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Abstract

Introduction: Mutations in FLT3 are the most commonly reported genetic changes in AML patients.
These mutations are normally identified in approximately one third of newly diagnosed patients and
are reported to have prognostic significance. Materials and Methods: Peripheral blood samples was
collected from 63 AML patients to study their morphological, cytogenetic and molecular features.
PCR was used to determine the prevalence of FLT3 mutations; internal tandem duplication (ITD)
and tyrosine kinase domain (TKD) in AML patients. Results: Among 63 AML patients, 42 were
males and 21 were females with male to female ratio 2:1with median age of 32 years. AML-M2 was
the predominant French-American-British (FAB) subtype (42%) followed by M4 (27%), M3 (8%),
M1 (8%), MO (8%) and M5 (7%) respectively. Cytogenetic analysis of 60 patients showed 58% as
cytogenetically normal (CN) whereas 42% had aberrant karyotype.The most frequent aberrations were
trisomy8, t(8;21), t(15;17) (8.3%) each, inversion16 (5%), and different deletions (12%) respectively.
FAB-M4 subtype showed most of the chromosomal anomalies. Among 63 AML patients, 22% showed
FLT3/ITD while 6.4% had D835 mutation after molecular analysis. FLT3 mutations were found in
most of the FAB subtypes and cytogenetic groups. FLT3/ITD mutations were more common in patients
with normal karyotype (26%) and usually present with hyperleukocytosis but association between two
was not significant. Conclusion: The cytogenetic data of adult AML from Pakistan showed presence
of favourable prognostic karyotype with comparable prevalence as reported in international data.
Moreover, FLT3/ITD mutations are commonly found in our patients as determined by molecular
analysis. Therefore, inclusion of this unfavourable prognostic marker should be routine in molecular
diagnostic testing of AML.
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INTRODUCTION play a major role in pathogenesis and prognosis
of different cytogenetic subgroups.® Cytogenetic
analysis at diagnosis is now considered the most
important prognostic factor to predict clinical
outcomes in AML patients.'” Cytogenetic results
have also been integrated into the World Health
Organization (WHO) classification of AML.?
Moreover, FLT3 genetic testing including ITD
(internal tandem duplication) and TKD (Tyrosine
kinase Domain) mutations is now recommended
by the National Comprehensive Cancer Network
and European Leukemia Net®? for diagnostic
workup of patients with AML to identify patients
who may benefit from different targeted treatment
options.

Acute myeloid leukemia (AML) is an
aggressive malignancy that is characterized
as having heterogenous genetic makeup as
well as complex clonal evolution.! It can be
subtyped by morphology, immunophenotyping,
cytogenetic, and molecular genetic features.'
Clonal cytogenetic abnormalities that are either
structural or numerical are usually found in 50-
60% AML cases. Some chromosome aberrations
in AML cases are nonrandom and are associated
with specific cytomorphological subtypes
according to French American British (FAB).>®
In the remaining cases, gene mutations are not
identifiable by cytogenetics. These mutations
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The heterogeneity of chromosome
abnormalities in haematological malignancies
in different geographic regions is reportedly
well known. It has been reported in some
published studies from Western and Asian
countries that variable frequencies of recurrent
cytogenetic markers exist due to ethical/and
racial differences.!" Differences in frequencies
from similar or varied populations may give
a better understanding of the role of ethnic,
environmental, and geographical factors while
studying the natural history of AML-associated
chromosome abnormalities."

The extensive data on the incidence of
cytogenetic and genetic mutations in patients of
AML from Pakistan is lacking. Limited data is
available on the prevalence of these mutations in
Pakistan. Therefore, it is important to diagnose
and study these mutations in our AML patients
with different subtypes. The study was designed
to achieve the following objectives; 1) To
determine the morphological, cytogenetic and
molecular groups in our AML patients. 2) To
analyse the association of FLT3/ITD and FLT3/
D835 mutationsin patients with cytogenetically
normal and aberrant karyotypes along with
clinical and laboratory parameters.

MATERIALS AND METHODS

Patient samples

Peripheral blood samples from 63 adult AML
patients were collected from the Institute of
Nuclear Medicine and Oncology, Lahore,
Pakistan visiting for treatment. The diagnosis
of AML was based on morphology and
FAB classification as per WHO criteria.?
Treatment outcomes were not part of study
and were not analysed. The cytogenetic and
immunophenotypic data for these patients were
collected from medical records of the patients.
Informed consent was obtained from the patients
before the start of therapy.

