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Serial Determination of FLT3-ITD and NPM1 Mutations and Its Clinical Significance in
Patients with MDS at Diagnosis and After Progression to AML with Myelodysplasia-

related Changes
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Background: Accumulation of genetic aberrations in MDS is closely associated with progression to AML. FLT3-ITD is commonly found in AML
and less frequently in MDS. FLT3-ITD in MDS is associated with a high risk of transformation to AML. Recently, significant interaction of NPM1 and
FLT3-ITD was described in AML. This study was conducted to investigate the incidence and prognostic role of FLT3-ITD and NPM1 mutations
(NPMI™) on paired samples at diagnosis of MDS and AML.

Methods: Patients who were diagnosed as MDS transforming to AML were included. FLT3-ITD was detected by PCR, and NPM1™ was confirmed
by direct sequencing after screening for NPM by immunohistochemistry.

Results: AML developed in 12.0% (43/357) of MDS patients. FLT3-ITD was detected in none of MDS and 14.7% (5/34) of AML. NPMI™ was de-
tected in 2.4% (1/41) of MDS and 11.6% (5/43) of AML. One patient with type B NPMI™ at MDS transformed to type A NPMI™ at AML. FLT3-ITD
positive AML showed a tendency of shorter survival and a significantly longer time to achieve complete remission than FLT3-ITD negative AML
(P=0.007). Normal karyotype AML with FLT3-ITD showed shorter overall survival than that group of AML without FLT3-ITD (P=0.017).
Conclusions: MDS patients acquired FLT3-ITD during AML transformation, and FLT3-ITD positive AML, especially that with normal karyotype,
predicted a poor outcome. NPMI™ was identified in both MDS and AML. NPM1™ was rarely found in MDS patients, and mostly was acquired after
AML transformation. Clonal evolution of NPMI™ subtype was found in one patient during acute transformation.

Key Words: MDS, AML, Fms-like tyrosine kinase 3 (FLT3), Nucleophosmin (NPM)
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HEo] ANE FAE ]3] DNA FZE3}30t:. DNA &2
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A2 Kiyoi 5122]9] WL wlth &% DNA= 260 nm
€} 280 nmof| A 9] T2 B]7} 16oflA 2.09] HS} el e
HQlsto] 100 g SR LAMT-Sol AHESHGITE AMEA|
(primer) (Bioneer, Daejeon, Korea)+= 11F (5" GCAATTTAGGTAT-
GAAAGCC3"), 11R (5CAAACTCTAAATTTTCTCT3"), 12R (5°CTT-
TCAGCATTTTGACGGCA3")°]%1al, PTC-2000 DNA engine ver-
sion 3.0 (MJ Research Inc., Watertown, MA, USA)&- o|-&35}3ict

3. NPM1 tHo|2| &kl
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GGC TAT TCA AG-3)9} 59 &332 2291 NPM-Rhex (5"HEX-
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sto] AN ARYRE F23], FFAHE 01 Lt Hi-
Di™ formamide (Applied Biosystems, Foster City, CA, USA) 10 pL,
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Dye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) &
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testE Fofl AAISFAL, ZF o+ 7He) AE717H] ]l Mann-
Whitney U-test@} Kaplan-Meier analysis2 SA5}%ct e S|
2]+ SPSS Statistical software version 13.0 for Windows (SPSS
Inc., Chicago, IL, USA)E o83l oH, EAA Fo422 P<
0.0520 = 3}tk
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A i 2= 357701 o] F 4371 2.0%0014 8=
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o, TR ol Tt At A] AP 43.84(1.7-79.44)0]
Aok H2 Tl dS e AgE WHO 7|22000] w2
Fohd, 2 B-5AdHl8 (efractory anemia, RA) 4%, THAIEEA
oA} B8 A TFAZ(refractory cytopenia with multilineage

