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ABSTRACT 
 
Patients with acute myeloid leukaemia (AML) who have FMS-like tyrosine kinase 3 (FLT3) 
mutations are a concern for haematologists. Many studies indicate that these patients have poor 
prognosis. Due to the dearth of research in this area, the role of allogeneic transplantation as a 
therapy is still controversial. But the available limited data suggest that transplantation in first 
remission is possibly the first choice. As FTL3 mutations in AML result in poor patient outcomes, 
different FLT3 inhibitors are used as specific targeted therapy. 
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1. INTRODUCTION  
 
Acute myeloid leukaemia (AML) is a fatal  
disease characterised by clonal expansion of 
undifferentiated myeloid precursors. It results                
in impaired haematopoiesis and bone marrow 
(BM) failure [1]. Although many of the younger 

AML patients have a favourable response to 
induction chemotherapy and allogeneic 
transplantation, there is a higher relapse rate. 
Thus, chemotherapy and allogeneic 
transplantation in AML are associated with 
treatment failure [2]. Moreover, half of the 
patients appear to be cytogenetically normal 
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(CN) for the disease with no detectable 
chromosomal aberrations.  
 
Many types of mutations can result in molecular 
abnormality in AML patients [3-6]. The most 
common type of mutations involves the FLT3 
gene, followed by the mixed lineage leukaemia 
(MLL) gene [7,8]. Among the FLT3 mutations, 
FLT3/ITD is the most clinically relevant type with 
poor prognostic outcomes [9].  
  
The purpose of this review is to present the 
currently available evidence pertaining to the 
significance of FLT3 mutations in paediatric AML 
patients. This review also provides information 
on novel small-molecule FLT3 tyrosine kinase 
inhibitors (TKI) which are in the development 
phase. 
 

2. FLT3 RECEPTOR 
 
The most common and clinically relevant 
molecular abnormality in AML is the mutations in 
the FLT3 gene [9]. This gene codes for the 
transmembrane tyrosine kinase receptor, which 
belongs to the tyrosine kinase family. This 
receptor is present in the leukaemic blast cells in 
most AML patients. The membrane-bound 
receptor is expressed in various progenitor cells 
and controls the division and differentiation of 
hematopoietic cells [10]. FLT3 receptor is 
composed of juxtamembrane dimerization 
domain, transmembrane domain, extracellular 
domain and intracellular kinase domain (Fig.1). 
 
Initially, FLT3 is present in a monomeric, 
unphosphorylated state. As soon as the receptor 
binds with the FLT3 ligand (FL), the receptor 
goes through homodimerization and undergoes 
conformational changes. Phosphorylation of 
various sites in the intracellular kinase domain 
occurs due to FLT3 dimerization. This activates 
the signalling cascade of MAP kinase, STAT, 

and AKT/PI3. Thus, the FLT3 receptor regulates 
the cell proliferation, differentiation and inhibition 
of apoptosis [11]. In the process of normal 
haematopoiesis, the expression of FLT3 receptor 
promotes a perfect hierarchy in the 
haematopoietic stem and early progenitor 
compartment [12]. 
 
As previously mentioned, FLT3 mutations are the 
most common and clinically relevant mutations in 
AML, contributing to around one-third of the 
mutations. The next common mutations are 
those involving the MLL gene. Even these 
mutations have a negative prognostic value. 
There are two common variants of FLT3 
mutations. The first type is the internal tandem 
duplications on exon 14 of FLT3 receptor 
(FLT3/ITD). This interferes with the function of 
the juxtamembrane domain of the receptor and 
results in ligand-independent stimulation of FLT3 
receptor, which results in the proliferation of 
leukaemic cells independent of the growth 
factors. The second type of mutations is the 
mutations in the tyrosine kinase domain 
(FLT3/TKD mutations). These are the point 
mutations occurring in the activation loop with 
single amino acid substitutions [13].  Among 
these two mutations, FLT3/ITD mutations are 
mostly seen in AML patients.  FLT3/ITD mutation 
leaves FLT3 kinase constitutively active [14], and 
it is observed in around 30-40% of AML patients.  
Numerous studies have recognized that these 
mutations cause higher relapse rates and shorter 
overall and disease-free survival [15-17]. 
Furthermore, the expressions of FLT3 protein 
and RNA are up-regulated in AML cells, 
compared with normal BM cells. Over-expression 
of this gene and the length and position of 
insertion of ITD are associated with lower 
survival rates. Allogeneic transplantation in these 
patients was associated with favourable patient 
outcomes like lower relapse rates and improved 
overall survival [18,19]. BM and peripheral blood 

