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ABSTRACT 

 Acute lymphoblastic leukemia (ALL) is a complex genetic disease involving many 

fusion oncogenes having prognostic significance. The frequency of various fusion 

oncogenes can vary in different ethnic groups, with important implications for 

prognosis, drug selection and treatment outcome. We studied fusion oncogenes in 101 

pediatric ALL patients using RT-PCR and interphase FISH, and their associations 

with clinical features and treatment outcome. Five most common fusion genes i.e. 

BCR-ABL t (22; 9), ETV6-RUNX1 (t 12; 21), MLL-AF4 (t 4; 11) TCF3-PBX1 (t 1; 

19), and SIL-TAL1 (del 1p32) were found in 88.1% (89/101) patients. Frequency of 

BCR-ABL was 44.5% (45/101). BCR-ABL positive patients had a significantly lower 

survival (43.7±4.24 weeks) and higher white cell count as compared to others, except 

patients with MLL-AF4. The highest relapse-free survival was documented with 

ETV6-RUNX1 (14.2 months) followed closely by those cases in which no gene was 

detected (13.100). RFS with BCR-ABL, MLL-AF4, SIL-TAL1 and TCF3-PBX1 was 

less than 10 months (8.0, 3.6, 5.5 and 8.1 months, respectively). This is the first study 

from Pakistan correlating molecular markers with disease biology and treatment 

outcome in pediatric ALL. It revealed the highest reported frequency of BCR-ABL 

fusion gene in pediatric ALL, associated with poor overall survival. Present data 

indicated an immediate need for incorporation of tyrosine kinase inhibitors in the 

treatment of BCR-ABL+ pediatric ALL in this population and the development of 

facilities for stem cell transplantation.  
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1. INTRODUCTION 

The word Leukemia literally means „white blood‟ (Finch, 2007). Leukemia 

was first identified in 1811 (Guns Anderson 1983). Velpeau in 1827 reported it as a 

disease. Rudolph Carl Virchow (1846) described it as a disease in his published work. 

Leukemia is a type of cancer, in which white blood cells (WBC) multiply, out of 

control and then spread throughout the body (Frazer et al., 2007; Goggins et al., 

2012). As a result, immature white blood cells called blasts are seen in blood and 

bone marrow (Ravandi et al., 2006; Allen et al., 2013) and their mal functions in the 

human body lead to disease manifestation (Costinean et al., 2006). If more than 25% 

of the bone marrow is replaced by blast cells, the disease is usually considered to be 

leukemia (Dakic et al., 2007; Rives et al., 2012). 

In children, leukemia is one of the leading causes of death and its incidence is 

gradually increasing (Pui and Evans, 2006; Gillet et al., 2007; Brown et al., 2012). 

Acute Lymphocytic Leukemia (ALL) makes up 80% of childhood acute leukemia 

(Ancker et al., 2010). Peak prevalence of ALL is between ages of 2-5 years with 

WBC count under 50×10
9
/L at the time of diagnosis (Mullighan et al., 2009). Among 

pediatric aged 2-3 years, ALL is reported about 80 per million annually and this rate 

decreases to 20 per million in the range of 8-10 years of age (Pui, 2009). The cases of 

ALL in pediatric aged 2-7 years are four times greater than infants (Togo et al., 2011; 

Rives et al., 2012). 

Initial symptoms of leukemia include, bone or joint pain, easy bruising or 

bleeding, weakness, fever, infection, loss of appetite, weight loss, petechiae, swollen 

glands and night sweats (Velasco et al., 2006). 

Initial diagnosis of Leukemia is performed by medical examination of person 

with leukemia symptoms (Steensma and Bennett, 2006; Yang et al., 2009), blood tests 
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of suspected persons like differential blood cell count, as well as ultrasound 

examination of spleen and liver (Pui et al., 2008). A hematologist can classify the 

leukemia into different subtypes namely ALL, AML, CLL and CML (on the basis of 

how quickly it progresses and what type of blasts are involved) by examination of  

blast cells in bone marrow and peripheral blood (Xiao and Zhang, 2004). However, 

this classification of Leukemia does not correlate well with prognosis and treatment. 

Immunophenotyping is the most accurate method to find out the lineage of origin of 

leukemia (Athale et al., 2010; Tong et al., 2012). Modern classification of leukemia 

as recommended by World Health Organization (WHO), based upon the genetic 

information of the leukemia, collected by genetics researchers during last two decades 

using modern research techniques is the gold standard as it advocates to divide 

leukemia on the basis of prognosis and response to new therapeutics (Preiss et al., 

2006; Borowitz et al., 2008). These information help in understanding mechanism of 

the disease, by analysis of cells, genes involved in leukemogenesis and to discover 

new methods for early diagnosis, prognosis and treatment (Swerdlow et al., 2008; 

Vora et al., 2013). 