dysplasia, RCMD) 7%, EA|ZZ7HE-3- A4S -1 (refractory ane-
mia with excess blast-1, RAEB-1) 107, A ZZ71E-2AHIE-2
(RAEB-2) 2270]%{tH(Table 1. Z4@Aol 55 At Al 44
AHARZE A8 30 - 1178(36.79%)014] o Fago] Tat=|9lan
(Table 2), International Prognostic Scoring System (IPSS)®f| w2
EF24VE ANE T 18(3.3%), T EATT 2678(86.7%), 1LY
- 37810.0%)0130t}. TAE g EE o 7 HekE AlflolA=
3220l4] QUAAAF KIS0, o] % 15869014 o4t
sigjo] BATST, BHPHOINETRT FHBRNEY B
ol AU A5 o]0l 259 F 1RA0E
5 A BEON BASIRS e, SHC000-L i AT
23 oA STt o8BS Ueic, olslo] BgAolR
S5 A AT FAERAE e R AaEA A

Table 1. Characteristics of different subtypes of MDS patients according to WHO classification

Patients All RA RCMD RAEB-1 RAEB-2
Number 43 4 7 10 22
Median age (yr, range) 43.8 (1.7-79.4) 46.0 (30.5-60.5) 63.8 (5.9-65.8) 349 (1.7-65.4) 429 (3.2-79.4)
Sex (male/female) 26/17 31 6/1 6/4 1/11
WBC (/ul) 9.4 +206 23109 36121 6.1£55 140+ 240
Hemoblobin (g/dL) 78127 84109 89125 77126 74130
Platelet (/uL) 91.7+714 790+ 227 91.3+527 96.0 £ 85.1 922+787
Blasts in PB (%) 24+£35 0 0104 21+£14 38+43
Blasts in BM (%) 88+t5.1 1.7+08 31+ 14 72111 127137
Myeloid/erythroid 38+57 04+0.1 1.3+£05 65194 39143
Dysmegakaryopoiesis (%) 744 0 85.7 80 77.3
Dysgranulopoiesis (%) 81.4 0 100 100 77.3
Dyserythropoiesis (%) 95.3 100 100 90 95.5
Cellularity (%) 70.6+24.0 63.8 £ 149 614+ 165 855+ 185 6791275
Time to AML (mon) 1.6+ 164 35£19 19.5+200 155+ 26.4 88187
Abnormal karyotype at MDS (%) 11/30 (36.7) 0/1(0.0) 3/6 (50.0) 3/7 (42.9) 5/16 (31.3)
IPSS N (%)
Low 1 (33) - 1(16.7) - -
Intermediate-1 14 (46.7) 1(100.0) 4(66.7) 5 (71.4) 4(250)
Intermediate-2 12 (40.0) - 1(16.7) 2 (28.6) 9(56.3)
High 3(10.0) - - - 3(18.8)

Abbreviations: RA, refractory anemia; RCMD, refractory cytopenia with multilneage dysplasia; RAEB, refractory anemia with excess blasts; WBC, white blood cell; PB, periph-

eral blood; BM, bone marrow; IPSS, international prognostic scoring system.
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Table 2. Results of chromosomal analysis in patients with paired sam-
ples at MDS and AML stages

Age Sex Initial diagnosis Karyotype

MDS AML
4 M RA Normal Normal
66 M RCMD Normal Normal
25 M RAEB-1 Normal Normal
48 M RAEB-1 Normal Normal
65 F RAEB-1 Normal Normal
3 F RAEB-2 Normal Normal
25 F RAEB-2 Normal Normal
29 M RAEB-2 Normal Normal
42 F RAEB-2 Normal Normal
54 M RAEB-2 Normal Normal
60 F RAEB-2 Normal Normal
35 M RAEB-1 +8 Normal*
51 F RAEB-2 -7,+21 -7,+21
27 M RAEB-1 del (9q) del (9q)
15 M RAEB-2 t(6;9) t(6;9)
27 M RAEB-2 t(6;11) t(6:11)
44 F RAEB-2 t(6;9) t(6,9)
48 F RAEB-1 i(17),+9,+13 i(17)
51 F RAEB-2 +8,-X +8
6 M RCMD Normal del (7q)
55 M RCMD Normal del (20g)
57 M RAEB-2 Normal add (16),-17
59 F RAEB-2 Normal +9,i (17)
46 F RCMD +8,der (20;21),+del (22q) Complex
65 M RCMD +8 +8, +8
64 M RCMD Complex NT
2 F RAEB-1 Normal NT
4 M RAEB-2 Normal NT
21 F RAEB-2 Normal NT
47 M RAEB-2 Normal NT
31 F RA NT Normal
61 M RA NT Normal
65 M RCMD NT del (12q)
40 M RAEB-2 NT t(6;9)
42 F RAEB-2 NT inv (3),del (5q)
43 M RAEB-2 NT Normal
79 M RAEB-2 NT Normal

