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ABSTRACT
Objective: To evaluate the role of clinical, hematological and genetic parameters in acute myeloid leukemia (AML) as the
predictors of response to induction chemotherapy.
Study Design: Cross-sectional study.
Place and Duration of Study: Department of Haematology, Armed Forces Institute of Pathology, from Jun to Jun 2019.
Methodology: All the newly diagnosed cases of de-novo AML were included in the study. Clinical, haematological and
immunophenotypic parameters were noted. Cytogenetic and molecular analyses were performed. Response to first course of
standard induction chemotherapy was assessed.
Results: A total of 58 patients were included in the study. The median age was 19 years. Thirty-one (53.4%) were adults while
27 (46.6%) were in the pediatric age group. Thirty-six (62.1%) were males while 22 (37.9%) were females. The most common
clinical presentation was fever. The most common French-American-British classification (FAB) subtype was AML-M2. The
blast percentage was 78%. Forty-six (79.3%) patients had a normal karyotype. Of the 58 patients, 38 (65.5%) achieved complete
remission while 20 (34.5%) did not achieve complete remission after induction chemotherapy.
Conclusion: AML was seen in a younger age group in our population. There was statistically significant association of high
white blood cell (WBC) count with remission status. Increasing age was associated with a poor response to induction
chemotherapy, while translocation t(8;21) was associated with a good response. Assessment of prognostic parameters is vital
in the initial diagnostic workup of AML patients to predict response to induction chemotherapy.
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INTRODUCTION
Acute myeloid leukemia (AML) is a heterogeneous group of malignant hematopoietic disorders resulting from clonal proliferation of abnormal myeloid
blasts.1 This results in loss of normal hematopoiesis, as
the malignant blasts accumulate in the bone marrow,
thus causing the symptoms of bone marrow failure i.e.
anemia, infection and bleeding. Some patients may
have extramedullary blast proliferation.2
Globally, the incidence of AML is around 2.5-3
cases per 100,000 population per year. It can occur
at all ages, but the median age at diagnosis reported
in the western population is 69 years.3 The incidence
increases with age and it has a slight male preponderance.4 It accounts for 15-20% of childhood acute leukemias and 80% of adult acute leukemias.5
AML has been classified traditionally using the
FAB (French-American-British) classification, which
is based on morphology and cytochemistry, but immunophenotyping may be required to make a final
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diagnosis in some cases. FAB classification divides
AML into 8 subtypes, from M0 to M7. 6 However;
World Health Organization (WHO) has classified these
disorders based on cytogenetic and molecular markers.
The WHO criteria define AML by the presence of 20%
or more myeloid blasts in the peripheral blood or bone
marrow.3,7 A lower blast percentage is acceptable if
specific genetic changes are present i.e. t (8;21), inv (16)
or t (16;16) and t (15;17). Immunophenotyping by flow
cytometry, where available, is helpful in diagnosing
and subtyping AML. Karyotype analysis and molecular testing for the gene rearrangements and mutations
common in AML should also be done where available,
as there are 11 AML subtypes which are defined by the
presence of certain recurrent cytogenetic or molecular
aberrations in the 2016-updated WHO classification.8
These and other genetic abnormalities, not included
in the classification, also have established prognostic
implications and have been used to classify patients
into risk stratified groups.9
The treatment response and outcome in AML is
diverse and depends on various prognostic factors.
Acute myeloid leukemias are seen in both Pakistani
adults as well as children. Armed Forces Institute of
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Pathology is a tertiary care referral center providing
morphological diagnosis as well as advanced ancillary
facilities like immunophenotyping, cytogenetics, FISH
analysis and testing for molecular markers including
those for recurrent genetic abnormalities. The current
study was aimed at analyzing the clinical, hematological, immunophenotypic and genetic features of these
AML patients and the assessment of their impact on
post-induction remission status.
METHODOLOGY
This cross-sectional study was conducted at the
Haematology Department, Armed Forces Institute of
Pathology, Rawalpindi, from Jun to Jun 2019.
Inclusion Criteria: Newly diagnosed cases of AML of
both genders and all age groups were included.
Exclusion Criteria: Previously diagnosed or relapsed
cases of AML, AML transformed from other hematological disorders and patients with history of chemotherapy or radiotherapy were excluded from the study.
Patients diagnosed as having acute promyelocytic leukemia (AML M3) were also excluded from the study as
these patients receive a different induction protocol.
Study was conducted after the approval of the
Institutional Review Board (IRB no. 18/860) and
written informed consent was taken from the patients.
Sample size was calculated using WHO sample size
calculator. Peripheral blood and bone marrow samples
were collected. AML was diagnosed on the basis of
WHO criteria,10 with the morphological assessment of
the peripheral blood and bone marrow (aspirates/
biopsies). All the cases were also assigned with the
FAB subtypes.
A detailed history was taken and physical examination was performed. Age, gender, presenting complaints and physical findings were noted on a proforma.
Complete blood counts were performed on Sysmex
automated hematology analyzer XN-3000 and the hematological parameters were recorded. Bone marrow
examination (Aspiration and Trephine biopsy) was
performed. Peripheral blood and bone marrow smears
were stained with Leishman and Giemsa stain. Bone
marrow blast morphology and percentage were noted.
Immunophenotyping was performed in all the
patients at the time of diagnosis. 100uL of (EDTA anticoagulated) bone marrow/peripheral blood sample
was used. Two-colour flow cytometry was performed
on FACS Flow Cytometer (Becton-Dickinson Biosciences USA) using monoclonal antibodies provided
by Becton-Dickinson Biosciences USA.