Most of the time, there is no obvious cause of leukemia (Hadziselimovic and 

Tahirovic, 2011). However, certain chromosomal translocations, exposure to 

radiation, including x-rays before birth, past treatment with chemotherapy drugs, 

receiving a bone marrow transplant, toxins such as benzene and Down syndrome or 

other genetic disorders  may play a role in the development of leukemia in general 

(Gillet et al., 2007; Ribera et al., 2009; Braüner, 2010). 

Different treatment options for ALL are chemotherapies (Rasheed et al., 

1996), bone marrow transplantation (Ravandi et al., 2006), radiotherapy (Finch et al., 

2007) and interferon therapy (Luo et al., 2010). 
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Studies on leukemia using genetic, molecular cell biological and biochemical 

research techniques showed that genetic abnormalities are the major cause of 

leukemia (Zen et al., 2004; Gao et al., 2007) which gave rise to different types of 

oncogenes responsible for onset and progression of the disease (Iqbal et al., 2009). 

The most common oncogenes found in leukemia patients are the fusion genes (Krentz 

et al., 2012). Different fusion oncogenes, besides being associated with different 

leukemia subtypes, strongly correlate with and differ considerably with respect to 

disease severity, prognosis and response to treatment (Ariffin et al., 2007).  Moreover, 

they provide the source for the most sensitive and convenient early differential 

diagnosis which is the first obligation to effectively treat this fatal disease (von-

Dongen et al., 1999). The five major risk stratifying translocations in patients with 

ALL are BCR-ABL, ETV6-RUNX1, MLL-AF4, SIL-TAL1 and TCF3-PBX1 (Iqbal 

and Tanveer 2006; Lazic et al., 2010; Sabir et al., 2012). As production of genetic 

abnormalities leading to formation of fusion oncogenes is driven by the 

environmental factors and living style which differ in different geographical regions, 

thus the frequencies of different fusion oncogenes associated with leukemia vary in 

different ethnic groups, which can have a huge effect on prognosis, treatment and 

management of leukemia (Bhatia et al., 2002; Ariffin et al., 2007; Jiménez-Morales et 

al., 2008). So the molecular genetic studies on frequencies of different fusion 

oncogenes in a given population are very helpful in devising strategies and protocols 

for differential diagnosis, prognosis, treatment and management of leukemia 

(Jiménez-Morales et al., 2008; Iqbal et al., 2012). All advanced work in this field 

using cutting-edge technologies depends upon the initial step of the studying 

molecular genetics of leukemia (Hayashi et al., 2007; Awan et al., 2012). 

ALL is one of the most common cancers in pediatrics and it needs further 
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research on priority, especially in under developed countries like Pakistan. In Pakistan 

sporadic work has been done by few research scholars on pediatric ALL at molecular 

cytogenetic level and the results were not confirmed with analysis of fluorescence in 

situ hybridization (FISH). The detection of fusion oncogene by molecular cytogenetic 

using RT-PCR protocol and supplemented by FISH is an important component in 

assessing the classification and risk stratification of ALL. The aims and objectives of 

this work was to define, find the type and frequency of 5 common fusion oncogenes 

and their differential diagnosis, prognosis, relation to disease biology in Pakistani 

pediatric ALL patients and to discuss the results in the light of currently available data 

of pediatric ALL patients from Pakistan and abroad with statistical analysis. This 

work might lead to modulate the management strategies of pediatric ALL patients 

with fusion transcripts. In addition it will pave the way for indigenous doctors to 

prepare less expensive and effective protocol for the treatment of pediatric ALL 

patients of Pakistan. 
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2. LITERATURE REVIEW 

 The cellular components of blood are formed from a pool of stem cells in the 

bone marrow through an organized pathway called the hematopoietic system (Pui et 

al., 2004). The bone marrow accounts for 5% of adult's weight and turn over a trillion 

blood cells every day (Cui et al., 2009; Bueno et al., 2011). During hematopoiesis, the 

cells develop into either lymphocytes (a kind of white blood cell) or other blood 

forming cells. The blood forming cells can develop into red blood cells, white blood 

cells (other than lymphocytes) and platelets (Figure 2). Abnormal development of 

lymphocytes during hematopoiesis lead to disease called blood cancer or leukemia 

(Figure 3) (Brown et al., 2012). Leukemia is a heterogeneous disease. Initially it is 

