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SUMMARY 

Chronic myeloid leukemia (CML), is a disease of the hematopoietic stem cells. CML is a 

type of blood cancer caused by the balanced translocations amongst the long arms of 

chromosomes 9 and 22, which are called as the (Ph) Philadelphia chromosome. The 

incidence of the translocation chromosomes 9 and 22 is detected nearly about in ninety-five 

percent CML patients however; 5-10% patients show complex variant translocations. A 

complete blood cell count of 131 patients was done at the time of diagnosis. Cytogenetic 

(Karyotyping) examination using bone marrow samples were conducted on 76 CML patients 

for the confirmation of Ph-positive (9;22)(q34; q11) standard translocation, complex variant 

translocation and the additional chromosome abnormalities. FISH was performed on 38 out 

of 131 patients for diagnostic purposes and 39 out of 131 were for monitoring purposes. 

Twenty-two samples were analyzed by Reverse Transcriptase- PCR of those patients who 

fail to respond and showed resistance against Imatinib Mesylate and shifted to second-

generation drug Nilotinib within the first year. Among 131 patients 72 (54.96 %) were male 

and 59 (45.03%) were female with median age of 38.5 years between the age 11-77 years. 

During diagnosis, CBC values showed that 75 patients had high values of WBC being > 

100x 10
3
/µl, 71 (58.01) patients showed decreased level of hemoglobin i.e. < 10.00 mg/dl, 

low values of platelets <150 x10
3
/µl were observed in 14 patients (10.68%) however, high 

values of PLTs > 100 x10
3
/µl were observed in 40 (30.53%) CML patients. The results of 

cytogenetic analysis show that 57(75%) patients were with Ph-positive standard 

translocation; additional chromosomal abnormalities were developed in 3 (3.94%) CML 

patients. Progression with complex variant translocations was observed in 8 (10.52%) CML 

patients, however among them additional chromosomal abnormalities together with complex 

variant translocations were developed in 2 (2.63%). At the time of diagnosis, 66 (92.95%) 

patients were in the chronic phase, 04 (5.6 3) were in the accelerated phase and only 01 

(1.40) was in the blast crisis. Thirty-eight patients were analyzed by FISH at diagnosis, 

thirty-three showed increased levels of BCR-ABL fusion cells while 05 patients showed 0% 

BCR-ABL negative cells. Out of twenty-two only 06 CML patients, who were shifted from 

Imatinib Mesylate to Nilotinib showed BCR-ABL positive amplification. In conclusion in 

this study we investigated four novel cases, 46XX, t (1;2;2;17;9;22) (p36.3, q21; q11.2, q21, 

q34, q11.2), 46, XY, t (4;9;19;22) (q25: q34; p13.3; q11.2), 52XX, t(1;9;22) 
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CHAPTER 1 

1 INTRODUCTION 
 

Chronic myeloid leukemia (CML) is a clonal myeloproliferative disease of primitive 

hematopoietic stem cells triggered by the balance translocation among long arms of 9 and 

22 chromosomes also called Philadelphia (Ph+) chromosome which generally have the 

BCR-ABL gene fusion (Dameshek, 1967; Kantarjian et al., 1993; Sawyers, 1999; Asif et 

al,. 2015). The formation of the BCR-ABL fusion gene take place by transferring the 3 

portions of the ABL from 9q34 to the 5 portion of BCR gene on 22 q11.2 chromosomes. 

The appearance of the BCR-ABL chimeric protein increasing the activity of protein kinase 

that plays the main part in the development of CML (Al- Achkar, et al., 2010). 

The presence of the translocation chromosomes 9 and 22 is observed almost in ninety-five 

percent CML patients however 5-10% patients display complex variant translocations. In 

these cases, third, fourth and fifth chromosome is also involved other then 9 and 22 

chromosomes and is called three, four and five way translocations. Three-way variant 

translocations are common in CML however, four and five variant translocations are less 

frequently reported in CML (Hughes & Apperley, 2003; Al-Achkar et al., 2011; Adriana & 

Soad, 2012; Yokota, et al., 2012). 

Additional cytogenetic abnormalities (ACAs) are observed generally in 30% of patients in 

the accelerated phase and in 70-80% of patients in the blast phase. Ordinarily, trisomy 8 

(+8), an additional copy of Ph chromosome, and trisomy 19 are most commonly observed 

in CML (Mohamed et al., 2003; Wang et al., 2016). On the other hand, 7, +17, -17, +21 are 

uncommon chromosomal aberrations found in CML (Sokolic, & Mark, 2006). A few 

(ACAs) are linked with diverse effects on drug resistance and survival; however, few of 

them reflect the genetic variability by continuous activation of BCR-ABL1 (Wang et al., 

2016). 

CML is generally the most comprehensive human malignancy. Back in 1960, Ph 

chromosome was reported by Peter C. Nowell, a teacher at the University of Pennsylvania 

School of Medicine, with his student, David Hungerford, as an uncommon chromosomal 

anomaly existing in leukocytes of CML patients. This Ph chromosome is the constant 
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chromosomal anomaly characterized by a specific form of leukemia which marked a major 

discovery in the field of cancer biology (Deininger et al., 2000; Nowell & Hungerford, 

2004; Koretzky, 2007;). BCR-ABL gene fusion takes place by transposing of the 3' portion 

of the ABL gene from 9q34 to 5' portion of the BCR gene on chromosome 22q11, and at 

the end of the result, this fusion gene shows constitutive protein tyrosine kinase activity 

(Dameshek, 1967; Al-Achkar, et al., 2011; Melo, et al., 2003). 

CML is categorized into 03 main disease stages: chronic phase (CP), accelerated phase 

(AP), and blast phase (BP) (Faderl et al., 1999; Clarkson et al., 2003). The diagnosis is 

usually completed in the CP. Symptoms of CML also frequently appear in CP, e.g. anemia, 

splenomegaly, fatigue, weight loss, malaise, easy satiety, and dots on skin, Infrequent 

appearances include bleeding, raised uric acid levels, Leukostatic symptoms, and WBC 

count exceeding from normal values. Splenomegaly is another physical indication of the 

development of CML and is observed in 50–60% CML cases. However, hepatomegaly is 

detected in a less number of (10–20%) CML cases (Sawyers, 1999; Clarkson et al., 2003; 

Jabbour & Kantarjian, 2014). The second accelerated phase results in the beginning of 

advanced, promptly progressive CML, a clonal neoplastic disorder of hematopoietic stem 

cells. Almost 85% CML patients in AP are led by a prolonged. In the second AP, cells 

develop genetic and karyotype aberrations, producing an increased amount of unwell 

differentiated cells in PB and marrow. AP usually leads to a promptly fatal blast crisis in 

six months (Talpaz et al., 2002; Clarkson et al., 2003). 

The third phase i.e. blast phase, is the lethal phase of CML. Blast crisis commonly occurs 

in 30% of patients or more blasts occur in PB or bone marrow. In almost all the patients in 

the blast phase lead by an early period (CP) CML, usually 03 to 07 years’ time period, 

malignant progenitor cells proliferate quickly, however retaining their capability to 

differentiate. Presently, there is no particular ordinary therapy available for CML patients 

at this progressive stage (Sawyers et al., 2002; Clarkson et al., 2003). 

The CML is accountable for approximately 20% of all cases of leukemia with a prevalence 

of 1 to 1.5/100000 (Faderl, et al., 1999; Sawyers, 1999; Silver, 2003). The median age of 

CML patients is from 45-55 years, however, all age groups, including children, are also 

affected. Moreover, 15-30% of CML cases are 60 years of age or older (Faderl et al., 1999; 

Sawyers, 1999; Clarkson et al., 2003). 
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During diagnosis or clinical analysis, 50% of patients of CML are symptomless and are 

recognized by routine clinical tests (O dwyer & Druker, 2001). Symptoms appear when the 

spleen develops enlarged, WBC sufficiently raised to cause leukocytosis, anemia, hyper-

basophilia progresses, or deviations of the platelet values that lead to thrombotic or 

hemorrhagic hitches (Clarkson et al., 2003). The most important signs and symptoms of 

CML are skin lesions, yellowish color of eyes and tiredness, occasionally bleeding, weight 

loss, high fever, anemia, night sweats, abdominal pain, bruising spots on entire body, bone 

pain, feeling exhausted and burning an ambiance below feet (Jabbour & Kantarjian, 2014). 

When symptoms of CML appear in patients then usually, the diagnosis of CML is 

examined by routine complete blood cell count. Hematology results in CML patients 

included leukocytosis, eosinophilia and basophilia. Platelet values may either be very high 

or low with the normal range of 150-4000 x10
3
/µl, as well as mild anemia is frequently 

also observed in almost all CML patients (Quintas-Cardama & Cortes, 2006). 

The diagnosis of CML is generally done with the GTG banding karyotyping technique for 

the cytogenetic analysis. Generally, 20-25 metaphase cells are examined in this technique. 

This technique is used to identify the Ph-positive chromosome in nearly 95% of all CML 

patients. This technique needs dividing cells for the examination of metaphase 

chromosomes and generally, bone marrow specimens are used for this purpose, which 

involves more proliferating cells than blood (Faderl et al., 1999; Aguayo et al., 2008). 

Fluorescence in situ hybridization is a prompt diagnostic technique used for the monitoring 

of CML. FISH is a conventional cytogenetic technique and in more or fewer cases provides 

additional information, which is not identified and detected by karyotyping. FISH is a dual-

color procedure used for the abnormal signals of BCR/ABL genes on interphase nuclei and 

needs less time than ordinary cytogenetic examination. Recently FISH is an alternative 

way of monitoring for CML Patients (Faderl et al., 1999). Recently commercially available 

probes (Oncor and Vysis) are used for the finding of BCR-ABL by FISH. In this method 

dual-color system, the BCR-ABL fusion gene is visualized by two differently labeled 

signals red and green that are seen to touch or overlap (Dewald et al., 1998; Muhlmann et 

al., 1998; Le Gouill et al., 2000). 
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Reverse Transcriptase PCR is a highly sensitive technique to monitor CML patients. RT-

PCR, nested-PCR, directs the BCR-ABL gene present on mRNA to diagnose CML disease 

with precision. BCR-ABL transcriptions are also recognized through the reverse 

transcriptase polymerase chain on which assists the recognition of residual leukemic cells 

at the near of one cell in circumstantial of 10
5
±10

6
 normal cell. In the past years, 

quantitative RT-PCR (qRT-PCR) has been developed to measure the expression BCR-

ABL fusion gene values in PB and bone marrow, which permit monitoring the sensitivities 

of residual disease over time (Lion et al., 1992; Faderl et al., 1999; Lion, 1999). 

The drug Imatinib Mesylate (Gleevec) is a key oral therapy for controlling CML disease. 

The IM is a protein of tyrosine kinase inhibitor specially designed to inhibit the BCR-ABL 

tyrosine kinase activity formed by the Philadelphia chromosome in CML disease. It 

performs a vital role in blocking the proliferation and development of apoptosis of BCR-

ABL expression in CML. This drug blocks the binding of the ATP to the kinase domain of 

BCR-ABL protein. CML treatment with IM has met significant achievement, in the 

relation to long survival as well as better- the excellence of life (Mohamed et al., 2003). 

During the diagnosis of CML, the successful ratio of Gleevec is linked with a complete 

cytogenetic response at around 85%, a progress to accelerate / blast crisis of 6-8%, and 5 

year assessed subsistence rate of 89%. Resistance against the IM occurs yearly in 3- 4% 

patients of CML in CP. This highlights that the drug Imatinib fails to achieve complete 

hematological response in first three months, cytogenetic response resistance to CML 

observed in 18%, within six months and major cytogenetic response (Ph+ ≤ 35%) within 

one year, which means a treatment change is required. Increasing the drug dosage from 600 

to 800 mg/day is also another option for improvement in the quality of drug response. If 

the extra increased dosage does not show any significant hematological and cytogenetic 

effects, it is then necessary that the patient must be transferred to other approved drug 

(Kantarjian et al., 2006; Bubnoff & Duyster, 2010). 

There are many causes of resistance to Imatinib in CML patients. In which the main cause 

is disruption in treatment and reduced dose. Resistance may also occur by additional 

cytogenetic aberrations or by the amplification of BCR-ABL gene (Bubnoff & Duyster, 

2010). 
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Nilotinib (Tasigna, Novartis Pharmaceuticals) is a second-generation oral therapy that 

inhibits tyrosine kinase activity with better effectiveness and selectivity for BCR-ABL than 

Imatinib. Nilotinib was first permitted in the United States and somewhere else in 2007 for 

CML patients in CP and AP that showed resistance to IM (Saglio et al., 2010; Okada et al., 

2011). Nilotinib, similar like IM that binds to the kinase domain of ABL protein and 

displays a major role in the establishment of catalytically energetic conformation and 

finally blocs the BCR-ABL signal transduction (Okada et al., 2011). 
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1.1 PROBLEM STATEMENT 
 

The current study was planned to investigate the CML patients for the detection of CML 

by Ph-positive and negative cells, (9; 22) (34q; 11q), especially for the complex variant 

translocations, additional chromosomal abnormalities and complex variant translocations 

and additional chromosomal abnormalities both, are present at the same time in CML 

patients. In addition to investigate the CML patients by FISH analysis by the presence of 

BCR-ABL gene fission. 

Imatinib resistance is a huge challenge in the treatment of CML. In this regard, regular 

monitoring of CML patients by routine tests CBC, cytogenetic, FISH, nested RT-PCR, and 

qReal-time PCR are very important after diagnosing the disease in terms of long survival 

as well as for better excellence of life. These all diagnosis analysis techniques during 

monitoring will help physicians to modulate the treatment strategies during treatment. 
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1.2 OBJECTIVES 
 

The current study was performed with the following objectives. 

To analyze the CML patients by; 

i. Screening of CML patients by CBC routine testing. 

ii. Cytogenetic analysis for the finding/presence of Ph(+ve) and (-ve) cells, (9; 22) 

(34q; 11q). 

iii. And the detection of complex variant translocations, additional chromosomal 

abnormalities and of complex variant translocations and additional chromosomal 

abnormalities at the same time in CML patients. 

iv. Monitoring the CML patients by routine CBC and FISH test against the treatment 

of Imatinib Mesylate. Furthermore, to study the effect of Imatinib Mesylate on 

Complete Blood cell count of CML patients after 6 and 12 months. 

v. Monitoring CML Imatinib Mesylate resistance patients of RT-PCR and qRT-PCR 

analysis. 

vi. Another objective of the current study was to relate the results of RT-PCR and 

qRT-PCR for BCR-ABL gene amplification in CML patients who failed to 

respond to Imatinib treatment. 
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Chapter 02 

2 LITERATURE REVIEW 

2.1 What is Cancer? 

Cancer is a collection of diseases classified by the uncontrolled growing and spread of 

abnormal cells. Cancer is generated or caused by outer elements for instance tobacco, 

unhealthy diet, infectious organisms, and inward factors, such as inherited genetic 

mutations, hormones and immune conditions. These all components may act together or in 

grouping to cause disease of cancer. Medications incorporate medical procedure, radiation, 

chemotherapy, hormone treatment by therapy, immune therapy, oral therapy and targeted 

therapy (drugs that clearly interfere with cancer cell growth) (Anand et al., 2008; Siegel, et 

al., 2015). 

2.2 What is CML? 

CML is a hematopoietic illness described by the harmful development of bone marrow 

stem cells. Its cytogenetic feature is a complementary 9; 22 and q34; q11 chromosomal 

translocation that makes a derivative 9q34+ and a little 22q11-, well-known as the 

Philadelphia chromosome and generally found in near 90% patients. The gene fusion BCR-

ABL is established by the rearranging of the 3' part of the ABL gene of 9q34 to the 5' 

segment of the BCR gene present on the 22 chromosome and finally, this gene fusion 

codes an integral active tyrosine kinase (Figure 01) (Melo, et al., 2003; Al-Achkar, et al., 

2011). 

2.3 History of CML 

Leukemia is derived from the Greek words “leukos” means white and “haima” mean 

blood, (White Blood). The term Leukemia was first well-defined in a scientific research 

paper by John Hughes Bennett in Edinburgh in 1845. This was possibly the first narrative 

about leukemia CML. Dr Rudolf Virchow and Dr John Hughes Bennett were two 

pathologists in the same year 1845 published a research paper “Weisses Blut”, describing 

also, the term CML. Ernst Neumann in 1872 first explains that leukemia originates from 

bone marrow (Bennett, 1845; McCann, 2012; Gunnarsson, 2017). 

CML is shocking first human disease that associated with a non-random chromosomal 

abnormality, karyotype called Philadelphia chromosome. In 1960 Nowell and Hungerford 

first observed that seven patients affected by CML that they had a similar chromosome 
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abnormality, and nowadays this abnormality is called the Philadelphia (Ph) chromosome 

(Figure 1). 

 

 

 

 

Figure 1:  Normal arrangement of chromosomes 9 and 22, (b) Particular translocation develop 

between 9 and 22 chromosome (c) Finally formation of Philadelphia positive chromosome 

translocation in t(9;22) (q34;p11.2)       (Wang et al., 2010). 

Now Ph is a specific chromosomal marker worldwide which defined the disease of CML in 

1973, Janet Rowley in Chicago observed that the Ph chromosome was a consequence from 

a reciprocal translocation among the long arms of chromosomes 9 and 22 and then in the 

year 1985, BCR-ABL1 fusion gene was described (Nowell & Hungerford, 1961; McCann, 

2012). 

Clinically CML is classified into 03 phases (stages). The first phase chronic phase termed 

by extra or increased number of myeloid cells separate and work ordinarily. Among 85% 

to 90% of CML patients are diagnose in chronic phase (Faderl et al., 1999; Aguayo et al., 

2008). Mostly the duration of CP is between 4 to 6 years. After period of 5 years this 

disease transformed into second phase called as accelerated phase or blast crisis (Druker, 

2008). 
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2.4 Epidemiology and Clinical Characteristics 

CML is also called Chronic myelogenous leukemia and myeloproliferative disorder of 

multiplication of bone marrow cells and by the progress of primeval hematopoietic 

progenitor cells connecting with ethroid, myeloid, megakaryocytic, B and T lymphoid 

heritages (Faderl et al., 1999; Kaur, Kaur, 2012). CML is accountable for almost twenty 

percent of all types of leukemia by prevalence of 1/100,000 cases in human populations. It 

disturbs mostly older age individuals while other age groups also are affected. The median 

age patients of CML at the time of diagnosis are approximately 45-55years (Sawyers, et 

al., 2002). 

Lack of proof of risk factors that cause CML and, even with being caused by a genetic 

abnormality and it is not a hereditary disease. In what way CML develop. Preston et al 

(1994) reported that atomic bomb stayers in Japan and Chernobyl liquidators that were 

showing to high dose of radiation display increased incidence rate of leukemia, specifically 

CML. Pesticides also have a greater threat of developing CML (Preston et al., 1994; Kuntz, 

2017). 

