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ABSTRACT

Acute myeloid leukemia (AML) and myeloproliferative neoplasms (MPN) are the most
common entities of myeloid neoplasms. In AML, among the most frequent genetic
alterations that carries both diagnostic and prognostic values are mutations in
Nucleophosmin 1 (NPM1) and FMS-like tyrosine kinase 3 (FLT3) genes. Nevertheless,
their frequencies among AML patients in Kuantan, Pahang have not been studied.
Additionally, published literatures on both of these mutations in MPN are scarce
although they have been shown to confer MPN in animal model. This cross-sectional
study therefore aimed to determine the proportion of FLT3-I1TD, FLT3-D835 and NPM1
mutations among patients diagnosed with AML and MPN in Hospital Tengku Ampuan
Afzan of Kuantan, Pahang from the year 2016 to 2019. A total of 56 cases were studied,
of which 43 cases were AML and 13 cases MPN. Molecular methods employed were
polymerase chain reaction-based assays for mutation detection, from the retrieved
trephine biopsy tissue blocks. The mutation positivity was subsequently validated by
Sanger DNA sequencing. Six of the 43 cases (14.0%) of AML were positive for FLT3-
ITD and a similar proportion (6/43, 14.0%) were also positive for NPM1 mutations.
FLT3-D835 mutation was identified in three of the AML cases (7.0%) while concurrent
mutations of NPM1 and FLT3-ITD were seen in two of the mutation positive cases
(4.7%). One of the 13 (7.7%) MPN cases was positive for FLT3-ITD. None of the MPNs
cases were positive for either FLT-D835 or NPM1 mutations. When the mean
haematological values were compared with the mutation status in AML cases, only the
total white cell count was significantly higher with FLT3 mutations (p=0.001). In
conclusion, the frequency of FLT3 mutations in the AML cases concurs with others,
while the frequency of NPM1 mutations in our study was relatively lower as compared
to other reports. The significance of the FLT3-1TD mutation positivity found in our
series of MPN remains to be elucidated.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF STUDY

Myeloid neoplasms are a group of related disorders characterized by defective
haematopoiesis originating from abnormal clones of haematopoietic stem/progenitor
cells that show myeloid differentiation (Docking & Karsan, 2019). Among the
categories included as myeloid neoplasms based on the revised 2016 World Health
Organization (WHO) Classification, acute myeloid leukaemia (AML) and
myeloproliferative neoplasms (MPN) are among the common types. MPN have
preleukaemic features and do evolve into AML (A. Arber & Orazi, 2016).

AML is a malignant disorder characterized by abnormal growth and
differentiation of haematopoietic stem cells, accompanied by complex network of
cytogenetic aberrations and molecular mutations. In this disorder , there is accumulation
of immature myeloid precursors namely the blast cells in the bone marrow as well as
the peripheral blood (Estey, 2018).

The overall incidence of leukaemia in the Asian population (7.5 per 100 000
population) is lower than that of the White population (13.5 per 100 000 population)
(Azzwali & Azab, 2019). Leukemia is the sixth most common cancer in Malaysia, with
an incidence of 2.9 per 100,000 population (Manan et al., 2019; Meng et al., 2013).
AML being the most common form of acute leukemia among adults accounts for the
largest number of annual deaths from leukemias globally (Tallman et al., 2019). Its

incidence increases with age and the majority of patients are older than 60 years at the



time of diagnosis. In Malaysia the age at presentation ranged from four months to 81
years with the median age being 39 years old (Meng et al., 2013).

The aetiology of AML remains poorly understood although the occurrence of
this disease has been linked to a combination of genetics and environmental factors
(Azzwali & Azab, 2019; Zahrani et al., 2015). The clinical features are predominantly
related to the replacement of bone marrow by the malignant blast cells which will lead
to suppression of normal haemopoiesis and infiltration of tissues by the malignant cells
(Kulsoom et al., 2017). The clinical manifestations therefore include sign and
symptoms of infection and anaemia, bleeding tendencies and organ infiltration
(Kulsoom et al., 2017; Mei et al., 2019). In the presence of hyperleucocytosis the
patients are at higher risks of signs and symptoms related to tumour lysis syndrome and
leucostasis (Shahab & Razig, 2014).

Although traditionally, AML classification and risk stratification relied on the
cytogenetic findings, in the last decade, studies have shown that the presence or absence
of specific gene mutations and/or changes in gene expression can further classify AML
cases and have an effect on the patients’ prognosis (Alrajeh et al., 2017; Pankaj K.,
2016). As a matter of fact, genetic mutations are identified in more than 97% of cases,
often in the absence of any large chromosomal abnormality (De Kouchkovsky & Abdul-
Hay, 2016). Among the most frequent mutations found in AML including
cytogenetically normal-AML are mutations in the FLT3 and NPM1 genes. Mutations in
the MLL, CEBPA, NRAS and WT1 genes are also commonly documented (Ddhner et
al., 2017).

