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Background: Activating mutations of the fims-like tyrosine kinase 3 gene (FLT3) by internal tandem du-
plication (ITD) in the juxtamembrane region are found in 20~30% of the adults with acute myeloid
leukemia (AML). The allelic ratio of FLT3/ITD (ITD-AR), as assessed by Genescan analysis, has been
reported to carry prognostic significance in AML patients who have normal karyotype.

Methods: FLT3/ITD was studied by PCR in 113 adults with AML including 55 patients with normal
karyotype. Genescan analysis was performed for the PCR products to determine the allelic distribution.
The results were correlated with the prognostic factors.

Results: FLT3/ITD was found in 23% of the total AML patients and in 32.7% of those patients with
normal karyotype. The mutation was related to a high WBC count, a high serum LD level and a low
percentage of CD34 positive cells. The ITD-AR ranged from 0.05 to 8.27 (median, 0.61). The patients
with a high ITD-AR (=0.7) had significantly higher WBC count and LD level than those without
FLT3/ITD. On multivariate analysis, a high ITD-AR as well as FLT3/ITD were confirmed to be in-
dependent adverse prognostic factors for AML patients with normal karyotype.

Conclusion: This study demonstrated that a high ITD-AR and FLT3/ITD had major adverse impacts on
the prognostic relevance for AML patients with normal karyotype. (Korean J Hematol 2009;44:74-81.)
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fms-like tyrosine kinase 3 (FLT3)+< stem cell tyrosine
kinase-1 (STK-1) &-& fetal liver tyrosine kinase-2
(FLK-2)Z <& A 9lom, KIT, FMS, EAadFH4%
212} (platelet-derived growth factor, PDGF) &) ¢
37 class 1T tyrosine kinase <=&| o] &} FLT3
tyrosine kinase 84 Jd9L FLT3 | t= 9} Adtst
of olFA 4 A& T G FE 2R
A Zo A ERAEo] o5 AEO F2, £3le} Y&
#ogt? FAE5A W (Acute myeloid leuke-
mia, AML)H| Zol| X FLT3= WZe| FLT3 g7t=7}
LAY 52 FLT3 5734 AHA 9] gain-of -function
Hold] ol&] FLT3 A ZA|A ol W37} /‘374 AML A|3E
o ¥3} 9 AEL HHAIE AV e o @
A4 Ak FLT3 fdAE 139 OS*MH e ql2)
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A &3 JeEUIE= FLT3 $A4 A Wo]l 2= internal
tandem duplication (ITD)$} tyrosine kinase % < (TKD)
°] D835 EdWol, = 7k FErt 4HA 3
FLTSITD= 92 9] IE 149 15410 1 oA
2 Yehved 2 371v 9= et ses o
A glomn Aol AML 3kxfol| A 20~30% W1 == e}
dt}? FLTHTDE 27tso] U242 584 o] %3}
2 TKDO| #A&HQl QIAbstE f#3dle] RAS, mi-
togen-activated protein kinase (MAPK), signal trans-
ducer & activator of transcription 5 (STATS) £9] 4l &
AAZE Eastelo] Az A& FA o2 <l
AML §il] #ojsts Aoz deid A ATy
ITDE WM+ Z7t5 9 SFEAEE0] =& 30 &
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@Al MEsl e Ao FelA ek
FLT3 TKDY Asp8359] % Edwlol& *é%
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Hues 9oy A& Js nA e
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o}i‘ri Gl Slvh A2 HFAAAA B4 LS B 4t
=% FLTHTDE Wty F3 2+ ¥]&(TD allelic ratio,
ITD-AR)°] %73 g2 7k AML $hato] of & £4
o] 9lo] FLTIITDS 3/ §63 o FAAR W
1 2)\]—4_.9,17,18)

ARe 4% A& 71 49 AMLEAE did e
2 FLTITDE EAX%le 1 MIeE Ay ey FLTI
ITD ol W& ol § AR5 HHA S A 8t
dF2 on|E dotE A stk g A=
BN & 2o FLTHTDS opgd of Wolg o u & A
Z3lo] A4 AL 747 AML Aol A FLTHITDS}
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1. CHA &R}

