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 Background: Mutations in the FLT3 gene are associated with acute myeloid leukemia (AML). FLT3 mutations have been iden-
tified in approximately 30% of de novo AML patients, particularly those with typical karyotype and inferior prog-
nosis. Therefore, we examined the frequencies of an internal tandem duplication (ITD) and missense mutations 
of the FLT3 gene and their associated clinical characteristics in patients with AML in northeast Thailand.

 Material/Methods: The leftover bone marrow and/or peripheral blood specimens of 65 newly diagnosed AML patients recruited 
from Srinagarind Hospital, Khon Kaen University, northeast Thailand, between January 2020 and May 2021 
were included in this study. FLT3-ITD and FLT3- tyrosine kinase domain (TKD) were amplified using PCR-related 
techniques.

 Results: The frequencies of FLT3-ITD and TKD were found to be 16.9% (11/65) and 10.8% (7/65), respectively. One 
patient had ITD and TKD mutations. The white blood cell count and peripheral blast percentage of FLT3-ITD-
positive patients were statistically significantly higher than those of the FLT3-wild type patients, while the pe-
ripheral blast percentage of FLT3-TKD-positive patients was significantly lower. No other clinical characteristics 
among FLT3-positive and FLT3-wild-type patients were observed. DNA sequencing identified 4 FLT3-TKD mu-
tations. The c.2504A>T; Asp835Val and c.2503G>C; Asp835His mutations were predicted as pathogenic mu-
tations while the 2 novel mutations, c.2508C>A; Ile836= and c.2508C>G; Ile836Met were predicted as neutral 
mutations.

 Conclusions: This study showed for the first time that FLT3-TKD mutation is common among northeast Thai AML patients. 
The data should prove useful for selecting efficacious targeted treatment plans for the patients.
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Background

Acute myeloid leukemia (AML) is caused by genetic and epi-
genetic alterations of hematopoietic stem cells or progenitor 
cells. The lesions revise normal hematopoietic growth and dif-
ferentiation into the proliferation of immature, atypical myeloid 
progenitor cells in the bone marrow and peripheral blood [1]. 
Cytogenetics results are well-known prognostic markers that 
influence patient prognosis and therapy [2,3]. However, cyto-
genetics reveals a normal karyotype in about 50% of patients 
with AML [3,4]. A spectrum of molecular mutation plays a criti-
cal part in the disease’s pathogenesis and is important for de-
termining the prognosis of patients with AML. For example, 
NPM1 and CEBPA are favorable prognostic markers [5-7], while 
FLT3-ITD and MLL-PTD are associated with poor prognosis [5,6].

One of the most frequent genetic abnormalities found in AML 
is FMS-like tyrosine kinase 3 (FLT3) gene mutation. The FLT3 
genes belong to the tyrosine kinase class III receptors on chro-
mosome 13 at band q12 and encompass 24 exons [7]. The 
FLT3 receptors consist of 5 immunoglobulin-like extracellu-
lar ligand-binding regions, a single transmembrane region, 
and an intra-cytoplasmic region that supports the 2 tyrosine 
kinase domains (TKDs, TKD1 and TKD2) and the juxtamem-
brane domain [7,8]. FLT3 mutations in AML have been identi-
fied in approximately one-third of newly diagnosed AML cas-
es, especially those with a normal karyotype [8]. Two distinct 
types of activating mutations in the FLT3 gene have been re-
ported: internal tandem duplication in the juxtamembrane 
domain (FLT3-ITD) and missense mutations in the TKD (FLT3-
TKD) [9]. The FLT3-ITD mutation is the most common in pa-
tients with AML [8]. It is known as a poor prognostic factor and 
is associated with an increased risk of relapse, shortened dis-
ease-free survival, and inferior overall survival [10]. The FLT3-
TKD mutation, despite its infrequency (approximately 7-10%) 
in AML as ITD, has a more complex prognosis, with reports of 
adverse effects, no effect, and favorable prognosis [9,11,12]. 
The emergence of FLT3-TKD mutations as an acquired resis-
tance in FLT3-ITD-positive patients after treatment with FLT3 
inhibitors is also a major concern in patients with AML [13,14]. 
Patients with AML who carry both ITD and TKD mutations have 
worse outcomes than patients with either TKD or ITD muta-
tion alone. Therefore, the FLT3 receptor tyrosine kinase is a 
crucial biomarker of interest, and identifying both mutations 
is important as it can guide individualized treatment plans for 
patients with AML [15].