The FMS-like tyrosine kinase 3 gene (FLT3) encodes a class I11 receptor tyrosine
kinase that is normally expressed in early bone marrow precursors. It plays a significant

role in the regulation of hematopoietic cell proliferation, differentiation and survival



through recruitment and activation of several signaling molecules (Mahmood et al.,
2019). Although the frequency may varied, published studies have revealed that FLT3
gene mutations are found in approximately 20-30% of all AML patients (Bhattacharyya
et al., 2018; Mahmood et al., 2019; Naseem et al., 2021; Patnaik, 2018; Rezaei et al.,
2017; Yunus et al., 2015; Yusoff et al., 2019). The two types of mutations that have
been identified in the FLT3 gene include internal tandem duplication (FLT3-1TD) of the
region between exon 14 and 15 in the juxtamembrane domain and a point mutation at
codon 835 of exon 20 in the tyrosine kinase domain (FLT3-D835 or FLT3-TKD)
(Patnaik, 2018). Both mutations contribute to constitutive activation of the FLT3
receptor (Yusoff et al., 2019). It has been shown that the FLT3-1TD mutation is a poor
prognostic factor that has an inverse correlation with survival of AML patients
(Grimwade et al., 2016). The identification of FLT3-ITD as a negative prognostic
marker, serves to highlight the importance of FLT3-ITD testing at diagnosis. Earlier
identification of FLT3 mutations will help provide a better understanding of the
patient’s disease and enable targeted treatment (FLT3 inhibitors) that may help patients
achieve longer and more durable remissions (Daver et al., 2019; Kim & Williams,
2018). The prognostic value of FLT3-D835 mutation , which has a lower incidence in
AML is however uncertain (Daver et al., 2019; Naseem et al., 2021; Yunus et al., 2015).

The nucleophosmin 1 (NPM1) gene encodes the NPM1 protein, which functions
as a chaperone that shuttles between the nucleus and cytoplasm (Yingyu Chen & Hu,
2020; Lopez et al., 2020; Yusoff et al., 2019). NPM1 regulates different intracellular
processes such as transport of preribosomal particles, responses to stress stimuli, DNA
repair, centromere duplications, and the activity and stability of tumour suppressor
genes like p53 (Yohe, 2015). Mutation within the NPM1 gene, occurring in about 25-

35% of adult AML patients as documented by some published studies, results in



abnormal expression and localization of the protein within the cytoplasm
(Bhattacharyya et al., 2018; Mahmood et al., 2019; Saultz & Garzon, 2016) The most
common NPM1 mutation is the insertion of the TCTG tetranucleotide at position 860-
863 in exon 12, while other less common mutations in exon 12 have also been described
(Jung et al., 2019). There are various reports describing co-occurring of NPM1 and
FLT3-ITD mutations (Boddu et al., 2017; Juliusson et al., 2020a). In the absence of
FLT3-ITD mutation NPM1 mutation carries a favourable prognosis in that it predicts
better overall survival (Jung et al., 2019; Prada-Arismendy et al., 2017).

The other major category of myeloid neoplasms is MPN. They are a group of
diseases that are characterized by clonal expansion of haematopoietic precursor cells
followed by increased production of differentiated cells of the myeloid lineage
(erythroid, megakaryocytic, or granulocytic) (Skoda et al., 2015; M. Wang et al., 2014).
The non-leukaemic MPN include polycythemia vera (PV), essential thrombocythaemia
(ET) and primary myelofibrosis (PMF). PV is characterized by increased red blood cell
production independent of the mechanisms that normally regulate erythropoiesis while
ET primarily involves the megakaryocytic series and is characterized by sustained
increased in the platelet count (Mangaonkar et al., 2018). As for PMF, there are
predominantly proliferation of abnormal megakaryocytes and granulocytes in the bone
marrow with reactive fibrosis and extramedullary haemopoiesis (Swerdlow et al.,
2017).

The documented incidence of MPN most likely varies due to the high
heterogeneity of MPN (Titmarsh et al., 2014). MPN are generally diagnosed over the
age of 60. The median life expectancies for such patients are estimated at 20 years for

ET, 14 years for PV, and 6 years for PMF (Tefferi & Pardanani, 2015).



The clinical picture of PV is a direct consequence of elevated number of red cell
mass often accompanied by the increased production of granulocytes and
megakaryocytes and is mostly characterized by hyperviscosity of the blood (Rumi &
Cazzola, 2017) . Although ET is typified by persistent thrombocytosis, most patients
are asymptomatic. Those who are symptomatic generally present with thrombosis or
haemorrhage (Barbui et al., 2018). Similarly at diagnosis, most PMF patients are
asymptomatic, although in 80% of patients there is splenomegaly (Tefferi, 2016). The
major causes of death and complications in MPN include thrombosis, bleeding, and
transformation into overt myelofibrosis or AML (lurlo et al., 2019; Yap et al., 2018).