diagnosed by the presence of blast cells in bone marrow or peripheral blood of 

patient. Detailed study of blast cells in bone marrow and blood indicated that 

(Figure1) leukemia can be classified into myeloid leukemia and lymphoid leukemia 

(Janossy et al., 1980), on the basis of the type of progenitor cell from which the 

malignant cells are derived (Manabe et al., 2008). Both myeloid and lymphoid 

leukemias can be further subdivided into acute and chronic forms. In acute leukemia, 

large numbers of immature blood cells accumulate in bone marrow and blood, which 

leads to complete disruption of normal hematopoiesis and subsequently function of 

blood cells (Meeker et al., 2010). In chronic disease, increased numbers of 

comparatively more mature malignant cells are present in the bone marrow and blood, 

which are partially functional (Costinean et al., 2006). 

2.1 ACUTE LYMPHOBLASTIC LEUKEMIA (ALL) 

It develops from cells called lymphoblast. The term “acute” means that the 

leukemia can progress quickly, and if not treated, would probably be fatal in a few 

months. ALL is a fast growing cancer in which the body produces a large number of 
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immature white blood cells (lymphocytes) (blast cells). The blast cells are lymphoid 

precursor cells that arrested in early stage of development. The blast cells replace 

normal cells in marrow and blood thus caused different degree of neutropenia, 

anemia, thrombocytopenia and rarely pancytopenia (Cui et al., 2009). The blast cells 

proliferate in blood, bone marrow, liver, lymphnodes, spleen, central nervous system 

and testis in males (Athale et al., 2010; Kroll et al., 2012). 

 

 

 

 

 

 

 

 

Figure 1: Leukemia tree showing different types of leukemia. (Janossy et al., 1980). 

 

Figure 2: Normal development of different blood cells from the hematopoietic stem 

cell to mature cells in bone marrow (Cui et al., 2009). 
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Figure 3: Mechanism of abnormal hematopoietic cells formation in ALL (Pui et al., 

2004). A: ALL results from disturbance in the normal mechanisms of homeostatic 

control that regulate growth-factor signaling, differentiation, apoptosis, and self-

renewal of hematopoietic stem cell. B: A common pathway targeted by translocation-

generated chimeric transcription factors, such as MLL fusion proteins, ETV6-

RUNX1, and TCF3-PBX1 is the HOX gene–mediated transcriptional cascade, the 

RUNX1 transcription factor complex regulates the transcription of specific members 

of the HOX gene family. The MLL protein maintains this transcription and members 

of the polycomb group (PcG) family of proteins repress HOX gene transcription. 

HOX proteins, PBX1 proteins and co-factors induce the transcription of downstream 

target genes, whose products influence self-renewal, proliferation, and differentiation 

of hematopoietic stem cells and their committed progenitors. Leukemic 

transformations by three chimeric transcription factors are shown at site 1, 2 and 3.  

 

2.2 ETIOLOGY 

 The condition or circumstances that lead to the development of ALL are still 

unknown even though no effort is being spared by scientists, clinicians, 

epidemiologist, oncologists and hematologist (Iqbal, 2012; Awan et al., 2012; Sabir et 

al., 2012). There is not a single cause of acute lymphoblastic leukemia. It was evident 

itself and miscellaneous factor involved in this disorder, some of which were not clear 

(Wiemels, 2012). Gardner, (1990) hypothesized that father‟s preconception exposure 

to long term low- dose therapy might be the factor. Kinlen, (1990) put forward a 

theory that population mixing, loss of group immunity and odd response to infection 



8 

 

of unusually vulnerable pediatric had been rising. The absence or reduction of 

common infections during the first year of life may favor immunological stress when 

confronting infections later in life. This phenomenon would lead to a second 

molecular event, necessary to promote the malignant process, explaining the peak in 

ALL among children of 2-7 years of age (Greaves, 2006; Smith et al., 2009). Greaves 

(2006) also suggested that the risk of ALL was increased by higher socio-economic 

status, isolation and other conditions that may modify the prototype of infection 

during infancy. Exposure to radiations before/after birth might be the cause (de 

Angelis et al., 2012) because it was observed that the immunoglobulin or T-cell 

receptor antigen rearrangements that are unique to each patient‟s leukemia cells can 

be detected in blood samples obtained at birth. Similarly, in ALL characterized by 

specific chromosomal abnormalities, data exist to support that patients had blood cells 

carrying the abnormalities at the time of birth with additional cooperative genetic 

changes acquired postnatality (Dekking et al., 2012). In one study, 1% of neonatal 

blood spots (Guthrie cards) tested positive for ETV6-RUNX1 was much greater in 

pediatrics (Borst et al., 2012). Other reports confirm (Dekking et al., 2002) or do not 

confirm (Devries et al., 2008) this finding but this may supported the hypothesis that 

additional genetic changes are needed for the development of ALL. Genetic studies of 

identical twins with concordant leukemia further support the prenatal origin of some 

leukemia (Greaves et al., 2006) (Table 1). 

