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A B S T R A C T    

Background: The BCR:ABL1 fusion gene resulting from the Philadelphia chromosome 

translocation is the hallmark of chronic myeloid leukemia (CML), a myeloproliferative neoplasm. 

Early diagnosis through hematological and molecular investigations is essential for prompt initiation 

of targeted therapy and improved outcomes. This study aimed to evaluate the demographic and 

hematological characteristics of BCR:ABL1 (p210)-positive CML patients attending a tertiary care 

hospital in Dhaka, Bangladesh. Methods & Materials: This cross-sectional study was conducted 

among 45 patients with confirmed BCR:ABL1-positive CML attending the Department of 

Microbiology and Immunology, Bangabandhu Sheikh Mujib Medical University, Dhaka, 

Bangladesh from January 2023 to June 2023. Results: A total of 45 patients with BCR-ABL (p210 

kDa) positive CML were evaluated, with the highest frequency observed in the 35–44 years age 

group. Hemoglobin levels ranged from 12.2 g/dL to 16.9 g/dL, with a mean value of 10.44 ± 2.48 

g/dL. The majority of patients (57.79%) had hemoglobin levels between 7 g/dL and 11 g/dL. 

Leukocyte counts exceeding 100×10⁹/L were observed in 48.89% of cases. Platelet counts ranged 

from 16×10⁹/L to 2100×10⁹/L, with a mean value of 409.13 ± 380.52×10⁹/L. Most patients 

presented during the chronic phase of the disease with less than 10% peripheral blood blasts. 

Conclusion: The study demonstrated that CML in Bangladesh is more commonly diagnosed among 

younger and middle-aged adults compared with Western reports. Patients showed variable 

hematological abnormalities, particularly leukocytosis and moderate anemia. Molecular detection of 

BCR:ABL1 transcripts by qPCR remains essential for accurate diagnosis and characterization of CML.  
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INTRODUCTION 

Chronic myeloid leukemia (CML) is a 

clonal myeloproliferative neoplasm 

characterized by uncontrolled proliferation 

of myeloid precursor cells within the bone 

marrow, leading to excessive accumulation 

of mature and immature granulocytic cells 

in the peripheral blood. It represents one of 

the most extensively studied hematologic 

malignancies due to its distinct molecular 

pathogenesis and characteristic cytogenetic 

abnormality [1]. The hallmark of CML is 

the presence of the Philadelphia (Ph) 

chromosome, which originates from a 

reciprocal translocation between the long 

arms of chromosomes 9 and 22, designated 

as t(9;22)(q34;q11) [2–4]. This chromosomal 

rearrangement results in the formation of 

the BCR::ABL1 fusion gene, a 

constitutively active tyrosine kinase 

responsible for leukemogenesis and 

uncontrolled cellular proliferation [5]. 

The Philadelphia chromosome can be 

identified in approximately 90–95% of 

patients diagnosed with CML and is 

considered a major diagnostic feature of 

the disease [6]. However, a small proportion 

of patients may demonstrate a normal 

karyotype despite exhibiting clinical and 

hematological characteristics suggestive of 

CML. Among these individuals, some 

harbor cryptic or occult BCR::ABL1 

rearrangements that cannot be detected by 

conventional cytogenetic methods but can 

be identified through molecular diagnostic 

techniques [7]. Therefore, molecular 

detection of the BCR::ABL1 fusion 

transcript plays a crucial role in confirming 

the diagnosis, particularly in Philadelphia 

chromosome-negative cases [8]. 

The ABL1 proto-oncogene, located on 

chromosome 9, encodes a non-receptor 

tyrosine kinase involved in cellular 

differentiation, division, and adhesion. The 

breakpoint cluster region (BCR) gene, 

situated on chromosome 22, fuses with 

ABL1 following chromosomal 

translocation, resulting in the formation of 

an abnormal chimeric oncogene [9]. 

Depending on the location of the 

breakpoint within the BCR gene, different 

fusion transcripts may be produced. The 

major breakpoint cluster region (M-BCR) 

is most commonly associated with CML, 

whereas minor (m-BCR) and micro (μ-

BCR) breakpoints are less frequently 

encountered [10]. In the majority of CML 

patients, fusion of exon 13 (e13/b2) or 

exon 14 (e14/b3) of the BCR gene with 

exon 2 (a2) of the ABL1 gene generates the 

e13a2 (b2a2) or e14a2 (b3a2) transcripts, 

respectively. These transcripts encode the 

p210 BCR:ABL1 oncoprotein, which is 

strongly associated with classical CM [11]. 