Studies of FLT3-ITD mutations in Thailand showed the fre-
quency among adult AML patients ranging from 21% to 25% 
in central, northeast, and upper northern Thailand [16-18]. 
AML has a frequency of 6.3% to 14.3% in pediatric patients 
in northeast Thailand [16,19]. Variable frequencies of FLT3-ITD 
mutations have been reported in Malaysia (16.1%) [20], India 

(18.8%) [21], Taiwan (15.4%) [22], and China (25.9%) [23]. The 
frequency of FLT3-TKD was found to be 3.3% to 18.7% in Taiwan 
[22,24], 6.3% in China [23], 7% in Japan [25], and 4.8% to 11% 
in Europe [12,14,26,27]. In Thailand, a frequency of 3.1% of 
FLT3-TKD mutation has been reported among adult AML pa-
tients in central Thailand [17], whereas 4.8% were found in 
pediatric AML patients in northeast Thailand [19]. The 2 most 
common FLT3-TKD mutations, Asp835Tyr and Asp835His, 
were found in central Thailand. However, there is no infor-
mation about the type of FLT3-TKD mutations found in north-
east Thailand. Moreover, studies on FLT3-ITD and FLT3-TKD 
mutations in northeast Thailand are scarce. Therefore, in this 
study, we investigated the frequencies of FLT3-ITD and FLT3-
TKD mutations and the patient characteristics among north-
east Thai patients with AML.

Material and Methods

Patient Specimens

Leftover blood or bone marrow specimens were selectively 
studied prospectively from 65 newly diagnosed AML patients 
recruited from Srinagarind Hospital, Khon Kaen University, 
northeast Thailand. The study included all patients newly di-
agnosed with AML between January 2020 and May 2021 at 
Srinagarind Hospital. The diagnosis of AML was made accord-
ing to the French-American-British classification. Complete 
blood counts and morphology were performed in all patients. 
To confirm the AML, a bone marrow examination was done. 
Immunophenotyping was performed by flow cytometry using 
bone marrow specimens or peripheral blood specimens. The 
diagnosis of AML was classified into 2 groups, AML-M3 and 
AML-nonM3, according to the national guideline for treating 
AML. The inclusion criteria were patients with a diagnosis of 
AML by flow cytometry. DNA was extracted from all samples 
using the GF-1 Blood DNA Extraction kit (Vivantis Technologies, 
Malaysia), as described in the manufacturer’s protocol. This 
study was approved by the Institutional Review Board of Khon 
Kaen University (HE631400), Khon Kaen, Thailand. The study 
was registered in the Thai Clinical Trails Registry (registration 
no. TCTR20220928006).

Analysis of FLT3-ITD Mutation

FLT3-ITD mutation was identified using the conventional PCR 
technique from Kiyoi et al in 1997 [28]. The primers were de-
signed to specifically amplify both the FLT3-ITD mutant and 
wild-type FLT3 at exons 14 and 15. The forward primer, 11F, 
(5’-GCAATTTAGGTATGAAAGCCAGC-3’) was used with the re-
verse primer, 12R, (5’ -CTTTCAGCATTTTGACGGCAACC-3’) to 
produce a 329 bp wild-type product. Any patient with an addi-
tional PCR product longer than 329 bp was considered to have 
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FLT3-ITD mutant type. The PCR reaction was composed of 50 ng 
of genomic DNA, 200 µM dNTPs, 10 pmol of each primer, and 
1 unit of Taq DNA polymerase (Biotools, B&M Labs, Madrid, 
Spain). Denaturing, annealing, and extension steps were con-
ducted at 94°C for 3 min, followed by 30 cycles of 93°C for 30 
s, 60°C for 30 s, and 72°C for 1 min in a SimpliAmp Thermal 
Cycler (Applied Biosystems, Waltham, MA, USA). The PCR am-
plicons were then analyzed on 2% agarose gel electrophoresis, 
stained with ethidium bromide, and visualized under ultravio-
let illumination. The presence of FLT3-ITD mutation was visu-
alized as a DNA fragment larger than a wild-type gene frag-
ment of 329 bp. The locations and orientations of primers are 
shown in Figure 1A.