2.5 Phases of CML 

Generally, CML disease is monitored by three phases. Chronic phase of inconstant interval 

leads to second accelerated phase, which is frequently tailed by a third blastic phase (blast 

crisis) (Faderl et al., 1999). 

2.5.1 Chronic Phase 

Chronic phase is slothful and mostly 50% patients in this first stage not shown any sign 

and symptoms and analyzed by regular blood tests. Amongst the individuals who have 

symptoms, weakness and anorexia, weight reduction, stomach completion, left upper 

quadrant distress, early satiety, dying, and sweats are happened utmost regularly. In many 

CML cases patients have high white platelet (WBC) tallies, hyper viscosity may happen, 

blurred central vision, headaches, tinnitus, and priapism. Splenomegaly and hepatomegaly 

detected in half of patients with CML Clinically leukocytosis, thrombocytosis and anemia 

are general features found in CML. Granulocytes are found in entirely phases of CML 

development. The values of leukocyte alkaline phosphatase (LAP) is reduced in practically 

all patients and also used to differentiate CML from other myeloproliferative disorders 

(Clarkson, et al., 2003). 
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2.5.2 Accelerated Phase 

At the time when CML disease enters the accelerated stage, then it is described by 

basophilia and rises in peripheral blood (PB) blast and promyelocyte counts. The meaning 

of quickened stage sickness is ambiguous and depends on a few for the most part 

acknowledged clinical and laboratory criteria. In around 75% CML patients, accelerated-

phase is pursued, following 3-18 months, by a blastic stage, which looks like acute 

leukemia and cause the death of the patient in 3-6 months. 25% of CML patient’s progress 

blastic-stage without a mediating accelerated phases (Faderl, et al., 1999). 

2.5.3 Blast Phase 

The blast phase of CML is typically categorized by the occurrence of extra-medullary 

penetrates of leukemic cells or blast counts in large number of 30% in blood or in the bone 

marrow. In 33% of patients, blasts are described by lymphoid morphology and presence of 

lymphoid markers, for example, terminal deoxynucleotidyl transferase (TdT) or CD10 

(basic acute lymphoblastic leukemia antigen [CALLA]). Patients with lymphoid blastic-

stage CML may act in response medication with regimes dynamic against acute lymphoid 

leukemia (ALL). The whole response rates with such medicines are half to 60%, and center 

survival terms reach out from 9 months to a year (Faderl, et al., 1999). 

2.6 Ph chromosome 

Ph chromosome is developed by the reciprocal translocation amount the chromosome 9q34 

and 22q11. It is the indication of CML and is establish in around 94% of CML patients. 

The Ph positive translocation includes 3' fragment of ABL gene on chromosome 9q34 

towards the 5' portion of BCR gene on chromosome 22q11, generating a fusion BCR–ABL 

gene and transliterated towards a chimerical BCR–ABL mRNA. ABL gene codes a non-

receptor tyrosine kinase having molecular mass of 145 kd (p145 ABL) and contain eleven 

exons and spans over 230 kilo bases (kb). The breaking point present in the ABL gene is 

generally 5' of exon 2 of ABL. The ABL exons 2 to 11 shifted into the main break point 

cluster region (M-bcr) of the BCR gene on chromosome 22 between exons 12 and 16. The 

breakpoint places inside BCR fall between 5' exons b2 and b3 or 3' among exons b3 and 

b4. A BCR-ABL fusion gene by way b2a2 or b3a2 junction is generated and transcribed 

into an 8.5-kb mRNA. The fusion mRNA is transformed into a chimeric protein 210 kd so-

called p210 BCR–ABL. Numerous breaking point positions haven recognized laterally the 



12 
 
 

BCR gene happening chromosome number 22. Dependent on breakpoints which are have, 

dissimilar size segments of BCR are joined by the 3'ABL gene. These outcomes in fusion 

messenger RNA molecules (e1a2, b2a2, b3a2, and e19a2) of diverse lengths are 

transliterated into chimerical protein products (p190, p210, and p230) (Figure 02) (Faderl, 

et al., 1999). 

In maximum number of CML cases, CML cells have moreover b2a2/b3a2 copies, on the 

other hand in five percent of CML cases, alternate splicing measures permit the appearance 

of both fusion products. Clinical features, significant and non-significant action of 

medicine and diagnosis are identical in CML patients having b2a2 transcripts and persons 

with b3a2 transcriptions, excepting patients with b3a2 transcripts having a high platelet 

count (Kantarjian, et al., 1993;  Muhlmann, et al., 1998; Faderl, et al., 1999). 

  

Figure 2: Ph chromosome is abbreviated chromosome 22 which is outcomes from the translocation 

of 3' to ABL segments present on the chromosome number 9 to 5’ BCR segments arranged 

chromosome 22      (Faderl, et al., 1999) 

2.7 Complex Variant Translocations 

The Ph positive translocation (9;22) (q34; q11), is establish in approximately 91-95% cases 

of CML. However, variant/complex translocation established in practically 5%-10% 

patients affected by CML. These variant translocations might be simple or complex. 

Simple variant translocations happen once the erased portion of 22q is translocate on a 
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chromosome apart from chromosome number 9. On the other hand, complex translocations 

are those in which, 3 and more chromosomes are involved other then 9 and 22. However, 

variant translocations are established in a minor number of cases, in such cases the BCR- 

gene is situated on chromosomal locales other than 22q1. Variant/complex translocations 

were observed in only 5–8% of CML patients with the contribution of additional 3
rd

, 4
th

 or 

5
th

 chromosome (Al Achkar, et al., 2010; Giulia -Marzocchi et al., 2011; Asif, et al., 2015). 

Three-way variant/complex translocations are most common in CML patients. However, 

four-way or five-way variant/complex translocations are uncommon in CML patients 

recently only 62 cases of four-way variant/complex are reported in the literature still to 

date (Zamecnikova Adriana & Soad Al Bahar, 2012; Asif et al., 2016; Kim, Park, Jang, 

Moon, & Kang, 2015). And on the other hand, only 10 cases of five-way variant/complex 

are reported before (Figure 03). 

 

Figure 3: Examples of Normal translocation. Three ways, four ways, five-way Translocations (a, b, 

c, d).      (Asif et al., 2016; Asif et al., 2017; Yokota, et al., 2012). 

The mechanism of the development of variant translocations are not completely clear; a 

few researchers proposed 02 diverse mechanisms: In first step mechanism chromosome 
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breakage happens at the same time on three or four unique chromosomes in three or four-

way translocation, correspondingly, and the second step mechanism containing successive 

translocations that containing an ordinary t(9;22) translocation is trailed by second 

translocation together with extra chromosomes. The second step mechanism may 

recommend the arrangement of a variant translocation is like clonal advancement, finally, 

this mechanism may be related for a minor prognostication (Marzocchi, et al., 2011). 

2.8 Additional chromosomal abnormalities (ACAs) 

Additional accidental chromosomal variations build up almost 15% in CML patients with 

Ph positive cells, an event called as "clonal development," or in other words of the genetic 

variability that describes the progress to progressive phase CML. The utmost successive 

cytogenetically aberrations from the norm experienced in CML cases with clonal 

development have being trisomy 08 (34%), isochromosome 17 (20%) and extra copy Ph 

chromosome (38%), have been related with MYC overexpression, loss of 17p, and BCR-

ABL1 overexpression, correspondingly. Additional aberrancies, alike trisomy 17, 19, 21, 

and deletion of 7 chromosomes has been observed in under 10% of instances of clonal 

advancement (Figure 04). These genetic abrasions are most common, connected with 

myeloid than with lymphoid BP CML. Cytogenetic abnormalities from the norm have 

likewise been recognized in Ph-negative metaphases of 2 to 17% CML patients and have 

been once in a while connected with advancement of myelodysplasia or AML (Cortes et 

al., 2003; Quintas-Cardama & Cortes, 2009). 

2.9 Structure of BCR-ABL oncogene 

BCR-ABL1 is a fusion gene that contains breaking point cluster region-Abelson among the 

BCR and the ABL1 gene and forming the BCR-ABL1 fusion protein that activates tyrosine 

kinase. This fusion gene is formed by 9; 22, q34; q11 chromosomal translocation. In 

maximum number of cases, BCR-ABL1 quantity is useful for the diagnosis and 

recognition of patients suffering by CML in medical practices. The activation of tyrosine 

kinase protein by the fusion gene changes the values of protein phosphorylation and 

inhibits cell apoptosis that accountable for incidence of neoplastic disorders (Yu, et 

al.,2017b). 



15 
 
 

Ph positive chromosomal translocation lead to several subtypes mostly depend on variable 

location of breakpoints. ABL1 gene, have upstream of exon a2 is the constant location 

breaking point. However, BCR gene contain three general break positions, breakpoints 

 

Figure 4:  Examples of Additional chromosomal abnormalities. 

 

downstream of exon e13 or e14, secondly e1 and e19, resultant in the e13a2 or e14a2, e1a2 

and thirdly e19a2 fusion transcripts and encoding p210 onco-protein, p190 onco-protein 

and p230 onco-protein, correspondingly. (Figure 5) (Foroni et al., 2009; Yu, et al., 2017a). 

Numerous BCR associated pseudo-genes such as BCR2, BCR3, and BCR4 are also be 

existing. But these aren’t transformed into proteins. These all genes are mapped to the 

chromosome 22q11 through in situ hybridization. The BCR linked genes mostly consist on 

39 sequences that are same to those comprising the last 07 exons of the gene BCR1 

(Kantarjian, & Kurzrock, 2001). 

The gene of BCR-ABL1 contains of the of the 5′ end of the BCR existing on22q1, the 3′ 

end of the ABL1 arranged at 9q34 (b). Secondly, BCR-ABL1 protein comprises the 
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Ser/Thr kinase domain, src homology (SH), Rho/GEF dom src homology (SH), Rho/GEF 

domain of BCR, The SH1 zone is sensitive for the target of IM drug. The particular 

breakpoints which produce the p230, p210, and p190 (Kang et al., 2016). 

 

 

Figure 5:  The structure of BCR-ABL1 gene.   (Kang et al., 2016). 

 

2.10 Signaling pathway of BCR-ABL 

The ABL protein plays an essential role in the signal transduction and cell growth 

regulation and development. The N-terminal fragment of ABL consist of 02 SRC 

homology dominions (SH2 & SH3) that regulates the activity of ABL tyrosine kinase, the 

catalytic dominion and a myristoylation sequence joins with ABL to the plasma membrane 

proteins (Figure 6). Faults in the functional reliability of SH2 cause the reduction of the 
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phosphor-tyrosine binding and diminishing the changing abilities of ABL, SH3 contains a 

harmful controlling consequence on the tyrosine kinase activity. The deletion of SH3 helps 

the change of ABL. The C- terminal fragment of ABL involves nuclear localization DNA-

binding domain, signals and a binding point for action. Different structural modifications 

of ABL/ BCR assist the leukemogenic transfiguration of BCR–ABL.  In the BCR N-

terminal coiled-coil motif contains 1-63 amino acid and tyrosine 177. The phosphor serine 

threonine sequences between amino acids 192-242 and 298-434 respectively. Serine 

threonine kinase dominion of BCR stimulates the signaling pathways arbitrated by ABL 

tyrosine kinase and p210 (Sawyers, 1993; Faderl, et al., 1999).     

 

Figure 6: A few locales of BCR-ABL perform function as significant controller elements for RAS, 

Enactment of RAS is assisted by a progression of connector proteins, for example, GRB2, CBL, 

SHC, and CRKL.  (Faderl et al., 1999).  

Defense through programmed cell death facilitated in slice through STAT5 up-regulation 

of the anti-apoptotic fragment BCLXL, phosphorylation and inactivates the pro-apoptotic 

particle BAD by AKT. CML cells moreover show abridged connection to fibronectin, 
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probably as a downstream impact of CRKL phosphorylation. Notwithstanding the 

apparently unending advancement of the rundown of pathways make dynamic by BCR-

ABL and the expanding multifaceted nature that is being uncovered in these pathways, the 

majority of the changing jobs of BCR-ABL are reliant on its tyrosine kinase action (Figure 

07).   (Druker, 2008). 

 

Figure 7: Signaling pathways impacted by BCR-ABL expression          (Druker, 2008). 

 

2.11 Diagnosis and Monitoring of CML 

The most well-known lab research-based identifications in CML is the leukocytosis with a 

momentous leftward move of the differential check, basophilia and eosinophilia. PLT 

values might be whichever very elevated or under normal values or hemoglobin is 

regularly examined. The LAP activity is decreased, albeit phagocytic capacity leavings 

essentially common. Blast cells existent in the PB. Eosinophils, develop or juvenile, are as 
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well present; however, their check may not be altogether expanded. Measuring the extent 

of basophils, circling blats and PLT in PB is essential on the grounds that they assist as 

prognostic indicators (Cramer et al., 1977; Hasford, et al., 1996; Quintas-Cardama & 

Cortes, 2006). 

2.11.1 Complete Blood Cell Count:  Initial diagnostic technique for identification of 

CML  

The important diagnostic practice for CML at management contains CBC including 

platelets. The well-known general characteristics in CML is leukocytosis; almost 50 to70% 

existing with a leukocyte values > 100 x 10
9
/L. Cyclic dissimilarities in the WBC have 

being exposed in 11 to-20% of CML cases. Thrombocytosis is perceived in 31 to 50% and 

may go above 1000 x 10
9
/L. PLT accumulation anomalies are common. Anemic (Hbg 

values less than 10 g/dl) observe in almost 20% CML cases. Basophils and eosinophils 

might be greater than before. The LAP values, albeit once in a while utilized presently, is 

lesser...  (Dwyer & Druker, 2001). 

2.11.2 Fluorescence in-situ hybridization (FISH) analysis  

FISH is a prompt investigative test for the diagnosis of CML by practicing molecular 

cytogenetic technique. It has vast-ranging uses in the various branches of medication as 

well as oncology. FISH method complements the traditional cytogenetic moreover only 

few cases, gives more info that is not noticed by the routine karyotyping. An enormous no 

of cells could be calculated by FISH, since interphase nuclei can also be analyzed. These 

aides in the identification of insignificant lingering disease, appraisal of the percentage of 

cytogenetic reduction and location of infection repeat. In leukemia the generally utilized 

FISH tests that support in finding and administration, distinguish the BCR-ABL fusion 

gene in CML and PML- ABL fusion gene in in acute promyelocytic leukemia (APML). 

These acute are the molecular outcomes of the translocation (9;22) described by the Ph 

chromosome in CML and the translocation t (15;17) in APML (Madon et al., 2003). 

FISH examination is ordinarily done thru co-hybridization based on ABL BCR and probe 

for denature of metaphases chromosome or interphase nuclei. Probes are substantial 

genomic clones, for example, cosmids as an alternative like YACs which have being 

marked through various fluorochromes. Dual -color FISH by way of probes for the BCR 

and ABL permit particular identification of oncogene BCR-ABL in interphase as well as 
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metaphase nuclei. Many cells display 04 different signals, in which dual of each shading 

relating to the two typical BCR-ABL alleles. CML cells have been perceived by means of 

the juxtaposition of one of the BCR and ABL signals. FISH examination doesn’t rely up on 

closeness normal Ph chromosome and will be recognize rare or uncommon BCR and ABL 

variation combinations (Figure 07). The genealogy of +ve and -ve cells can be resolved in 

blend by traditional May-Grunwald recoloring or immunocytochemistry (Hochhaus et al., 

2000; Paschka et al., 2003). 

A confinement of interphase FISH test is the circumstantial of a variation extent of untrue 

+ve cells, contingent upon the probe and detection framework utilized. Later, the point of 

confinement of identification of CML cells is regularly 1 to5% and depending partially on 

which probes are utilized, measure the size of the nucleus the exact position of the breaking 

point inside the ABL gene and the standards used to characterize co-localization. The 

benefit of FISH over ordinary cytogenetic is the examination of higher number of nuclei, 

bringing about littler inspecting blunders (Figure 8). Consequently, FISH is measurable for 

evaluation of remaining sickness in halfway, minor, and non-responders for the detection 

of the BCR-ABL positive of individual cell colonies, or the extent of BCR-ABL +ve cells 

in little examples, for example, exceptionally enhanced cell fractions (Garcia-Isidoro et al., 

1997; Paschka, et al., 2003). 
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Figure 8: FISH with BCR/ABL dual color dual fusion probe on the basis of metaphases and 

interphases: (A) Regulator (normal) Nucleus shows two green and two orange signals of 

chromosome9 and 22. (B) Nuclei showing BCR/ABL fusion with extra yellow signal with 

BCR/ABL gene rearrangement, metaphase presenting reciprocal translocation t(9;22) giving rise to 

Philadelphia chromosome   (Asif et el., 2016). 

 

2.11.3 Conventional Cytogenetic Analysis 

Cytogenetic estimation is the utmost broadly used for finding and monitoring in patients 

with CML. This method is at present the highest quality level of clinical examination in 

CML. Generally, in this method at least 20 to25 metaphases are studied. (Kantarjian, 

Schiffer, Jones, & Cortes, 2008). Usually, this technique is used to distinguish (9; 22) (q34; 

q11) and measure the quantitative level of Ph (+) cells after therapy. Cytogenetic 

examination distinguishes the Ph chromosome in around 90 to 95% CML cases at the time 

of determination. And resting in 5-10% cases, half convey masked translocations that can 

be recognized just by molecular methods, for example, FISH and RT-PCR (Jabbour, 

Cortes, & Kantarjian, 2008; Kantarjian, et al., 2008; Wang, et al., 2001). 

The quantitative ability makes cytogenetic a valuable cynical trial for watching checking 

and monitoring the remedial response; by the reason of the reduced number of cells 

practicality examined, the precision of measurement is poor, particularly when Ph positive 

cells comprise fewer than 10% of the aggregate. Notwithstanding its low affectability for 

recognizing remaining sickness cytogenetic analysis is at present the most precise test, 

even in compared with more current molecular strategies. This test can recognize the Ph 

chromosome furthermore derivative of chromosome 9(9q1) and additional derivatives of 

variation translocations including chromosomes 9 and 22. Consequently, this method needs 

dividing cells for examination of metaphase chromosomes, is good example for 

examination of bone marrow specimen, that consist of more multiplying proliferating cells 

than bloods. The normal turnabout time on a non-surge reason for cytogenetic is around 

three days (Wang, et al., 2001). 

An extraordinary preferred perspective of cytogenetic is that it might uncover, at the time 

of determination, more cytogenetic variations from the norm that are steady of 

myeloproliferative disorder containing partial deletions and monosomies. Additionally, 

cytogenetic is also exposes chromosomal abnormalities and the Ph that rise at the time 

disease shift to a phase or B crisis. Such extra karyotype changes regularly show up 
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without further ado before blastic change of CML (Wang, et al., 2001; Kantarjian, et al., 

2008). 