Immunophenotype analyses
Immunophenotyping was performed by flow
cytometry (BD FACSCanto™ II BD,USA). The
acute leukaemia panel of monoclonal antibodies
used were; CD2, CD3, CD4, CD5, CD7 (T-cell
lineage), CD10 (CALLA), CD19, CD20,CD22
(B-cell lineage), cytoplasmic IgM heavy chain,
(pre-B ALL), CD 11, CD14, CDI15, CD33,
CD34 (myeloid markers), CD117 (c-kit), and
TdT, wused to characterise the phenotypes of
the leukaemia cells.
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Cytogenetic analysis

Conventional cytogenetic GTG-banding
technique was used to study the metaphase
chromosomes of 60 AML patients. A normal
karyotype group is classified by analysing a
minimum of 20 metaphases in each patient.
The patients showing abnormal karyotypes were
grouped according to (a) number of single or
more than single abnormalities, (b) gain or loss
of genetic material, and (c) type of cytogenetic
aberration. Karyotypes and chromosomal
anomalies were characterised as per ISCN 2005
guidelines.'®

Molecular studies

DNA extraction from blood samples of 63
AML patients was performed by commercial kit
(Genejet, Thermo, USA). The patients DNA was
isolated and stored at -20°C for further analysis.

Analysis of FLT3 Mutations

PCR amplification of FLT3/ITDand D835
sequences located in the juxtamembrane and
tyrosine kinase domain respectively were
amplified by using primers described elsewhere."”
D835 mutation was detected by RFLP method by
using restriction enzyme EcoRV. PCR product
was digested with 5U of EcoRV (NewEngland,
BioLabs) at 37°C in a reaction volume of 15 ul.
The mutants were detected after separation of
digestion products on a 2% agarose gel.!”

Statistical analysis

Statistical differences in the distribution of
variables among subsets of patients was analysed
by Chi square %? and Fisher’s exact tests using
SPSS 16.0. A p-value of <0.05 was considered
significant.

RESULTS

Clinical characteristics of patients

Among the 63 AML patients, 42 were males and
21 were females with male to female ratio 2:1.
The median age of the patients was 32 years with
an age range between 15 to 75 years. Only six
patients were above the age of 50 years. Among
the different age groups, patients having age of
30 years or younger are 33 (52%). While older
than 30 years were 30 (48%). Details of clinical
characteristics at diagnosis of the 63 de novo
AML patients were given in Table 1.

Morphological characterisation
AML-M2 was the predominant French-
American-British (FAB) subtype (42%) followed
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Table 1: Demographic and Clinical features of AML patients (N=63) according to FLT3/ITD

mutations status

Characteristic Wild Type FLT3 Mutant FLT3

Cases 49(N) 78( %) 14(N) 22( % ) )/
Age (median= 32 years)

=15- 20 15 31 03 21

21-35 21 43 07 50

36-50 09 18 02 14 0.03
>50 04 08 02 14

Male 32 65 10 81

Female 17 35 04 29 0.75
Haemoglobin (g/dl)

<10 36 73 11 09 0.30
>10 13 27 03 21

WBC Count x 10°/L

<10 09 18 02 14

=10-50 16 33 04 29 0.14
>50 24 49 08 57

Platelet count x10°/L

<50 36 73 10 71 0.30
=50 13 27 04 29

BM Blasts

<70 15 33 04 29 10
>70 11 67 10 71

PB Blasts

<50 28 61 05 36 0.12
>50 28 39 09 64

LDH (IU/L)

<500 10 20 04 29 049
>500 39 80 10 71

Cytogenetics (n=60)

NormalKaryotype 26 57 09 64

Aberrant Karyotype 20 43 05 36 0.75

Abbreviations: FLT3, fins-like tyrosine kinase 3; AML, acute myeloid leukemia;ITD, internal tandem duplication; WBC,
white blood count; FAB, French American British; BM, Bone marrow; PB, Peripheral Blood

by M4 (27%),M3 (8%),M1 (8%), MO (8%) and
M5 (7%) respectively found in this study. None
of the patients had M6 subtype in the present
study (Table 2). Among the M2 subtype, (18 of
25 ;72% M2 patients) were below 30 years of
age while (7 of 25; 28%) were above 30 years
of age. Similarly (4 of 16; 25% of M4 patients
were below 30 years of age as compared to (12
of 16; 75%) above 30 years of age. No significant
association of age groups and gender was found
among the M2 and M4 subtype.

Cytogenetic analysis

Chromosome abnormalities were studied in 60
out of 63 cases, where 35 of the 60 patients
(58%) were cytogenetically normal (CN).