Molecular identification of BCR::ABL1 

transcripts has become an essential 

component in the diagnosis and monitoring 

of CML. Reverse transcriptase polymerase 

chain reaction (RT-PCR) is recognized as 

one of the most sensitive and reliable 

techniques for detecting BCR::ABL1 

fusion transcripts [12]. Among the available 

molecular approaches, multiplex RT-PCR 

has gained widespread acceptance because 

of its ability to simultaneously detect 

multiple transcript variants, including both 

major and minor breakpoint 

rearrangements [13]. This method not only 

facilitates accurate diagnosis but also 

assists in disease classification, therapeutic 

monitoring, and evaluation of treatment 

response. 

The demographic and hematological 

characteristics of CML patients may vary 

across different populations and 

geographical regions. Previous studies 

have reported that the disease 

predominantly affects middle-aged and 

older adults, with a median age ranging 

between 40 and 65 years, although 
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pediatric and adolescent cases have also 

been documented [14,15]. A slight male 

predominance has consistently been 

observed in several studies [16]. 

Hematological parameters such as total 

leukocyte count, hemoglobin 

concentration, platelet count, and 

differential leukocyte count are important 

determinants for assessing disease burden 

and prognostic stratification. Several 

prognostic scoring systems, including 

Sokal, Hasford, and EUTOS scores, utilize 

demographic and hematological variables 

to categorize patients into different risk 

groups and predict treatment outcomes 
[17,18]. 

In developing countries such as 

Bangladesh, environmental and 

socioeconomic factors may contribute to 

the increasing burden of hematological 

malignancies. Rapid urbanization, 

widespread exposure to environmental 

pollutants, pesticide use, smoking, 

radiation exposure, and food adulteration 

have been considered possible contributors 

to genetic instability and carcinogenesis 
[19]. Despite the growing number of CML 

cases in Bangladesh, limited data are 

available regarding the hematological and 

demographic profiles of patients with 

BCR:ABL1-positive CML. Moreover, 

information concerning the distribution of 

specific transcript variants among 

Bangladeshi patients remains inadequate. 

Therefore, the present study was conducted 

to evaluate the hematological and 

demographic characteristics of patients 

with BCR:ABL1-positive chronic myeloid 

leukemia and to determine the distribution 

of p210 BCR:ABL1 transcript variants 

among patients attending a tertiary care 

hospital in Dhaka, Bangladesh. 

 

METHODS & MATERIALS 

This cross-sectional observational study 

was conducted in the Department of 

Microbiology and Immunology at 

Bangabandhu Sheikh Mujib Medical 

University, Dhaka, Bangladesh from 

January 2023 to June 2023 to evaluate the 

hematological and demographic 

characteristics of patients with 

BCR::ABL1-positive chronic myeloid 

leukemia (CML). A total of 45 patients 

with established CML, irrespective of age 

and gender, attending Bangladesh Medical 

University (BMU) during the study period 

were recruited. Diagnosis of CML was 

based on hematological findings, 

peripheral blood examination, bone 

marrow findings where available, and 

molecular detection of BCR:ABL1 

transcripts. 

Approximately 10 mL of peripheral venous 

blood was collected aseptically from each 

participant by clean venipuncture into 

sterile ethylenediaminetetraacetic acid 

(EDTA) tubes. Of this, 3 mL was 

preserved for molecular analysis and stored 

at 4°C, while processing was completed 

within three days to maintain RNA 

integrity. Another 2 mL was used for 

complete blood count (CBC) analysis and 

hematological profiling using an automated 

hematology analyzer (Sysmex XN-1000™, 

Sysmex Corporation, Japan), including 

hemoglobin concentration, total leukocyte 

count, platelet count, and differential 

leukocyte count. 

Molecular detection and characterization of 

BCR:ABL1 transcripts were performed 

using RNA extraction, cDNA synthesis, 

and quantitative real-time PCR (qPCR). 

