
P51 12/12 46/42 >0.05 10/9 27/35 >0.05 4/7 34/38 >0.05 3/3 34/41  >0.05
(B/%)
WBC 34 25 0.046 36 26 >0.05 59 27 >0.05 27 27.3 >0.05
(x107L)  (26~2910) (0.6~299.0) (1.1~2780) (0.6~299.0) (58~2740) (0.6~299.0) (170~2200) (0.6~299.0)
Hb 88 79 >0.05 86 79 >0.05 83 81 >0.05 63 86 >0.05
(g/L) (39~154)  (41~143) (64~154)  (39~148) (52~148)  (39~154) (52~139)  (39~154)
PLT 56 34 >0.05 60 40 >0.05 34 47 0.003 16 47 0.035
(x10%L)  (10~207) (2~295) (2~190) (10~295) (13~82) (2~295) (10~63) (2~295)
PB blast 45 64 >0.05 77 64 >0.05 83 54 0.020 85 59 0.019
(%) (7~98) (0~96) (2~96) (0~98) (35~98) (0~96) (77~95) (6~275)
BM blast 72 72 >0.05 78 72.5 >0.05 90 72 0.012 78 59 0.028
(%) (280~936) (11.6~96.2) (352~920) (11.6~96.2) (670~936) (11.6~96.2) (67.0~90.0) (5.8~275.0)
CR (%) 78.3 66.7 >0.05 87.5 63.9 0.027 57.1 71.0 0.027 66.7 77.1 >0.05

(18/23) (56/84) (21/24) (53/83) (8/14) (66/93) (4/6) (54/70)
BRF 22.7 48.0 >0.05 12.5 19.3 >0.05 7.1 194 >0.05 0 18.8 >0.05
(%) (5/22) (12/85) (3/24) (16/83) (1/14) (18/93) 0/6) (19/101)
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RML R IVUAR [ CEBPA 2875 i 3 (1) B fE Kk
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ITD J% c-kit F PR 2875 7 K Wiy A 0 B 2 1) BAUE kR
T B2 YRS CEBPA ZE745 71 55 B A 76 g 2%
B BRI KRR ILIE 2,

100 -
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80
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£ 60 CEBPA wi,n = 73
@
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20
P=0018
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Bl 1 PRSZA9 NPM1 f2 CEBPA 78R 5HFA R4 OS ) DFS £k

100 1
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80 4
:\3 60 - NPM1 wt,n =71
40 -
+
201 p=0.025
0 i ; 1 1 i i 1
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0S(H)
100
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80
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L 404
eyl
20
P =0.037
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Figure 1
100 7
80
S CEBPA wt
5 60 ]
p
= 40
Bk P=0.038 CEBPA(+)
20 1
o 4
T T T T T T T
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A

Kl 2 PRS7AY CEBPA 2875 1Y 585 1 T J 3 BRIV 6 R

Figure 2 Cumulative relapse rate of patients with isolated

mutant and wild-type CEBPA

2.34 CN-AML #4 0S 89 2 B &5

¥ CN-AML £55 148  WBC . Hb \PLT .PB %
BM 119 55 463 40 A LU 3] 2 7547 S PR 3 T 40 P A%
i (allo-SCT) .NPM1 ,CEBPA _FLT3-ITD ,c-kit % Z§
RELAFE R IT RS EARER G A
PR S AT 28) SF R R AT Cox [H1IH 53
Br, K IAERE (P = 0.017) BM [ J5UER 40 L 451 (P =
0.023) Jf& OS ByAlS7 W58 br , CEBPA RAE (P =

OS and DFS of patients with isolated mutant and wild-type NPM1 or CEBPA

0.054) 5 0S #5¢, Hfth [N 2R 5 0S Jo B B AH ¢
(K 3),

RIS =

BARANMLs L2 AML Jx FEWTEHZE =
CN-AML SBFETEIm IR _ AR BA R K0 5 Bk, H
TE R EAR P WEAIRGT . R CN-AML &
FHHAER ARSI B, AU T
112 f|#]i& CN-AML 35 # NPM1,CEBPA FLT3-
ITD J c-kit FE PR RAEE M, HRITiX LR AETE CN-
AML B35 TP B RIS 3 3

NPM1 R7AZ) 5 A AML 19 1/3 K CN-AML
1 50% - & 5 FLT3-ITD . IDHI IDH2 A DN-
MT3A A [FET I, &0 5 CEBPA AR
NPM1 S BUZA W 19R 25 1 70 20 B o vh 9 S e o
5 i i 2 (0 pS3 ARF G SRE R
K, NPM1 AR B H SHFAERUAH L CR 58 B
RFIAR 0S S TE A S K AML B3 rh [Rl A
R RAFHUES ) ARARIE] 112 4] CN-AML &
o NPM1 28783 21.4% K T EAIMRIE , ZIES
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Table 3 Cox regression analysis for patients with CN-AML
B SE Wald P Exp(B) 95% Cl

