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Abstract
Hematological and hematopoietic cells malignancies of the genes and hematopoietic cells are associated with 
the genetic mutation, often at the chromosomal level. The standard cytogenetic study is widely accepted as one 
of the main diagnostics and prognostic determinants in patients. Therefore, the current descriptive and cross-
sectional study sought to determine the cytogenetic analysis of frequent hematological malignancies in Pakistan. 
A total of 202 peripheral bone marrow or blood samples from patients with benign and malignant hematological 
malignancy were taken using a conventional G-banding technique. Among enrolled patients, the mean age was 
21.5 years ± 23.4, and gender-wise distribution showed a marked predominance of the male 147 (73%) population 
compared to the female 55 (27%). Patients in the age group (2-10 years) had the highest frequency, 48 (24%), of 
hematological neoplasms, followed by age (11-20 years) with 40 (20%). Normal karyotypes (46, XX/46, XY) was 
found in 51% (n=103) patients. Furthermore, the frequency of complex karyotype was 30 (15%), while normal was 
seen in 171 (85%) patients. Pre-B Acute Lymphoblastic Leukemia (Pre-B ALL) was the most prevalent malignancy 
of 66 (33%), followed by Chronic Myelogenous Leukemia (CML) of 41 (20%) and Acute Lymphocytic Leukemia of 
29 (14%). Translocation was the most prevalent 50 (25%), followed by hypotriploidy 14 (7%) and monosomy 8 (4%) 
on chromosome aberration analysis. In addition, t(9:22) translocation was found to be 20 (10%) in CML, with the 
majority in the age group (31-40 years). This study recommends that karyotyping should be tested frequently in 
hematological conditions because it may provide insight into the relative chromosomal changes associated with 
particular malignancies.
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Resumo
As neoplasias hematológicas e de células hematopoiéticas dos genes e as células hematopoiéticas estão associadas 
à mutação genética, geralmente em nível cromossômico. O estudo citogenético padrão é amplamente aceito como 
um dos principais determinantes diagnósticos e prognósticos em pacientes. Portanto, o presente estudo descritivo 
e transversal buscou determinar a análise citogenética de neoplasias hematológicas frequentes no Paquistão. Um 
total de 202 amostras de medula óssea periférica ou sangue de pacientes com malignidade hematológica benigna 
e maligna foi coletado usando uma técnica convencional de banda G. Entre os pacientes inscritos, a média de 
idade foi de 21,5 anos ± 23,4, e a distribuição por gênero mostrou uma marcada predominância da população 
masculina de 147 (73%) em comparação com a feminina de 55 (27%). Pacientes na faixa etária (2-10 anos) tiveram 
a maior frequência, 48 (24%), de neoplasias hematológicas, seguida da idade (11-20 anos) com 40 (20%). Cariótipos 
normais (46, XX / 46, XY) foram encontrados em 51% (n = 103) dos pacientes. Além disso, a frequência de cariótipo 
complexo foi de 30 (15%), enquanto normal foi observada em 171 (85%) pacientes. Leucemia linfoblástica aguda 
pré-B (LLA Pré-B) foi a doença maligna mais prevalente de 66 (33%), seguida por leucemia mieloide crônica (LMC) 
de 41 (20%) e leucemia linfocítica aguda de 29 (14%). A translocação foi o 50 mais prevalente (25%), seguido por 
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on the number of chromosomes (hyperdiploidy, trisomy, 
or monosomies) or chromosome structure (translocations, 
inversions, deletions) (Haus  et  al., 2012; Trejo  et  al., 
2017). Any karyotype can practically be referred to as a 
“complex karyotype” with at least three aberrations of 
the chromosome, irrespective of their type and structure 
(Döhner et al., 2010; Mrózek, 2008). Studies indicated that 
complex cytogenetics might have adverse effects and a higher 
risk of relapse with conventional treatment (Röllig et al., 
2011; Mrózek et al., 2012; Zappes et al., 2014). In non-
malignant diseases, however, the significance of cytogenetic 
analysis remains unclear; at a certain point, they either 
become malignant or remain benign (Waheed et al., 2018).

Since hematological malignancies are prevalent in 
Pakistan, cytogenetic research of this kind is limited. 
Therefore, the current study was carried out to calculate 
the prevalence of different cytogenetic abnormalities in 
hematological disorders.

2. Methodology

This study was performed as a descriptive cross-sectional 
study in the Department of Cytogenetics, Prime Laboratories 
Lahore. Patients were referred from different government 
and private hospitals across the country from adult and 
pediatric hematology departments, as shown in Figure 1. 
A total of 202 patients diagnosed with leukemias (acute/
chronic), lymphomas, CMPD, and MDS were included. All 
hematological malignancies are diagnosed in compliance 
with the World Health Organization (WHO) guidelines. 