Cytogenetic analysis was performed on
metaphase cells by the conventional Giemsa-trypsin
banding technique using bone marrow/peripheral
blood samples. Patients were then classified according
to their karyotype. RNA was extracted for RT-PCR
of acute myeloid gene panel including RUNX1RUNX1T1, CBFB-MYH11 and DEK-NUP214.
All the patients were treated with standard induction chemotherapy i.e Daunorubicin in a dose of 45-50
mg/m2 for 3 days and Cytarabine (Ara-C) in a dose of
100 mg/m2 for 7-10 days (D3A7 protocol for adult
patients and D3A10 protocol for paediatric patients).
Blood counts and bone marrow examination were performed after the first induction cycle to assess response. Complete remission (CR) was defined according
to the 2017 ELN guidelines: 9 ANC >1.0 x 109/L, platelet count >100 x 109/L, blasts in bone marrow <5%,
absence of blasts in peripheral blood and blasts with
Auer rods, absence of extramedullary disease.
Data was analyzed by using Statistical Package
for Social Sciences (SPSS) version 24. Comparison of
clinicohaematological, cytogenetic and molecular characteristics of patients with remission status was done
by using chi square test. The p-value of ≤0.05 was considered statistically significant.
RESULTS
A total of 58 newly diagnosed AML patients were
included in the study. The median age of our study
group was 19 years, with an age range of 9 months-68
years. Thirty-one (53.4%) patients were adults while
27 (46.6%) were in the paediatric age group. Of these
AML patients, 36 (62.1%) were males while 22 (37.9%)
were females. On detailed history and physical examination, the most common clinical presentation was
fever in 56 (96.6%) patients followed by pallor in 44
(75.9%) and easy fatigability/lethargy in 39 (67.2%)
patients as shown in the Figure.

Figure: Clinical features of the study population.
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The median hemoglobin concentration was
8.2 g/dL, median WBC count was 26 x 109/L, median
platelet count was 76 x 109/L and the blast percentage
was 78%. According to the FAB classification, 4 (6.9%)
were classified as AML-M0, 6 (10.3%) as AML-M1, 28
(48.3%) as AML-M2, 10 (17.2%) as AML-M4, 4 (6.9%)
as AML-M5 and 6 (10.3%) as AML-M6, while morphologically no patient was classified as AML-M7.
On immunophenotyping by flow cytometry, the
myeloid markers CD13 and CD33 were positive in
54 (93.1%) patients. Fifty (86.2%) patients were positive
for MPO while 8 (13.8%) patients were negative for
MPO. Aberrant expression of CD7 was seen in 18
(31%) patients. Cytogenetic analysis was performed for
each of these patients. Conventional cytogenetics revealed that 46 (79.3%) patients had a normal karyotype
while 11 (19%) had t (8;21) and 1 (1.7%) had a complex
karyotype. Molecular analysis by real-time PCR detected RUNX1-RUNX1T1 fusion gene in 11 (19%) patients, CBFB-MYH11 fusion gene in 2 (3.4%) patients and
DEK-NUP214 rearrangement in 1 (1.7%) patients.
Each patient was assessed for remission status
after receiving first course of standard induction chemotherapy. Thirty-eight (65.5%) of the patients achieved complete remission while 20 (34.5%) did not. We
then compared the clinico-haematological, cytogenetic
and molecular characteristics of both groups as shown
in the Table.
DISCUSSION
Over the years the heterogeneity of AML with
respect to its clinical, hematological, and genetic factors has been well established.10 The treatment response and the overall survival in AML depend on prognostic factors which can be divided into patient-associated factors and disease-associated factors.11,12 These
factors help in devising the treatment plan, including
the decision of allogenic transplantation and targeted
therapies.13 Among the patient-related parameters, age
is the most significant, and among the disease-related
parameters, genomic lesions are the strongest predictors of disease behavior.12,14 Development in understanding of molecular pathways in recent years has not
only enhanced our knowledge regarding disease pathophysiology but has also led to the identification of a
number of factors important in determining prognosis.
Considering the diversity of disease presentation
and disease course as well as the racial, ethnic and geographic differences, we studied these clinico-haematologic parameters, immunophenotypic, cytogenetic and