Total RNA was extracted from peripheral 

blood leukocytes using the QIAamp 

nucleic acid extraction kit following 

manufacturer instructions, and cDNA 

synthesis was performed using reagents 

from the TRUPCR® BCR-ABL1 kit (Ref: 

3B1267, 3B BlackBio Biotech India Ltd., 

India). qPCR was conducted to detect 

major (M-BCR), minor (m-BCR), and 

micro (μ-BCR) transcripts using the same 

kit. Each sample was analyzed in four 

reactions with a total volume of 20 μL, 

containing 10 μL of 2× PCR master mix, 4 

μL of RNase-free water, 5 μL of cDNA 

template, and 1 μL of primer-probe mix 

specific for each target, with ABL1 used as 

an internal control. Six serial standards 

ranging from STD1 (1.08 × 10⁶ copies) to 

STD6 (1.08 × 10¹ copies) were included 

for standard curve generation and 

quantification. 

Data were analyzed using SPSS v25.0, 

with qualitative variables expressed as 

frequency and percentage and quantitative 

variables as mean ± standard deviation. 

Ethical approval and informed consent 

were exempted as anonymized laboratory 

data were used in accordance with 

institutional policy and IVI IRB SOP D-

RB-4-003. 

 

RESULTS 

 

 

 
 

Figure 1 Age Distribution of Our Study Participants. 

 

A total of 45 patients with confirmed 

chronic myeloid leukemia (CML) were 

included in the study. The age distribution 

of the study population demonstrated that 

the highest proportion of patients belonged 

to the 35–44 years age group (24.44%), 

followed by the 45–54 years age group 

(20.00%). Patients aged 25–34 years 

constituted 17.78% of cases, while both the 

15–24 years and 55–64 years age groups 

accounted for 15.56% each. The lowest 

frequency of CML was observed among 
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patients aged 65–74 years (6.67%) (Figure 

1). 

 
The demographic and hematological 

characteristics of the study participants are 

summarized in Table I. A total of 45 

patients with confirmed chronic myeloid 

leukemia (CML) were enrolled in the 

study. The age of the patients ranged from 

15 to 74 years, with a mean age of 38.73 ± 

16.90 years. Male predominance was 

observed, as 28 (62.2%) patients were male 

and 17 (37.8%) were female, resulting in a 

male-to-female ratio of 1.64:1. 

 

The mean total leukocyte count was 149.88 

± 147.28 ×10⁹/L, indicating marked 

leukocytosis among the study population. 

The mean hemoglobin level was 10.44 ± 

2.48 g/dL, reflecting varying degrees of 

anemia. In addition, the mean platelet 

count was 409.13 ± 380.52 ×10⁹/L, with a 

wide variation observed among the 

patients. 

 

 

Table I 

Clinical and laboratory details of CML patients in study population. 

 
Number of patients (n) 45 

Mean age (years) 38.73± 16.90 

Range of age (years) 15–74 

Male/female (n) 28/17 

Male-to-female ratio 1.64:1.0 

Mean leukocytes count (×109/L) 149.88 ± 147.28 

Mean hemoglobin levels (g/dL) 10.44 ± 2.48 

Mean platelets count (×109/L) 409.13 ± 380.52 

 

Hematological data:  

 
 

Figure 2(a): Represents the frequency of all study patients with different ranges of hemoglobin concentration. 

 

About (64.45%) of patients were anemic. 

Hemoglobin value ranged from 12.2 to 

16.9 with a mean value of 10.44 ± 

2.48g/dL. Most of the patients (57.79%) 

had a hemoglobin level between 7 to 11 

g/dL. The anemia was moderate for 

57.79% and severe for 6.66% of the study 

group. (Figure 2a ). 

 

 
 

Figure 2(b): Represents the frequency of all study patients with different ranges of leucocyte count. 

 

All patients presented the marked leukocytosis involving the granulocytic lineage, associated with early myeloid cells. Leukocytosis 

ranged from 5.37 to 500.13×109/L with a mean value of 149.88 ± 147.28 ×109/L. Most of the patients (48.89%) had their leukocyte count 

>100×109/L. Twenty percent patients had leukocyte values <50×109/L. (Figure 2b). 
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Figure 2(c): Represents the frequency of all study patients with different ranges of platelet count. 

 

Platelet count ranged from 16 to 

2100×109/L with a mean value of 409.13 ± 

380.52×109/L. Most of patients (68.89%) 

had platelets count between 150 to 

450×109/L, while 8.89% had 

thrombocytopenia and 22.22% patients had 

thrombocytosis (Figure 2c). 