1. Introduction

Hematological disorders are typically associated with 
hematopoietic stem cells mutations and chromosomal 
aberrations such as aneuploidy or euploidy (Zagozdzon 
and Golab, 2015), including leukemias (acute/chronic), 
lymphomas, myelomas, aplastic anemia (AA), chronic 
myeloproliferative disorders (CMPD), and myelodysplastic 
syndromes (MDS) (Trejo et al., 2017).

In cancer patients, hematological malignancies ranked 
among the top 10 leading malignant diseases in incidence and 
mortality. Collectively, they account for about 9% of all cancer 
patients reported annually (Siegel et al., 2011). On their own, 
leukemias and lymphomas are widespread hematological 
malignancies, accounting for 2.8% of all cancer cases 
worldwide (Richkind, 2012). The annual rates of incidence 
of several of these cancers are steadily increasing. However, 
there has been a considerable reduction in mortality owing 
to such hematological malignancies (Prakash et al., 2016; 
Siegel et al., 2011). Generally, this positive development is 
due to robust diagnostic approaches over the last decade 
or so, primarily due to genetic advancement in the area of 
hemato-oncology and its application (Prakash et al., 2016; 
Sánchez et al., 2014). Cytogenetic testing also includes 
diagnostic tools and vital knowledge of malignancies for 
hemato-oncologists, helping physicians to determine the 
patients’ prognosis, diagnosis, and effective anti-cancer 
treatment and monitor their response.

More than 50% of hematological malignancies have been 
characterized by clonal chromosomal anomalies dependent 

hipotriploidia 14 (7%) e monossomia 8 (4%) na análise de aberração cromossômica. Além disso, a translocação t 
(9:22) encontrada foi de 20 (10%) na LMC, com a maioria na faixa etária (31-40 anos). Este estudo recomenda que 
o cariótipo deve ser testado com frequência em condições hematológicas porque pode fornecer informações sobre 
as alterações cromossômicas relativas associadas a doenças malignas específicas.

Palavras-chave: teste citogenético, malignidades hematológicas, cromossomos, leucemia.

Figure 1. Study area map in Pakistan.
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During a one-year study (Jan-2019 to Dec-2019), all the 
samples were processed for cytogenetic analysis, and results 
were reported following the International System for Human 
Cytogenetic Nomenclature (ISCN) (Shaffer et al., 2013). In 
addition, the different variables of the study included: 
age, gender, type of sample (bone marrow aspiration or 
peripheral blood), karyotyping analysis.

During the karyotyping analysis, five steps were 
followed: (1) Cell culture; (2) Cell harvesting; (3) 
Preparation of chromosomes; (4) Staining and banding; (5) 
Chromosomal analysis by light microscopy. The rest of the 
methodology was similar, as published in previous studies 
(Seabright, 1971; Waheed et al., 2018; Trejo et al., 2017). 
SPSS software (version 23) was used for all the statistical 
analyses, including frequencies and descriptive statistics.

3. Results

Among 202 patients (mean age of 21.5 years ± 23.4 SD) 
with a known case of hematological malignancies were 

included in the current study. Gender-wise distribution 
revealed a pronounced predominance of the male population 
147 (73%), while the female population was 55 (27%). The 
highest abnormalities, 48 (24%), were reported in the age 
group of (2-10 years), whereas the minimum 04 (02%) was 
reported in the age group (≤01 years), as shown in Table 1.

The maximum prevalence 66 (33%) of these hematological 
disorders among the inclusive patients was Pre-B Acute 
Lymphoblastic Leukemia (Pre-B ALL), followed by 41 (20%) 
Chronic Myelogenous Leukemia (CML), 29 (14%) Acute 
Lymphoblastic Leukemia (ALL), 28 (14%) Acute Myeloid 
Leukemia (AML), 15 (7%) Chronic Lymphocytic Leukemia 
(CLL), 12 (6%) MDS, 5 (2.4%) Multiple Myeloma (MM) and 
other abnormalities 6 (3%), respectively, as shown in Figure 
2. Overall, 30 (15%) of the prevalence of complex karyotypes 
was observed, as illustrated in Table 2. Among the stated 
hematological malignancies, the incidence of complex 
karyotypes was further studied. Surprisingly, the largest 
number of complex karyotypes was 17 (8%) in pre-B-ALL, 
followed by ALL 10 (5%). In these hematological malignancies, 
we have also examined chromosome aberrations. The most 
frequent chromosomal abnormality was the translocation 
seen in 50 (24.8%) patients, followed by 10 (5%) trisomy, 
14 (6.9%) hypotriploidy, 8 (4%) monosomy, 7 (3.5%) 
hyperdiploidy, and 5 (2.5%) deletion. In contrast, a total of 
103 (51%) of patients were normal without any chromosomal 
aberration, as illustrated in Table 3.