Identification of FLT3-TKD Mutations

Identification of FLT3-TKD mutations was done by using the 
PCR-restriction fragment length polymorphism (RFLP) assay. 
The newly designed primers corresponding to the DNA se-
quence in exon 20 were made, including the forward primer, 
F1, (5’-AGAACTGCAGCCACCATAGC-3’) and the reverse primer, 
R1, (5’-AGCCCAAGGACAGATGTGA-3’). The PCR reaction was 
composed of 50 ng of DNA, 200 µM dNTPs, 30 pmol of each 
primer, and 1 unit of Taq DNA polymerase (New England Biolab, 
Inc., USA). After initial heating at 94°C for 3 min, 30 cycles of 
93°C for 30 s, 60°C for 30 s, and 72°C for 1 min was done in a 
SimpliAmp Thermal Cycler (Applied Biosystems). The amplified 
products were digested with EcoRV restriction endonuclease 

Ig-like domains
TM

Exon 13

500 bp
>329 bp
(FLT3-ITD: mutant)

329 bp
(FLT3-ITD: wild type)

100 bp

Exon 14

M 1 2 3 4 5
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Figure 1.  Identification of FMS-like tyrosine kinase 3 (FLT3)-internal tandem duplication (ITD) mutation by PCR. (A) Locations and 
orientations of primers used for identification of FLT3-ITD mutation. Primers 11F and 12R were used to amplify FLT3-ITD 
mutant and FLT3-wild type at exons 14-15. The 329 bp fragment indicates the wild type while the fragment larger than 
329 bp indicates the FLT3-ITD mutation. TM – transmembrane domain; JM – juxtamembrane domain; TKD – tyrosine kinase 
domain. (B) A representative 2% agarose gel electrophoresis of PCR products. Lane 1 and lane 2 are positive and negative 
control for the FLT3-ITD mutation, respectively. Lanes 3-5 are PCR products of patients with acute myeloid leukemia. Lane 
3 shows the 329 bp fragment indicating the wild type. Lane 4 & 5 show the 329 bp and the fragment larger than 329 bp 
(>329) indicating FLT3-ITD mutation. M indicates 100 bp DNA ladder.
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(New England Biolab, Inc., USA). The digestion products were 
separated on 2% agarose gel. In the presence of wild-type FLT3-
TKD, the amplified products were digested into 2 fragments 
(295 bp and 260 bp), while undigested products having 555 
bp indicated the presence of a FLT3-TKD mutation, as shown 
in Figure 2A. All FLT3-TKD mutations detected were verified 
by DNA sequencing.

DNA Sequencing

All samples positive for FLT3-TKD mutations and 5 additional 
wild-type samples were confirmed by DNA sequencing. PCR 
products were purified using a GenepHlow gel/PCR kit (Geneaid 
Biotech Ltd., Taipei, Taiwan). Approximately 100 ng purified 
PCR products were directly sequenced using Sanger sequenc-
ing techniques (First BASE Lab, Selangor, Malaysia). Sequence 
analysis was done using a Seq-scanner program (Thermo Fisher 
Scientific, Waltham, MA, USA).

Ig-like domains

TM

555 bp

295 bp

260 bp

500 bp

100 bp

555 bp

555 bp

260 bp 295 bp

Undigested

FLT3-ITD/EcoRV undigestion

Normal/EcoRV digested

EcoRV

F1 R1

JM

CGA   GAT   ^   ATC   ATG
834 835 836 837

TKD1 TKD2

M 1 2 3 4 5

A

B

Figure 2.  Identification of FMS-like tyrosine kinase 3 (FLT3)-tyrosine kinase domain (TKD) mutation by PCR technique followed by 
EcoRV digestion. (A) Locations and orientations of primers. Forward primer, F1, and reverse primer, R1, specifically to codon 
20 of TKD2 domain were used to produce a 555 bp fragment. Codons 835 and 836 are encoded by nucleotides GATATC which 
form the EcoRV restriction site. The PCR product of wild type patients were digested by EcoRV into 2 fragments, 260 and 
295 bp fragments. The acute myeloid leukemia patients with FLT3-TKD mutations, the PCR product shows 555 bp undigested 
fragment. TM – transmembrane domain; JM – juxtamembrane domain; TKD – tyrosine kinase domain. (B) A representative 
2% agarose gel electrophoresis of PCR products among AML patients after EcoRV digestion. Lane 1 shows uncut PCR Product. 
Lane 2 & 3, wild type patients show PCR-RFLP fragments which the EcoRV digested produced 260 and 295 bp fragments. 
Lanes 4 and 5 are positive for FLT3-internal tandem duplication (ITD) mutation which show 555 bp undigested fragments. 
M indicates the 100 bp DNA ladder.
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Functional Prediction of the FLT3-TKD Mutations

The functions of FLT3-TKD mutations were predicted using the 
Catalogue of Somatic Mutations in Cancer (COSMIC) database 
(https://cancer.sanger.ac.uk) [29]. The functional scores for in-
dividual mutations were reported using the Functional Analysis 
through Hidden Markov Models (FATHMM) prediction. FATHMM 
was done using a high-throughput web server to predict the 
functional consequences of coding and non-coding variants in 
the human genome. The functional scores range from 0 to 1. 
To highlight the most significant data in COSMIC, only scores 
³0.7 are classified as “pathogenic”. In contrast, mutations are 
classified as “neutral” if the score is £0.5.