 

 

Table II 

Salient Hematological Profile of patients in CML at the time of diagnosis. 

 
Parameters (n=45) 

n % 

Age (years) 

<45 32 71.11 

>45 13 28.89 

Gender 

Male 28 62 

Female 17 38 

Haemoglobin levels (g/dL) 

<7  g/dL 3 6.66 

7-11 g/dL 26 57.79 

>11 g/dL 16 35.55 

Total Leukocyte count 109/L 

<50 9 20 

50-100 14 31.11 

>100 22 48.89 

Platelet count x 109/L 

<150 4 8.89 

150-450 31 68.89 

>450 10 22.22 

Blast (in number) 

1-9 34 75.7 

10-19 03 6.6 

≥20 08 17.7 

 

 
Figure 3: Real-time RT-PCR amplification plots of the BCR/ABL fusion transcripts. 
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The representative real-time quantitative 

PCR (qPCR) amplification plot 

demonstrating BCR:ABL1 fusion 

transcript detection in a patient with 

chronic myeloid leukemia (CML) is 

illustrated in Figure 3. The horizontal line 

parallel to the X-axis represents the 

fluorescence threshold level used for 

determination of cycle threshold (Ct) 

values. Amplification curves crossing the 

threshold line indicate positive 

amplification of the target gene. 

 

In the present study, all analyzed samples 

(45/45, 100%) demonstrated amplification 

of the typical major BCR:ABL1 (p210) 

fusion transcript, confirming the molecular 

diagnosis of CML. Distinct amplification 

curves were observed for both the 

BCR::ABL1 target gene and the ABL1 

internal control gene, indicating adequate 

RNA quality, successful cDNA synthesis, 

and efficient PCR amplification. 

 

DISCUSSION 

A total of 45 patients with confirmed 

chronic myeloid leukemia (CML) were 

included in the present study. The study 

was conducted to evaluate the demographic 

and hematological characteristics of 

patients with BCR::ABL1 p210-positive 

CML attending a tertiary care hospital in 

Dhaka, Bangladesh. Among the enrolled 

patients, 28 (62.22%) were male and 17 

(37.78%) were female, yielding a male-to-

female ratio of 1.64:1.0, which indicates a 

clear male predominance in the study 

population. 

A previous study conducted in Bangladesh 

also reported a higher frequency of CML 

among males, where 67% of the patients 

were male and 33% were female, with a 

male-to-female ratio of 2.1:1.0 [19]. 

Comparable findings have been 

documented in neighboring countries. 

Studies from India and Pakistan 

demonstrated male-to-female ratios of 

1.9:1.0 and 1.7:1.0, respectively [20,21]. 

Similarly, studies conducted by Chang et 

al. and Kumar et al. observed a 

predominance of male patients among 

individuals with CML, reporting male-to-

female ratios of 1.4:1 and 1.6:1, 

respectively [22,23]. Another study from 

India and the United Kingdom also 

demonstrated similar demographic 

distributions [20]. 

The predominance of male patients 

observed in the present study and in 

previous reports may be associated with 

greater occupational and environmental 

exposure among males to potential 

leukemogenic factors such as pesticides, 

industrial chemicals, smoking, and ionizing 

radiation. In addition, sociocultural and 

healthcare-seeking behaviors may also 

contribute to the comparatively higher 

detection rate of CML among males in 

developing countries. 

In the present study, the mean age of the 

patients was 38.73 ± 16.9 years, with an 

age range of 15–74 years. Similar findings 

were reported by Kumar et al. from Uttar 

Pradesh, India, where the mean age of 

CML patients was 38.6 years, which 

closely corresponds with the current 

observation [23]. In Iraq, the reported mean 

age of patients with CML was 

comparatively higher at 50.4 years [24]. 

Studies conducted in several African 

countries also demonstrated comparable 

age distributions among CML patients. 

Chetcha et al. in Cameroon, Segbena et al. 

in Togo, Oyekunle et al. in Nigeria, Silué 

et al. in Ivory Coast, and Mupepe et al. in 

the Democratic Republic of Congo 

reported mean ages of 39 years, 40 years, 

38 years, 39 years, and 40 years, 

respectively [25–29]. 

