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FLT3 mutations in children with acute myeloid leukemia: a single center study
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Abstract: Objective To study the clinical significance of FMS-like tyrosine kinase 3 ( FLT3) mutations including
internal tandem duplication (ITD) mutation and point mutation of tyrosine kinase domain (TKD) in children with acute
myeloid leukemia (AML). Methods Bone marrow samples from 116 children with newly-diagnosed AML were obtained.
Gene mutations of FLT3/ITD and FLT3/TKD were detected by RT-PCR. The relationship of FLT3 gene mutations with the
clinical characteristics and the therapeutic efficacy was observed. Results FLT3/ITD and FLT3/TKD mutations were
detected in 9 cases (7.8% ) and 13 cases (11.2% ) respectively out of the 116 children. FLT3/ITD mutations were
observed in 3 cases of AML-M3 (3/9; 33.3% ) and in 3 cases of AML-M5 (3/9; 33.3% ). FLT3/TKD mutations were
the most common in AML-M3 patients (10/13; 76.9% ). The patients with FLT3/ITD mutations had a significantly higher
peripheral WBC count and marrow blast percentage compared with the patients without FLT3/ITD mutations at diagnosis
(P<0.01). The 3-year overall survival rate in patients with FLT3/ITD mutations was significantly lower than that in
patients without FLT3/ITD mutations (38.9% vs 64.3% ; P <0.05). Conclusions FLT3/TKD mutations are common in
children with AML-M3. The AML children with FLT3/ITD mutations present a high peripheral WBC count and a high
marrow blast percentage at diagnosis and have an unfavorable outcome.
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AML th (A2 20% ~30% ) , & &8 A I AML
Hh gt R B v Y — Rl R PR ks R 3R I G
JLE AML 5 FLT3 &R 548 1 RGBS, A 55 %8
Frts AML L FLT3 H& 5 935 B B & i (internal
tandem duplication, ITD ) J 3 [ 45 #4) 35, ( tyrosine ki-
nase domain , TKD ) & [K 5¢ 748 5 i RAFAIE V4 77 RCR
LG #-4T T WI .
1 #NE5FHE
1.1 #HRIHR

[ 2007 4F 6 H % 2010 4F 10 A &k F91i2 AML
JLEE 116 5, 55 71 9, 2 45 ), A8 1 ~ 15 2 (rp
MR T %) o A BILHS RIS AR
U e R ) AR e VI B e e
#iiz™ o MRS Ak I 92 RFRVE (FAB 43 7).
MO 1 fi], M2 37 {5, M3 26 fi], M4 12 f5i], M5 32 ],
M6 1 i, M7 7 4],
1.2 7%
1.2.1 A R4 DNA 4 & 1677 AR LB B
3 ~5 mL, FHibk EL 40 A 2 B o0 S SRS R A, R
FHRAR DAN 4 B & 42 O R 41 DNA I 1
e A260/A280, i i DNA ¥R EE , 36 DNA BEAS ik
FEYH % 2 50 ng/ L,
1.2.2 PCR ¥ 3 R Wi K % : 10 x Buffer 5 pL,
dNTPs 5 pL, | FiEa1 494 20 pmol (FLT3/ITD; |
514 GCAATTTAGGTATGAAAGCCAGC, Riia| 4
CTTTCAGCATTTTGACGGCAACC ; FLT3/TKD; i 5|
¥ CCAGGAACGTGCTTGTCA , Fii£5 |4 TCAAAAAT-
GCACCACAGTGAG ) , #t [H 41 DNA 2 pL, 1Taq fif§
0.5 pL, MUK BZARFA 50 wl, S &A% (1) FLT3/
ITD:95°C FiZAE P4 5 min;95°C 30 s,60°C 30 s,72°C
30 s, 9§ 35 ¥ 72°C #EA 10 min; (2) FLT3/TKD:
94°C iASPE 4 min;94°C 60 s,56°C 30 s,72%C 30 s,
P& 35 Y ;72°C & 10 min,
1.2.3 PCR /=494 (1)FLT3/ITD . Ht6 ulL
PCR P=¥J7E 1 x TAE 3 H 17 1. 5% B igti e e r ik
TRACZBEYL A 10 min, SEAMT R S5 R, i B4 41
KT JEAL FLT3 ) 2544 By FLT3/1TD [HAE ™).
(2)FLT3/TKD : 1% %% 2500 D835 4 L RAZ , /L H
7 1836 A X 2845 | i1 T D835 F11836 AL T EcoR V
MBI AT 51 GATATC, PR I A= Y55 20 4h i+
NG T 5779 194 bp 28 EcoR BY)™ 4 129 bp
F165 bp I Fr Bt 1 D835 Fil 1836 {F:— 28742 R
WA BIF S, S 1Y GERE EcoR V F§ Y],