The underlying causes of MPN are largely unknown. The majority of MPN result
from somatic mutations in the three driver genes, JAK2, CALR, and MPL which
represent major diagnostic criteria in combination with haematologic and
morphological abnormalities (Rumi & Cazzola, 2017). In a minor fraction of MPN
cases, cytogenetic abnormalities are found at diagnosis (Zoi & Cross, 2017). With
disease progression, an abnormal karyotype is more frequently detected, even in the
absence of disease-specific genetic defects (Azzato & Bagg, 2015).

JAK2 gene, which plays a major role in cytokine signal transduction and carries
an activating point mutation (JAK2V617F), which strongly correlates with MPN
(Azzato & Bagg, 2015). This mutation has also been found other types of myeloid
neoplasms (Webersinke & Rumpold, 2009). JAK2V617F is a somatic G to T point
mutation at position 1849 in exon 14 of JAK2 and is present in approximately 95% of
PV patients and half of ET and PMF cases (Azzato & Bagg, 2015; Rumi & Cazzola,
2017). On the contrary, JAK2 exon 12 mutations, which seem to be specific to the
JAK2V617F mutation-negative PV, are absent from other types of MPN (Zoi & Cross,

2017). MPL mutation, which is an activating mutation in the thrombopoietin receptor,



is seen in up to 4% of ET cases and 5% of PMF cases (Langabeer et al., 2015) while
CALR mutation occurs in approximately 15-25% of ET and 20-25% of PMF cases.
Approximately 70% of ET and PMF patients without a JAK2 or MPL mutation harbour
CALR mutation (Langabeer et al., 2015; Zoi & Cross, 2017). These mutations affect the
hematopoietic stem cells and result in cytokine-independent activation of the JAK-
STAT signal transduction pathway (Azzato & Bagg, 2015). This pathway also appears
to be hyperactive in patients with none of these mutations, which indicates that these
mutation-free cases may have yet unidentified mutation(s) that is functionally similar
to a JAK2 mutation (Schischlik & Kralovics, 2017; Skoda et al., 2015).

Few studies have shown that knock-in of an ITD mutation into murine FLT3
conferred myeloproliferative disease in a mouse model, which indicated the potential
involvement of FLT3-1TD in MPN (Li et al., 2008; M. Wang et al., 2014; M. L. Wang

& Bailey, 2015). One conventional” knock-in model of NPM1 mutation also

demonstrated that NPM1 mutation can result in myeloproliferative disease but is
insufficient for leukemogenesis (Chou et al., 2012; M. Wang et al., 2014). To date, the
data on FLT3 and NPM1 mutations in human MPN remain poorly defined as their

possible roles are rarely investigated.

1.2 PROBLEM STATEMENT

From a clinical perspective, there are two important points to be considered in relation
to the study of genetic alterations in AML. Firstly, according to the current WHO
classification it is necessary to search for genetic defects in AML patients, because each
defect could define different clinical entities and pathological processes. Secondly these
genetic alterations including both the cytogenetic and molecular genetic abnormalities

are also known to have prognostic implication, and hence play crucial roles in the risk



stratification of patients for customization of therapy. Both the numerical and structural
cytogenetic alterations have been recognized as the strongest predictive factor for AML
patients’ response to therapy and survival, for a long period of time (Wiernik et al.,
2018). However, the lack of apparent chromosomal aberrations in what is known as
CN-AML has proven to be challenging for the management of this clinically
heterogeneous disease. Nevertheless, with progress made in the recent years, several
molecular markers in AML were discovered within a growing list of genes and have
allowed for more precise prognostic predictions and therapeutic decisions.

FLT3 and NPML1 genes have been chosen in this study because research have indicated
that mutations involving these genes have prognostic values and implication on patient
risk stratification and therapeutic options namely the use of FLT 3-inhibitors (Alrajeh
et al., 2017; Juliusson et al., 2020a). Nevertheless, in Malaysia, published research
works related to FLT3 and NPM1 mutation in AML are scarce and one of which is by
Yusoff et al., 2019. To the best of our knowledge, there is no published data on the
status of FLT3 and NPM1 mutations among myeloid neoplasms cases in Kuantan,
Pahang, Malaysia, a center for treating haematological malignancies for the state of
Pahang. The prevalence of FLT3, and NPM1 mutations are unknown.

As for MPN, there are limited publications that look into these mutations (FLT3 and
NPM1) and their possible roles in the pathogenesis. Also, there are very few studies that

investigate the association of JAK2V617F with FLT3 and/ or NPM1 in MPN.

1.3 SIGNIFICANCE OF RESEARCH

1. Since there are limited publications on FLT3 and NPM1 mutation status in
myeloid neoplasms in Malaysia, this research will indeed contribute to the body

of knowledge.