These karyotypes have also been quantified by multiple 
hematological malignancies, as shown in Table 3. Deletion 
was overserved in ALL (n=3), MDS (n=1) and Pre-B ALL 
(n=1). Similarly, other mutations were assessed which 
shows pattern as: Translocation in CML (n=19), Pre-B ALL 
(n=13), AML (n=9), ALL (n=4), MDS (n=3) and CLL (n=1). The 
maximum number of a normal chromosome was found 
in Pre-B ALL (n=32) and CML (n=22). The combination 
of monosomy and hypodiploidy was only observed in 
patients with Burkitt and Jack 2 kinase positive disorders. 
Interestingly, the dicentric chromosome was only found in 
ALL (n=1), as shown in Table 3.

Inexplicably, identifying the high prevalence of 
Philadelphia chromosome with translocation t(9:22) in 20 
(10%) patients was the most surprising finding in the current 
study. Gender-based studies found a higher prevalence in 
men (n=16) and women (n=4), as given in Figure 3.

Table 1. Demographic profile of hematological malignant patients.

Variables (n=202) (Percentage %)

Mean (±SD¥) 21.5 (23.4)

Gender wise distribution

Male 147 (73)

Female 55 (27)

Age Groups (years)

≤01 4 (2)

2-10 48 (24)

11-20 40 (20)

21-30 35 (17)

31-40 17 (8)

41-50 7 (3)

51-60 13 (6)

61-69 27 (13)

≥70 11 (5)

¥SD: Standard Deviation; n= total number of patients.

Table 2. Distribution of different hematological disorders and hematological classifications.

Hematological Malignancies (n=202)
mean 
±SD

Age 
(Years)

Gender Wise 
Distribution

Karyotype 
Classification

Male Female Normal Complex

Acute Lymphoblastic Leukemia 29 10 ± 16 7-67 17 12 19 10

Acute Myeloid Leukemia 28 23 ± 22 3-87 22 6 28 0

Pre-B Acute Lymphoblastic Leukemia 66 11 ± 10 1-36 49 17 49 17

Chronic Lymphocytic Leukemia 15 57 ± 12 31-69 10 5 15 0

Chronic Myelogenous leukemia 41 39 ± 21 14-69 23 18 41 0

Myelodysplastic Syndrome 12 62 ± 25 15-83 7 5 12 0

Multiple Myeloma 5 68 ± 2 63-74 4 1 5 0

Other’s (Burkit Lymphoma, Jack 2 
kinase mutation, Pancytopenia)

6 43 ± 20 16-63 6 0 3 3
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Figure 2. Prevalence of hematological malignancies in patients.

Table 3. Chromosomal aberrations in different hematological malignancies.

Chromosomal 
Abnormalities

Total 
(n=202)

(%)

Hematological Malignancies

ALL AML CLL CML MDS MM Pre-B-ALL Others

Deletion 5 2.5 3 1 1

Dicentric chromosomes 1 0.5 1

Hyperdiploidy 7 3.5 3 1 3

Hypodiploidy and 
monosomy

2 1.0 2

Heteroploidy 1 0.5 1

Hypotriploid 14 6.9 8 6

Monosomy 8 4.0 3 1 3 1

Normal 103 51.0 7 14 13 22 8 5 32 3

Tetrasomy 1 0.5 1

Translocation 50 24.8 4 9 1 19 3 13

Trisomy 10 5.0 3 1 6

Figure 3. Prevalence of Philadelphia chromosome with t (9:22) among different age groups and genders.
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4. Discussion

Karyotyping and cytogenetic studies of hematological 
diseases have shown the prognostic impact of chromosomal 
abnormalities on the diagnosis and treatment of patients 
over the last three decades. (Malakzai  et  al., 2020; 
Grimwade et al., 2001). WHO categorized the hematological 
neoplasms, but clonal abnormality detection provides 
the detail insights of prognostic and therapeutics in 
malignant or premalignant disorders (Mitelman  et  al., 
2018). The prevalence of hematological neoplasms 
identified by genetic anomalies is proliferating as is 
the number of specific therapeutic methods directly or 
indirectly addressing congenital abnormalities. Genetic 
profiling is also an essential factor of treatment response, 
diagnosis, prognosis and surveillance (Rack et al., 2019). 
In developing countries, the incidence of cancer is rising 
rapidly. Therefore, the current research is intended to 
address the gap in the literature on cytogenetic disorders 
in hematological patients in Pakistan with 3% leukemia in 
the city of Lahore city, having second highest population 
in Pakistan (Badar et al., 2016).