Statistical Analysis

The prevalence of FLT3-ITD and TKD mutations were sum-
marized as a percentage with a 95% confidence interval (CI). 
The data were presented as medians and interquartile rang-
es (IQRs) for continuous variables. For comparison of continu-
ous variables, such as age, white blood cell (WBC) count, blast 
count, hemoglobin level, and platelet count, the Mann-Whitney 
U test was used, using SPSS (version 25; IBM Corp, Armonk, 
NY, USA). Fisher’s exact and chi-square tests were used to an-
alyze the differences in categorical variables. A P value <0.05 
was considered statistically significant.

Results

The 2 PCR assays were successfully used to identify FLT3-ITD 
and FLT3-TKD mutations. The representative agarose gel elec-
trophoresis of the PCR assay to detect FLT3-ITD is shown in 
Figure 1B. The wild-type FLT3-ITD showed 329 bp fragments. A 
fragment larger than 329 bp was observed in FLT3-ITD-positive 
patients. The molecular size of FLT3-ITD mutation was not ex-
amined in this study. Among 65 patients with AML, FLT3-ITD 
mutation was observed in 11 patients. Figure 2B shows a rep-
resentative agarose gel electrophoresis of the PCR-RFLP assay 
for the detection of FLT3-TKD mutations. The 555-bp fragment 
of patients with wild-type FLT3-TKD was digested with EcoRV 
to produce the 260-bp and 295-bp fragments. In the FLT3-
TKD-positive AML patients, the restriction site was modified 
by the mutation; therefore, only the 555-bp fragment was ob-
served due to there being no digestion by EcoRV. A total of 7 
patients with AML were positive for the FLT3-TKD mutation.

Among the 65 patients, the overall frequency of FLT3 mutation 
was 27.8% (17/65). The frequencies of FLT3-ITD and FLT3-TKD 
mutations were 16.9% (11/65) and 10.8% (7/65), respectively. 
One patient was a compound heterozygote for FLT3-ITD and 
TKD mutations (1.54%). When we divided the AML patients 
into adults and children, the frequencies of FLT3 mutations 

were 28.6% (14/49) and 25.0% (4/16), respectively. In adult 
AML patients, the frequencies of FLT3-ITD, FLT3-TKD, and com-
pound FLT3 mutations were 18.4%, 10.2%, and 2.0%, respec-
tively. In children, the frequencies of FLT3-ITD and FLT3-TKD 
mutations were 12.5% and 12.5%, respectively.

The characteristics and laboratory data of patients with new-
ly diagnosed AML are summarized in Table 1. Eighteen male 
and 47 female patients were recruited (median age, 43 years). 
Among these 65 patients, 49 were adults (>18 years) and 16 
were children (£18 years). FLT3mutations were identified in 17 
patients, including 10 patients with FLT3-ITD, 6 patients with 
FLT3-TKD, and 1 patient with both FLT3-ITD and FLT3-TKD muta-
tions. The presence of FLT3-TKD mutations was related to nei-
ther sex nor age. The median WBC count in patients with wild-
type FLT3 was 14.7×103/µL (IQR, 4.9-24.3). The median WBC 
count in all FLT3-positive patients, FLT3-ITD-positive patients, 
and FLT3-TKD-positive patients were 34.0 (IQR, 13.3-193.3), 
90.3 (IQR, 26.6-535.0), and 17.3 (IQR, 8.3-75.4)×103/µL, re-
spectively. A statistically significant difference was observed 
in all FLT3-positive patients and FLT3-ITD-positive patients 
compared with wild-type-FLT3 patients (P=0.01 and 0.005, 
respectively). It was noted that the WBC count was higher 
in FLT3-ITD-positive patients. The peripheral blood blast per-
centages in FLT3-ITD-positive and FLT3-TKD-positive patients 
were 80% (IQR, 49.8-97.3) and 13% (IQR, 3.8-17.7), respec-
tively, which was significantly different from that of patients 
with wild-type FLT3 (43%; IQR, 21.0-69.0) (P=0.02 and 0.006, 
respectively). The bone marrow blast percentage in FLT3-ITD-
positive patients (51%; IQR, 33.9-77.8) was significantly high-
er than that of wild-type-FLT3-positive patients (82.8%; IQR, 
69.0-90.6) (P=0.03) No significant difference in hemoglobin lev-
el, platelet count, and overall survival among wild-type-FLT3-
positive patients and FLT3-positive patients were observed.