Karyotypes with abnormalities were observed
(Fig. 1a) in 25 of 60 (42%). Male patients (18
of 25; 72%) have more chromosomal anomalies
than female patients (7of 25; 28%) and the
association was not found significant. Among
additional chromosomal karyotypes, trisomy8
was observed in 5 of 60 cases (8.33%). Whereas
among deletions, (-7del (7q); -5del(5q); -Y)
was observed in 7 of 60 cases (12%). Likewise,
different balanced translocations seen were;
t(8;21) in 5 of 60 cases (8.3%); t(15;17) in 5
cases (8.3%), inversion 16 was seen in 3 cases
(5%). Most of the chromosomal anomalies were
found in patients with the FAB-M4 subtype
(8 of 25; 32%). Similarly, most patients with
normal karyotypes (35 of 60; 58 %) were found to
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FIG. 1a. Distribution of chromosomal abnormalities in AML patients.

have M2 subtype (20 of 35; 57%). The Clinico-
biological characteristics of AML patients
according to WHO Classification (Table 2)
and distribution of karyotypes in different FAB
subtypes was shown (Fig.1b).

Molecular analysis

Incidenceand Distribution of F LT3 mutations
in different FAB subtypes

Of the 63 AML patients studied for mutations, 14

(22%) had FLT3/ITD, indicated by the presence
of longer PCR fragments (Fig. 2) while 4 out of
63 AML patients (6.4%) were found to contain
the D835 mutation. A combination of FLT3/
ITD and D835 mutation in the FLT3 gene was
not found in our patients. FLT3 mutations were
found associated with different FAB subtypes
and their distribution in FAB subtypes was
shown (Fig. 3). Correlation for a specific FAB
subtype with respect to the FLT3 mutations was
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FIG. 1b. Prevalence of different cytogenetic groups according to FAB subtypes.
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FIG. 2: ITD mutations in the FLT3 gene. The amplified product of wild type band (329 bp) was shown. When
amplified products contained ITD mutations, another larger band (upper) was visualized on agarose gel
electrophoresis (lane 1,2, 5,6). Lane M: Molecular size marker (100 bp DNA ladder). Lane3: Blank,

negative control with no DNA.

not statistically significant. However, most of
the mutations were observed in M4 subtype as
compared to other subtypes. While the majority
of the patients with M1 and M2 subtype have
D835 mutations (14%) each. ITD mutation was
not confined to any gender or age as these were
found in all age groups. Hyperleukocytosis
is commonly associated with the presence of

FLT3/ ITD where WBC counts (mean 68 x10°/1)
were higher in ITD* patients than in FLT3/WT
patients (mean 50 x10%1) but significance was
not achieved (Table 1). No clinical variables were
associated with D835 mutations though WBC
counts were higher (mean 34.8x10°1). Moreover,
statistical significance was not achieved when
compared with WT patients.
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FIG. 3: FLT3/ITD mutations in AML patients with different FAB subtypes.
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Association of FLT3 mutation with cytogenetic
findings

FLT3 mutation analysis was performed in
63 cases but successful cytogenetic data was
available for 60 cases. The cases included normal
Karyotype (NK; n=35), favorable group [t (8;21),
t(15;17) and inv (16)] (n=13), numerical and
other structural abnormalities (n=12). FLT3 gene
mutations were not equally distributed among
the different subtypes and were associated
with a wide spectrum of cytogenetic groups
(Fig. 4). Among the NK group (9/35) 26% of
the cases showed FLT3 mutation compared to
aberrant karyotype (5/25; 20%). Association of
FLT3 mutation status with cytogenetic groups
was not observed though increased incidence
was found in normal karyotype group (p=0.75;
Table 1). Among aberrant karyotypes, 4 cases
harboring the mutation were in the favorable
karyotype group, (i.e; 2 cases in t(15;17), 1 case
in t(8;21), 1 case in inv16) and 1 case in other
abnormality group.

DISCUSSION

Adult acute myeloid leukaemia is usually
known as disease with diverse, morphologic,
immunophenotypic, clinical, cytogenetic and
molecular characteristics.!? The heterogeneous
distribution of chromosome abnormalities in