2.11.4 RT -PCR (Reverse transcriptase polymerase chain response/Nested PCR) 

BCR-ABL transcripts may be recognized by reverse transcriptase polymerase chain 

response (RT-PCR) that allows identification over leukemic cells at the dimension of one 

cell in an establishment of 105 ± 106 normal cells. Mostly acknowledged idea that residual 

leukemic cells which break chemotherapy or on the other hand pre-transplant molding 

process provides a base to disease revert underlines effective clinical significance of 

identifying the nearness of insignificant remaining infection. Insignificant residual disease 

is characterized as little quantities of leukemic cells that can't be distinguished by 

morphologic or cytogenetic investigation. Numerous patients in complete cytogenetic 

reduction later transplant stand BCR-ABL +ve cells by qualitative PCR for various months 

lacking regressing and consequently such a measure is of constrained value for foreseeing 

tolerant result. In any case, quantitation of the number of outstanding BCR-ABL 

transcripts can separate among the patients with diminishing or low levels and those with 

growing levels who might be at a beginning time of relapse. The rise in the quantity of 

BCR-ABL transcripts goes before the identification of Ph-chromosome positive 

metaphases in bone marrow. The word `PCR relapse ' has been making use of to show the 

existence of growing leukemic clone and is characterized as a 10-fold or more prominent 

rise in expression of BCR-ABL. The standards for diagnosis of PCR relapse are happened 

when the BCR-ABL mRNA level has expanded by 1 log, paying little respect to the 

interim between quantitative PCR studies. In this way sequential quantitative PCR 

examination post-transplant gives additional data then regular cytogenetic and subjective 

PCR and can distinguish patients needing remedial mediation earlier the beginning of 

obvious relapse. Recognition of residual disease malady is similarly sensitive in tests got 

from PB and bone marrow and quantitative PCR indicates basically indistinguishable 

outcomes for both (Branford, et al., 1999). 

2.11.5 Quantitative RT-PCR (Real Time PCR) 

Quantitative RT-PCR for BCR-ABL has been appeared to be a constant, consistent and 

sensitive technique used for observing residual leukemia stack in activated PB stem cells, 

especially in Ph (-ve) cases. Real time RT-PCR permits choice of the prime accessible 
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accumulations for reinfusion in the patient’s later myeloablative treatment (autografting) 

(Hochhaus, et al., 2000). 

The real-time quantitative PCR technique is a substantial progress in quantitative PCR 

innovation. Not at all like competitive PCR processes, is insignificant technique 

advancement required on the grounds that development and portrayal of a contender DNA 

is unessential. The epidemic idea of the PCR amplification response forces two essential 

imperatives that necessary met for focused estimations are dependable. To begin with, the 

enhancement effectiveness of the objective and the contender must be indistinguishable, 

since even a slight contrast in proficiency can trade off the exactness of quantitation. 

Secondly, the decrease in amplification proficiency that happens as responses continue to 

level must influence with the objective and contender indistinguishably. Real-time PCR 

observe at the enhancement plot in the early cycles, amid the exponential phase, resultant 

about a more exact estimation than at end-moment that response parts are constraining. 

Along these lines, the requirement for a contender to be co-amplified with the objective is 

wiped out. The usage of threshold cycle values delivers a huge powerful scope of 06 orders 

of extent since information is gathered for each cycle of the PCR. Conversely, Cross et al 

(1993b) could just prove linearity of four instructions of magnitude for the good PCR 

assay. The whole procedure of PCR cycling, fluorescence estimation and computation of 

results was achieved by the 7700 analyzers. In this manner post PCR preparing was 

removed which brought about a quick system with a high example throughput and an 

obviously decreased danger of extending pollution. A real time PCR result might be 

accessible inside 24 h of blood accumulation. Execution of the BCRABL quantitative 

measure was with the end goal that an adjustment in sequential blood test levels was 

promptly noticeable. (Hochhaus, et al., 2000; Wang, et al., 2001). 

2.12 TREATMENT OF CML 

Prior the treatment of Imatinib Mesylate (IM, Gleevec, Novartis Pharmaceutical) through 

different extended access programs in the mid-2000s, busulphan and hydroxyurea (HU), 

that can regulate the quantity PB granulocytes beyond influencing the declaration of the Ph 

chromosome, was the medications accessible for those patients who were not qualified for 

hematopoietic stem cell transplantation (HSCT). IFN pursued as a valuable medication for 

CML patients. Recently Imatinib Mesylate is the first-line of standard treatment in a large 
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portion of the countries considered, especially among patients unfit for HSCT or for whom 

reasonable contributors are inaccessible. This training is predictable with rules distributed 

by Western master bodies, which prescribe IM as first-line medication notwithstanding for 

the patients with kin coordinated givers qualified for HSC (Au et al., 2009).  

Access to IM treatment isn't all inclusive in any case; numerous patients can't manage the 

cost of it. National medical coverage programs in South Korea (2003), Taiwan (2004) and 

Hong Kong (2005) ease all or the greater part of the medication's expenses. In Singapore 

(since 2002), the administration run Medisave and Medshield programs halfway covering 

IM treatment. The Gleevec International Patient Assistance Program (GIPAP), actualized 

in 2002 by Novartis, gives IM at no expense to qualified patients in numerous nations. In 

India country for assistance, IM is accessible specially (95%) by GIPAP as it is generally 

excessively expensive. In the China, patients   unfit to manage the cost of IM or (HSCT 

depend on IFN with or without HU. HU still fills in as beginning treatment in provinces of 

India and some parts of the Philippines, especially in the remote zones where specific and 

complete diagnosis, i.e., recognition and affirmation of the Ph chromosome, is past the 

limit of neighborhood offices. Interestingly, the utilization of HU in Western nations is 

constrained to concealment for instance, in situations where IM and more up to date 

medicines have fizzled and IFN treatment is incorrect. (Laneuville et al., 2006) (Au, et al., 

2009). 

Imatinib Mesylate (STI571, Gleevec) is a BCR-ABL protein tyrosine kinase inhibitor 

against c-Abl, BCR/ABL. Gleevec exposed significant effects in all phases of CML. The 

prescribed dose 400 mg/day for CP CML and 600 mg/day for accelerated phase is 

recommended. The CML patients which are already untreated early CP of CML, 400 mg 

Imatinib orally regular dose on daily basis has cause CHRs in over 95% of CML patients, 

as well as complete cytogenetic responses achieve in 60 to 75% CML circumstances. 

(Kantarjian et al., 2002; Talpaz, et al., 2002; Kantarjian et al., 2004;  ) 

Numerous perceptions propose that high dose of Gleevec might be more effective. The 

primary phase 1 trials of Gleevec confirmed a clear relationship between dose and response 

CHR rates were 98% per day Gleevec dose of 300 mg/day or higher, as associated with 

55% with 200/250 mg/day, and lesser rates with doses under 200 mg. In AP patients 

initially treated by 600 mg Gleevec on daily basis had high response rates and elongated 
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response. Amplification of BCR/ABL gene and over-expression of its protein development 

is recognized mechanisms of resistance. Some resistance mechanisms may be 

overwhelmed with Gleevec dose rise (Weisberg & Griffin, 2000; Kantarjian, et al., 2004; 

Cortes et al., 2005; Kantarjian, et al., 2008) 

2.12.1 Chemistry of Imatinib Mesylate 

Imatinib Mesylate is the dynamic part of Gleevec Chemically IM contains 4-[(4-methyl-

1piperazinyl) methyl]-N-[4-methyl-3-[4-(3-pyridinyl)-2-pyrimidinyl] amino-phenyl] 

benzamide methane sulfonate (Figure 09). Color of IM is white, off-white, brownish or 

yellowish crystal-like residue. Molecular formula of IM is C29H31N7OCH4SO3 with 

molecular mass 589.7. Imatinib mesylate indicates great aqueous solubility at low pH 

(<5.5). Non-aqueous solvents, the medicine ingredient is uninhibitedly dissolvable to 

somewhat solvent in DMSO, ethanol and methanol however is insoluble in n-octanol, 

CH3)2CO, and acetonitrile. Gleevec is commercially providing in 120 tablets/ per pack 

of100 mg. The prescribed stockpiling temperature for IM is 25°C. The primarily suggested 

trademark was Gleevec. The FDA Nomenclature Committee confirmed this may be 

befuddled in oral correspondence with Glyset, an oral anti diabetes drug. The United States 

trademark was in this manner changed to Gleevec (Cohen et al., 2002).

 

Figure 9: The structure of Imatinib Mesylate.  (Cohen, et al., 2002) 
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2.12.2 Duration of Imatinib Therapy 

Presently, not any confirmation happens to provision the opinion that patients taking 

Gleevec can securely stop treatment after they accomplish a CMR. Maximum patients who 

have suspended Gleevec treatment have quickly practiced together with molecular and 

cytogenetic revert, notwithstanding once some required support imperceptible level of 

BCR-ABL for critical stages. As of late (Druker et al., 2006) exposed eight CML patients 

who suspended utilization of IM subsequent to keeping up imperceptible BCR-ABL levels 

for two years, four of whom still confirmed by PCR -ve after that a follow-up of 7 to 12
 
  

months, correspondingly. It has been recommended that the crudest quiet leukemic 

ancestors are unresponsive to Imatinib in vitro and oversee CML decline once the 

inhibitory pressure of Gleevec is evacuated. Developing information propose that 

obstruction of calm cells to Gleevec is undoubtedly a BCR-ABL–dependent phenomenon. 

(Quintas-Cardama & Cortes, 2006). 

2.12.3 Side effects of Imatinib  

In general, IM is well-tolerated medicine. Severe side effects (Grade 3-4) for the most part 

influence hematopoiesis and are halfway brought about by its hostile to leukemia impact. 

The most usually familiar reactions are neutropenia (17% in the chronic phase, and 64% 

prevailing in the Blast crisis), 5% raised liver proteins in CP and about 06 fluid 

maintenance in BC thrombocytopenia (about 10% in CP, and nearly 60% in BC),). 

Furthermore, generally basic side effects (>10% generally mild (Grade 1) or moderate 

(Grade 2). And contain fluid retention (10% to 60%), sickness (51-65%), retching 

(about16% to 50%), abdominal pain (around11% 38%), muscle spasms (26% - 50%), 

musculoskeletal agonies (about11% - 45%), fatigue (about 10% - 40%), skin rashes (21% -

39%), diarrhea (25% - 45%), and headaches (11% 35%). Curiously, the above-mentioned 

side effects tend to show up within the initial two years of therapy, and side effects turn out 

to be altogether less successive after this period. End of Imatinib treatment in view of side 

effects is uncommon, with figures of in the vicinity of 3% and 5% in clinical trials. An 

unusual however conceivably hazardous side effect is congestive heart failure, happen in 

nearly 0.2% - 0.6% of cases. (Bubnoff & Duyster, 2010b). 
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2.12.4 Imatinib resistance  

Primitive imperviousness to IM implies such a hematological or cytogenetic response has 

not been accomplished afterward a particular period of time. In first-line treatment in the 

CP, essential imperviousness to IM is related with altogether more awful existence rates. 

Earliest hematological imperviousness to Imatinib happens amid the early CP in fewer than 

05% of ML cases. Initial cytogenetic resistance to IM is seen in 03% 19% following 06 

months, 15%- 27% following 12 months. Secondly resistance is characterized the loss of 

previously with IM first choice of treatment for the CML in CP in III trial, the annually 

percentage for secondary resistance and passing from the second year is (7.5%) to the sixth 

year is (0.4%) and fell consistently (Figure 10) (Bubnoff & Duyster, 2010a). 

 

Figure 10: Lyn regulation in "ordinary" and Lyn-overexpressing CML cells. Lyn articulation and 

enactment are heterogeneous in CML cells and might be modified by Imatinib treatment. (Wu et 

al., 2008). 

In beginning period or untreated ("typical") CML.BCR-ABL is upstream of Lyn and Lyn and other 

Src-family kinases.  BCR-ABL– interceded Lyn (or related kinase) initiation gives fundamental, 

conceivably heredity explicit, support for BCR-ABL– mediated transformation. In this setting, 

BCR-ABL restraint (with Imatinib) lessens Lyn kinase initiation and loss of motioning through 

BCR-ABL– and Lyn-intervened phosphorylation. Lyn edifices with c-Cbl, inciting fractional 

control of Lyn solidness, yet Lyn does not manage c-Cbl phosphorylation. Imatinib presentation 

adjusts Lyn articulation or initiates changes in upstream control of its actuation.  Through 

overexpression, auto-activation, or relationship with other connector proteins, Lyn initiation gets 
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full or halfway BCR-ABL freedom, bringing about loss of control of Lyn enactment with Imatinib 

alone. Unregulated Lyn modifies BCR-ABL flagging buildings, partner with Gab2, initiating its 

tyrosine phosphorylation, and keeping up or coordinating Y177 phosphorylation of BCR-ABL. 

These progressions stifle or defer kinase hindrance by Imatinib. Lyn overexpression additionally 

destabilizes c-Cbl, bringing about a decrease in its protein level. Tyrosine phosphorylation of c-Cbl 

is interceded by BCR-ABL in both typical and focused on CML cells, enabling it to keep up 

framework or enlistment movement. Lyn may work in an input circle with c-Cbl to keep up 

ubiquitination of substrates, modifying protein security. Adjustment of key ubiquitin-focused on 

proteins in leukemic cells may freely add to BCR-ABL– intervened change (Wu et al., 2008). 

2.12.5 Nilotinib  

Nilotinib (AMN107) is a phenylamino-pyrimidine derived by a 20to30 fold expanded 

power matched with IM in contradiction of Bcr-Abl. Crystallographic models propose this 

better effectiveness and significance of Nilotinib talking to a superior structural for the Abl 

kinase stash. Nilotinib is inhibits the TK activity of the unmutated and maximum mutated 

forms of BCR-ABL1 more effectively and more selectively Be that as it may, Nilotinib, as 

Imatinib, just binds the ABL protein in its indolent formation. Nilotinib hinders the 

tyrosine kinase activity of furthermost clinically imperative BCR-ABL mutants, except for 

T315I. A Patients got Nilotinib at doses range 50-1200mg/d. In CML, hematologic 

response rates ran from about 45%-90%, and cytogenetic response nearly from21% in 

lymphoid and myeloid however in BP is about 29% in AP and 49% in CP. Nilotinib 

measurements was raised up to 1200 mg/d with great resilience, and the most extreme 

endured dosage was evaluated at 600 mg two times daily. The utmost widely recognized 

medication associated unfriendly occasions were hematologic gastrointestinal and rash. 

Essentially, better experience for medication and restraint of BCR-ABL phosphorylation 

were seen in two times daily treating plans contrasted and comparable aggregate 

measurements controlled on a once-every day plan. (Quintás-Cardama & Cortes, 2006; 

Baccarani et al., 2009). 

2.12.6 Definition of Treatment Response:  Exposure and Resistance against Imatinib 

Therapy 

Karyotyping chromosomal analyses of bone marrow cells of metaphases were used to 

measure cytogenetic response (CyR). (CyR was characterized by the measure of 

(percentage % of Ph -ve metaphases in as a minimum 20 metaphases were analyzed. 

Complete cytogenetic response (CCyR); presence of 0% Ph positive cells) or 0 to 9% 

BCR-ABL +ve signal by FISH, partial cytogenetic response (PCyR) (35% Ph +ve cells) or 

8% to 35% BCR-ABL +ve signal by FISH., minor cytogenetic response MCyR (36 to 65 
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% Ph ve+ cells) or by FISH signals and minimal cytogenetic response (66% to 90% Ph ve+ 

cells) or BCR-ABL signals detected by FISH. For the detection of BCR-ABL positive cell, 

interphase cell nuclei amongst at minimum 200 or 500 nuclei are measured. Explanation of 

CCyR, BCR-ABL1 expression is also measured by qRT-PCR (less than 01%). A major 

molecular response (MMR) 4.0, and molecular response 4.5 well-defined as 

BCRABL1/ABL ratios≤ 0.1%, ≤0.01%, and ≤0.0032%, respectively, on the international 

scale (Aguayo, et al., 2008; Millot et al., 2017). 
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Table No 1: Response criteria classified by National comprehensive cancer network 

(NCCN) and European Leukemia  net (ELN)  (Iqbal & Iqbal, 2014; Network, 2003) 

 

Response Response type 

 

Criteria 

Hematological  

(HR) 

Complete HR WBC <10×10
9

/L  

PLT < 450×10
9
/L  

No circulating immature myelo cells <5% 

basophils on differential 

No palpable splenomegaly 

Partial HR PLts   <   50%   of    

pretreatment   

but          > 450×10
9
/L 

 

Cytogenetic response 

(CyR) 

Complete CyR Ph+ cells completely absent 

 

Partial CyR Ph +ve cells 1 to 35% 

Minor CyR Ph + ve cells 36 to65% 

Minimal CyR Ph + ve cells 66 to95% 

No CyR Ph +ve metaphases show increase of 30% 

or more 

Molecular Response 

(MR) by qRT-PCR 

Complete MR              BCR-ABL transcripts not-detected 

Major MR                    Reduction o f  t r a n s c r i p t s  t o  0.1% 

of the initial levels or showing 3-log 

decrease 

 

  



31 
 
 

CHAPTER 03 

3 MATERIALS AND METHODS 

3.1.1 Study Design 

The study was performed at Civil Hospital Quetta, and Allied hospital, Faisalabad, 

Pakistan between the periods of August 2014 to December 2018. Overall 131 CML 

patients had been enrolled in this study, in which 72 were males and 59 were females. A 

written informed consent form was filled from all persons who contribute to the current 

study. The study was permitted from the local ethical committee of BUITEMS, Quetta, 

Pakistan. 

3.1.2 Sampling and Data Collection 

The necessary data was collected by qualified medics and paramedical staff. For this 

purpose, a detailed questionnaire was designed which included, name, age, sex, maternal 

status, awareness about the disease, sing, and symptoms, family history, duration of disease 

and period of treatment. On the base of age, patients were distributed into 06 groups, 11-

20, 21-30, 31-40, 41-50, 51-60, and above 60 respectively. 

3.1.3 Blood collection for Complete Blood Cell Count analysis 

For the collection of blood first skin was scrubbed carefully and sterilize with 70% alcohol 

swab dry before extracting 3 ml venous blood through a 3-cc disposable syringe from all 

selected CML patients. Immediately blood was shifted to EDTA K3 (15%) Becton 

Dickinson Vacuum coated purple-test tubes. After that blood was shaken well and was 

marked then immediately taken to the laboratory for clinical examination. 