2000 195E 2007d 1229744 e WA 18
ol met AMLE ey A3 #dgt s &+ =
FAAY B3 7hsstdd 11399 1233 A& e
= 6}033} $2b= G 2) 551, of2f 58 ol om W4t
ARG 51A(E9 20~854))ATh FAB EF/o up&
Skate] X Table 1] 7|33 00 QA Z‘i“‘iéfﬁl
whe} t(15:17), t(8;21), inv(16)/t(16;16)2] @& | =
7} 2E Fo &, 7, del(11)(g23), t(3;3) 2 3711 ng

Hel Al oS Holkx A9E o2y} il Fo
2 44 93¢ T3 1 99 Ay e
From BRaAQ” o 34 93¢
2= 529 o] ATH(Table 2).

2. 9iqrdke

1) DNA £¢2]

et Faje] FEAA A Ficoll-Paque™ Plus (1.077
g/L; GE Healthcare, Uppsala, Sweden) < A}-&3}e] ¢l
AZE B2 b -70°Col M BEEAe0 T DNA
£2] & QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany)& ©] §3te] A\ 2Ake] Aol whet F2315)
=3

2) FLT3 {&XQ|

FLT3 f73d2ke] AEA = Zwann &
gt AEstm, 5-AIEA = 6-Carboxy-f1uorescein
(FAM) 33448 2235t A A 471499 &
11F, 5'-6 FAM-GCA-ATTTAGGTATGAAAGCCAGC-

W] whlo]
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Table 1. Clinical characteristics of total AML patients in-
cluding patients with FLT3/ITD and distribution of patients
with FLT3/ITD

Table 2. Cytogenetic classification of total AML patients
including patients with FLT3/ITD and distribution of patients
with FLT3/ITD

Characteristics Total patients FLT3/ITD

No. of cases 113 26
Age (yr, median) 20~85 (51) 20~80 (54)
Male : Female 55 : 58 13 :13
FAB subgroup (de novo, N)
MO 8 1
M1 32 8
M2 41 7
M3 21 6
M4e 5 2
M5 2 1
M6 0 0
M7 1 0
Unclassified* 2 1
Secondary AML 1 0

*Bone marrow aspiration is inadequate for FAB classifi-
cation of AML because of dry tap.

Abbreviations: FLT3/ITD, fms-like tyrosine kinase internal
tandem duplication; AML, acute myeloid leukemia.

3', 12R, 5'-CCTTCAGCATTTTGACGGCAACC-3'9]
t}. PCR ¥b&& A Al 10X¥HE &F9d 254 M
dNTPs (Promega, Medison, WI, USA), 2.5U Taq DNA
polymerase (Promega), A& (Applied Biosystem, Fos-
ter City, CA, USA)E Z}Z}t 10pmol/ 1 2 ¥ 12 DNA
T SplE AHgEte HF WEHE S0t HES
3kt PCR 4WHE 7]7]& GeneAmp 9700 System
(Perkin Elmer, Norwalk, CT, USA)E 94°Col|A] 587t
HE2-A] 7] 21 94°Col| A 30%, 66°Col| A 15, 72°Coll A 2
W2 353 AAIS o 72°C, 102 S9F AR AL A
t} 2% o7t R e = AL Arﬁsroﬂ PCR A= 3418 A
719 Estd TF AFE stk

3) FLT3/ITDQ| ._Wﬁ?_ﬂ =4

PCR 2H&2 SHFE 1008] gMsta 1415 ot
o] 10 1¢] formamide®} 0.5 ;119] size standardel 3]
A1Z1 & 3730XL DNA analyzer (Applied Biosystems) =
o] &ato] FHA~LME AlPstATt FHA~7N Az}
&= GeneMapper Software ver. 3.72 £4&lo] oA 3 3}
o] 3ol bp 3 B2 wolE FANAT WolF &
2] ol 2 obY 52 o2 o] [TD-ARE
AhEeilom Wolg B2l 7) 27) o] dd A5 ®ol
g 252l EolE BT Ut of Y B4 Emol®