 

 
 

Fig. 1. FLT3 receptor structure and molecular cascade 
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are used to detect FLT3/ITD mutation. High 
molecular weight genetic DNAs were extracted 
from the AML cells using phenol-chloroform 
method. Using polymer chain reaction                
(PCR) method, the DNA was amplified for FLT3 
gene at exons 14 and 15 with forwarding           
primer 5' GCAATTTAGGTATGAAAGCCAGC            
3' and reverse primer 5' 
CTTTCAGCATTTTGACGGCAACC 3'. Several 
methods were used over a period of time for           
the detection of FLT3/ITD mutation in AML 
patients. 
 

3. FLT3/ITD MUTATIONS 
 

A reverse transcriptase polymerase chain 
reaction (RT-PCR) assay was performed to 
detect the expression of FLT3 in the samples of 
primary leukaemia. The FLT3/ITD mutations 
were discovered for the first time during this 
process, and a molecular abnormality was noted 
in the FLT3 transcripts from AML patients [14]. 
FLT3/ITD mutations in patients with AML were 
associated with higher mean white blood cell 
(WBC) count, higher relapse rates and shorter 
overall and disease-free survival when compared 
with AML patients without FLT/ITD mutations. It 
was also observed that FLT3/ITD mutations are 
responsible for the emergence of drug resistance 
[20-22]. 
 

4. FREQUENCY OF FLT3/ITD 
MUTATIONS IN AML 

 

Initially, it was thought that the FLT3/ITD 
mutations occur only in AML patients. However, 
recently, it is observed that these mutations are 
also a common variant in MLL. The assessment 
of the frequency of these mutations in AML 
patients depends on various factors. These 
mutations vary significantly in different subtypes 
of AML, which are classified by cytogenetic 
aberrations. The frequency of these mutations 
might be overestimated as the study samples 
mostly consist of a small cohort of hospitals or 
clinics [13]. Other factors that may influence the 
approximation of its occurrence are the methods 
and samples used to determine these mutations 
[13]. 
 

5. CHARACTERISTICS OF FLT3/ITD 
MUTATIONS IN PAEDIATRIC AML 
PATIENTS 

 

5.1 Leukocytosis 
 

Leukocytosis is considered as one of the poor 
prognostic factors in paediatric AML. FLT3/ITD 

mutations are associated with significantly higher 
WBC counts than the wild-type FLT3 [13]. 

 
5.2 Age 
 
There is no significant association of FLT3 
mutations with age in adults [13]. However, all of 
the studies, except two mentioned in Table 1, 
observed that FLT3/ITD mutations were less 
common in paediatric patients who were less 
than 10 years of age (Table 1). About two-thirds 
of the paediatric patients in these five studies 
mentioned in Table 1 were found to be more than 
10 years old. Thus, the frequency of                        
these mutations is much higher in children         
above 10 years than in the younger                    
children. Genomic instability was considered                 
as the possible mechanism for this difference 
[27]. 
 

5.3 FAB Subtypes 
 
Many studies reported that all FAB subtypes are 
equally associated with FLT3 ITD mutations. 
However, some studies noted an increased 
prevalence of this mutation in M3 (Acute 
promyelocytic leukaemia (APL), M5 (Acute 
myelomonocytic leukaemia) and M5b (Acute 
monocytic leukaemia) subtypes [27-29]. 
Numerous groups around the world have now 
confirmed and extended these findings in both 
adult and paediatric AML. According to a study 
conducted by the National Cancer Institute, AML 
is an important example of a cancer type that 
establishes different genomic signatures 
between paediatric and adult patients despite 
phenotypic similarities. The study found declining 
incidence in AML over the first decade of life 
beginning at its highest rate (infant) to its lowest 
rate (9 years of age).  However, this trend starts 
to reverse by the age of 10 years, following a 
slow increase in incidence up to the age of 40 
years. This is followed by two successive bursts 
in AML incidences in older populations up to the 
highest recorded levels at age 84. Since severe 
variations in the frequency of mutation were 
observed between age groups, there is a need 
for targeted therapies based on these differences 
[24,30]. 
 