CBC was analyzed within 24-48 hours after the collection of blood using by Hematology 

analyzer. In CBC investigation, white blood cells (WBC), hemoglobin (Hbg), mean 

corpuscular hemoglobin concentration (MCHC), red blood cell distribution width (RDW), 

mean corpuscular volume (MCV), red blood cells (RBC), mean corpuscular hemoglobin 

(MCH)), platelets and number of blast cells were also analyzed in this study. 

3.2 Cytogenetic Examination 

The cytogenetic examination was done by bone marrow culture by recognized technique. 

Maximum 20 bone marrow metaphase cells were examined by GTG banded technique. 

Karyotyping was articulated by the International System for Human Cytogenetic 
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Nomenclature (Simons, Shaffer, & Hastings, 2013). Cytogenetic response was considered 

on the rate of Ph ve+ minimum 20-25metaphase cells in each bone marrow sample and was 

well-defined as CCyR (0% Ph+ cells), PCyR (1 to 5% Ph +ve cells), McyR (10% Ph +ve 

Cells) respectively. 

For this purpose, bone marrow specimens were taken by a bone marrow aspiration or by 

biopsy. Bone marrow aspiration and cytogenetic examination were performed in the 

meantime. Specimens were obtained from the back of pelvic or hip bone. Patients were 

told to set down on a table or bed in the wake of cleaning the bed or table. The hip skip and 

surface of bone were desensitized with anesthetic. At that point, a tinny empty needle 

fitting to the tip of the syringe injected into the bone and the syringe suck out a little 

measure of fluid bone marrow. Afterward the withdrawal of BM, the biopsy is finished. In 

this method, an extensive needle is forced downward into the bone and the little fragment 

of BM was taken but its painful process. This process was done by a trained medical doctor 

at Agha Khan Laboratory, Quetta. 

3.3 Method of FISH Analysis 

FISH was done by directly labeled dual-color LSI/CEP probes abide by the probe dealer’s 

directions (BCR/ABL-Oncor Ventana Medical Systems, Tucson, AZ, USA) for finding of 

BCR/ABL. For this purpose, 200 or 500 metaphase/interphase cells were calculated for 

creating a BCR-ABL gene fusion rate. The key steps involved in this procedure contain 

hypotonic treatment, the obsession of direct demecolcine treated cultures, trailed by lack of 

hydration, co denaturation, and medium-term hybridization, cleaning and growing of slides 

in DAPI-antifade. The slides were seen on a Zeiss Axioskop 2 magnifying lens with an 

HBO 100 mercury lamp. The slides were breaking down through a fluorescent magnifying 

lens (Olympus BMX60) with DAPI, rhodamine, the slides were breaking down through a 

fluorescent magnifying lens (Olympus BMX60) with DAPI, rhodamine, FITC and triple 

bandpass channels. Slides were indicating fluorescent spots where Red specks (rhodamine) 

compared to the ABL (9q34.1) quality and green dots (fluorescein) to the BCR (22q11) 

gene, so when one cell with two disconnected orange and green spots was seen, it was 

considered typical, without any change. At the point when a cell with one separated orange 

speck, one separated green dab, one combined orange and green signal was seen, and this 
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as measured for BCR-ABL gene fusion for the conformation of CML. (Dewald, 2002; 

Wolff, et al. 2007). 

3.4 RNA Extraction 

3.4.1 Blood collection 

Venous blood of 3 ml was drawn from 22 CML subject. Before taking blood, the skin area 

was sterilized by alcohol swabs. Then blood was withdrawing by disposable syringe and 

was rapidly transferred into EDTA contain K3 tubes. After blood collection tubes were 

striking with the codes. The blood samples were immediately shifted to the laboratory for 

further examination. 

750 µl Trizol reagents was added into 300 µl of blood sample with help of micropipette 

and mixed well. It was left at room temperature for 15 mins, trailed by blending of 200 µl 

chloroform to the lysate. Mixture was left at room temperature proposed for 10 mins, 

followed by blending of 200 µl chloroform to the lysate. At that point blend was vortexed 

for a moment till homogenized and was left at room temperature for 20 mins. Centrifuge 

whole compound on 13200 rpm for 20 min at 4˚C. The mixture was particularly isolated 

into three layers. Fluid lay the DNA and proteins. 

The upper layer consisting RNA was cautiously extracted by the pipette and then transfer 

into the other tube. Then added 500 µl chilled isopropanol and mixed well for multiple 

times. For and most extreme yield of RNA, the tube was preserved at - 20˚C for 20 mins. 

After that RNA containing tube was centrifuged at 13200 rpm for 20 mins at 4˚C. Later on, 

the supernatant was disposed of cautiously, leaving the RNA pallet stick to the sidewall of 

the tube at the bottom. In 1ml of 70% ethanol, the RNA pellet was washed, and then the 

pallet was visibly seen floating inside a tube. Finally, the second centrifuge was done at 

8000 rpm for 10 mins at 4˚C. The supernatant was disposed of and tubes were saved upset 

to air dry ethanol for 20-25 mins. The RNA pellet was dissolved in 50 µl DEPC-treated 

water by keeping at 50˚C for 10 mins. Lastly, the RNA was stored immediately at -40˚C 

for cDNA synthesis (Chomczynski & Sacchi, 1987; Liedtke, 1994). 

3.4.2 Qualitative and quantitative analysis of RNA 

The RNA was analyzed on 1.2% formaldehyde gel and was kept at -70 ˚C until further use 

(Sambrook et al., 1989). The 1.2% gel was prepared by adding 0.6g of agarose to 50 ml of 

01X TAE buffer. Ethidium bromide 3uL was added to gel after dissolving the gel by 
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heating in the oven. The solution was poured to a 50 ml gel caster and the comb was 

inserted. After the solidification of the gel RNA sample was loaded and run at 80 volts for 

40 mins (Power Pac Basic, BIO-RAD). The gel was observed under ultraviolet (UV) light. 

The quantification of total RNA was performed using Nano Drop™ 1000 

Spectrophotometer (Eppendorf, USA) (Sambrook and Russell, 2001). 

3.4.3 Complementary DNA (cDNA) synthesis 

The cDNA was synthesized using the cDNA synthesis kit provided by thermo scientific 

(cat# 1621) as per manufacturer instruction. The 0.5ug of the RNA was mixed with 1µl 

random hexamer and water was added up to a volume of 12uL. Further reaction buffer 4µl 

of 5X, 1µl of ribolock 
TM 

primer RNase inhibitor, 2µl of 10mM dNTPs and 1µl of revert 

aid were added. After the brief centrifugation the mixture was incubated at 42 ˚C for 1hour 

and the reaction was terminated at 70 ˚C for 10 mins. The cDNA prepared was stored at     

-40˚C till further use. 
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Table 2:  Reagents and concentrations for synthesis of cDNA by reverse transcription. 

 

 

Figure 11:  Conditions for cDNA synthesis 

3.4.4 cDNA integrity checks by housekeeping gene (GAPDH) amplification 

The housekeeping gene, Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used 

to checked the cDNA integrity by amplification (Asad et al., 2012). The sequences of the 

primers used are mentioned in (Table No 03). 

  

Table 3:  The sequences of the primers used. 

 

 

The reaction condition for amplification of GAPDH gene is mentioned in table no 04 and 

05. 
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Table 4:  Name of reagents with concentrations for amplification of GAPDH gene. 

 

Table 5: Thermal conditions for GAPDH amplification Gene 

 

 

Figure 12:  Thermal outline for the GAPDH gene amplification. 
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3.4.5 nRT-PCR- amplification of BCR-ABL (ABL Kinase domain)  

The cDNA was used as a template in the first round of the PCR while the amplified 

product of the first round was used as the template for the second round of the PCR. 

The sequences of the primer used in the nested PCR reaction are mentioned in the table no 

6. The conditions for the nested PCR are mentioned in the table no 7-8 and figure 13 that 

were obtained from (Akram et al., 2017). 

 

Table 6:  Primer sequences used in round 1 and 2 for nested RT-PCR amplification of BCR/ABL-

kinase domain from CML patients. 

 

 

The optimized thermal outline is citing in Table 07-08. 
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Table 7: Reagents and concentrations for amplification of BCR-ABL fusion oncogene. 

Reagents Volume   Final concentration 

10X Long enzyme buffer with MgCl2 5µl         1X 

dNTP Mix (2 mM each) 5µl 0.2 mM 

F primer (20 pMol) 1µl    0.4 pMol 

R primer (20 pMol) 1µl    0.4 pMol 

Template 1µl    

Long PCR enzyme mix (5u/µl) 0.5µl   2.5 µl   

DEPC-treated water                      36.5µl    

Total Volume 50µl    

* cDNA in 1
st
 round of nested RT-PCR and 1st round PCR product in 2nd round 

 

Table 8: Thermal conditions for BCR-ABL gene amplification by nRT-PCR 

Cycles  Steps  Temperature (Ċ) Time  

 Round 01 Round 02  

1 Preliminary denaturation 94 94 3min  

10 Denaturation 94 94 20 sec 

Annealing 62 52 30 sec 

Extension 68 68 1:30 min 

20 Denaturation 94 94 20 sec 

Annealing 62 52 30 sec 

Extension 68 68 03 min 

01 Final extension 68 68 10 min 

01 Hold 04 04 ∞ 

 

 

Figure 13: Thermal outline for BCR-ABL gene amplification. 
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3.5 Quantification of BCR-Abl transcription by qReal-Time PCR 

The total RNA of CML patients was isolated by the trizol® reagent method as mentioned 

in section 3.4.2. The isolated RNA was quantified by using the nanodrop ND-1000 

spectrophotometer (Thermo Fisher Scientific, USA). The complementary strand of DNA 

(cDNA) was synthesized from reverse transcriptase as mentioned in section 3.4.3. The 

cDNA was diluted and adjusted at 10 ng/µl.  

The relative quantification of the BCR-ABL fusion region was amplified by using the 

primers B2A forwarded and ABL 4065 reverse (Table 6). All the reactions were run in an 

iCycler thermal cycler using iQ5 multicolor real-time PCR machine (Bio-Rad). The 

reaction was performed by running all samples in triplicates on 96 well plates with 

necessary controls (-ve and +ve control). The GAPDH gene was used as an internal 

control. The thermal cycler conditions were 94
o
C for 10 min followed by 35 cycles of 94

o
C 

for the 30 seconds (s), 54
o
C for 30s and 72

o
C for 30s. A melt curve analysis (from 54°C to 

95°C with an increment of 0.5°C every 10s) was conducted at the end of every run to 

verify the specificity of the amplified product.  The reaction for relative quantification 

contained 2.5 μl (25 ng) of template, 12.5 μl of SYBR Green mix (Thermo Fischer 

Scientific), 0.25 μl (0.01 pM) of each primer and 9.5 μl of SDW. The Real-time PCR was 

then analyzed in triplicate. Mean Ct values were used to study the expression of the BCR-

ABL region. 

3.5.1 Purification (Gel extraction) of amplified PCR products 

To purify the amplicon from agarose gel, the GeneJet gel extraction kit (K0691; Thermo 

Scientific) was used as per manufacturer instruction. Briefly, the amplified product 

containing gel was excised using the sterile scalpel and the gel piece was dissolved in 1:3 

volume of binding buffer. To dissolve the tube of gel piece containing binding buffer was 

kept at 60
o
C water bath for 10 mins. After 10 mins the total volume of the tube was shifted 

to the column provided with the kit and centrifuged for 2 mins at 13200 rpm. The flow-

through was discarded and 700 µl of wash buffer was added to the cartridge of the column 

and subsequently centrifuged for 2 mins at 13200 rpm. The flow-through was discarded 

and 50 µl of elution buffer was added to the column and centrifuged for 1 minute at 13200 

rpm. The column was discarded and the flow through was kept in -20
o
C for further use. 

3.6 Sequencing analysis of PCR amplicons 

The amplified PCR products of kinase domain of the ABL gene of CML patients were 



40 
 
 

subject to the direct sequencing analysis for the finding of point mutations. Overall 06 

BCR-ABL positive samples were processed and sequenced by Sanger method by 

forwarding primer (3306F) 5´-TGGTTCATCATCATTCAACGG-3´ and reverse primer 

(4000R) 5´-GGACATGCCATAGGTAGCA-3´ were used (Akram, et al., 2017). 

Procedure for preparation of reaction mixture 

Ready reaction premix (25x) 4µl, Big dye sequencing buffer (5x) 2µl, primer 3.2 pmol, 

template 30ng, and DEPC treated water making total volume up to 20µl. ABI-3130XL 

and ABI-3730 genetic analyzers (Applied Biosystems). 

3.7 Analysis of sequencing data 

The kinase domain of the ABL gene of CML patients sequenced templates were analyzed 

by software Generous R9. To discover any polymorphic variations in the Pakistani 

populace while analyzing CML patient’s sequences. Later, sequences of CML patients 

were aligned compared to the reference sequence accession number M14752.1. 

3.8 Statistical Analysis 

For data analysis, SPSS 18 version was used.  Results of CML patients were tested by 

pairwise (before treatment and after treatment) and descriptive analysis. Results of CML 

patients were exhibited by mean and standard deviation however P values were used for 

investigating significance level at <0.05. Results were also expressed by number and their 

percentages. The correlations between various CBC parameters were also measured. 

3.9 Treatment protocol recommended by Medical Physicians 

The CBC test was performed every 3 and 6 months till the CHR was achieved. The 

cytogenetic response even by metaphase analysis or FISH examination was measured 

every 6 and 12 months till a CCyR or MCYR was achieved. In the case of CML patients 

fail to response against IM 400mg/day months (not achieved CHR in 3 to 06 months) or 

cytogenetic response e (no MCyR within 6 months) then the doctors recommended 

increasing the dose of Imatinib 600-800 mg/day. The dosage of IM was increased in case 

of disease relapse. The CML patients that fall in AP and BC were initially treated with IM 

dosage of 600mg/day, as well as quantity was adjusted or changed subsequently according 

to the patient‘s response against the drug. 
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CHAPTER 04 

4 RESULTS 

4.1 Data Collection 

Patients were enrolled at Civil, Hospital Quetta, CENAR Cancer Hospital Regional Center 

Quetta and Allied Hospital Faisalabad from August 2014 to December 2018. Total 131 

number of CML patients were enrolled in the study, in which 72 (54.96) were males and 59 

(45.03) were females between the age group 11-77 year and the median age was 38.5 years 

(Table 09). 

4.2 General Characteristics of CML Patients 

A summary of the general characteristics of 131 CML patients, observed that the 

percentage of CML male patients were more than female with a ratio of (1.2:1) is presented 

in (Table 09). CML patients were categorized into six age groups. Results demonstrated 

that the second age group between 21-30 years 31(23.66%) followed by the third age group 

31-40 years, 30(22.90) were more affected as compared to other age groups. The old age 

group above 60 years (6.87%) also suffered by CML. Out of 131 CML patients, 102 

(77.86%) were illiterate and only 29(22.14%) were literate, only one patient had a family 

history of CML. However, awareness about CML disease was only observed in 10 (7.63%) 

CML patients. 

  



42 
 
 

Table 9: General characteristics of CML patients (n=131). 

Characteristics Number  Percentage (%) 

Gender distribution                               (N=131) 

Male 72 54.96 

Female 59 45.03 

Age Group 

11-20 16 12.21 

21-30 31 23.66 

31-40 30 22.90 

41-50 29 22.13 

51-60 16 12.21 

Above 60 09 6.87 

Maternal Status   

Married 90 68.70 

Unmarried 41 31.30 

Education 

Illiterate 102 77.86 

Literate 29 22.14 

Family History 

 

  

Yes 01 0.76 

No 130 99.23 

Awareness   

Yes 10 7.63 

No 121 92.36 

 

4.3 CBC Analysis of all CML patients 

CBC test was performed of all CML patients. Table 10 displays a summary of the total 

leucocyte count. Normal WBC was observed in 22 (16.79%) patients; however, 

75(57.25%) patients exhibited a very high level of WBC (> 100 x10
3
/µl). Neutrophils 

within the normal range (40-75%) were observed in maximum 103(78.62%) cases, low 

range of neutrophils (<40) were observed in 21(16.03%) while the increased level of 

neutrophils (>75) were examined in only 7 (5.34%) CML patients. Lymphocytes within 

range (20-45%) were observed in 37 (28.24%) CML cases, elevated number of 

lymphocytes (>45%) was found in only 04 (03%) patients, however, a reduced number of 

lymphocytes (<20%) was observed in 90 (68.70%) patients. Eosinophils within range (1-
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6%) were detected in majority of 111(84.73%) CML cases, high number of eosinophil’s 

(>6%) was observed in only 10 (7.63%) CML patients and condensed number of 

eosinophil’s (<1%) was observed also in 10 (7.63%) CML patients. Monocytes within 

range (2-5%) were observed in the majority of 82(62.59%) CML cases, raised the number 

of monocytes (>5%) was observed in 22 (16.79%) CML patients and reduced number of 

monocytes (<2%) was sawed in 27 (20.31%) CML patients. Basophils within the normal 

range between (0-1%) were observed in 71 (54.19%) CML patients while basophils were 

higher than 1 percent was observed in 60 (45.80%) CML patients. 
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Table 10: Distribution of WBC, Neutrophils, Lymphocytes, Eosinophil’s, and Monocytes. 

Variables  Number (N=131) Percentage (%) 

WBC Normal range (4-11 x10
3
/µl) 

<11 x10
3
/µl 22 16.79 

11.1-50 x10
3
/µl 23 17.55 

50.1-100 x10
3
/µl 11 8.39 

> 100 x10
3
/µl 75 57.25 

Neutrophils Normal range (40-75 %) 

<40 21 16.03 

40-75 103 78.62 

>75 07 5.34 

Lymphocytes Normal range (20-45%) 

<20 90 68.70 

20.1-44.9 37 28.24 

>45 04 03 

Eosinophil’s Normal range (1-6%)  

<1 10 7.63 

1-6 111 84.73 

>6 10 7.63 

Monocytes Normal range (<2-5%) 

<2 27 20.31 

2-5 82 62.59 

>5 22 16.79 

Basophils Normal range (0-1%) 

<1% 71 54.19 

1.1 – 2 17 12.97 

>2 43 32.82 
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Results of Table 11 show the distribution of RBC, haemoglobin, HCT, MCH, MCHC, 

MCV and Platelets. RBC within the normal range (4.5-6.5 x10
3
/µl) was observed in only 

24(18.32%) patients whereas, a reduced number of RBCs were examined in 107 (81.67%) 

CML patients.  Haemoglobin values within the normal range (13-16.5 mg/dl) observed in 

only 14(10.68%) cases however, haemoglobin values (<13 g/dl) observed in a maximum 

117 CML patients. Hematocrit within the normal range (40-50%) observed in 17(12.97%) 

individuals and decreased values of hematocrit (<40%) observed in maximum number of 

114(87.02%) CML patients. MCH within a normal range (25-32 pg) found in 80(61.06%) 

CML patients and the induced number of MCH (>32/ pg) examine in 25(19.84%) patients. 