) A% A] 340 F 5901479 A FLT3-ITD7} Wrebdet e
FAOF T2} FAHES YY) BEOA FIT3ITD A

AN 31604 FLT3-1TDR] HIES B A8 Av) SAdZ4=A
WY M3 A] FL73-1TDO] HIE=7} 16.1% (5/3DE Z7Fskgich

A2 2 400|12] ATHE LT Z4F oV dE Tt 4192k 54

T EY 4201 & O 2 NPM HHXZ]3

et o] T FFFPoVT T AT INEY

NPMc & TH55 367} G35 o) A NPMc & Q1% 2

5 3882 AleJgt 5] #1084 S Adste] v

12 A7) A BEAE AlastATh(Table 3). 24301 d5$

£ CATGZ} A% BY Wo| 192.4%)7} 5/d&4/3ud
3 wlo] 4o B TCTG7} AF Y AF Wo] 10| 5 5(11.6%) H5o]

A NPM1 Rlol7}F 242k ERIE|QItHFig. D. Z48 o1 %

o QA By HolE BYld E-3AWE 10= ST NEY

gk A] A= AR

o]
Blo] 0] gho] SlEiolm, 2
AFHE A A RS DR UK 4ol FH 24
wy AekEl Aol Az By o]t btk

3. HEsguEy oz Mst A| FLT3-TD2 NPM1 EHO|
o M2 U Zufo| x10|

e o = 18 XS] FLT3ITD /43l 572 Table
49} ek FLT3-1TD 93/3Q1 39 7k 212 A7} QUSIAIRE Ka-
plan-Meier AHERAOA FLT3-ITD Yo &/dt(N=29)]
]l S]] H-e- Aol YeRGTth(P=0.091, Fig. 2). 718
U Sl S ol B/dE A d 2 2.9 27| 9
71t g E o 2 Ak & AEVIY] Bt F
o Zhof| Zpol7k UERA] GEoktH(Table 5). AT Ey o=
gk 5 ePddsfe]l =gt vl FIT3-ITD F<to] 60.0%,
FIT3ITD S470] 655%% x}o|7} 919loLt FIT3-1TD A1
O] CR EGA|7Fe] Zokgho] 1270 & FLT3-ITD SFAdte] 47704

Table 3. Results of immunohistochemistry for NPM and sequencing
for exon 12 of NPM1

Patients At MDS At AML
Age Sex Initial diagnosis ~ IHC ~ Sequencing IHC Sequencing
63 M RA NPMc* Type B NPMc* Type A
60 F RAEB1 NPMe Wild NPMe* Type B
43 M RAEB2 NPMc Wild NPMe* Type B
57 M RAEB2 NPMc* Wild NT Type B
29 M RAEB2 NPMc Wild NPMc* Type B

*In 1995, initial MDS had been diagnosed and hematopoietic stem cell transplant-
ed. After 8 years, AML transformation was confirmed.
Abbreviations: M, male; F, female; NT, not tested; Others, See Table 1.