In contrast, studies from high-income 

countries reported comparatively higher 

mean ages at diagnosis. Furthermore, the 

reported mean age in France and the 

United States was 55 years and 66 years, 

respectively, which is considerably higher 

than that observed in the present study 
[30,31]. 

These epidemiological variations suggest 

that CML tends to be diagnosed at a 

younger age in low- and middle-income 

countries compared with developed nations 
[32–34]. Several factors may contribute to this 

disparity, including differences in 

population demographics, environmental 

exposures, genetic susceptibility, 

healthcare accessibility, life expectancy, 

and patterns of disease detection. In 

developing countries, a larger proportion of 

the population belongs to younger age 

groups, which may also influence the 

observed lower mean age at diagnosis of 

CML. 

In countries with high population density 

such as Bangladesh, continual exposure to 

various environmental and lifestyle-related 

carcinogenic factors, including chemical 

pollutants, food adulterants, excessive 

pesticide application, cigarette smoking, 

and radiation, may play a significant role in 

increasing the risk of developing chronic 

myeloid leukemia (CML), particularly 

among younger populations. Uncontrolled 

urbanization and inadequate regulation of 

environmental hazards may further 

contribute to the growing burden of 

hematological malignancies in developing 

nations. In contrast, these potential risk 

factors are relatively less common or more 

strictly regulated in Europe and North 

America, which may partly account for the 

differences in the age of presentation 

between developed and developing 

countries. 

In the current study, most patients were 

observed within the fourth and fifth 

decades of life. This observation is in 

agreement with the findings of Gupta et al., 

who reported that 45.94% of their Indian 

CML patients belonged to the fifth decade 

of age [35]. 

Complete blood count (CBC), peripheral 

blood film examination, and bone marrow 

aspiration were performed in 100%, 58.8%, 

and 2.6% of the study patients, 

respectively. In the present study, the mean 

total leukocyte count, hemoglobin 

concentration, and platelet count were 

149.8 ×10⁹/L, 10.44 g/dL, and 409.1 

×10⁹/L, respectively. Similar hematological 

findings were reported in an Indian study, 

where the mean white blood cell count, 

hemoglobin level, and platelet count were 

153.3 ×10⁹/L, 9.7 g/dL, and 448 ×10⁹/L, 

respectively [35]. However, Chang et al. 

reported comparatively different 

hematological parameters, with mean white 

blood cell count, hemoglobin level, and 

platelet count of 121 ×10⁹/L, 9.5 g/dL, and 

285 ×10⁹/L, respectively [22]. 

In the current study, hemoglobin levels 

ranged from 4.7 to 16.9 g/dL, and anemia 

was observed in 64.45% of patients. Most 

patients had hemoglobin concentrations 

between 7 and 11 g/dL. Moderate anemia 

was identified in 57.7% of cases, whereas 

severe anemia was present in 6.6% of the 

study population. These findings are 

comparable to those reported by Kueviakoe 

et al., who documented anemia in 68.9% of 

CML patients, with the majority exhibiting 

moderate anemia [36]. 

In the present study, platelet counts ranged 

from 42 ×10⁹/L to 500 ×10⁹/L, with a mean 

platelet count of 409 ×10⁹/L. The majority 

of patients (68.89%) had platelet counts 

within the normal range (150–450 ×10⁹/L), 

whereas thrombocytosis was observed in 

22.2% of cases. Similar observations were 

reported by Mupepe et al. and Mukiibi et 

al., who also found that most CML patients 

had normal platelet counts at presentation 
[29,37]. 

Analysis of peripheral blood findings 

demonstrated that 75.7% of the patients 

had less than 10% blast cells in peripheral 

blood, suggesting that most cases were 

diagnosed during the chronic phase of the 

disease. Blast percentages ranging from 

10% to 19% were identified in 6.6% of 

patients, while eight patients exhibited 

≥20% blasts in peripheral blood, indicating 

progression toward advanced disease 

phases. Among the immature myeloid cells 

observed, myelocytes and metamyelocytes 

were the predominant forms detected in 

peripheral blood smears. Comparable 

findings were reported in a study 

conducted in Pakistan, where myelocytes 

were identified as the most prominent 

immature white blood cells in patients with 

CML [22]. 
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LIMITATIONS 

This study has several limitations. It was 

conducted as a single-center study with a 

relatively small sample size, which may 

limit the generalizability of the findings to 

the broader population of Bangladesh. The 

study was also cross-sectional in design, 

preventing assessment of longitudinal 

changes in hematological or molecular 

parameters over time or response to 

therapy. In addition, limited clinical and 

prognostic data were available, restricting 

correlation between molecular subtypes 

and disease outcomes. Furthermore, 

cytogenetic analysis and advanced 

molecular risk stratification tools were not 

incorporated, which could have provided a 

more comprehensive understanding of 

disease heterogeneity. 