In this study, we found 7 patients with FLT3-TKD mutations. 
Further characterization was done by DNA sequencing. This 
DNA sequencing identified 4 different point mutations in co-
dons 835 and 836 of the FLT3-TKD gene, as shown in Table 2. 
Four patients showed A to T nucleotide substitution at codon 
835, which resulted in an amino acid substitution of aspar-
tic acid to valine (c.2504A>T; Asp835Val). The 3 remaining pa-
tients had, respectively, Asp835His (c.2503G>C) and 2 novel 
mutations in codon 836, Ile836=(c.2508C>A) and Ile836Met 
(c.2508C>G) mutations. The DNA sequencing of these nov-
el mutations is shown in Figure 3. The COSMIC database [29] 
was used to explore the effect of these mutations in patients 
with AML. FATHMM prediction showed that c.2504A>T and 
c.2503G>C were pathogenic mutations, with a functional score 
of 0.99. While, the novel mutations, c.2508C>A and c.2508C>G, 
were classified as neutral, with functional scores of 0.11 and 
0.20, respectively.
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Characteristics

Mutations in patients with AML

Wild type
(n=48)

All mutations
(n=17)

FLT3-ITD
(n=10)

FLT3-TKD
(n=6)

Dual ITD & TKD*
(n=1)

Sex

 Male; n (%)  13 (27.1)  4 (23.5)  2 (20)  1 (16.7)  1 (100)

 Female; n (%)  35 (72.9)  13 (76.5)  8 (80)  5 (83.3) –

Age

 Median 43 49 57.5 44 59

 IQRs 18.3-61.5 18.3-63.2 24.5-66.5 14.5-52.6 –

 Number of adult (>18 y) 36 13 8 4 1

 Number of children (£18 y) 12 4 2 2 –

WBC (×103/µL)

 Median 14.7 34.0** 90.3** 17.3 89.4

 IQR 4.9-24.3 13.3-193.3 26.6-535.0 8.3-75.4 –

Hemoglobin (g/dL)

 Median 8.2 7.0 6.4 8.4 7.8

 IQR 7.0-9.2 5.7-8.4 5.4-8.5 6.2-8.4 –

Platelets count (×109/µL)

 Median 69 36 36 47 38

 IQRs 41.3-145.0 19.0-47.0 21.0-40.5 19.0-120.0 –

Peripheral blood blast (%)

 Median 43 40.5 80** 13** 93

 IQRs 21.0-69.0 10.8-91.8 49.8-97.3 3.8-17.7 –

Bone marrow blast (%)

 Median 51a 82.4b 82.8c,** 82.4d 82

 IQRs 33.9-77.8 56.7-82.8 69.0-90.6 33.9-59.5 –

Overall survival (days)

 Median 36 18 21.5 11 11

 IQRs 23.0-135.5 7.0-180.0 9.8-141.3 5.0-183.0 –

FAB subtype

 AML-M3; N (%)  7 (14.6)  5 (29.4)  3 (30)  2 (33.3) –

 AML-non-M3; N (%)  41 (85.4)  12 (70.6)  7 (70)  4 (66.7)  1 (100)

Table 1.  Characteristics and laboratory data of 65 newly diagnosed acute myeloid leukemia (AML) patients according to type of FLt3 
mutation.

* Presented as raw data; ** statistically significant from wild type (P<0.05; Mann-Whitney U test). a,b,c,d Data from 39, 13, 7, and 5 
patients, respectively. FLT3 – FMS-like tyrosine kinase 3; IQR – interquartile range; ITD – internal tandem duplication; TKD – tyrosine 
kinase domain.
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835

225 230

836ATC–ATA
(c.2508C<A)

836ATC–ATG
(c.2508C<G)

240235 225 230 240235

255 260 270265

836

835

(Wild type; n=5)
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B

Figure 3.  (A, B) Direct sequencing in the forward direction demonstrating 2 novel FMS-like tyrosine kinase 3 (FLT3)-TKD mutations 
among AML patients. Red arrow indicates the mutation site. The mutation and 836ATC – ATG mutation, respectively. (C) The 
corresponding DNA sequence of AML patients with wild type FLT3-TKD at the same region.