DOI 10.3343/lm0.2011.1.3.3

Abbreviations: IHC, immunohistochemistry; NPM, nucleophosmin; NPMc*, positive
for cytoplasmic NPM; NPMc", negative for cytoplasmic NPM; Others, See Tables 1
and 2.
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Fig. 1. Results of NPMc* and NPM1 exon 12 type B mutation in a patient with AML M2 transformed from RAEB1. (A) Some dysplastic cells show
cytoplasmic expression with blurring margination for NPM. (B) Type B mutation of NPM1 with CATG insertion (GenBank Accession No. AY740635)
was confirmed by sequencing.

Abbreviations: See Tables 1 and 3.

Table 4. Characteristics of patients with FLT3-ITD at AML transformation

Age (yr)/ Initial MDS Karyotype — FLT3-ITD NPM Time to AML  Overall survival - Survival after
sex subtype MDS AML MDS AML MDS AML (mon) (mon) AML (mon)
60/M RA NT Normal - Negative Positive NPMc NPMc 3.6 7.1 36
5/M RCMD NT del(7q) 05 Negative Positive NPMc NPMc 6.3 463 419
34/M RAEB-1 NT Complex - Negative Positive NPMc NPMc 17.8 254 76
28/M RAEB-2 Normal Normal 2 Negative Positive NPMc NPMc 22 6.1 39
14/M RAEB-2 (6:9) 1(6:9) 25 Negative Positive NPMc NPMc 36 9.1 55

Abbreviations: FLT3-[TD, Fms-like tyrosine kinase 3 internal tandem duplication; mon, month; Others, See Table 1.

100 Table 5. Relationship between FLT3-ITD results at AML transformation
: and clinical characteristics.
L FLT3-ITD at AML transformation
08 value
Positive (N=5)  Negative (N=29)
[
® . . Time to AML * 3.6 (3.6-4.4 9.2 (4.1-18.2 0.232
= ost Patients with FLT3-ITD at AML me 10 AML {mor) 5644 41162 :
2 N of CR achievement (%) 3(60.0) 19 (65.5) 0274
5 i Time to CR achievement (mon)* 4.7 (3.7-5.1) 1.2 (1.1-1.6) 0.007
Eﬁ 04 - Duration of CR (mon)** 2.7 (2.4-21.4) 5.7 (3.9-28.3) 0573
3 : Survival rate (%) 1/5 (200) 6/25 (24.0) 0671"
02 R Overall survival (mon)* .1(7.1-25.4) 263 (13.1-485)  0.163
Patients Wlthout FLT3-ITD at AML Survival after AML (mon)* 5(3.9-7.6) 9.4 (2.3-309) 0.888
P=0.093 *Values represent median (25-75 percentile), P value calculated by Mann-Whitney
oor ) ) ) ) ) ) ) ) U-test, *P value calculated by Fisher's exact test, *Values are defined by duration
0 20 40 60 80 100 120 140 from CR to relapse or death.
Abbreviations: CR, complete remission; others, See Table 1.
Months
Fig. 2. Kaplan-Meier survival curves. MDS patients with FLT3-ITD (N=5, 2t ol Zpol S WERA] ¢ kThP=0.150, P=0.267).
straight line) or without ALT3-ITD (N=29, dotted line) at AML trans- ST gmEE A3t A] NpMT Hol 592F NPMc2l 389
formation.
. ° ier MZXE O 7o oJolyI(p= =54
Abbreviations: See Table 1. 9 Kapla n-Meier AE2-42 Aot §G1AL(P=0.873), T4
OWF TR FHBLAAIYO R AW L FYEBS
R f-oJskA| Zkeh=0.007). A etgzi Ak & BE7IZE 4] Zol7h §lieh(p=0.940,
U BAS FAASAANEH  29] A3 A] Aaigo|qd P=0.880, respecively).
1632 ko 2 ARSItk & AE7IMS FIT3ITD AT o
3} &AM FUglo] 242 66/RUT 2674UR AR o
A BAH L E kA A UATHP=0.017), FASJHEH S 2| P EAMEE BA7 2 A de novo §43
B A= 7|17 3 S du ) Ag - AEIRE = 5/ E ol 4] 7]Eo GHFSNE CBFB, RUNX1, MLL 52
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