 

CONCLUSION 

This study provides a concise overview of 

the demographic and hematological 

characteristics of patients with 

BCR::ABL1-positive chronic myeloid 

leukemia (CML) confirmed by molecular 

techniques in a tertiary care hospital in 

Bangladesh. The findings indicate that 

CML predominantly affects middle-aged 

individuals, particularly those aged 35–54 

years, with a clear male predominance. The 

majority of patients presented with 

classical hematological abnormalities, 

including marked leukocytosis, anemia of 

varying severity, and altered platelet 

counts, with moderate anemia being the 

most frequent finding. The p210 

BCR::ABL1 transcript was identified as 

the predominant molecular variant among 

the study population, reinforcing its 

diagnostic significance. Overall, the study 

highlights the importance of early 

molecular detection using real-time PCR 

for accurate diagnosis, disease 

characterization, and improved clinical 

management of CML. 

 

FUNDING 

No funding sources. 

 

CONFLICTS OF INTEREST 

There are no conflicts of interest. 

 

REFERENCES 
1. Sawyers CL. Chronic myeloid leukemia. 

New England Journal of Medicine. 1999 

Apr 29;340(17):1330-40. 

2. Marum JE, Branford S. Current 
developments in molecular monitoring in 

chronic myeloid leukemia. Therapeutic 

advances in hematology. 2016 
Oct;7(5):237-51. 

3. Chasseriau J, Rivet J, Bilan F, Chomel JC, 
Guilhot F, Bourmeyster N, Kitzis A. 

Characterization of the different BCR-ABL 

transcripts with a single multiplex RT-
PCR. The Journal of molecular 

diagnostics. 2004 Nov 1;6(4):343-7. 

4. Kurzrock R, Kantarjian HM, Shtalrid M, 
Gutterman JU, Talpaz M. Philadelphia 

chromosome-negative chronic 

myelogenous leukemia without breakpoint 

cluster region rearrangement: a chronic 
myeloid leukemia with a distinct clinical 

course. 1990 

5. O'Dwyer M. Multifaceted approach to the 
treatment of bcr-abl-positive leukemias. 

The Oncologist. 2002 Apr 1;7(S1):30-8. 

6. Kim JE, Yoon S, Choi BR, Kim KP, Cho 
YH, Jung W, Kim DW, Oh S, Kim DE. 

Cleavage of BCR–ABL transcripts at the 

T315I point mutation by DNAzyme 
promotes apoptotic cell death in imatinib-

resistant BCR–ABL leukemic cells. 

Leukemia. 2013 Aug;27(8):1650-8. 
7. Hermans A, Heisterkamp N, von Lindern 

M, van Baal S, Meijer D, van der Plas D, 

Wiedemann LM, Groffen J, Bootsma D, 
Grosveld G. Unique fusion of bcr and c-abl 

genes in Philadelphia chromosome positive 

acute lymphoblastic leukemia. Cell. 1987 

Oct 9;51(1):33-40. 

8. Reena RMZ, Julia Munchar MJ, Salwati S, 

Zubaidah Z, Hamidah NH, Sharifah NA, et 
al. Detection of BCR/ABL gene in chronic 

myloid leukaemia: comparison of 

fluorescence in situ hybridisation (FISH), 
conventional cytogenetics and polymerase 

chain reaction (PCR) Techniques. Med 

Health, 2006; 1: 5–13.  
9. Sugimoto T, Ijima K, Hisatomi H, 

Murayama T, Mizuno I, Hato A, Imoto S, 

Nishimura R, Koizumi T. Second case of 
CML with aberrant BCR‐ABL fusion 

transcript (e8/a2) with insertion of an 

inverted ABL intron 1b sequence. 
American journal of hematology. 2004 

Oct;77(2):164-6. 