A 0.038 0.016 5.714 0.017 1.039 1.007~1.072
WBC -0.002 0.003 0.289 0.591 0.998 0.992~1.004
Hb -0.002 0.010 0.041 0.840 0.998 0.979~1.017
PLT -0.003 0.003 0.941 0.332 0.997 0.990~1.003
PB blasts 0.032 0.014 5.159 0.461 0.992 0.972~1.013
BM blasts 0.023 0.015 2.348 0.023 1.003 1.004~1.062
Allo-SCT 0.410 0.605 0.459 0.498 1.507 0.460~4.934
NPM1 0.304 0.476 0.406 0.524 1.355 0.533~3.445
CEBPA 1.097 0.570 3.705 0.054 2.996 0.980~9.159
FLT3-ITD -1.316 0.805 2.673 0.102 0.268 0.055~1.299
c-kit -11.958 454.442 0.001 0.979 0.000

BREMA R -0.524 0.873 0.361 0.548 0.592 0.107~3.273

N2 5 ARSI 52 U B (BRI X A A G
ARG R I NPM1 2748 5 1) WBC &, S5RE
TERF IR R — 3, B X — 28748 5 41 U i 34 B g
A FEHERR T ARIGTT BT S A a1~ 4 L R%
T EETG, AR IS E NPM1 2848 5 1Y)
0S #HPAERBH W Wk, H DFS 7EPI & (A K
i R 2E

CEBPA 275 7E AML W9 & %K 5%~10% ,
2 ) HEAE CN-AML H SE 87 B G F 1) G B A 5k
R0, CEBPA 748 SRAETE 28 ik v IR Bk , 28 ik
Ui 5 AL BRI AR (p30) KA H B
(p42) BYFRIX ; R EL 0 I R A2 5 45 R {L A1 DNA
FEAH K, CEBPA ZRAEFHR o3 Ay AL A FE [H R A%
(biCEBPA), BRI AETE— NSRBI Y L g An
G —ATEALEE R RS, 43 FHLRIE ST A
p42 TG FRIB TN Je e 5 SR E M B 1ML, 30
LI 09 & A= 04 T RO BFFE IESEAA biCEBPA 5
RAFHUSAC; H biCEBPA /0% /F: 55 FLT3-ITD
g2 75 4t B P 19 15 0, biCEBPA — B4 3 FLT3-1TD
ARMR K RAFHUG ; FRAFAL L] CEBPA 2272 1))
i NPM1 RABWA W RIFHUS , AW
112 ICN-AML & B T 21.45%1) CEBPA 58%% | &/
REMECHRZERL, AR & BLIRAL Y CEBPA &
5 RIS G, AERIBER 0S 5 DFS #1%
P, H AP CEBPA 2878 2 0S 1Sy WS
KIZR ARG AR — 2D X 43 XU o7 B A B B A4
FERRAE

FLT3-ITD 7E 1F % 3 M AH 0 2 ik | 5 8 i 20
Wi o34k 3G5E PR T A OGS FEARRE AML thk
He R 209%~27% , 4 CN-AML 4 30%~50% 2875 H

HANE I WBC TR 5 46 4 A5 B A A R
HUH TR, X —RAETE CN-AML 15 18 R K1
JEAHDG, SR BAE I LRI I S H CR 584
RUEBE S ATt & FLT3-1TD 28 7% /2
A1 I K B DR A 200 B ) 5 B A AR R P
Fhven , [T i/ IvHR 35 B A 4 £ i g/ 3 —
A AT T ITD v T FLT3 B RIMHES (TK) iT
DI, FEOX— KIS (R R AR K S LR Y
GRS , BN T 3k — X6 TK 9 F A3 il
TEPE, 51 RTK 38 BRI SO Y
JERAFE AT 2Z 0 AT H FLT3-1TD 2845 (1)
KRBT ESMGE, Aok & B 0S
H1 DFS BI520

AW AL KB 6 B c-kit A (AR
4.5%) ,iX— 57 R ARGE S HHSHTE WBC THECH
X%, Cairoli 25" HIBELE 186 Wl/NT 17 % 135 D 4E
AML ™ c-kit A R AEFN 3.7% , AR K IHXT 0S
ISR AR TREZH R IR c-kit S350 E 3% 1 PLT 487
A= 7R I I G, PB K BM SR 41 L 5] B e T
15, ELRIRE AR & X — 52 X A A7 B 52 ) 30T 4
KW 5T Xt NPM1 .CEBPA K FLT3-ITD =3 i
1T T LA a1 e B NPM1 5828 (HAN B
FLT3-ITD 2875 () 8. % & biCEBPA 2875 #. 3 i T i
4§, 5 CBF-AML 25 6L, AR — IR CR i
17 allo-SCT . Patel 251875 398 il AML & & i 464y
MrT 18 LR ARG I, & B FLT3-ITD 5848 j &
0S B 4% ; CEBPA 5 IDH2 R7AE B E 1Y 0S B ik
FER  NPMI AR AE A FF IDHL 5§ IDH2 A A4 =3
RS

ZE R AR WEIE K BUAE CN-AML "HAF 7 —E
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