MCHC within a normal range (32-36 %) observed in 80(61.06%) individuals however, 

lesser values of MCHC (<32%) observed in 35(26.71%) CML patients. Normal values of 

MCV (76-96 fl) found in 81(61.83%) cased, whereas reduced values of MCV (<76 fl) 

observed in 29 (22.13%) while an induced value of MCV (>96 fl) observed in 21(16.03%) 

CML patients. PLT within normal range (<150 x10
3
/µl) detected in 77(58.77%) CML 

cases whereas induced number of PLTs (150-400 10
3
/µl) observed in 40(30.53%) and 

reduced number of PLT observed (>400 x10
3
/µl) in 10.53% patients.  
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Table 11: Distribution of RBC, hemoglobin, HCT, MCH, MCHC and MCV. 

Variables Number (N=131) Percentag

e (%) RBC Normal range 4.5-6.5 x(10
3
/µl) 

<4.5 x10
3
/µl 107 81.67 

4.6-6.5 x10
3
/µl 24 18.32 

Hemoglobin  (Normal range 13-16.5 g/dl)  

<10 mg/dl 71 58.01 

10.1-13 mg/dl 46 35.11 

>13 mg/dl 14 10.68 

Hematocrit Normal range 40-50 (%) 

<40 114 87.02 

40-50 17 12.97 

MCH Normal range (25-32( pg) 

<25 pg 25 19.08 

25-32 pg 80 61.06 

>32 pg 26 19.84 

MCHC Normal range 32-36 (%) 

<32 % 35 26.71 

32-36 % 80 61.06 

>36 16 12.21 

MCV Normal range 76-96 (fl) 

<76 (fl) 29 22.13 

76-96 (fl) 81 61.83 

>-96 (fl) 21 16.03 

Platelets Normal range 150-400 (x10
3
/µl)  

<150 x10
3
/µl 14 10.68 

150-400 x10
3
/µl 77 58.77 

>400 x10
3
/µl 40 30.53 
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4.4 Sign and Symptoms of CML patients 

Summary of the Table 12 of different sign and symptoms at the time of diagnosis revealed 

that disturbing sleeping patients 53.43%, excessive sleeping 49.61%, anxiety 35.87%, 

depression 37.40%, hair loss 11.45%, night sweating 40.45%, weight loss 35.87%, weight 

gain 26.71% and swelling on body 56.48% were observed in the CML affected patients. 

Liver enlargement observed in 35.87% whereas splenomegaly observed 26.71% in CML 

patients. 

Table 12: Distribution of CML patients with sign and symptoms (n=131). 

 

 

Sign and Symptoms 

 

Number of Patients  

 

Percentage (%) 

Seeping disturbance 70 53.43 

Excessive Sleeping 65 49.61 

Anxiety 47 35.87 

Depression 49 37.40 

Hair loss 15 11.45 

Night Sweating 53 40.45 

Weight loss 47 35.87 

Weight Gain 35 26.71 

Swelling on Body 74 56.48 

Spleen enlargement 35 26.71 

Liver enlargement 47 35.87 
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4.5 Cytogenetic Study of CML Patients 

Table 13 displays the cytogenetic characteristics of CML patients.  Cytogenetic tests of 76 

CML patients was performed for the diagnosis of CML and for the detection of Ph (+ve) 

and Ph (-ve) cells. The presence of Ph-positive chromosome observed in 71(93.42%) CML 

patients whereas 5(6.57%) patients showed Ph (-ve) chromosome. Standard translocations 

were observed in 57 (80.20%) CML patients. Complex variant translocations with three-

way translocations were observed in 06 (7.89%), four-way translocations were in 01 

(1.31%) and five-way translocations were observed in 1(1.31%) CML patients. However 

additional chromosomal abnormalities were observed in 03(3.94%) and additional 

chromosomal abnormalities with complex variant translocations at the same time in the 

same patient were identified in 2 (2.63%) CML patients. 

Table 13: Cytogenetic characteristics of CML patients (n=76). 

Cytogenetic  Test  Percentage % 

Ph (+ve) (9;22) (q34; q11) 71 93.42 

Ph (-ve) (9;22) (q34; q11) 05 6.57 

Standard translocations 57 80.20 

Complex Variant Translocations 

Three-way translocations 06 7.89 

Four-way translocations 01 1.31 

Five-way Translocations 01 1.31 

Additional Chromosomal abnormalities 03 3.94 

Additional Chromosomal abnormalities and 

Complex Variant Translocations 

02 2.63 
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4.6 Phases of CML 

Table 14 displays that at the time of diagnosis 66 (92.95%) patients were in CP, 4(5.6%) in 

AP and 01(1.40%) in BP.  

4.7 FISH Analysis 

FISH test of 38 CML patients was performed for diagnosis, in which 33 CML patients’ 

displays BCR-ABL positive translocations in 200 and/or 500 nuclei counted cells. 

However, 05 CML patients showed negative translocation (Table 14). 

Table 14: CML Phase at the time of Diagnosis (N=71) and FISH Analysis N=38 

 Number=71 Percentage (%) 

Chronic Phase 66 92.95 

Accelerated Phase 04 5.63 

Blast Phase 01 1.40 

FISH For diagnosis  N=38 Percentage (%) 

FISH (+) 33 86.84 

FISH (-) 5 13.15 
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4.8  Statistical Analysis of Hematological parameters of CML patients 

Table 15 presents a summary of descriptive analysis of CBC count of all 131 CML patients 

with minimum and maximum values, mean and standard deviations. After data analysis, 

we observed that median WBC (174.26±163.02) was higher in CML patients.   However, 

hemoglobin (10.27±2.98) and RBC (3.68±0.87) were showed reduced values in CML 

patients. 

Table 15: Descriptive analysis of 131 CML with Minimum, Maximum values, Mean and standard 

deviation (n=131). 

S. No Variables Minimum Maximum Mean Std. Deviation 

1 WBC (10
3
/µl) 3.34 581.22 174.2698 163.02595 

2 Hbg (mg/dl) 5.30 32.20 10.2763 2.98733 

3 RBC (10
3
/µl) 1.37 5.64 3.6830 0.87338 

4 HCT (%) 21 50.30 30.2585 7.30439 

5 MCH (pg) 4.20 92.40 28.6202 8.36703 

6 MCHC (%) 20.80 78.90 33.7730 5.54061 

7 MCV(fl) 9.10 124.80 83.5026 17.26340 

8 Neu (%) 15.00 85.00 52.6918 14.09652 

9 Lym (%) 1.00 64.80 16.3969 14.96734 

10 Mono (%) 0.00 40.00 3.5924 3.87948 

11 Eos (%) 0.00 24.00 3.4336 3.46782 

12 Baso (%) 0.00 8.00 1.2802 1.94218 

13 PLT (10
3
/µl) 25.00 963.00 346.4198 194.63650 
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4.9 Monitoring and Follow up of Hematological parameters CML Patients against 

the drug Imatinib 12 month follow up 

Out of 131/71 patients were regularly monitored by CBC after interval of 06 months.  After 

12 months follow up WBC, RBC, haemoglobin, PLTs, HCT, lymphocytes and basophils 

showed highly significant results (P>0.05) against the drug Imatinib Mesylate (Table 16-

17). 

Table 16: Hematological analysis by pair t test of CML patients for monitoring before and after 

treatment 12 months. (n=71). 

Variables Mean Std. Deviation Std. Error Mean 

WBC Pre (10
3
/µl) 211.1669 168.27393 19.97044 

WBC Post (10
3
/µl) 32.2856 60.27324 7.15312 

Haemoglobin Pre (mg/dl) 9.9944 2.42339 0.28760 

Haemoglobin Post (mg/dl) 11.6814 2.57266 0.30532 

PLT Pre (10
3
/µl) 358.1408 190.71724 22.63397 

PLT Post (10
3
/µl) 283.5634 173.11472 20.54494 

RBC Pre (10
3
/µl) 3.6345 0.91777 0.10892 

RBC Post (10
3
/µl) 4.2818 .88396 0.10491 

MCH Pre (pg) 28.0694 6.07158 0.72056 

MCH Post (pg) 27.4958 4.46771 0.53022 

MCHC Pre (%) 33.6661 6.58111 0.78103 

MCHC Post (%) 32.4423 2.22817 0.26444 

HCT Pre  (%) 30.2452 8.28689 0.98347 

HCT Post (%) 36.0958 7.90612 0.93828 

MCV Pre (fl) 83.4803 17.17281 2.03804 

MCV Post (fl) 84.5690 10.81541 1.28355 



52 
 
 

Lymphocytes Pre (%) 15.2606 15.89424 1.88630 

Lymphocytes Post (%) 30.4817 14.83358 1.76042 

Monocytes Pre (%) 3.0873 2.20713 0.26194 

Monocytes Post (%) 3.6986 2.44619 0.29031 

Neutrophils Pre (%) 51.9296 14.59440 1.73204 

N Neutrophils Post (%) 55.6782 12.62037 1.49776 

Eosinophils Pre (%) 3.9563 4.40885 0.52323 

Eosinophils Post (%) 2.4608 2.73193 0.32422 

Basophils Pre (%) 1.6014 2.18099 0.25884 

Basophils Post (%) .6831 1.08733 0.12904 

 

.  
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Table 17: Hematological parameters analysis by pair t test of CML patients for monitoring before 

and after treatment of 12 month against Imatinib Mesylate. 

 

 

  

Variables  Paired Differences T df Sig. (2-

tailed) 

Mean Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

   

Lower Upper 

WBC1 - WBC2 178.88127 163.32559 19.38318 140.22273 217.53980 9.229 70 .000 

Hbg1 - Hbg2 -1.68704 2.66257 .31599 -2.31726 -1.05682 -5.339 70 .000 

PLT1 - PLT2 74.57746 213.00172 25.27865 24.16078 124.99415 2.950 70 .004 

RBC1 - RBC2 -.64732 1.04391 .12389 -.89441 -.40024 -5.225 70 .000 

MCH1 - MCH2 .57366 5.75767 .68331 -.78916 1.93648 .840 70 .404 

MCHC1-

MCHC2 

1.22380 6.65783 .79014 -.35208 2.79969 1.549 70 .126 

HCT1 - HCT2 -5.85056 9.87587 1.17205 -8.18814 -3.51298 -4.992 70 .000 

MCV1 - MCV2 -1.08873 15.97131 1.89545 -4.86908 2.69161 -.574 70 .568 

Lym1 - Lym2 -15.22113 19.54470 2.31953 -19.84728 -10.59497 -6.562 70 .000 

Mono1 - Mono2 -.61127 3.11290 .36943 -1.34808 .12554 -1.655 70 .102 

NEO1 - NEO2 -3.74859 19.69170 2.33697 -8.40954 .91236 -1.604 70 .113 

Eos1 - Eos2 1.49549 5.08325 .60327 .29231 2.69868 2.479 70 .016 

Baso1 - Baso2 .91831 2.44238 .28986 .34021 1.49641 3.168 70 .002 
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Table 18 presents the complete picture of paired wise sample correlations of complete 

blood cell count at the time of diagnosis of CML and after the treatment follow up of 12 

months. After the data analysis, we observed that WBC (P<0.029), Hbg (P<0.000), PLTs 

(P<0.029), MCH (P<0.000), RBC (P<0.005), HCT (P<0.31) and MCV (P<0.000) shows 

significant correlation before treatment and after treatment. 

Table 18: Paired Samples Correlations of CBC analysis before and after treatment of Imatinib 

Mesylate treatment 12 months follow up (n=71). 

S. No CBC before and after treatment Correlation Sig. (P-Value) 

1 WBC Pre & WBC post .260 .029 

2 Hbg Pre & HbgPost .433 .000 

3 PLT Pre & PLT Post  .318 .007 

4 RBC Pre & RBC Post  .329 .005 

5 MCH Pre & MCH Post  .436 .000 

6 MCHC Pre & MCHC Post  .135 .263 

7 HCT Pre & HCT Post  .257 .031 

8 MCV Pre & MCV Post  .422 .000 

9 Lym Pre & Lym Post  .192 .108 

10 Mono pre & Mono Post  .108 .370 

11 Neo Pre & Neo Post  -.042 .728 

12 Eos Pre & Eos Post  .044 .715 

13 Baso Pre & Baso Post  -.006 .963 

 

4.10 Monitoring of CML 

Follow up of 71/131 patients were monitored by complete blood cell count after 06 and 12 

months. After 6 months 60 CML patients show normal values of WBCs, PLTs, and 

hemoglobin. However, 11 CML patients increased vales of WBC <10 x 10
3
/µl, 09 showed 
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decreased values of hemoglobin less than 10mg/day and abnormal values of PLTs between 

the range 150-400 x 10
3
/µl. 

After 12 months’ complete hematologic response (CHR) was observed in 63/71 CML 

patients. However, only 9 CML patients show increased vales of WBC <10 x 10
3
/µl 

decreased values of hemoglobin less than 10mg/day and abnormal values of PLTs. 

Cytogenetic analysis of 10 CML patients was performed for monitoring between 6 months 

to 12 months. Complete cytogenetic response(CCyR) 0% of Ph+ metaphases in at least 20 

to 25 cells in metaphase was achieved in 9/10 patients however only one patient show 

resistance against the drug IM 600mg/day and the patient shifted from chronic phase to 

blast crisis (further detail mentioned in Section 4.12.1). 

However, 39 CML patients were monitored by FISH between the periods of 6 to 12 

months after starting the treatment. After 06 to 12 months follow up 20 CML patients 

shows the complete response with 0% BCR-ABL gene fusion against the drug. Major 

response the presence of BCR-ABL fusion cells less than 15% was observed in 07 patients, 

minor response the presence BCR-ABL cells (16-50%) were observed in 04 patients while 

no any response against the drug, the presence of BCR-ABL fusion genes (60-100%) was 

detected in 08 CML patients (Table 19). 
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Table 19: Results of CML Patients Respond to Imatinib Mesylate treatment. 

Response   After 06 Months  After 12 Months 

Complete Hematologic Response (n=71) 60 (84.50%) 63 (88.73%) 

Partial Hematologic Response 3 (4.22%) 4 (5.63%) 

No response 8 (11.26%) 4 (5.63%) 

Cytogenetic (Ph) Response (n=10) 

Complete   09 (90%) - 

No response 01 (10%) - 

FISH (BCR-ABL)  (n=39) 

Complete (BCR-ABL 0%) 17 (43.58%) 03 (7.69%) 

Partial (BCR-ABL 1-15%) 6 (15.38%) 1 (2.56) 

Minor (BCR-ABL 35-50) 4 (10.25%)  

No response (BCR-ABL50-100%)) 6 (15.38%) 2 (5.12%) 
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4.11 Additional Chromosomal abnormalities 

 

Chromosomes involved in Additional Chromosomal abnormalities. 
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4.11.1 Case Report: 48XY, t (9;22) (q34; q11.2), +19, der (22)t(9;22). 

 

A male patient of 75 years was diagnosed CML in accelerated phase in CENAR, Hospital, 

Quetta in 12.12.2015. He was referred to the hospital because of swelling on body, fever, 

weight loss, anxiety, depression, sleep disturbance sweating, and blood pressure. The 

hematological parameters of patients were WBC 9.4x10
3
/µl, hemoglobin 10.4 g/dl, HCT 

75.5, PLT 295 x10
3
/µl, Ly 38%, Eosinophils 01%, monocytes 03%, metamyelocyte 12%. 

The CML patient was initially treated with IM daily dose of 600 mg, later patient died after 

one year of diagnosis during treatment in the accelerated phase. 

The patient showed that 12 cells were positive for Philadelphia chromosomes, while 10 

cells also showed and an additional copy of 19 and 22 chromosomes. The CML patient 

showed chromosomal rearrangement of 46XY, t (9; 22) (q34; q11.2) [12]/48XY, t (9; 22) 

(q34; q11), +19, der (22) t (9; 22) [10]. (Figure 14). 
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Figure 14: Cytogenetic analysis shows a rare translocation 46XY, t(9;22) (q34;q11.2)[12]/ 

48XY,t(9;22)(q34;q11.2),+19,der(22)t(9;22)[10]. 

 

Table 20: Cases previously reported/related in the literature. 
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4.11.2 Case Report: 47XY, +8, t (9;22) (q34; q11) 

 

CML was diagnosed in chronic phase in a 55-years male patient at CENAR, hospital, 

Quetta.  He was referred to the hospital because, fever, weight loss of swelling on body, 

anxiety, disturbance sweating, depression, sleep and blood pressure. The hematological 

parameters of patients were WBC 188.2 x10
3
/µl, RBC 2.6 x10

3
/µl, hemoglobin 8.5 g/dl, 

HCT 27.7%, MCV 97.3/fl, MCH 32.4/pg, MCHC 33.4 g/dl, PLT 613 x10
3
/µl, neutrophils 

52%, lymphocytes 01%, eosinophil’s 02%, monocytes 05%, basophils 02%, myelocytes 

19%, blast cells 02%, metamyelocytes 9%, promyelocytes 07%. The patient was dealing 

with daily dosage of Imatinib 400 mg. 

Patient’s cytogenetic study showed the translocation between chromosome 9q34 and 

22q11.2, resulting Philadelphia chromosome with an extra chromosome 8, indicating 

trisomy 08 (Figure 15). Follow up after 04 months against the drug IM, CBC values were 

WBC 93x10
3
/µl, platelets 291 x10

3
/µl and hemoglobin 10.11 g/dl. 

 

Figure 15: Cytogenetic analysis shows a rare translocation 47XY, +8, t (9; 22) (q34; q11.2). 
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4.11.3 Case Report: 47XY, +8, t (9;22) (q34; q11) 

 

A 46-year male patient was referred to the hospital on 20.08.2016 because of, weight loss, 

fever swelling on hands, feet, anxiety, depression and blood pressure. The laboratory 

findings of patient was WBC 16 x10
3
/µl, RBC 3.83 x10

3
/µl, hemoglobin 10 g/dl, HCT 

27.73 %, MCV 82.5/ fl, MCH 26.1 /pg, MCHC 31.6 g/dl, PLTs 42 x10
3
/µl, neutrophils 

77%, lymphocytes 13 %, eosinophils 05%, and monocytes 03%. The patient was treated 

with Imatinib 400mg/day. 

Cytogenetic analysis of the bone marrow sample of the patient displayed the translocation 

between chromosome 9q34 and 22q11.2, resulting Philadelphia chromosome with an extra 

chromosome 8 indicating trisomy 08, 47, XY, +8, t (9;22) (q34;11.2) [20]. (Figure 16). 

The patient was monitored regularly by CBC after every 06 months and FISH was also 

performed after a diagnosis of 12 months. The finding of FISH showed 0% detection of the 

BCR/ABL gene fusion out of 200 cells counted, against the drug Gleevec 400mg/day. 