molecular factors to identify disease charac-teristics in
our population.
Table: Comparison of clinicohaematological, cytogenetic and
molecular characteristics of patients in remission and those
who failed to achieve remission.
In Remission Not in Remission
p(n=38)
(n=20)
Parameters
value
n
%
n
%
Age (years)
<12 years
20
52.6
7
35
13-50 years
13
34.2
7
35
0.20
>50 years
5
13.1
6
30
Gender
Male
26
68.4
10
50
0.10
Female
12
31.6
10
50
Blood Counts
WBC
<10x109/l
7
18.4
2
10
0.01
10-50x109/l
26
68.4
8
40
9
> 50x10 /l
5
13.1
10
50
Haemoglobin
<10g/dl
32
84.2
19
95
0.20
>10g/dl
6
15.8
1
5
Platelets
<100x109/l
34
89.5
20
100
0.10
>100x109/l
4
10.5
FAB Type
M0
1
2.6
3
15
M1
4
10.5
2
10
M2
21
55.2
7
35
M4
7
18.4
3
15
0.30
M5
2
5.26
2
10
M6
3
7.9
3
15
M7
Cytogenetics
Normal
29
76.3
17
85.0
karyotype
t (8;21)
9
23.7
2
10.0
0.1
Complex
1
5.0
karyotype
Molecular Markers
RUNX19
23.7
2
10.0
RUNX1T1
0.1
CBFB-MYH11
2
5.26
DEK-NUP214
1
5.0

The median age of our patients was 19 years, with
an age range of 9 months-68 years. Jahic et al,15 has reported a much higher age of 53 years in Bosnian population. Zheng et al,16 has a median age of 23.7 years. In
our study group, 36 (62.1%) patients were males while
22 (37.9%) were females with a male to female ratio
of 1.6:1. Mahmood et al,17 and Mohammed et al,18 have
observed similar male predominance among AML
patients. However, a study conducted in Emam Reza
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Hospital in Iran,19 has reported 40.6% males and 59.4%
females.
Byrd et al,20 in his study on AML patients has
reported median hemoglobin of 9.2 g/dL, median
WBC count of 18.2 x 109/L and median platelet count
of 57 x 109/L. These results were comparable to the
blood counts in our patients. The bone marrow blast
percentage in our study was 78% while Mohammed et
al,18 has reported blast percentage of 66%.

are helpful in predicting disease course and tailoring
the management plan. Cytogenetic and molecular
markers are essential for not only the diagnosis and
prognosis but also have a role in the monitoring of
minimal residual disease. Further studies with larger
sample size and longer follow up period are required
to establish the effect of these parameters on the
overall survival in our population.
CONCLUSION

The most common FAB type was AML-M2 seen
in 28 (48.3%) patients, followed by AML-M4 in 10
(17.2%) patients, while morphologically no patient was
classified as AML-M7. Wakui et al,21 observed similar
findings in Japanese AML patients, with AML-M2
being the most common type followed by AML-M4,
while AML-M7 was seen in 5 (0.8%) patients.

AML was seen in a younger age group in our population. There was statistically significant association of high
white blood cell (WBC) count with remission status. Increasing age was associated with a poor response to induction
chemotherapy, while translocation t(8;21) was associated
with a good response. Assessment of prognostic parameters
is vital in the initial diagnostic workup of AML patients to
predict response to induction chemotherapy.

In our study, out the 58 patients, 38 (65.5%) achieved complete remission while 20 (34.5%) did not achieve complete remission after induction chemotherapy.
It was noted that increasing age was associated with
lower remission rates. This was consistent with the
study conducted by Appelbaum on the American patients.22 There was no statistically significant association
of gender with remission status. There was statistically
significant association of high WBC count (>50 x 109)
with remission status (p-value 0.01), with 66.7% of these patients failing to achieve CR after induction chemotherapy. This was in accordance with a study conducted in Brazil.23 Hyperleukocytosis (initial WBC >50 x
109) has been reported to be an independent adverse
prognostic factor in AML.24 It was observed that majority of the patients presenting at our institute had low
haemoglobin levels (<10 g/dL) and low platelet count
(<100 x 109).

Conflict of Interest: None.

Response to induction treatment is a predictor of
risk of relapse and overall survival.25 Good response
was seen in patients with AML-M2 followed by patients in the FAB group AML-M4, while poor response
was seen in the FAB type M0.
Patients with t (8;21) had higher remission rates,
while one patient with complex karyotype failed to
achieve CR. Patients having RUNX1-RUNX1T1 and
CBFB-MYH11 rearrangements showed good response
to induction therapy, while those harboring DEKNUP214 fusion gene failed to achieve CR.
Importance of the prognostic markers of AML
cannot be overlooked. Assessment of these parameters
is vital in the initial diagnostic workup of AML patients. Clinical presentation and hematological findings
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