T}J\q—

Total FLT3/TD

Cytogenetic prognostic group patients <

Favorable 32 6 18.8
t(8;21) 12 2 16.7
t(15;17) 16 3 1838
inv(16)/t(16;16) 4 1 25.0
Intermediate* 71 20 28.38
Normal karyotype 52 17 327
Numerical aberration 11 3 273
Balanced structural rearrangement 2 0 00
Unbalanced structural rearrangement 6 0 0.0
Unfavorable 10 0 0.0
-7 5 0 00
Complex chromosomal abnormalities 2 0 00
Others " 3 0 00

*Numerical aberration, +8, +11, +21, -X, -Y; Balanced
structural rearrangement, t(1;19), t(7;11); Unbalanced struc-
tural rearrangement add(1p), del(9q), del(12q), del(15q),
del(17q), der(14q). TOthers are included in t(3;3), del(11)

(923).
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AA AML 322 Ao 2 e FA] 3kabe] o],
TGy WMy ps A4 F A (lactate dehydro-
genase, LD) X, TFEA X &, CD34IA AlXF S
o] dFARES FAISt] FLTHITD #5 2 ITD-AR
of WZ dFAAEFe] AR S Mann-Whitney U
testE AFE-ste] A8t 604 mink FA g S 7}
A #AAEES thA e FE Cox proportional hazard re-
gressions &3 o FRAAEH} HEE7T] thH F 3]
BEXE A sttt 8 A Z& (disease free survival)
= HIE A dHY AE S AG7EA|

7l
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MedCalc 9.0 4~ E ¢J|o] (MedCalc, Mariakerke, Belgium)
< o] &3l o Pgko] 0.05 TSl AH o=

L THA BHAtel QAN ST U FLTIITD &4

Z 11392 AML 32} 5 269 (23%) | A FLT31TD
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3,600 -
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7 AEEJ e A ‘J%H AA 107 F 270l A
FLTINTD7} %%t} FAB ¥&¢] ©& AML o}d
gz 1Al MO 1tﬂ(125%) M1 8% (25%), M2 74
(17.1%), M3 6% (28.6%), Mde 27 (40%)°] 1 3L M5 o}
9 2% F 1ol o= AZHJHTable 1).

QAN o] Ao wWE FLTHTD EXE B A 3l
S 7 529 8219 32.7% (17/52)o0 A HAE= 9,
t(8;21)E Kol 349 16.7% (2/12), t(1517)E H.o]
= 319 18.8% (3/16), inv(16)/t(16;16)S Hol&= 3
2He] 25.0% (1/4) A HZ = A tH(Table 2).

2. LA EHX}O| FLT3ITD SEXIAZN 2N Z 1}

PCR AHEE o] 8¢ FHAA7 EA0)A] ok E 87
dlo] 7% 329pe] T EfE]7t BEE O Hol
g 269 329bpe] B2 9} 97 335~439%bpe] B-$-
27} Aol AEHH(Fig. 1). 299 EAoAE 3
Mo B3e7t BAld AEHAEd 329-344-347bp,
329-353-382bpAt}. oF @3} WMol g o] B-$-g] o2

T3to] ok d o) Wold H]ol ITD-ARS A&319 =
gl 0.05~827 (F43k, 0.61)9] &S Bt 10 A
gt 22} 3 2ol M FLTHITD7E AEEAed A
A FA AEE FLTIHTDY 28 x| B-$-2)7}
#HEHF o A A FA ITD-AR (ZH2 0.72,
144) 8.t} A A] 238 ITD-AR (3.20, 1.72)¢] &7}
7S HtH(Table 3).

e

Fig. 1. Genescan analysis of
FLT3/ITD levels in AML pa-
tients. (A) wild type of FLT3
gene, (B~D) wild type and
various size of ITD in FLT3
gene. Abbreviations: FLT3, fms-
like tyrosine kinase; ITD, in-
ternal tandem duplication; AML,
acute myeloid leukemia.
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Ao YERFTHTable 5).
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ITD-AR 59| o 3=} Y& thi 3]
B AAE A1} =& [TD-AR (=0.7)5ko] A A