CBC values also showed significant results after the treatment of one year. CBC values 

after the treatment of 12 months were WBC 6.8 x10
3
/µl, RBC 5.44 x10

3
/µl, hemoglobin 

15.1 g/dl, HCT 43.8 %, MCV 80.5/ fl, MCH 27.9/pg, MCHC 34.6g/dl, PLTs 170 x10
3
/µl, 

neutrophils 60%, lymphocytes 13 %, eosinophil’s 02%, and monocytes 06%. 
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Figure 16: Cytogenetic analysis shows a rare translocation 47XY, +8, t (9; 22) (q34; q11.2). 

 

  



63 
 
 

 

4.12 Additional Chromosomal abnormalities and Complex variant Translocations in 

the same patient 

 

Table 21: Additional Chromosomal abnormalities and Complex variant Translocations in the same 

patient. 

S. No Additional Chromosomal Abnormalities and Complex Variant 

Translocations at the same time 

Age Sex 

1.  52, XX, t (1;9;22), +6+8, (q10; q10), +18+19, +21+der22t (9;22) 

(q34; q11) 

16 Female 

2.  48XY, +8(8;17), (9;22), +der (22) (q11; q23) (q34; q11) 32 Male 
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4.12.1 Case Report: A Novel Case 06 additional chromosomes of 52XX, t(1;9;22) 

(q23.3;q34;q11),+6,+8, i(9)(q10;q10), +18,+19,+21+der22 t(9;22)(q34;q11) in 

blast phase. 

A 16-year-old female subject visited Sundayman Civil Hospital, Quetta on the 26
th

 of 

November 2015. The female was referred to the hospital for anemia, weight loss, fever and 

examination reveals massive splenomegaly.  The hematological features of the patient was 

WBC  370 x10
3
/µl, RBC 2.5 x10

3
/µl, Hb 6.6 g/dl, PLT 287 x 10

3
/µl, MCV 91/fl, MCH 

26/pg, HCT (23 %), MCHC 39.9 g/dl, Neutrophils 52%, Lymphocytes 01, Eosinophils 

03%, Monocytes 05%, Basophils 02%, Promyelocytes 07%, Myelocytes 15% meta-

myelocytes 09 % blast cells less then (5%). Cytogenetic bone marrow karyotyping result of 

the patient showed 46XX, t(1;9;22),) (q23;q34;q11.2). (Figure 17). All 20 cells were 

positive for Ph chromosome and the patient was surviving in CP treated with IM 400 

mg/day. 

Furthermore, monitoring by a second CBC test was performed on 24
th

 March 2016. The 

hematological features after 2
nd

 test was WBC  55x 10
3
/µl, RBC 2.8x 10

3
/µl, hemoglobin 

11.1 g/dl, Platelets 998 x 10
3
/µl, MCV 86.5 /fl, MCH 28.8 /pg, HCT 33.4 %, MCHC 33.2 

g/dl, Neutrophils 35%, Lymphocytes 60%, Eosinophils 03%, Monocytes 02%. The patient 

showed resistance again to the drug IM 400 mg/day. 

Because of regular pain, fever, massive splenomegaly, weight loss doctor recommends 

bone marrow aspiration and cytogenetic test for follow up. Then on the advice of doctor 

bone marrow aspiration and the cytogenetic test was performed on 04.10.2016 at the same 

time. 

The results of peripheral blood counts of bone marrow show that WBC were   67 x 10
3
/µl, 

RBC 3.1 x10
3
/µl, Hemoglobin 7.4 g/dl, Platelets 25 x10

3
/µl, MCV 109 /FL, MCH 31.6 /pg, 

HCT 25.5 %, blast cells were 82% and the patient was migrating from first chronic to blast 

phase third phase of the disease due to the drug resistance against IM 400 mg/day. 

Cytogenetic karyotyping result of the patient showed 52XX, t (1;9;22) (q23.3; q34; q11.2), 

+6, +8, i(9) (q10;q10), +18,+19,+21+der22 t(9;22)(q34;q11) (Figure 18). All cells showed 

translocation among chromosomes 1q23, 9q34 and 22q11.2, +6, +8   an isochromosome 9, 

+18, +19, +21 and a derivative chromosome 22 generated by a translocation between 

chromosomes 9q34 and 22q11.2. Before shifting to second generation drug Nilotinib 

(Tasigna) the patient was died. 
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Figure 17: Cytogenetic analysis displays a variant three-way 46XX, t(1;9;22) (q23.3;q34;q11.2) 

translocation at the time of diagnosis. 
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Figure 18: Cytogenetic analysis containing a variant three-way with 06 additional chromosome 

52XX, t(1;9;22) (q23.3;q34;q11.2),+6,+8, i(9)(q10;q10), +18,+19,+21+der22 t(9;22)(q34;q11)[20] 

in blast phase.  
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Table 22: Three-way complex/translocation with extra six additional chromosomes previously 

reported in the CML literature. 
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4.12.2 Case Report: 48XY, four-way translocation with two additional chromosomes 

48XY, +8(8;17) (9;22), +der (22) (q11.2; q23) (q34; q11.2) in Accelerated 

Phase. 

 

A 32-year-old male subject visited Civil Hospital, Quetta on the 12
th

 of August 2018. The 

person was referred to the hospital by cause of symptoms like loss of weight, weakness, 

bone pains, anemia, bleeding. The hematological characteristics of the patient was WBC 

89.6 x10
3
/µl, Hemoglobin 6.1 g/dl, Platelets 25 x10

3
/µl, MCV 105/ fl, MCH 27.5/pg, HCT 

23.3%, monocytes 03%, MCHC 39.9 g/dl, blast cells less than 3%. Cytogenetic 

karyotyping result of the patient showed 48XY, +8(8;17),(9;22),+der(22) 

(q11.2;q23)(q34;q11.2)[20])  and patient survive in accelerated phase. All the 20 cells were 

(+ve) for Ph chromosome (Figure 19). All cells showed unusual translocation between 

chromosome 8q11.2 and 17q23 and another common translocation between 9q34 and 

22q11.2, resulting in Philadelphia chromosome with additional chromosomes +8, and an 

extra derivative chromosome 22.  The patient was recently treated with IM dose 

600mg/day. 
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Figure 19: Cytogenetic analysis shows four-way Complex/ variant translocation, with two 

additional chromosomes 48XY, +8(8;17), (9;22), +der (22) (q11.2; q23) (q34; q11.2) [20]. 
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Table 23: Previously reported cases related to four-way translocation with two extra chromosomes 

in literature. 
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4.12.3 Complex variant Translocations 

 

Complex variant Translocations 

S. No Complex variant Translocations  Age Sex 

Three-way translocations 

1.  46XX, t (1;9;22) (p36; q34q11.2) [20] 24 Female 

2.  46XX, t (1;9;22) (p36; q34; q11) [20] 45 Female 

3.  46XY, t (9;17;22) (q34; q?11.2; q11.2) [20] 27 Male 

4.  46XX, t (6;9;22) (p21.3; q34; q11.2 [20] 47 Female 

5.  46XX, t (7;9;22) (p13; q34; q11.2) [20] 31 Female 

6.  46XX, t (9,11;22) (q34; p15; q11) [20] 45 Male 

Four-way translocations 

7.  46XY, t(4;9;19;22)(q25; q34; p13.3, q11.2) [20] 45 Male 

Five-way translocations 

8.  46XX, t (1;2;2;17;9;22) (p36.3, q21; q11.2, 

q21, q34, q11.2[ 20] 

40 Female 
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4.12.4 Three-way complex variant translocation in this study 

 

4.12.4.1 Case Report: 46XX, t (1;9;22) (p36.3; q34q;11.2) 

 

A 24-age old female patient was recognized with CML. The CBC values were WBC 168  

x10
3
/µl, RBC 3.1 x10

3
/µl, Hb 6.7 g/dl, HCT 22.7 g/dl, MCV 71.2 fl, MCH 21.0 pg, MCHC 

29.5 g/dl, Platelet count 300 x10
3
/µl, Neutrophils 55%, Lymphocytes 06%. Sign and 

symptoms were, fever, depression, anxiety loss of weight, swelling on different parts on 

the body and sleep disturbance. Complete detail of the person is present on (Annexure No 

01, Figure 20). 

The patient was observed frequently by CBC after every 06 months. Last CBC values 

observed on 13.07.2016 were WBC 9.7 x10
3
/µl, RBC 4.34 x10

3
/µl, hemoglobin 14 g/dl, 

MCV 79.5/ fl, MCH 25.2 /pg, MCHC 30.3 g/dl, PLT 210 x10
3
/µl, neutrophils 53%. FISH 

was also performed on 13.07.02016. The finding of FISH showed 0% detection of the 

BCR/ABL gene fusion out of 200 cells counted. 
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Figure 20: Cytogenetic analysis revealing a variant three-way 46XX, t (1; 9; 22) (p36.3; q34; 

q11.2) translocation. 
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4.12.4.2 Case Report: 46XX, t (1;9;22) (p36; q34; q11.2) 

 

A 45-year-old female visited Civil Hospital, Quetta on the 15
th

 May 2015. The female was 

referred to the hospital because of anemia, weight loss, fever, weakness, bone pains and 

splenomegaly.  The CBC features of the patient was WBC  379 x10
3
/µl, RBC 2.44 x10

3
/µl, 

Hb 8.2 g/dl, PLT x 449 10
3
/µl, MCV 88.5 /fl, MCH 22.2 /pg, HCT 27.6 %, MCHC 35.6 

g/dl, neutrophils 62%, lymphocytes 42.9%, eosinophils 04%, monocytes 03%, basophils 

03%, promyelocytes 11 %, myelocytes 09% meta-myelocytes 0% and blast cells 4%. 

Cytogenetic result of the patient displayed 46XX, t (1;9;22) (q23; q34; q11.2).  (Figure 21). 

All cells were positive for Ph chromosome and the patient was surviving in the chronic 

phase and treated with Gleevec 400 mg/day. 

Furthermore, monitoring by CBC test was performed on 24
th

 October 2016. The 

hematological features after 2
nd

 test was WBC  86 x10
3
/µl, RBC 2.5 x10

3
/µl, hemoglobin 

8.9 g/dl, platelets 340 x10
3
/µl, HCT 33.4 %, MCV 80.5 /fl, MCH 34.5 /pg, MCHC 42.9 

g/dl, neutrophils 58%, lymphocytes 16, eosinophils 03%, monocytes 03%. The patient 

showed resistance again the drug Gleevec 400 mg/day. 

FISH was also performed after the diagnosis of 11 months for monitoring. The finding of 

FISH showed 41% detection of the BCR/ABL gene fusion out of 200 cells 81 were 

positive against the drug Gleevec 400mg/day. After that doctor increases the dose of 

Gleevec 400 mg/day to 600 mg/day.  But unfortunately, the patient died in February 2017. 
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Figure 21: Cytogenetic analysis revealing a variant three-way 46XX, t (1;9;22) (p36.3; q34; q11.2) 

translocation. 
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4.12.4.3 Case Report: 46XY, t (9;17;22) (q34; q11.2; q11.2) 

 

A 27-year- male visit to Civil Hospital, Quetta on the 10
th

 of July 2015. The subject was 

referred to the hospital because of weight loss, anemia, weakness, fever, swelling on the 

body.   The CBC features of the patient were WBC 44.3 x10
3
/µl, RBC 3.23 x10

3
/µl, Hb 

11.3 g/dl, PLT 426 x10
3
/µl, MCV 95.8 /fl, MCH 32 /pg, HCT 33.8 %, MCHC 33.4 g/dl, 

neutrophils 66%, lymphocytes 8.9, eosinophils 2.5%, monocytes 1.8 %, basophils 20.8%.  

Cytogenetic result of the patient showed 46XX, t(9;17;22) (q34;q?11.2;q11.2)[20] (Figure 

22). All cells were positive for the Ph chromosome and the patient was surviving in the 

chronic phase and treated with IM 400 mg/day. FISH test also performed for the 

occurrence of the BCR-ABL fusion gene. The BCR-ABL fusion gene was observed in 

91% by FISH analysis. 

The patient was regularly monitored by CBC after every 06 months. Patient CBC values at 

13.07.2016 showed significant outcomes after treatment of 12 months follow up against 

Gleevec 400mg/day. CBC values after the treatment of 18 months were WBC 16.5 x10
3
/µl, 

RBC 5.15 x10
3
/µl, hemoglobin 16.8 g/dl, HCT 50.3 %, MCV 97.7/ fl, MCH 32.6 /pg, 

MCHC 33.4 g/dl, PLT 324 x10
3
/µl, neutrophils 77%, lymphocytes 14 %, eosinophil’s 

03%, and monocytes 06%. 
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Figure 22: Cytogenetic analysis shows three-way complex variant translocations 46XY, t (9;17;22) 

(q34; q?11.2; q11.2) [20]. 

 

 

Table 24: Previously reported cases related to 46, XY, t(9;17;22) in literature. 
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4.12.4.4 Case Report: 46XY, t (6; 9; 22) (p21; q34; q11) 

 

A 47-year-old female subject referred to Civil Hospital, Quetta on the 8
th

 August 2014, 

because of symptoms like fever, weight loss, anemia, depression, swelling on hands and 

foot and sweating further details of patient hematological values, cytogenetic karyotyping 

results and detection BCR-ABL fusion genes by FISH analysis available at (Annexure 02, 

Figure 23). 

The patient was monitored at 19.11.2015 by CBC, the patient showed significant 

hematological response after 14 months follow up, observed that WBC were 14.3 x10
3
/µl, 

RBC 4.17 x10
3
/µl, hemoglobin 13.8 g/dl, HCT 40.6 %, MCV 90.5/ fl, MCH 30.3 /pg, 

MCHC 31.7 g/dl, PLT 274 x10
3
/µl, neutrophils 70% and lymphocytes were 25 %. 
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Figure 23: Cytogenetic analysis shows variant three way translocation 46XX, t(6;9;22) 

(p21;q34q11) [20]. 
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Table 25: Previously reported cases of 46, XX, t (6;9;22) (q21; q34; q11) in literature (Asif et., 

2017) 
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4.12.4.5 Case Report: 46XX, t (7;9;22) (p13; q34; q11.2) 

 

A 31-year-old female visited Allied Hospital, Faisalabad on the 16
th

 of November 2016. 

The patient was referred because of anemia, sweating, fever, weight loss swelling on the 

body and depression. The laboratory characteristics of the patient were WBC 533.85 

x10
3
/µl, RBC 2.51 x10

3
/µl hemoglobin 8.1 g/dl, PLT 364 x10

3
/µl, MCV 85.7/fl, MCH 

32.3/pg, MCHC 37.7%, neutrophils 50%, HCT 22 %, blast cells 2%, lymphocytes 15.9 %, 

eosinophil’s 4%, and monocytes were 2.4%. The female patient was medicated with IM 

400mg/day. 

Furthermore, cytogenetic result of patient showed three- way complex variant translocation 

46, XX, t(7;9;22) (p13:q34;q11)[20] in chronic phase. All 20 cells were positive for the Ph 

chromosome (Figure 24-25). 

For the purpose of monitoring patient 2
nd

 CBC was performed on 12 June, 2017. The 

patient showed significant response against the drug 400mg/day. The clinical values after 

the treatment of 8 months were WBC 33.13 x10
3
/µl, RBC 2.86 x10

3
/µl hemoglobin 8.4 

g/dl, PLT 460 x10
3
/µl, MCH 29.4/pg, MCV 88.5/fl, MCHC 32.2 g/dl, HCT 25.3%, 

Neutrophils 50%, monocytes 10.7%, lymphocytes 12.4%, eosinophil’s 5.2%, and basophils 

3.6%. 
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Figure 24: Cytogenetic analysis shows a variant three way translocation 46XX, t(7;9;22) 

(p13;q34;q11.2) [20]. 
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Figure 25: Cytogenetic analysis shows a variant three way translocation 46XX, t(7;9;22) 

(p13;q34;q11.2) [20]. 
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4.12.4.6 Case Report: 46XY, t(9;11;22) (q34; p15; q11) 

 

A 45-year-old male patient diagnosed with CML and referred to hospital because of fever, 

anxiety, depression, sleep disturbance dry skin, weight loss, sweating and swelling on 

body. The hematological parameters of the patient, cytogenetic and FISH results were 

present on (Annexure03) (Figure 26-27). 

The patient was successfully treated with oral therapy of Gleevec 400mg/day. The patient 

was surviving from the last 10 years. Last, follow up by CBC of patient was performed on 

27 July 2017 that showed complete hematological response. 

 

 

Figure 26: Cytogenetic analysis shows a rare translocation 46XY, t(9;11; 22)( q34; p15; q11.2).  
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Figure 27: Detection of BCR-ABL gene fusion using by FISH, BCR-ABL signals was detected in 

67% in the 500 Nuclei counted. 
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4.12.5  Four-Way Complex Variant Translocations 
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4.12.5.1 Case Report: A novel four-way complex-variant 46, XY, t (4;9;19;22) (q25: q34; 

p13.3; q11.2)  

 

A 45-year-old male patient referred to the Civil Hospital, Quetta for the reason of, anemia 

sleep disturbance, fever, depression, swelling on the body. The CBC parameters of the 

patient, cytogenetic and FISH results were available at (Annexure 04) (Figure 28-29). 

The patient was successfully treated with Gleevec 400mg/day. The patient with CML was 

surviving from the last 05 years. Last, follow up by CBC of the patient was performed on 

12
th

 January 2017 that shows a complete hematological response. 