10. Iqbal Z, Manzoor F, Iqbal M, Ali S, Sheikh 
N, Khan M, Aleem A, Akhtar T. 

Frequency of Bcr-Abl fusion oncogene 

splice variants associated with chronic 
myeloid leukemia (CML). Journal of 

Cancer Therapy. 2011;2(02):176-80. 
11. Bennour A, Saad A, Sennana H. Chronic 

myeloid leukemia: Relevance of 

cytogenetic and molecular assays. Critical 
reviews in oncology/hematology. 2016 Jan 

1;97:263-74. 

12. Bortolheiro TC, Chiattone CS. Chronic 
myeloide leukemia: natural history and 

classification. Revista Brasileira de 

Hematologia e Hemoterapia. 2008;30:3-7. 
13. Björkholm M, Ohm L, Eloranta S, Derolf 

Å, Hultcrantz M, Sjöberg J, Andersson T, 

Höglund M, Richter J, Landgren O, 
Kristinsson SY. Success story of targeted 

therapy in chronic myeloid leukemia: a 

population-based study of patients 

diagnosed in Sweden from 1973 to 2008. 

Journal of Clinical Oncology. 2011 Jun 

20;29(18):2514-20. 
14. Höglund M, Sandin F, Simonsson B. 

Epidemiology of chronic myeloid 

leukaemia: an update. Annals of 
hematology. 2015 Apr;94(Suppl 2):241-7. 

15. Rohrbacher M, Hasford J. Epidemiology of 

chronic myeloid leukaemia (CML). Best 
practice & research Clinical haematology. 

2009 Sep 1;22(3):295-302. 

16. Sokal JE, Cox EB, Baccarani M, Tura S, 
Gomez GA, Robertson JE, Tso CY, Braun 

TJ, Clarkson BD, Cervantes F. Prognostic 

discrimination in" good-risk" chronic 
granulocytic leukemia. 

17. Baccarani M, Cortes J, Pane F, 

Niederwieser D, Saglio G, Apperley J, 

Cervantes F, Deininger M, Gratwohl A, 

Guilhot F, Hochhaus A. Chronic myeloid 

leukemia: an update of concepts and 
management recommendations of 

European LeukemiaNet. Journal of clinical 

oncology. 2009 Dec 10;27(35):6041-51. 
18. Soad MS, Akhter K, Shekhar HU. 

Detection and Characterization of BCR-

ABL Transcripts in Bangladeshi CML 
Patients by Cost Effective RT-PCR. 

19. Mottalib MA, Sultana TA, Khalil MI, Gan 

SH, Islam MS, Choudhury S, Hossain MA. 
Phase distribution of chronic myeloid 

leukemia in Bangladesh. BMC research 

notes. 2014 Mar 13;7(1):142. 
20. Chavan D, Ahmad F, Iyer P, Dalvi R, 

Kulkarni A, Mandava S, Das BR. 

Cytogenetic investigation in chronic 
myeloid leukemia: study from an Indian 

population. Asian Pacific Journal of 

Cancer Prevention. 2006 Jul 1;7(3):423. 

21. Syed NN, Usman M, Khaliq G, Adil S, 

Khurshid M. Clinico-pathologic features of 

chronic myeloid leukemia and risk 
stratification according to Sokal score. 

Journal of College of Physicians and 

Surgeons Pakistan. 2006;16(5):336. 
22. Chang F, Qazi RA, Khan M, Baloch S, 

Sahito MM, Mir A. Clinico hematological 

profile and phase distribution of chronic 
myeloid leukemia. Biol Med (Aligarh). 

2015;7(257):2. 

23. Kumar S, Gupta VK, Bharti A, Meena LP, 
Gupta V, Shukla J. A study to determine 

the clinical, hematological, cytogenetic, 

and molecular profile in CML patient in 
and around Eastern UP, India. Journal of 

family medicine and primary care. 2019 

Jul 1;8(7):2450-5. 
24. Khalid NM, Khero A. Haematological 

response of chronic myeloid leukaemia to 

imatinib:[preliminary study]. 
25. Chemegni BC, Menanga JC, Atenguena E, 

Ngouadjeu E, Sack FN, Tagne CT, 
Mbanya D, Ndom P, Noche LK. 

Comorbidités chez les Patients Atteints de 

Leucémie Myéloïde Chronique à Yaoundé. 
HEALTH SCIENCES AND DISEASE. 