Mutations

Characteristics of mutations* Characteristics of patients

Amino acid 
change

FATHMM 
prediction

Type of 
mutation

Drug 
resistance

Age/sex
FAB 

subtype
WBC count

(µL)
PB 

blast%

835GAT – GTT
(c.2504A>T)

p.Asp835Val Pathogenic 
(score 0.99)

Substitution 
– missense

Quizartinib 39/F AML-M3 70 660 5

49/F AML-nonM3 12 140 9

49/F AML-nonM3 22 500 17

15/F AML-nonM3 10 580 0

835GAT – CAT
(c.2503G>C)

p.Asp835His Pathogenic 
(score 0.99)

Substitution 
– missense

Sorafenib 13/F AML-M3 1370 17

836ATC – ATA
(c.2508C>A)

p.Ile836= Neutral 
(score 0.11)

Substitution 
– coding silent

n/a 64/M AML-nonM3 89 590 20

836ATC – ATG
(c.2508C>G)

p.Ile836Met Neutral 
(score 0.20)

Substitution 
– missense

n/a 59/M AML-nonM3 89 400 93

Table 2. Characteristics of patients with FMS-like tyrosine kinase 3 (FLT3)-tyrosine kinase domain (TKD) mutations.

* From COSMIC database (https://cancer.sanger.ac.uk) [29]. n/a – not available.

e937446-7

Ei Ei Aung N. et al: 
FLT3 gene mutations in AML
© Med Sci Monit Basic Res, 2022; 28: e935377

HUMAN STUDY

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Discussion

Activating mutations in the FLT3 gene are the most widely rec-
ognized genetic changes in patients with AML, occurring in ap-
proximately one-third of patients. The mutations in FLT3 gen-
erate structural changes in receptors and cause permanent 
tyrosine kinase activation in the absence of ligand, leading to 
leukemogenesis. It is known that FLT3 gene mutations are re-
lated to inferior prognosis. The FLT3 mutation is an important 
molecular target both at de novo and relapse for clinical prog-
nosis and in selecting specific therapies against FLT3 receptor 
activation in patients with AML [14,16]. FLT3-ITD and FLT3-TKD 
mutations are commonly found in patients with AML. The most 
common type is the FLT3-ITD mutation. Identifying FLT3-ITD 
and FLT3-TKD mutations might provide useful information for 
selecting the proper treatment of AML. Therefore, we focused 
on the frequency of both mutations in our population and the 
association with patients’ characteristics. In our study, the FLT3-
ITD mutation was found in 18.4% of adult AML patients, which 
is comparable to the result of the previous study in north-
east Thailand by Kumsaen P et al (21.1%) [16]. Table 3 shows 
that FLT3-ITD was found to be common in adult AML patients 
in many studies [30-32]. The frequency of FLT3-ITD has been 
reported in central and northern Thailand, with a frequency 
24.6% and 25.0%, respectively [17,18]. In Asian countries, fre-
quencies of 19.0% to 25.9% were reported in Malaysia, India, 
China, Taiwan, and Japan [20-23,25]. This indicates that the 
FLT3-ITD mutation is common in adult AML patients. The fre-
quency of FLT3-ITD among pediatric AML patients was found 
to be 12.5% in the present study, which is different from the 
previous study in northeast Thailand (4.8%) [19]. This might be 
due to the difference in age of the studied samples. The me-
dian (range) age in this study was 15 (2-17) years old, while 
the previous study was 10 (6-12) years old. According to the 
patients’ characteristics, we found that FLT3-ITD-positive pa-
tients had a higher WBC count, percentage of peripheral blood 
blasts, and percentage of bone marrow blasts as compared 
with those with wild-type FLT3. These findings are consistent 
with other studies in Thailand [16,17,19]. In the presence of 
ITD, the juxtamembrane domain undergoes a conformational 
change, losing its autoinhibitory function, which causes the 
subsequent activation of the receptor and downstream sig-
naling pathways, including the Ras/MAPK pathway and PI3K/
Akt pathway. These result in a high proliferation of WBC and 
blast cells [33,34]. Most patients with AML in the present study 
received standard treatment, the 7+3 regimen. However, the 
rates of complete remission varied. Unfortunately, the treat-
ment patterns and outcomes were unobtainable in this study.