 

 

Figure 28: Cytogenetic study shows four-way translocation of 46, XY, t(4;9;19;22)  (q25:q34; 

p13.3;q11.2). 
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Figure 29: Detection of BCR-ABL using by FISH, BCR-ABL signals was detected in 91% in the 

500 Nuclei counted 
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Table 26: Four-way complex variant translocation previously reported in CML. (Asif et al. 2016) 
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4.12.6  Five-Way Translocations 
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4.12.6.1 Case Report: 46XX, t (1;2;2;17;9;22) (p36.3, q21; q11.2, q21, q34, q11.2) 

 

A 40-year-old married female subject visited Allied Hospital, Faisalabad on 05
th

 March 

2016. The patient was referred to the hospital because of anemia, weight loss, fever and 

sleep disturbance.  The CBC parameters of the patient were WBC 122 x10
3
/µl, RBC 4.1 

x10
3
/µl, Hb 10.7 g/dl, PLT 404 x10

3
/µl, MCV 80/fl, MCH 26/pg, HCT 34 %, MCHC 31 

g/dl, neutrophils 55%, lymphocytes 35, eosinophils 04%, monocytes 06%. Cytogenetic 

bone marrow karyotyping result of the patient showed a novel five-way translocation 

46XX, t (1;2;2;17;9;22) p36.3, q21; q11.2, q21, q34, q11.2) [20] (Figure 30-31).  All 20 

cells were positive for Ph chromosome. The results showed that segment of chromosome 

1p36.3 has been translocated onto chromosome 2q21, the segment of chromosome 2q22 

has been translocated onto chromosome 1p36.3 then breakage a reunion have occurred 

between the segment of chromosome 2q11.2 translocations onto chromosome 17q21, and 

the segment of chromosome 17q21 has been translocated onto chromosome 2q11.2 

Translocation between chromosome 9q34 and 22q11.2, resulting by Philadelphia 

chromosome (Figure 30-31). First eight months’ patient was treated with Gleevec 400 

mg/day, but the patient was not showed any significant results against this drug. After that, 

the patient was shifted on Nilotinib 300 mg/day in January 2017. After shifting six months 

on 2
nd

 generation drug Tasigna 400 mg/Day the patient was monitored by FISH, and Rt-

PCR, the patient showed BCR-ABL negative results. 
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Figure 30: Cytogenetic analysis shows karyotype of Five way complex translocation 46XX, 

t(1;2;2;17;9;22) (p36.3,q21;q11.2,q21,q34,q11.2)[20]. 
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Figure 31: Cytogenetic analysis shows karyotype of Five-way complex translocation 46XX, t 

(1;2;2;17;9;22) (p36.3, q21; q11.2, q21, q34, q11.2) [20]. 
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Table 27: Previously five -way Ph complex- variant translocation reported cases in literature. 
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4.13 Monitoring of Imatinib Resistance Patients  

 

Out of 131 CML patients 101 patients were treated with Gleevec in which 90 were treated 

with 400mg/day and 11 were treated with 600mg/day and 71 were regularly monitored by 

CBC and/or by cytogenetic/FISH test. However, 06 CML patients died.  Death of 02 CML 

patients occurred after the diagnosis of disease CML within 04 months in the accelerated 

phase. In which 01 patient died due to drug resistance of Gleevec 600mg/day while the 

second died before shifting any type of drug. However, 04 patients died due to unknown 

reasons. However, 03 patients died in the chronic phase while one died in the blast phase. 

 

 

Figure 32: Treatment of CML patients  

0

20

40

60

80

100

120

IMATINIB MESYLATE  NILOTINIB PATIENT DIED 

TREATMENT 

101 

25 

6 



97 
 
 

4.13.1 Second Generation Drug Nilotinib  

 

Out of 131 CML patients, 25 show resistance against the drug Gleevec and were shifted on 

second-generation drug Nilotinib. Out of 25 drug resistance CML patients 20 were treated 

with 300mg/day and 05 were treated with 400mg/day. Of 25/22 were monitored after three 

months by CBC Rt-PCR and qRT-PCR. qRT-PCR. Only 06 patients (7, 11, 12, 16, 17 and 

22) after three months follow up shows no significant haematological and molecular 

response against the Nilotinib. 

4.13.1.1 QRT-PCR analysis (2
nd

 Nilotinib Drug) 

 

Of 25/22 CML patients that shifted from IM 1
st
 generation to second generation oral 

therapy Nilotinib ,the  qRT-PCR test was performed after an  interval of three months for 

the purpose of monitoring (Figure 33). 

After shifting to second generation drug 08 patients number L2, L3, L4, L6, L9, L10, L14 

and L21 showed complete molecular response with 0 percent detection of BCR- ABL cells. 

However, five CML Patients L1, L5, L13, L19 and L20 showed major molecular response 

(MMR) reduction of BCR-ABL transcripts less than 0.1%, but, CML patients L7, L11, 

L12, L13, L15, L16, L17 and L22 showed no any response against the drug. 
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Figure 33: qRT-PCR analysis of Imatinib resistance patient’s response against the 2
nd

 Generation.  

L2, L3, L4, L6, L9, L10, L14 and L21 showed complete Molecular response. However, CML 

Patients L1, L5, L13, L19 and L20 showed major molecular response (MMR) BCRABL transcript 

less than 0.1%. But, CML patients L7, L11, L12, L13, L15, L16, L17 and L22 showed no any 

response. 
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Table 28: Hematological and molecular Response against the drug Nilotinib (n=25). 

 

Response   After 03Months  

Hematological Response   

Complete Hematologic Response                   (n=22)  

WBC 10 x 10
3
/µl. 15 

Hemoglobin 12-14 mg/dl 16 

PLT 150-400 x10
3
/µl. 17 

Partial Hematologic Response 6 

Molecular Response (qRT-PCR)                 (n=21) 

Complete Molecular Response BCR-ABL 0%) 09 

Major Molecular Response BCR-ABL >0.1% 05 

No Molecular Response < 0.1% 7 

Response by Rt-PCR                                     (n=22) 

Complete Response (BCR-ABL not detected) 16 

No any response (BCR-ABL gene fusion detected) 06 
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4.13.1.2 Nested RT-PCR analysis (2
nd

 Nilotinib Drug). 

 

Nested PCR was performed for the detection of the BCR-ABL amplification Imatinib 

resistant CML patients. BCR-ABL gene was successfully amplified in six samples by 

nested PCR. CML patients having two common variants of fusion oncogene, 1306 bp 

(b2a2) and 1380 bp (b3a2). Positive amplification was observed in patient’s number 6, 12, 

16, 17 and 22 showed amplification size of 1306 bp (b2a2) and only 01 showed on1380 bp 

(b3a2) size (Figure 34). 

 

 

 

Figure 34: Gel photograph of Nested PCR (2nd round) amplification of patients with Imatinib 

resistance mutants. Lane M= 1kb DNA ladder (Thermo
TM

 SM#0323) Lane 6, 11, 12, 16, 17 and 

22= IM resistance patients  
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Table 29: Hematological Response, Response achieved by Rt-PCR, qRT-PCR and FISH for the 

detection of BCR-ABL gene against drug Nilotinib after follow-up 3-4 months. 

 

Patient ID Complete 

Hematological 

Response Achieved 

Response 

achieved by RT-

PCR (BCR-ABL)  

Molecular Response 

achieved by qRT-

PCR (BCR-ABL) 

Response achieved 

by FISH (BCR-

ABL %) 

Patient 01 Yes Yes CMR - 

Patient 02 Yes Yes CMR - 

Patient 03 Yes Yes CMR - 

Patient 04 Yes Yes CMR - 

Patient 05 Yes Yes CMR - 

Patient 06 Yes Yes CMR - 

Patient 07 No No No - 

Patient 08 Yes Yes - - 

Patient 09 Yes Yes Yes - 

Patient 10 Yes Yes Yes - 

Patient 11 No No No No (91%) 

Patient12 No No No No 

Patient 13 Yes Yes Yes - 

Patient 14 Yes Yes Yes - 

Patient 15  Yes Yes Yes - 

Patient 16  No No No No (95%) 

Patient 17 No No No No 

Patient 18 Yes Yes Yes - 

Patient 19 Yes Yes Yes - 

Patient 20  Yes Yes Yes - 

Patient 21  Yes Yes Yes - 

Patient 22  No No No No (10%) 

Patient 23  No - - No 

Patient 24  Yes - - Yes 

Patient 25 Yes - - Yes 
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4.13.1.3 Results of sequencing analysis 

 

The sequencing of 06 positive sample BCR-ABL gene (kinase domain) was amplified by 

Rt-PCR. After sequencing analysis of all six samples, no significant mutation was 

observed.  

 

 

Figure 35: Sequencing analysis result of Sample 06. 
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Figure 36: Sequencing analysis result of Sample 11. 
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Figure 37: Sequencing analysis result of Sample 12. 
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Figure 38: Sequencing analysis result of Sample 16. 

 

  



106 
 
 

 

Figure 39: Sequencing analysis result of Sample 17 
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Figure 40: Sequencing analysis result of Sample 22 
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Figure 41: Alignment results with reference sequence showed any negative mutation. 
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Chapter 05 

5 DISCUSSION 
 

CML is a sickness of the hematopoietic stem cells. CML is a type of blood cancer 

produced by the balanced translocations between the long arms of chromosomes 9 and 22, 

t(9; 22) (q13; q11), which are called as the (Ph) Philadelphia chromosome can be perceived 

by conventional cytogenetic examination (Aguayo-Gonzalez & Tuna-Aguilar, 2012). 

Molecular consequences of this translocation are the formation of the BCR-ABL fusion 

gene. This BCR-ABL fusion oncogene produces protein tyrosine kinase activity. This 

tyrosine kinase protein plays a vital role in CML prognostication followed by the activation 

of proteins involved in cell cycle regulation and leukemic transformation. In these 

circumstances the erythroid cells, myeloid cells, PLT in peripheral blood and myeloid 

hyperplasia in the bone marrow of human body are increased rapidly (Quintas-Cardama & 

Cortes, 2006; Druker, 2008). 

CML is associated with pluripotent stem cells. It is a myeloproliferative disorder that 

includes 15% of adult Leukemia. CML prevalence occurs at about 01-02 per one million 

peoples in males while 0.6 per one million population in females (Jaiswal et al., 2003). The 

median age of chronic myeloid Leukemia patients is 45-55 years and mostly (85 percent) 

cases are diagnosed in the chronic phase (Sawyers, 1999). 

The incident CML can appear at any age group, previous studies has shown that it is rare in 

children. CML is usually diagnosed in the 30-40 age group in the Asian region 

(Subramanian, 2012). Here we report median age of 38.5 years between the age of years. 

However, the male to female ratio was 1.2:1. 

Aguayo et al., described (2008) that the presentation of median age of CML patients was 

37 years, whereas Faderel et al., (1999) stated that median age presentation of CML 

patients between the 45-55 years’ age group. A study on CML was conducted in 

Rawalpindi, Pakistan for a period of 18 months from June 2006 to December 2007 by 

Ahmed et al., 2009 who reported that out of 45 CML cases, 31 (69%) were men and 14 

(31%) were women, whereas men and women ratio was 2.2:1with a mean age of 37.87 

years (between the age 18 -65 years). 
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A similar study by Mottalib et al, (2014) showed high occurrence of CML in the age group 

of 31-40 years (between the ages 17-68 years). The median age of both genders was 37.68 

years (Mottalib et al., 2014). A survey of 1,266 freshly identified patients exhibited that 

CML occurred in all age groups, however, it mostly affected 30-49 years age group.  (Mu, 

Ma et al. 2012). Wang et al. (2009) reported that in Asian populations, the incidence of 

CML appeared in the age range of 36-38 years in Thailand, 43 years in Singapore, 37 years 

in South Korea, and age between 38- 40 years in the Indian population (Au et al., 2009). 

There is very less evidence associating hereditary factors to CML (Konopka, et al., 1986). 

However, Jaiswal et al., (2003) revealed in different studies that hereditary causes and 

genetic circumstances may increase or suppress the physiological effects of BCR-ABL 

gene (Jaiswal, et al., 2003). We observed in the current study that only 01 patient had a 

family history of CML. 

Wood et al., discussed that that socio-economic status played a vital role in survival after 

cancer. (Woods et al., 2005). However, it is ambiguous that the survival of CML patients is 

linked with socio-economic status, specifically in nations with national healthcare 

arrangements marking to offer equal access to health care and treatment to all the 

population at minimal cost (Jabbour & Kantarjian, 2014). Larfors, et al., (2017) revealed 

that socio-economic elements have a significant effect on mortality. Less education and 

low salary and living standard without an accomplice all expansion the danger of early 

expiry, as shown in our control populace. The educational level, individual and family 

salary, and living alone are altogether connected with expanded mortality in univariate 

investigations, with family unit pay and training as the most critical components (Larfors et 

al., 2017). 

The possible symptoms of CML patients are fatigue, abdominal fullness, purpura, 

splenomegaly, hepatomegaly, bleeding, leukocytosis, anemia, thrombocytosis anorexia and 

weight loss, however nearly 40% of patients are asymptomatic, in such cases, the 

investigation is based exclusively on an abnormal CBC analysis. In these cases, reduced 

values of hemoglobin and elevated values of white blood cells generally greater than 

11,000 x 10
3
 and elevated platelets count are observed in 30-40% CML cases. The 

maximum general aberration on the basis of the physical investigation is splenomegaly, 

which is present in almost 50% of CML patients (Asif et al., 2017). In this current study 
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symptoms like sleep disturbance 70(53.47%), Excessive Sleep 65(49.61%), night sweating 

53(35.87%), depression 49(37.40%), splenomegaly 47(35.87%), hepatomegaly 

35(26.71%), anxiety 47 (82%), swelling on different parts of the body 74(56.48%) and 

occasional hair loss 15 (11.45%) are expressively detected in CML patients. 

Commonly, the diagnosis of CML is done by routine complete blood cell count. When 

symptoms of CML are exposed, they are usually linked with the development of CML 

cells and presentation of malaise, initiated by splenomegaly/hepatomegaly and weight loss. 

Laboratory test findings in CML consist of leukocytosis eosinophilia and /or basophilia. 

PLTs might be either/or high or low with a normal range of 150-4000 x10
3
/µl, and mild 

anemia is frequently observed in all CML patients (Quintas-Cardama & Cortes, 2006). 

In the current study, the CBC test of all 131 patients was performed at the time of 

diagnosis. Upon analysis, we observed that only 22 (16.79%) CML patients fell in normal 

WBC range of 11x 10
3
/µl, 23 (17.55%) CML patients showed induced values of WBC 

between 11-50x10
3
/µl maximum number of CML patients 75(57.25%) presented very high 

values of WBC greater than 100 x10
3
/µl. In this study, normal PLTs were observed 

between 150-400x10
3
/µl in 77(58.77%) CML patients, while induced values of PLT were 

found in 40(30.53%) patients. On the other hand, only 14(10.68%) CML patients showed a 

low level of PLT below 150x10
3
/µl. Anemic CML patients were investigated 117(89.31%) 

out of 131 however, only 14 (10.46%) showed a normal range of hemoglobin. 

Diagnosis of CML mostly depends on cytogenetic and molecular analysis for the 

identification of the t (9; 22) (q34.1; q11.21) Philadelphia chromosome generally counted 

in 20-25 metaphases cells from bone marrow specimen. The Ph-chromosome outcomes 

from the balanced translocation chromosome of 9 at band q34.1and 22 at band q11.21 

(Quintas-Cardama & Cortes, 2006). 

In this study, standard translocation (9;22) (q34; q11.2) were observed 57 (75%), complex 

variant translocations 8 (11.26%) and additional chromosomal abnormalities were 

observed in 3 (3.94%) CML patients, while additional chromosomal abnormalities and 

complex variant translocations at the same time in the same patient were observed in 

2(2.63%) CML patients. However, only five subjects showed Ph negative translocations. 

Different studies conducted by many researchers determined that CML patients undergo 

chromosomal translocations and have the Philadelphia chromosome (9;22) is the result of 
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the arrangement of two genes BCR) and ABL genes, forming the fusing gene BCR-ABL 

that makes a chimeric 210-KDa protein which releases tyrosine kinase activity. (Faderl, et 

al., 1999; Goldman & Melo, 2003). 

There are three major phases of CML, chronic, accelerated and blast crisis phases. The CP 

is categorized by higher WBC counts, extra-medullary hematopoiesis and massive 

splenomegaly. Next, for duration of 3 to 5 years, the quantity of immature myeloid cells 

quickly increases as the disease develops. The blast cells in the chronic phase are less than 

10%, in accelerated phase; they are less than 20% whereas in blast crises, their number is 

more than 20%. In the accelerated phase of CML, the spleen swells up and the number of 

blast cells increases and the platelet count drops to a threshold level whereas in the blast 

crisis phase, the conditions are even worse. The expression level of chimeric BCR-ABL 

protein is higher in the accelerated and blast phases (Konopka, et al., 1986; Aguayo et al., 

2008). In the current study 61(92.42%) CML patients were diagnosed in chronic phase, 

04(6.06%) were in accelerated phase and only 01(1.51%) CML patient was in blast phase 

(Table 14). 

CML is a malignant disease of clonal stem cell disorder produced by a balanced 

translocation between the long arms of 9, 22 chromosomes in almost 90-95% cases. 

Variant and complex translocation is observed in 5-10% CML patients. In such cases, the 

3rd, 4th or even 5th chromosome participates called four, five or six ways translocation 

(Al-Achkar, et al., 2013). Four-way translocations are occasional; previously only 62 cases 

are reported in the literature (Table 26). The four-way translocations are detected more in 

males with respect to females (Asif, et al., 2016). The five-way translocations are mostly 

uncommon in CML patients and recently only a few cases have been reported in the 

literature (Table 27) (Vaidya, et al., 2013). 

Chavan et al., (2006) arranged a study on 175 CML patients in the Indian population 

between the age of 6-86 years. The study was conducted on 115 males and 60 females with 

a male: female ratio 1.9:1. Out of the175 CML patients, 96 (86.5%) showed Ph (+) 

standard translocation, whereas variant/complex translocations with Ph (+) chromosome 

were observed only in one CML case (0.9%) and ACAs were detected in 9(8.1%) CML 

patients. (Chavan et al., 2006). 
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The ACAs are clearly non-random. The utmost frequent ACAs are trisomy 8 observed in 

34% of cases with additional changes, however, other ACAs like the additional copy of Ph 

is observed in 30%, i(17q) is found in (20%), trisomy 19 is observed in (13%), removed 

copy  –Y  is observed in 8%, trisomy 21 is observed in (7%), trisomy 17 is observed in 

(5%), and monosomy 7 in 5%. It was suggested that all these ACAs were in 15% of CML 

cases with secondary changes. Chromosome segments often involved in structural 

rearrangements include 1q, 3q21, 3q26, 7p, 9p, 11q23, 12p13, 13q11–14, 17p11, 17q10, 

21q22, and 22q10.9 and 22 chromosomes (Johansson, et al., 2002). 

The acquisition of ACAs referred to as clonal evolution, in Ph chromosome +ve cells has 

been believed to play a prime role in the development of CML. The most common ACAs 

observed in CML cases with clonal evolution are trisomy 8, isochromosome 17 and an 

additional identical copy of the Ph chromosome. Other ACAs are trisomy 21, trisomy 17, 

trisomy 19, and loss of chromosomes such as -7 and -17. (Quintas-Cardama & Cortes, 

2006). 

In this study we report a unique ph chromosome-positive case in accelerated phase with 

additional chromosome of trisomy +19 and +22 der chromosome, 48XY, t(9;22) 

(q34;q11.2), +19,+der(22)[22]. Before starting any medication, the patient died. 

Previously, only one case before this of 48XY,t(9;22)(q34;q11.2), +19,+der(22) 

translocation has been reported. (Olinici, et al., 1978). However, herein, the first one from 

Pakistan has been reported on this translocation. 