In the current study, a total of 202 patients was 
enrolled with a mean age of 21.5 years, contrary to the 
different studies conducted in other regions of Asia 
(Yaghmaei et al., 2009). The average age of 37 years was 
recorded in another study in Pakistan (Waheed et al., 2018). 
Besides, the mean age of around 50 years was reported in 
European countries (Stölzel et al., 2016). This might be due 
to the difference in geographical areas. The existence of 
complex karyotypes is defined as bearing more than three 
unrelated chromosomal aberrations, and the prognostic 
factor of AML cases has been the most frequently used 
(Motlló et al., 2014). Nevertheless, in the present research, 
most complex karyotype 17 (56.6%) were observed in 
patients with pre-B ALL diagnoses.

According to our study’s gender distribution, males 
had the highest prevalence of hematological disorders, at 
147 (73%), compared to females, who had a prevalence of 
55 (27%). The current study’s findings are consistent with 
previous studies conducted in Pakistan, which recorded a 
higher incidence of hematological malignancies in males 
than in females (Harani et al., 2006; Zehra et al., 2016). 
In addition, Waheed et al., reported an 80% prevalence of 
leukemia in males and relative to the female population 
in Pakistan (Waheed et al., 2018).

The incidence of chromosome aberrations in the current 
study was 99 (49%), higher than that recorded in Mexico, 
33% (Trejo  et  al., 2017) as compared to other studies 
(Mrózek et al., 2012; Zhou et al., 2016). The maximum 
prevalence of these hematological disorders for inclusive 
patients was 66 (33%) pre-B ALL. Few previous studies have 
identified a similar prevalence of hematological disorders 
(Luquet et al., 2008). In contrast, in the current report, the 
prevalence of MSD was 12 (6%) than the previous report 
conducted in Pakistan (Waheed et al., 2018). According 
to the WHO classification, new prognostic variables, such 
as molecular markers and chromosome translocations, 
lowered the minimum blast cells threshold to 20%, including 
the high-grade MDS in the FAB framework (Kumar, 2011). 
This authenticates the previous findings of a study that 

recorded the highest translocations in hematological 
malignancies (Brunstein  et  al., 2002). In addition, the 
incidence of trisomy in malignancies was in accordance 
with the previous studies from Pakistan (Waheed et al., 
2018) and with international data (Yang  et  al., 2012; 
Cortes et al., 1995).

The most important approach for the diagnosis of AML 
is cytogenetic analysis, and the WHO classification is based 
on molecular genetics and karyotyping (Shaikh et al., 2018). 
The majority of AML cases are caused by non-random 
chromosomal translocations that frequently lead to altered 
gene expression. The most significant prognostic factor 
for determining remission rate, relapse rate, and overall 
survival is cytogenetics (Dhall  et  al., 2019). However, 
in the current study, chromosomal translocation was 
predominantly seen in AML patients. Kumar (2011), also 
reported the occurrence of translocation in AML patients 
(Kumar, 2011). On the other hand, CML is characterized 
as the translocation of t(9;22) (q34;q11.2), also known as 
the Philadelphia Chromosome. This form of chromosome 
anomaly moves the Abelson murine leukemia (ABL1) 
oncogene to chromosome 9q34 to breakpoint cluster 
area (BCR) on chromosome 22q11, resulting in BCR / ABL1 
gene fusion (Johansson et al., 2002). Therefore, BCR-ABL 
mutation characterized as breaking and switching the 
position of BCR and ABL genes (Acar and Uz, 2018). In 
the present study, translocation t(9:22) was a significant 
anomaly in CML situations, consistent with the findings 
recorded by Waheed et al. (2018).

The karyotype remains the “gold standard” in our 
institutions to validate diagnosis, forecast and classify 
multiple hematological disorders. Although cytogenetic 
diagnosis is low sensitivity, it is still commonly used in 
the evaluation of patients with clinical remission or after 
hematopoietic stem cell transplantation. To conclude, the 
current study presents the importance of cytogenetic 
analysis and chromosomal defects in Pakistan’s most 
prevalent hematological malignancies. Translocation was 
considered the most common aberration; we analyzed 
the diverse karyotypes of various leukemias for structural 
and numerical chromosomal changes. As a result, this 
study suggests determining the chromosomal structure of 
each hematological malignancy for the purposes of good 
prognosis and disease control.
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