FLT3-TKD mutation has been found in adult and pediatric AML 
patients with variable frequency in different populations [20-
23,25]. Our study showed the frequency of FLT3-TKD as 10.2% 
and 12.5% among adult and pediatric patients with AML, 

respectively, which differs from that previously reported in 
central Thailand (3.1%) [17]. This data might suggest that the 
FLT3-TKD mutation is more common in northeast Thailand. This 
discrepancy might be due to differences in ethnic background, 
population genetics, and environmental factors. Another report 
among pediatric AML patients in northeast Thailand showed a 
lower frequency of FLT3-TKD mutation, as compared with that of 
our study, which could be due to the difference of patient age, as 
described previously. A previous study from Taiwan showed that 
the FLT3-TKD mutation is common in AML-M3 [22]. In our study, 
among 7 patients with AML-M3, 2 patients (40%) were positive 
for FLT3-TKD. While among 41 patients with AML-nonM3, only 
5 patients (9.8%) were positive for FLT3-TKD. In other studies, 
the frequency of FLT3-TKD mutations were found to be 4.8% 
to 7.7% in Germany [14,27], 11% in the United Kingdom [12], 
and 10.1% in Sweden [26]. Furthermore, in the present study, 
healthy individuals were also analyzed to exclude the possi-
bility of polymorphisms. FLT3-TKD mutations were not found 
in all healthy individuals (data not shown). These results con-
firmed that FLT3-TKD mutations were associated with the mo-
lecular pathogenesis of AML. No association was seen between 
age or sex and the presence of FLT3-TKD mutations. FLT3-TKD-
positive AML patients in this study were associated with low-
er peripheral blood and bone marrow blast percentages when 
compared with FLT3-ITD-positive patients, which was consis-
tent with the previous report [35]. However, another study did 
not find this result [20,22]. Functionally, both FLT3 mutations in-
duce activation of the signaling pathways without ligand bind-
ing to the receptor. This unregulated activation impairs normal 
hematopoietic growth and differentiation into the accumula-
tion of leukemic blast and immature myeloid cells in the pe-
ripheral blood and bone marrow [14]. Variations in the biologi-
cal characteristics of the patients, such as cytogenetics (whole 
AML or AML with normal karyotype), might contribute to the 
heterogeneity of the results. However, in the present study, 
the cytogenetics was not available in all patients. Therefore, 
the association of clinicohematological parameters according 
to cytogenetics could not be determined.

Types of FLT3-TKD mutations among patients with AML in 
northeast Thailand were reported here for the first time. DNA 
sequencing of 7 FLT3-TKD-positive AML patients showed 4 dif-
ferent mutations. There are 2 mutations in codon 835, includ-
ing 835 GAT – GTT (c.2504A>T; Asp835Val) and 835 GAT – CAT 
(c.2503G>C; p.Asp835His) that were previously found in cen-
tral Thai populations. The 2 mutations in codon 836 includ-
ed 836 ATC – ATA (c.2508C>A; p.Ile836=) and 836 ATC – ATG 
(c.2508 C>G; p.Ile836Met) and were found for the first time 
in a Thai population. In the present study, the most frequent 
mutation was Asp835Val, while in the central Thai population, 
the most common mutation was found to be Asp835Tyr [17]. 
This indicates that the type of FLT3-TKD mutation is varied 
among populations.
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In this study, we found that 2 mutations in codon 835 
(c.2504A>T and c.2503G>C) were classified as pathogenic, 
with high functional scores (0.99). The COSMIC database [29] 
also showed that c.2504A>T and c.2503G>C are resisted to 
the drugs quizartinib and sorafenib, respectively. Quizartinib 
and sorafenib are second-generation tyrosine kinase inhibi-
tors (TKIs). Recently, many TKIs have been used with standard 

protocols in adult AML patients. However, it was demonstrat-
ed that these 2 mutations in codon 835 of the FLT3 gene are 
important and have a pathological effect on AML. In the pres-
ent study, 5 of 7 patients (71.4%) carried these mutations. 
Therefore, identification of these mutations among patients 
with AML is essential. The other 2 novel mutations in codon 
836 (c.2508C>A and c.2508 C>G) are classified as neutral and 

Country Study design Age N
FLT3-ITD

(%)

FLT3-TKD

(%) Type of mutations

Thailand
 This study
 (Northeast)

Prospective ³18 y 36 18.4 510.2 Asp835Val
Asp835His
Ile836=
Ile836Met<18 y 12 12.5 12.5

 Kumsaen et al (2016) [19]
 (Northeast)

Prospective ³18 y 38 21.1 n/a n/a

<18 y 14 14.3

 Mukda et al (2011) [19]
 (Northeast)

Prospective <18 y 64 6.3 4.8 n/a

 Auewarakul et al (2015) [17]
 (Central)

Prospective ³18 y 256 24.6 3.1 Asp835Tyr
Asp835His
Asp835Glu
Asp835Ala
I836 deletion
Asp835Del +Ile836Val

 Mevatee et al (2015) [18]
 (North)