AT A EcoR V igH] J7 25 X 43 B A= AL FLT3 F
2% D835/1836 1) FLT3 848 A, KW AR & : 10 x
Buffer 2 pL,EcoR V NYJEF(10 U/wL)0.5 pL,PCR
P 10 pl,ddH,0 7.5 wl; 2 5544 :37°C K% 3 h
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M1 23456 7

M1 234567
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400
250

100

FLT3/1TD FLT3/TKD

E1 FLT3 EEYIEAEKE  M:DNA 57 Rhbfaf; 1 ~3:

FLT3/1TD B[R4 ik & P, 1 ~ 3 w] LB M 47,4 ~7 Joki ¢
St FLTS/TKD SEB LUK, 1 ~4 ERIPEAH 5 ~7 o L
1.3 BFAR
1.3.1 AML-M3 8J)LE7F 5% BRI
2R GEHTR (ATRA ) / =4 AL — 1 (As,0,) B — 3%
BN, 3K 5E 22 25 it ( complete remission, CR) JiF,
TR 2 R YT , IT T O DA (A%
R+ BB L) /MA CORFE R + BB it ) /HA
(i =RAZTRR + BTWE ML) , 4EHFI6 7 R HIATRA
B 6-Z AL % (6-MP) FI HT 2 8504 (MTX) |, 22 fif
WATRE 0 =B
1.3.2 3 AML-M3 &)Lia 5 # % (7 R ASIVA
FH DA/HA/HAD (5 ZARAZHR Ik + FIBE A + 240
BR) TEHTFIRIT. 715 CR Jg it — LI 51k
BT JUESRAIG T O 288 MA J5 %8 (HA J5 % DA
Ti 3 S AN L IE + BRI H ) T AR
e 1 A8 LA 52 3 1T 20 L A o 4 DA o B A
MO N FERBEA T B3 N 1k 33
1.4 fFRF|EtRAE

57 5CH e BRI s 12 W LT AR o) 56 =
B TEEARAEAE (event-free survival, EFS) 5 X
N HZWEIE Rl (65 % A CR iR A5
T2, K3k CR 3 EFS 2y 0) siORK BV H . Tol A
1 (disease-free survival, DFS) #4§ CR & H IfilL 5 &
REEAE CR WRIZET I ], G A A7 (overall sur-
vival,08) 14 B2 Wr BPE T-slOR BT H . Bl
Vil [ % 2010 4F 12 J] 31 H,RUi#E 2KV H
W, p A RE T E 13 A (1 ~424 1) Hohig gy
W 3 4 K DL B oA 12 il
1.5 Sit=aHh

KT SPSS 17. 0 A X $ 4 A7 48 1127 A 2L
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2 #R

2.1 —fgER

A5 w2 AML &L 116 5], FAB 43 BILL
AML-M2 £ L, AML-M5 ¥k 2 , AML-M3 J&45 3 fii,
105 AT T Y fAAz BRI ( 55 40 11 5] R 40 e K
R DL A BRI SR ), Herh 33 4K I A%
R 72 ) S i R R b 4300 Ry 1 (8521) 25 i (Herp 6
B R 52 AA% A ) e (15517)22 ] (e 5 18 52 2%
B Linv(16)4 f5i] 8 45K 9 ] (L 3 filfE +8)
WA T B (b 3 FIEE 7,1 BiEE -Y) ,0(9522)
(q24;q11) 1 i £ 11q- 3 f5i], £ 10g- 1 fi], 13 £ &
JLERR 2 5 IR & 57 i iR 97, B A FLT3
SRS AML 8L, 3 68 JLAES A6y 7 W [R] 58
T (2 ™y, 1 BN ) o 78 iR LAESS 1
SPRRE RIIT G5 CRLSE 1 YT CR #58 75.7%
7 BBILAESS 2 ST RRALIT R 35 CR, ARBEFE Hh 3 4F
DFS 3%k (72.9 +6.3)% ,3 4 EFS 3%k (73. 0 =
6.3)% ,3 4F 0S %4 (62.0 +6.5)% .
2.2 FLT3/ITD %5 AML