haematological malignancies among different
geographic locations is well known, but limited
data is available from different regions of the
world." In this study, morphological, cytogenetic
and molecular patterns in AML patients from
Pakistan was described. The age of our cohort
of patients is significantly younger than reported
in other studies.!"1>1%2 The median age of our
patients was 33 years whereas median age of 38
years was reported among 702 AML patients
in an Indian Study.?’ In other reports from
Europe, North America and Asian population,
the median age of diagnosis was in the range
of 58-63 years.'>'*222 The representation of
younger patients in this study may be due to
ethnic differences of the population studied or
referral cases. Our centre is the tertiary health
care hospital and majority of cases are referred
here for treatment. In this study, FAB-M2 was
the most commonly seen (32%) that has also
been reported from another study from Pakistan
(32.26%) followed by M1 and M4 (22.58%
each).” In contrast, another study from different
centre reported AML-M4 as most common
FAB subtype in 116 patients studied.** The
distribution of male and females patients in our
analysis was comparable with published western
data and is twice as common in males than
females though significance was not achieved.
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FIG. 4: FLT3/ITD mutations in different cytogenetic groups of AML patients.
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About 42% of the patients in this study
showed abnormal karyotypes. Reports from
other geographic regions showed prevalence
of abnormal karyotypes in the range of 52
to 80%.'420%26 The frequencies of specific
karyotypes and specific aberrations observed
in our patients were found similar with other
reports.’?' Among balanced abnormalities,
translocation (8;21)(q22;q22),t(15;17)(q22:q12)
and inv (16) (p13q22) constituted the only
recurring anomalies each with a frequency of
8.3%,8.3%,4% respectively. Both translocations
comprise 5-8% of AML in other studies.’**
The incidence of t(8;21) in our AML patients
was found comparable to reports from the West
that showed prevalence of 6% - 8%. Higher
incidence (15%) was reported in Indian study?!
whereas in the Chinese and Japanese populations,
it was found in the range of 8-16%.!"13

Of the 63 AML patients examined for the
genetic mutations, 14 patients (22%) showed
FLT3/ITD and four patients (6%) had D835
mutations. None of our patients showed a
combination of both FLT3/ITD and D835
mutations. The incidence of FLT3 mutation
is variably reported as 20%-35% of all AML
cases in western countries whereas its incidence
increases to 40% in the NK group.”** Among
the FAB subtypes, FLT3 mutations were more
commonly reported within the M2 subtype.”
The FLT3/ITD mutations was more commonly
observed in FAB-M4 patients in this study.
However, cases with M4 or M5 subtypes were
also reported to have larger proportion of mutant
FLT3.» In this study, D835 mutations were
found equally in both FAB-M1, M2 patients.
The incidence of ITD mutations were found
to be within the similar range as reported in
international studies in our cohort of patients.*'
However, some studies reported distribution
of FLT3/ITD mutations across all other FAB
subtypes.* It has also been observed that the
variation in the incidence of these mutations in
different FAB subtypes and cytogenetic groups
varies significantly. This is particularly more
significant in the AML subgroups defined by
cytogenetic abnormalities. The differences in the
frequency of I'TD mutations reported in various
studies may be due to differences in the size of
cohorts.A large prospective study is therefore
required to estimate the incidence of this mutation
in our patients.

FLT3-ITD mutations associated with increased
leukocyte counts in AML patients has been
reportedin various studies. Moreover, it is more
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frequent in patients lacking other cytogenetic
aberrations. Similar findings were observed in
our cases harbouring FLT3/ITD mutation that
is consistent with other reported studies.’® In
this study, association between mutations and
patient age was not found significant. Likewise,
this has not been reported in other studies .’
Similarly, lack of significance with regards
to haemoglobin level and platelet count was
found to have no significance that has also been
observed in other reports.?**® The correlation
between incidence of FLT3 mutation in different
cytogenetic subgroups was also studied in the
present study. A non-significant association of
FLT3 mutation with NK(26%) than those with
abnormal karyotype(20% , P=0.32) was observed.
However, association of this mutation with NK
has been reported in other studies.?23293

The major limitation of this study is the sample
size. This study included patients referred to a
single cancer treatment centre whom complete
morphological, cytogenetic and molecular data
was available. Most of the patients complete
diagnostic workup could not be achieved due
to financial constraints of the patients and
unavailable diagnostic facilities making the
number of studied cases limited. This limitation
will be addressed in future work involving
collaborative labs/treatment centers. Similarly,
FLT3 mutation is the only gene studied in this
study. The mutational spectrum of other genes
will be studied in future work.

CONCLUSION

AML patients presented to our tertiary hospital
were studied for their morphological, cytogenetic
and molecular profile. Our patients were much
younger (median age 32 years) as compared
to international studies. Recurrent cytogenetic
abnormalitieswere observed in 43% of AML
patients in this study. The most common specific
chromosomal aberrations include favourable
karyotypes, t(8;21)(q22;q22) followed by
t(15;17) (gq22:q12). However, their prevalence
in various age groups was found not significant.
FLT3/ITD mutations are commonly found in
our AML patients who were cytogenetically
normal. Therefore, it is important that genetic
mutations and cytogenetic alterations are taken
into account during the initial diagnostic workup
of AML patients for risk stratification and
therapeutic decision-making.*”* Moreover, with
the availability of approved FLT3 inhibitors® in
new combinations and treatment settings may
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help the oncologists to choose patients that could
be candidate for FLT3-directed therapy.
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