5.4 Survival Rate 
 
The paediatric studies mentioned in Table 1 were 
analysed for the survival rate. Only 11 children 
survived out of 58 patients with FLT3/ITD 
mutations. The survival rate was found to be 
significantly less in patients with FLT3/ITD 
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mutations. Even though the frequency of these 
mutations is lower in paediatric patients than 
adults, the survival rate statistics seems to be 
alarming, requiring an equal attention to 
paediatric AML [27-29]. 

 
Table 1. Individual FLT3/ITD studies in 

paediatric groups with AML adapted from 
levis & small [13] 

 

Study Paediatric AML 
Whitman et al (82 patients) 
[23] 
Iwal et al (94 patients) [24] 
Xu et al (87 patients) [25] 
Kondo et al (64 patients) 
[26] 
Meshinchi et al (91 
patients) [27] 

5.3% (5/94) 
 
13.8% (12/87) 
10.9% (7/64) 
16.5% (15/91) 
 
11.3% (9/80) 

 

6. FLT3 INHIBITORS 
 
Poor prognostic outcomes due to FLT3 
mutations in AML patients have added to the 
credentials of this receptor as a treatment target. 
These small-molecule FLT3 inhibitors were 
proven to be cytotoxic to leukaemic cells as they 
inhibit the proliferation of these cells, causing cell 
cycle arrest and apoptosis [9].  These molecules 
belong to different chemical groups and vary 
significantly in their potency and selectivity. 
Numerous TKIs target FLT3 receptor, including 
sorafenib [31-34]. These drugs have shown 
promising results in AML patients. However, they 
have some limitations due to their varying 
responses in different patient groups and the 
emergence of resistance mutations in FLT3/ITD 
[35-37].  
 

Quizartinib was shown to be considerably more 
potent than other TKI inhibitors [38,39].  In 2012, 
a phase 2 trial was conducted with Quizartinib in 
relapsed or refractory FLT3/ITD AML patients 
[40,41]. This drug effectively reduced the 
peripheral and BM blasts by apoptosis and 
terminal differentiation, respectively [42]. This 
resulted in long-term survival of one-third of the 
study patients by creating a favourable condition 
for undergoing allogeneic transplantation.  
 

Some multikinase inhibitors like sorafenib and 
sunitinib, which are approved for other 
neoplasms, are shown to have inhibitory 
potential against FLT3. A study published in 
2012 conducted a multicentric trial in relapsed 
AML patients with Sorafenib. In this study, about 
one-third of the patients had haematological 
remission. Another third had BM and complete 

remission. This drug was shown to produce 
sustained remissions in the patients who have 
relapsed after allogeneic transplantation. These 
drugs are prescribed for off-label use in AML 
patients by many clinicians [43,30]. 
 
FLT3 inhibitors have varied limitations, including 
the toxicity due to off-target effect leading              
to gastrointestinal intolerance, prolonged 
cytopenias and hand-foot syndrome. Another 
major clinical problem with the FLT3 inhibitor is 
the induction of acquired resistance. Hence, 
optimized target therapy and treatment option 
and strategy need to be prepared by the 
physician to overcome the challenges in different 
clinical settings.   
 

7. CONCLUSION 
 

AML is a fatal disease without the use of 
aggressive chemotherapy treatments. FTL3/ITD 
mutation in AML is the most common 
abnormality resulting in poor patient outcomes. 
These mutations occur in about one-third of 
patients. Therefore, it is important to screen all 
AML patients for these mutations as soon as the 
diagnosis is made or when AML is relapsed. The 
existing data suggest that FLT3 mutations are 
not enough for leukaemic transformation, and it 
involves other cooperating genomic modifications 
for the development of leukaemic phenotype. 
The best therapeutic approach for these patients 
is allogeneic transplantations followed by 
maintenance therapy with the effective TKI 
inhibitors like Quizartinib and Sorafenib. In a 
study, Quizartinib, a small-molecule receptor TKI, 
was reported to augment the survival of AML 
patient compared to control]. Thus, the addition 
of these FLT3 TKIs in the treatment algorithm of 
AML patients with FLT3 activating mutations will 
improve patient survival and their quality of life. 
Further large-scale clinical trials are needed to 
provide concrete clinical evidence for these 
conclusions. 
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