116 ] AML 1 # & FLT3/ITD [FH 4 9 {4
(7.8% ) . MAEHIKE R LB, TEAF AML 8L
i), FLT3/1TD 5848 ¢ 45 45 5 i Pk, ITD KB K/
—o 9 5] FLT3/1TD FAE AML i JLH IE #4546 {4
(67.7% ) ;1 1(15517) S 3 4], Horp &2 e i 70 S
w1, IEH AR AML h FLT3/1TD 58722 (G i %
T 18.2% (6/33) , W I 1= T S W A% U2 (4. 2%
3/72), FLT3/ITD 2245 0] LA & A {E FAB [ £/~
P Hor M2 15, M3 3 1], M4 1 {51, M5 3 5] M7 1
%, 5 FLT3/1TD B AML & JLAHH, FLT3/1TD [
£ AML LI RFRIAWIZE WBC KB BRI HEZH
JH 53 5 (34 P < 0. 05 ) BAEPE ] AR R S5 5 T A
Mz ZEFTGE AR L, FLT3/1TD FH: AML i
JUAE 1 Y7 CR 2K, (B 5 FLT3/ITD Bt JLLT
BEFTGIFE L W1,

FLT3/1TD FAME LS FLI3/ITD [ & L 3 4F
EFS #3514 80.0% (n =5, 95% CI 62.1% ~97.9% ) .

72.2% (n =80,95% CI 65.5 ~78.9% ) , 2= 5 T 45 2%
5 X(P>0.05) ;3 4F DFS R4} % 80.0% (n =5,
95% C162.1~97.9% ) 72.2% (n =80,95% CI 65.5
~78.9%), R L IT¥<E X (P >0.05), ffi
FLT3/ITD [H ¥ AML & JL 3 4F 0S # 8] &k T
FLT3/1TD [t AML HJL(P <0.05) , W& 2,

10-7,
0.8
& 067
0.4+
02 P =0.043
T T T T T
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BETIS ) ()
2 FLT3/ITD 425 FLT3/ITD A& JL 3 &£ OS Btk

2.3 FLT3/TKD &35 AML

116 i) AML # # 4 FLT3/TKD %€ 48 % 13 i
(11.2% ) 1 t(15;17) 55 10 1], Horp i % R e
3 1 e (8521) F 2 9, Horr 1 iR -Y 5 IE R A AL
Bl IEHAZTR AML H FLT3/TKD B H %R 4.2%
RTFRE A, H2ER TR E X, (16. 7%,
X =2.724,P =0.099), FLT3/TKD % 45 £ %k /: 1F
AML-M3 WAL (10 f51]) , BbARA A7 M2 74 2 f5i] M5 7Y 1
%, 5 FLT3/TKD {4 AML # JLAH [, FLT3/TKD
PR AML S8 LIS s B 56 4 FHE 448 6 b 461 O s, {H 22
SEICGEITEE R S0 ZHE I LE AR AT E D
%197 CR R ES G E . k2,

FLT3/TKD FH% g JL5 FLT3/TKD FAE# L 3
4 EFS Z43 5K 66. 7% (n =11,95% CI 39. 5% ~
93.9% ) 72.4% (n =74,95% CI 66.0% ~78.8% ),
ZRTGI X (P >0.05) ;3 4 DFS 4351
66.7% (n=11,95%CI39.5 ~93.9% ) 72.3% (n =
74,95% CI 66.2 ~78.4% ) , 5 TG 24E L (P>
0.05);3 4 0S %454 90. 0% (n =13,95% CI
80.5% ~99.5% ) 58.1% (n =90,95% CI 50.9% ~
65.3% ) , R TG EX(P>0.05),

%1 FLT3/ITD" A5 FLT3/ITD AR JLYNS B IR ARFFIE R E MR R LI

% WERI(I/%) PR AR X 10°/L) (x x5) ERENHEMMIELA (% ) (v £5) CR (%)
FLT3/ITD - 107 65/42 7 39 £57 68 £22 7.7
FLT3/ITD* 9 6/3 7 99 77 94 +38 55.6
A 0.0 -0.310 2.925 3.546 1. 146
Pl 1.0 0.764 0.004 0.001 0.284
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%2 FLT3/TKD' 405 FLT3/TKD ™ 28 & JL¥I2 BT I REFIE R EREE I LL R
S S 9 L e 4 )
B MR oy CAIRITROA0VL) O ERARARILECT) o g )
(x+s) (x£s)
FLT3/TKD - 103 60/43 7 45 +61 68 £23 75.6
FLT3/TKD * 13 11/2 7 37 £59 80 £20 76.9
IR e 2.36 0.27 -0.417 1.736 0.00
P1{a 0.125 0.788 0. 682 0.07 1.00
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