In CML, overall 41 cases of 52 chromosomes with additional 06 chromosomes have been 

reported. However, 52 chromosomes with 06 additional chromosomes and the three-way 

translocation at the same patient in CML have been reported twice earlier in the literature 

(Table 22). (Babicka et al., 2006; Lawler, et al., 1976). This new case of 52, XX, t(1;9;22), 

+6+8,(q10;q10), +18+19, +21+der22 t(9;22) (q34;q11) [20]) in CML patient  was cross 

checked at Mitel man Database of Chromosome Aberrations and Gene Fusions in Cancer. 

At the time of diagnosis, karyotyping of the patient showed a three-way complex variant 

translocation 46XX, t(1;9;22) (q23;q34;q11.2)[20] and all the 20 cell counts were positive 

for Ph chromosome and the patient was in chronic phase with blast cells less than 5% and 

the patient was treated with Gleevec 400 mg/day. The patient failed to show any 

hematological and cytogenetic response against the drug Gleevec 400 mg/day. After 04 
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months, the patients’ second cytogenetic test performed at that time patient shifted from the 

chronic phase to the blast phase with the blast cells more than 70% due to resistance 

against the drug 400 mg/day. Patients’ disease moves from CML to ALL.  At this stage, 

due to drug resistance, 06 additional chromosomes +6, +8, +18, +19+, 21 and +der (22) 

were developed in the CML patient. Before shifting to second-generation drug Tasigna, the 

patient died. 

We also investigate another new case of additional chromosomal abnormalities and four-

way complex variant translocation 48XY, +8(8; 17) (9;22), +der (22) (q11.2; q23) (q34; 

q11.2). In this case, chromosomes 8, 9, 17 and 22 were involved in complex variant 

translocation with two additional chromosomes, trisomy 8 and additional derivative 

chromosome 22. Previously only 11 cases of four-way translocations with the involvement 

of two additional chromosomes were reported in the literature (Table 23). 

To the best of our information, this translocation has previously not been published. Al-

Achkar (2010) conducted a study on CML that with our finding, a new case of complex 

variant translocation with additional chromosomal abnormalities 48, XY, +8t (9;22) (q34; 

q11), der (16), t(16;17), +der(22) patient failed against the drug Imatinib. During CML 

evolution +8 trisomy and extra copy of 22 chromosomes are common anomalies in CML 

(Al-Achkar, et al., 2010). 

Wafa et al., (2015) defined that additional genetic modifications occur in fewer than 10 % 

of CML cases during diagnosis and other extra genetic changes are obvious in 60-80 

percent CML cases in advanced phases of the disease like AP and BC. The maximum 

secondary chromosomal anomalies in addition to the Ph (+) chromosome are +8, +Ph, 

i(17q), +19. A however minor percentage of CML patients showed chromosomal 

aberrations like -Y, +21, +17, −7, and −17 (7, 19). Additional cytogenetic abnormalities 

such as trisomy 8 and Philadelphia chromosome with additional copy are very common in 

CML cases (Wafa et al., 2015). 

In this study, two cases of Philadelphia positive cases with trisomy 08, 47XY, +8, 

t(9;22)(q34;q11.2) have been reported, most common in CML. Of the two patients having 

trisomy +8, one died due to resistance; however, the second survived and was successfully 

treated with Imatinib 400 mg/day. 
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Nearly 30% of CML patients in AP and 71-80% and CML patients in BP have additional 

chromosomal abnormalities.  Among the various additional chromosomal abnormalities, 

trisomy 08 and an add    itional copy of Ph chromosome are usual in CML cases. Diverse 

additional chromosomal abnormalities have been exposed to be linked with diverse effects 

on drug response and survival. More or less ACAs are linked with disease advancement 

and drug resistance, while they may additionally just reflect the hereditary unpredictability 

prompted by incessant activation of BCR-ABL1 (Faderl, et al., 1999; Al-Achkar, et al., 

2010; Wang, et al., 2016). 

A study conducted by Wang et al., (2016) described trisomy with +8 developed in 37 

patients as the sole ACAs. Of 37 CML patients, 6 showed trisomy +8 at the time of 

diagnosis, however, trisomy +8 developed during therapy in 31 CML patients.  Amongst 

these 31 CML patients with extra copy 8 developing for the duration of treatment, on the 

other hand, 28 CML patients showed +8 in accelerated phase, while trisomy +8 developed 

only 3 CML patients in blast crisis (Wang, et al., 2016). 

Vinhas et al,.(2018) mentioned that genetic unpredictability of BCR-ABL1 articulating 

blast cells may prompt extra cytogenetic abnormalities (ACAs), for example, double Ph, 

trisomy 8, and i(17) (q10) were identified to decrease the response to Imatinib and were 

detected in below than 5% of CML patients during diagnosis. Ph duplication is generally 

connected with an overexpression of BCR-ABL1, and thus is connected by a destructive 

clinical result, and viewed as an obstruction factor to Imatinib therapy (V inhas et al., 

2018). 

In the current study, we reported a CML patient who exhibited five-way Ph positive 

translocation involving chromosome 46XX, t (1;2;2;17;9;22) (p36.3, q21; q11.2, q21, q34, 

q11.2) [20]. To the best of our knowledge, this translocation has not been reported in the 

literature. In this current case, the segment of chromosome 1p36.3 had been translocate 

onto chromosome 2q21, the segment of chromosome 2q22 had been translocate onto 

chromosome 1p36.3, followed by a breakage in reunion occurred between the segment of 

chromosome 2q11.2 translocation onto chromosome 17q21, with the segment of 

chromosome 17q21 translocate onto chromosome 2q11.2 Translocation between 

chromosome 9q34 and 22q11.2, resulted by Philadelphia chromosome. The patient failed 
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to respond against Imatinib Mesylate and shifted to second-generation drug Nilotinib 

400mg/day. 

Vaidya et al., (2013) described that that five-way translocation  is a very rare incident in 

CML cases (Vaidya, et al., 2013) The five-ways translocation has been very rare in CML 

patients. In the available literature, till today, only 13 cases have been reported in the 

literature (Table 26). (Misawa, et al., 1989; Zaccaria, et al., 1989; Yokota, et al., 2012). 

The four-way translocations are uncommon in CML. Only 61 have been reported in CML 

patients around the world to date to the best of our knowledge. The four-ways translocation 

is established more in males as compared to females. In four-way Philadelphia +ve cases, 

male patients were 56% and more affected as compared to female patients (39%) (Asif et 

al., 2016). A study conducted by Adriana and Bahar, (2012) on CML reported that the 

incidence of four-way translocation is an uncommon phenomenon (Okada, et al., 2011; 

Adriana & Bahar, 2012). 

To the best of our knowledge first time, we reported this new novel four-way translocation 

46, XY, t(4;9;19;22) (q25:q34;p13.3;q11.2) from Pakistan, and was successfully treated 

with IM 400/day and is alive for the last 06 years. We cross-checked it at Mitel man 

Database of Chromosome Aberrations and Gene Fusions in Cancer and other all available 

search engines. 

Here we also report six cases of three-way complex translocations. Out of the six cases, 

three were published. To the Best of our knowledge from Pakistan, we are the first time 

who reported the case of three-way complex variant translocation, 46XY, t(9;11;22) (q34; 

p15; q11.2). However, we are the second one who reported this case, in available literature. 

Previously only one case of such complex variant translocation 46XY, t(9;11;22) (q34; 

p15; q11.2) has been reported. (Asif, et al., 2016). After this investigation, Eyupoglu et al., 

(2016) were the third to publish the same translocation. (Eyupoglu, et al., 2016; Morel et 

al., 2003). The patient was successfully treated with Gleevec 400 mg daily. Cytogenetic 

analysis after diagnosis was performed three times. Results showed that the patient 

displayed complete cytogenetic response against the drug with 0% Ph cell. 

Another complex variant translocation case was with positive Philadelphia chromosome 

46XX, t(6;9;22) (p21;q34q11) in chronic phase. To the best of our knowledge from 
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Pakistan, we are first who reported this case. Previously only 12 researchers reported the 

same translocation 46XX, t(6;9;22) (p21;q34q11) (Table 25) (Asif, et al., 2017). 

Another unique case of complex variant translocation case with positive Philadelphia 

chromosome 46XX, t(7;9;22) (p13;q34;q11.2)[20] was reported in a female CML patient 

from Faisalabad. To the best of our knowledge, from Pakistan we are the first who reported 

this case. Previously only once this case was published.  (Millot, et al., 2017). However, 

globally we are the second to report this case. 

In this study, similarly, we find two cases of 46XX, t(1;9;22)(p36.3;q34q11.2)[20] in CML 

females. Previously, 7 times the same translocations were reported. In this study, to best of 

our knowledge, these translocations have been reported for the eighth and ninth time (Asif 

et al., 2015). 

Mohamed et al, (2003) conducted a study on 58 CML patients. They detected standard Ph-

positive translocation in 50 patients and complex/variant translocation involving 

chromosomes 9 and 22, and an additional third chromosome (Mohamed, et al., 2003). 

Another study was conducted by Fabarius et al,. (2011) on 1151 CML patients. They 

examined the standard 9; 22) had developed in 1003 (87%) patients, and on the other hand 

complex/variant translocations established in only 69 (6%) CML patients, however, 79 

(6.9%) showed ACAs. In these ACAs cases, 9 CML patients showed most common ACAs 

trisomy 8, +der(22)t(9;22)(q34;q11) detected in only 06 CML patients, while 

isochromosome (17)(q10) was observed in 05 patients and ider (22) (q10), t(9;22)(q34;11)  

was examine in 03 patients   (Fabarius et al., 2011). 

The establishment of the complex variant translocations with Ph positive-chromosome 

needs further investigation The study by Morel et al, (2003) on complex variant 

translocation suggested that it may result from a single incident through immediate 

breakdown of the chromosome regions involved, followed by a mismatched rejoining of 

the broken ends, called concerted genomic rearrangement (Morel, et al., 2003). However 

Sessarego et al. (2000) and Al-Achkar, (2013) concluded that the mechanism of complex 

variant translocation is a two-step procedure: primarily, the development of a 

(9;22)(q34;q11) translocation and  additionally the translocation, generally involving one 
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derivative chromosome from the Ph translocation and a third chromosome (Sessarego et 

al., 2000; Al-Achkar, et al., 2013). 

Mkrtchyan et al., (2008) have been proposed as two probable mechanisms for the 

formation of variant/complex translocations in CML patients. 

a). The complex/variant translocation is a solitary incident rearrangement through the 

simultaneous breakage of few chromosomes followed by mismatched joining. 

b). It is a multistep mechanism in which a standard Ph-translocation is followed by extra 

translocation actions involving chromosomes 9 and 22, in addition to other chromosomes 

(Mkrtchyan et al., 2008). 

Out of 131, 101 CML patients were treated with Imatinib 400 or 600 mg/day orally every 

day. Of 131, 25 patients shifted to second-generation drug Nilotinib 400 mg/day because 

they failed to show any hematological and cytogenetic response against the drug Imatinib.  

While only six patients died due to drug resistance or before starting any treatment. 

Imatinib Mesylate effectively inhibits the tyrosine kinase activity of the BCR/ABL protein 

and PLT derived growth factor receptor (PDGFR)which deactivates downstream signaling 

of the tyrosine kinase through the active site, stumbling cell proliferation and also 

prompting the process of apoptosis (Griffin, 2001). 

In this study out of 131 CML patients, 71 were initially monitored by physical examination 

and complete blood count. The CBC test was done twice a year. After 12 months complete 

hematologic response (CHR) was observed in 63/71 CML patients. However, only 9 CML 

patients showed increased vales of WBC <10 x 10
3
/µl, decreased values of Hemoglobin 

less than 10 mg/dl and abnormal values of PLTs. 

Cytogenetic analysis of 10 CML patients was performed for monitoring between 6 -12 

months. Complete cytogenetic response (CCyR) 0% of Ph+ metaphases in at least 20 to 25 

cells in metaphase was achieved in 9/10 patients however, only one patient showed 

resistance against the drug IM 600mg/day and the patient progressed from chronic phase to 

blast crisis. 

Tebuka et al., (2016) reported that the achievement of complete hematological response 

was observed among 90% of patients to Imatinib within three months of treatment. CHR is 
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characterized by a WBC <10,000/ x10
3
/µl with no juvenile granulocytes and <5%basophils 

on the differential, and PLTs were less than 450,000/μL. Failing to accomplish a total 

hematologic response within three months is a sign of an alteration in treatment. Patients 

with resistance/lack response against the first-generation drug IM needed to shift second-

generation tyrosine kinase inhibitor therapy. Of 127 patients,   116 achieved complete 

hematological response against Imatinib treatment in the first three months period 

however, 11 did not achieve any CHR. (Tebuka et al., 2016). 

Nair et al., (2008) described that the non-detectable BCR-ABL ratio was considered as a 

complete molecular response while BCR/ABL ratio < 0.1 % was measured as a major 

molecular response. A study on 100 CML patients was conducted. All 100 CML patients 

achieved complete hematological response (CHR) at 9 months in which 92% achieved at 3 

months and 94% achieved at 6 months. While 7% of patients achieved complete molecular 

response and 8% achieved a major molecular response after 6 months. After 12 months 

follow up, 22 (28%) patients achieved complete molecular response (CMR) while 15(18%) 

patients achieved major molecular response (MMR) and 35 (41%) patients showed a BCR-

ABL: ABL of > 0.1%. (Nair, et al., 2008). 

Kantarjian et al (2002) described that the probable percentage of progression-free survival 

after 18 months was 89%. The accomplishment of a cytogenetic response after 03 months 

was related to a high rate of progression-free survival. A sum of 149 CML patients had 

increased their dosage throughout the study. Amongst these CML patients, the hematologic 

response was achieved by 14 (9%) after the dose was increased, and CCR was achieved by 

17(11%) CML patients. (Kantarjian, et al., 2002). 

Druker et al (2001) discussed that hematologic response was achieved in all patients who 

were treated STI571. The study was conducted on 54 CML patients and the patients were 

treated with daily doses of 300 mg to 400mg or more on the recommendation of the 

physician. Complete hematologic responses were achieved in 53/54 patients and 1 did not 

because of discontinued therapy within four weeks after the initiation of treatment (Druker 

et al., 2001). 

In limited CML cases, patients do not display any progress at all or the disease relapse after 

an initial response. Nearly 60% of patients in BC respond to IM however, majority of them 

relapse. The threat of relapse rises as the disease develops to the next level (Maziarz, 
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2010). On the other hand, resistance to Imatinib can be anticipated by the absence of CHR 

in CP of CML patients or by the absence of coming back to CP for patients in AP or in BC 

of CML (Lee et al., 2008). 

Of 131, 25 CML patients showed resistance against IM, the first-line drug against the CML 

disease and shifted on 2nd generation drug Nilotinib in which 22 were analyzed by RT-

PCR. After median 03 months follow up only 06 showed BCR-ABL positive 

amplification. Of these, 05 showed amplification of oncogene b2a2 on 1306 bp and 01 

showed b3a2 on 1380bp. 

Paz-y-Mino et al (2002) researched on 40 CML patients. They observed that frequency of 

b3a2 transcripts was found in 5.4% CML patients however 94.6% showed the b2a2 

transcripts (Paz-y-Mino et al., 2002). 

Cabral et al (2003) arranged a study on 97 CML patients. They revealed that b3a2 BCR-

ABL transcripts were found in 28% CML patients. On the other hand, 59% of CML 

patients exhibited b2a2 transcript and 13% showed both b3a2/b2a2 transcripts at the same 

time (Rosas-Cabral et al., 2003). 

Lemos et al., conducted a study in Brazil (2005) executed by RT-PCR for the detection of 

BCR-ABL on 22 CML patients, in which 59% patients showed b3a2 and 41% showed 

b2a2 transcripts. These previous findings are close to the outcomes of the present study 

(Lemos et al., 2005). 

Another study was conducted by Ghavamzadeh et al (2008) on 75 CML patients in Iran. 

They observed that 83% of CML patients showed one of the p210 BCR-ABL transcripts 

(b3a2, 63% and b2a2, 20%). (Ghavamzadeh, et al., 2008). 

A study was conducted by Cortes et al., (2007) on 32 CML patients and treated with 

Nilotinib 400 mg/day. The median age of CML patients was 47 years (between ages 24-

73). The median qRT-PCR follow up with Nilotinib at 03, 06, and 12 months was, 0.52%, 

0.03%, and 0.09% respectively. After three months follow-up, MMR was detected in 3 out 

of 22 CML patients (14%), 7 out of 13 (54%) after 06 months and 5 out of 11 (45%) after 

12 months. None of the molecular responses had been lost while on therapy. Physicians 

reduced the dose of 07 to 400 mg/day, and 2 to 200 mg/day, due to extra medullary 



121 
 
 

toxicity. While 03 patients decided to change therapy after 4, 6 and 8 months respectively 

and 02 switched to Imatinib (Cortes et al. 2007). 

Another study on 65 CML patients was conducted by Cortes et al., (2009). The Midian age 

of CML patients was 46 years. All the patients were treated with Nilotinib. After 2 weeks, 

47 (98%) CML patients achieved CHR.  However, 51 patients followed for 3 months, in 

which 50(98%) patients achieved a CCyR. However, MMR had been done in 32(63%) 

patients, while a complete molecular response was achieved within 12 (24%) CML patients 

(Brien et al. 2009). 
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6 CONCLUSION 
 

The current study included 131CML patients from Pakistan. The median age of CML 

patients in the current study was observed to be 38.5 years between the age11-77 years. 

CML disease is more frequently dominant in males (54.46%) rather than in females 

(45.4%). Results of CBC analysis at the time of diagnosis showed that 57.25% patients had 

increased values of WBC > 100x 10
3
/µl, 58.01% CML patients showed decrease level of 

hemoglobin < 10.00 mg/dl, and 10.68%. Patients displayed lower values of platelets less 

than 150 x10
3
/µl. Cytogenetic examination using bone marrow samples was done on 76 

CML patients performed for the confirmation of Ph positive chromosome. Standard 

translocation (9;22) (q34; q11) was observed in almost 75% CML patients. Additional 

chromosomal abnormalities were established in about 3.94% CML patients and complex 

variant translocations were observed in 10.52% patients. During diagnosis, 92.42% 

patients were in the chronic phase, 5.63% patients were in the accelerated phase, however 

only 1.40% CML patients existed in the blast phase. Moreover, PCR is the best and most 

sensitive technique for detecting even small numbers of BCR-ABL levels in CML patients. 

In conclusion in this study we investigated four novel cases and four cases of rare ACAs/ 

complex variant translocations that are previously only once reported.    
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7 FUTURE RECOMMENDATIONS 

 
1. Patient’s resistances to the treatment of 2nd generation Nilotinib are recommended 

for whole exon sequencing. 

2. Novel cases of complex/variant translocations and Additional chromosomal 

abnormalities are recommended for whole-genome sequencing.  
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