Table 3. Genescan analysis in patients with FLT3/ITD

No. Allele FLT3/ITD ratio (mutant/wild)
1 329-393 0.06
2 329-335 0.10
3 329-386 0.18
4 329-402 0.19
5 329-384 0.21
6 329-353 0.31
7 329-379 0.38
8 329-382 0.43
9 329-350 0.50
10 329-376 0.54
11 329-373 0.60
12 329-356 0.60
13 329-350 0.61
14 329-439 0.61
15 329-384 0.70
16 329-411 0.72
17 329-382 0.72
18 329-370 0.72
19 329-390 0.72
20 329-373 0.74
21 329-344-347 0.78
22 329-344 0.83
23 329-353 0.89
24 329-382 1.12
25 329-350 1.44
26 329-353-382 8.27
27* 329-350 1.71
28* 329-382 3.20

*Results from the patients with FLT3/ITD in relapse of AML.

AML Aol A alg e F a3k o5 oxtz di| o
E5 3 e AeAQ A HALE S8 1821,
t(15;17), inv(16)/t(16;16)°] YEIU= A § £ o F
o &38ar, -5, del(5q), -7, del(11)(q23) 5& 7}4
735 g o Fpo] et gy 35~50%2] 32
NP & 7 e FAEL T3t ool &3 2418
o2 oldAQl Fho|t}. o]F AML $AtellA A=
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Table 4. Characteristics according to FLT3/ITD status in AML patients with normal karyotype

Characteristics Total patients FLT3/ITD positive FLT3/ITD negative P

No. of cases 52 17 35

Male : Female 24 :28 9:8 15:20 0.44

Age (yr, median) 55 60 54 0.36
Range (20~80) (20 ~80) (22~79)

WBC count (x10°L, median) 16.2 67.3 12.9 0.003
Range (0.4~349.9) (2.0~349.9) (0.4~204.3)

LD level /L, median) 1,039 1,780 706 0.003
Range (805~5,401) (388~5,401) (305~3,179)

Bone marrow blasts (%, median) 78.2 86.0 74.7 0.56
Range (21.5~96.3) (21.5~94.3) (27.2~96.3)

CD34+ cells (%, median) 445 20.1 84.6 0.005
Range (0.03~99.4) (0.03~68.1) (0.06~99.4)

Abbreviation: LD, lactate dehydrogenase.
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Table 5. Comparison of characteristics of AML patients with high, low ITD-AR, or ITD wild type

Characteristics . ITD Low ITD-AR High ITD-AR P

wild type (<0.7) (=0.7) Wild vs low Wild vs high Low vs high
No. of cases 87 14 12
Age (yr, median) 49 48 55 0.5 0.36 09
Range (22 ~85) (26 ~80) (20~67)
WBC count (x10°L, median) 10.3 38.6 93.9 0.01 <0.0001 0.07
Range (0.2~204.3) (4.0~195.2) (2.0~349.9)
LD level (L, median) 765 1,255 2,055 0.09 <0.0001 0.1
Range (286 ~9,319) (338 ~6,255) (709 ~5,401)
BM blasts (%, median) 71.1 84.7 81 0.46 0.74 0.86
Range (0.6~96.6) (34.6~94.3) (2.7~91.9)
BM CD34+ cells (%, median) 80.5 35.2 35 0.41 0.05 0.82
Range (0.06~99.7) (0.03~98.4) (0.58~61.3)

Abbreviation: ITD-AR, internal tandem duplication allelic ratio.

Table 6. Results of Cox regression analysis of survival in AML patients with normal karyotype

Overall survival Disease free survival
Variable
Hazard ratio 95% ClI P Hazard ratio 95% Cl P

FLT3/ITD 0.233 0.054~1.000  0.051 0.321 0.060~1.717  0.186

ITD-AR (>0.7) 3.012 1.274~7119  0.012 3.505 1.049~11.706  0.042
Abbreviation: Cl, confidence interval.
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