2018 Feb 9;19(1 (Suppl)). 

26. Segbena AY, Kueviakoe IM, Agbetiafa K, 
Padaro E, Layibo Y, Dorkenoo A, Agbo 

YM, Bories D. Chronic myeloid leukemia 

and imatinib: Experience at the Lome 
Campus teaching hospital (Togo). 

Medecine et sante tropicales. 2012 Jul 

1;22(3):307-11. 
27. Oyekunle AA, Bolarinwa RA, Oyelese AT, 

Salawu L, Durosinmi MA. Determinants of 

overall and progression‐free survival of 

Nigerian patients with Philadelphia‐

positive chronic myeloid leukemia. 

Advances in hematology. 
2015;2015(1):908708. 

28. Silué DA, Kouakou B, Nanho CD, Kamara 

I, Djoko S, Sowhe T, Meité ND, Ayemou 
R, Emeuraude ND, Tolo A, Koffi G. 

Caractéristiques préthérapeutiques et 

évolutives des patients atteints de la 
leucémie myéloïde chronique à Abidjan 

Côte d’Ivoire. Bulletin du Cancer. 2019 

Jun 1;106(6):550-9. 
29. Mupepe M, Ngwala D, Kabengele O, 

Mpwate K. Profil Épidémioclinique, 

Aspects Thérapeutiques et Évolutifs de la 
Leucémie Myéloïde Chronique aux 

Cliniques Universitaires de Kinshasa 

Chronic Myeloid Leukemia, 



2025, 9(3) The Planet 
 
 

P a g e  89 

Epidemiology, Clinical Features, and 

Treatment at the Kinshasa University 

Hospital. Annales Africaines de Médecine. 
2013;6(3):1401. 

30. Tardieu S, Brun‐Strang C, Berthaud P, 

Michallet M, Guilhot F, Rousselot P, 
Sambuc R. Management of chronic 

myeloid leukemia in France: a 

multicentered cross‐sectional study on 538 
patients. Pharmacoepidemiology and drug 

safety. 2005 Aug;14(8):545-53. 

31. Aziz Z, Iqbal J, Akram M, Saeed S. 
Treatment of chronic myeloid leukemia in 

the imatinib era: perspective from a 

developing country. Cancer: 
Interdisciplinary International Journal of 

the American Cancer Society. 2007 Mar 

15;109(6):1138-45. 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

32. Utuama O, Mukhtar F, Pham YT, Dabo B, 

Manani P, Moser J, Michael-Asalu A, Tran 

CT, Le LC, Le TV, Vu KT. Racial/ethnic, 
age and sex disparities in leukemia survival 

among adults in the United States during 

1973-2014 period. PLoS One. 2019 Aug 
19;14(8):e0220864. 

33. Lee JP, Birnstein E, Masiello D, Yang D, 

Yang AS. Gender and ethnic differences in 
chronic myelogenous leukemia prognosis 

and treatment response: a single-institution 

retrospective study. Journal of hematology 
& oncology. 2009 Jul 24;2(1):30. 

34. Mendizabal AM, Garcia-Gonzalez P, 

Levine PH. Regional variations in age at 
diagnosis and overall survival among 

patients with chronic myeloid leukemia 

from low and middle income countries. 
Cancer Epidemiology. 2013 Jun 

1;37(3):247-54. 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

35. SONAL G, SUJATA RK. 

Clinicohematological study of spectrum of 

myeloproliferative neoplasms in a tertiary 
care hospital. INTERNATIONAL 

JOURNAL OF RESEARCH IN 

PHARMACEUTICAL SCIENCES. 
2020;11(3):3710-8. 

36. Kueviakoe MI, Agbetiafa K, Padaro E, 

Layibo Y, Kolou M, Amavi T, Segbena A. 
Profil evolutif des patients souffrant de 

leucemie myeloïde chronique sous imatinib 

au Togo: etude de 63 cas colliges en 10 ans 
au chu-campus de Lome. Journal de la 

Recherche Scientifique de l’Université de 

Lomé. 2014;16(2):473-82.’ 
37. Mukiibi JM, Nyirenda CM, Paul B, 

Adewuyi JO, Mzula EL, Malata HN. 

Chronic myeloid leukaemia in central 
Africans. East African medical journal. 

2003 Sep 1;80(9):470-5. 