Prospective ³18 y 40 25 n/a n/a

Malaysia
 Yusoff et al (2019) [20]

Prospective ³16 y 102 19 3 n/a

India
 Mehta et al (2012) [21]

Prospective ³15 y 116 19 6.9 n/a

<15 y 28 17.9 3.6

China
 Wang et al (2005) [23]

Prospective ³15 y 143 25.9 6.3 Asp835Tyr
(data from 1 sample)

Taiwan
 Liang et al (2003) [22]

Prospective <18 y 91 n/a 3.3 Asp835Tyr
Asp835His
Asp835Val

 Shih et al (2003) [24] Retrospective
(APL only)

>15 y 94 20.2 19.1 Asp835Tyr
Asp835His
Asp835Val£15 y 13 20 15.3

Japan
 Yamamoto et al (2001) [25]

Prospective >15 y 429 20 7 Asp835Tyr
Asp835His
Asp835Val
Asp835Glu

Table 3.  Frequency of FMS-like tyrosine kinase 3 (FLT3)-ITD and tyrosine kinase domain (TKD) mutations in patients with acute 
myeloid leukemia (AML) from various studies in Asia.

n/a – not available.
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have no effect on AML patients. Likely, the pathogenic effects of 
c.2504A>T and c.2503G>C mutations involve the activation loop 
of the TK2 domain, primarily restricted to the carboxy-terminal 
portion of the catalytic domain, resulting to autophosphory-
lated and activate known downstream targets of FLT3 [32,36]. 
Therefore, it has been demonstrated that younger adults with 
FLT3-ITD-positive de novo AML who have FLT3-TKD mutations 
in D835/I836 are associated with worse disease-free survival 
than that of similar patients without FLT3-TKD [35]. Moreover, 
it was found that some patients with AML fail to respond to 
the FLT3 TKIs due to selection based on their potency against 
FLT3-ITD mutations. Some FLT3-TKD mutations developed a 
resistance mechanism to TKIs [13]. This might be due to the 
type of the FLT3-TKD mutations in the patients. Therefore, to 
characterize the type of TKD mutations, allele-specific PCR or 
DNA sequencing should be used instead of the PCR-RFLP tech-
nique. As a consequence, FLT3-TKD may also be a crucial bio-
marker of interest. Identification of both mutations in FLT3 
is crucial. Therefore, it is important to know the exact FLT3 
mutation in each patient to select the most appropriate FLT3 
TKI to use for the patient. This is very important for person-
alized medicine. However, further cohorts of patients need to 
be studied to understand the clinical characteristics of these 
FLT3-TKD mutations.

In this study, 1 patient had compound heterozygous FLT3-ITD 
and FLT3-TKD mutations. The patient was a 59-year-old wom-
an. She had a WBC count of 89.4×103/µL, Hb level of 7.8 g/dL, 
and platelet count of 38×109/µL, and the number of periph-
eral blood blasts was 93%. Her overall survival was 11 days 
after diagnosis. The elevated WBC count and high number of 
peripheral blood blasts showed the typical characteristics of 
FLT3-ITD-positive AML patients. However, the prognostic sig-
nificance of FLT3 mutations in this patient is unclear. Further 
study should be done. However, this data support other stud-
ies that showed FLT3-ITD and FLT3-TKD had a low coexistence 
[17,25,27]. In addition to FLT3-ITD and TKD mutations, other 
mutations, such as NPM1, MLL-PTD, and CEBPA, were associ-
ated with AML patient prognosis [14,17,25,27]. However, data 
on these mutations among patients with AML in northeast 
Thailand is still limited. Although the French-American-British 
classification system is useful for classifying AML patients, 

many factors affecting the prognosis are not taken into con-
sideration. Therefore, the WHO classification system is alter-
natively recommended. Subsequently, further study of other 
molecular factors is essential for better understanding of the 
molecular pathogenesis of AML patients in the region.

Conclusions

The frequency of FLT3-ITD mutation is relatively high in pa-
tients in northeast Thailand, while the prevalence of FLT3-TKD 
mutation in northeast Thailand was as high as in other stud-
ies. Therefore, laboratory investigations of these 2 mutations 
should be performed routinely in all patients at the diagnosis 
of AML to provide targeted therapies. However, further study 
on the impact of the type of FLT3-TKD mutation with the prop-
er FLT3 TKI in patients with AML is required.

In addition, the characterization of FLT3-TKD mutations is sug-
gested for selecting the proper FLT3 TKI. However, further study 
on the prognostic impact of FLT3-TKD mutations among AML 
patients is required.
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