Greater chances of ALL are also linked with some genetic conditions, like 

Down syndrome. Neurofibromatosis, Bloom syndrome (Maloney et al., 2010), Ataxia 

telangiectasia and inherited genetic polymorphisms (Mullighan et al., 2009).  
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Table 1: Risk factor of ALL. 

Abnormalities of 

chromosomes 

Chromosomes abnormalities have been found in various 

type of leukemia (Finch, et al., 2007). Whether these 

alterations are primary or secondary but  are the  

contributory factor in development of leukemia (Gillet et al., 

2007)  

Radiation exposure 

Exposure to low/ high levels of radiation (Ribera et al., 

2008) 

Chemical exposure 
Chemotherapy drugs and certain chemicals like benzene can 

cause ALL (Pui et al., 2004) 

Viral infections 

Infection with the human T-cell lymphoma/leukemia virus-1 

(HTLV-1) can cause a rare type of T-cell ALL (Smith, 

2009) 

Race/ethnicity 
ALL is more common in whites than in African Americans, 

but the reasons for this are not clear (Pui et al., 2009) 

Identical twin 

This risk is largely confined to the first year of life; 

increased risk among identical twins may be due to leukemia 

cells being passed from one fetus to the other while still in 

the womb (Greaves et al., 2006) 

Controversial  risk 

factors 

Exposure to electromagnetic fields, workplace exposure to 

diesel, gasoline, pesticides, and certain other chemicals, 

smoking, exposure to hair dyes (Harrison et al., 2010) 

 

Children with Down‟s syndrome have greater chances of ALL by the age of 

five (Whitlock et al., 2006). About one-half to two-thirds of acute leukemia‟s cases in 

children with Down syndrome are ALL. Patients with ALL and Down syndrome have 

a lower incidence of T-cell phenotype (Maloney et al., 2010). About 50% of children 

with ALL and Down‟s syndrome have a frequent interstitial deletion of the 

pseudoautosomal region (PAR) of chromosomes X and Y that juxtaposes the first 

coding region of CRLF2 with the noncoding exon of P2RY8. The resulting P2RY8-
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CRLF2 fusion oncogene occurs less than10% in non-Down syndrome children with 

B-precursor ALL (Harvey et al., 2010). Children with Down syndrome having 20% 

ALL, also have somatically acquired JAK2 mutations (Gaikward et al., 2009). Mostly 

Down syndrome -ALL cases with JAK2 mutations also have the PAR deletion and 

express the P2RY8-CRLF2 fusion oncogene (Mullighan et al., 2009; Zhou, 2012). 

According to early research, JAK2 mutation status and 5-year event-free survival in 

children with ALL and Down‟s syndrome are not correlated. ALL in children with 

Down syndrome has an age distribution similar to that of ALL in non–Down  

syndrome children, with a median age of 3 to 4 years (Mullighan et al., 2009). 

Patients with ALL and Down syndrome manifested lower frequency of favorable 

ETV6-RUNX1 and unfavorable BCR-ABL/MLL-AF4.  

White pediatric ALL patients have a greater survival rate than black, while 

Hispanic patients have lower rate than Asian pediatric ALL patients (Bhatia, 2004; 

Togo et al., 2011). The rate of ALL is highest in Hispanic people i.e. 43 per million 

(Smith et al., 2009). Black, Hispanic and native-American pediatric ALL patients 

continue to have significantly poorer survival than non-Hispanic white. Asian-

Americans also have significant worse survival (Rives et al., 2012). Among Asian 

subgroups Vietnamese and Filipinos have significantly poor survival, while other East 

Asian groups, except Chinese, have non-significantly worse survival (Muwakkit et 

al., 2012). 

2.3 LEUKEMIA GENETICS AND MOLECULAR CYTOGENETICS 

TECHNIQUES 

There is parallel evolution in the discovery of fusion oncogene in Leukemia 

and development of new trends in molecular cytogenetic techniques. Hansemann 

(1890), first time reported the presence of abnormal number of chromosomes in 

neoplastic cells of a patient. In the beginning of 20th century, Boveri, (1929) 
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suggested that the single cell with abnormal number of chromosomes underwent un-

control division and cause cancer. Nowell and Hungerford (1960), observed the 

chromosomes translocation (Philadelphia chromosome) in the malignant cell of CML 

patients. 

 In 1973, after the development of chromosomes banding techniques, Rowley 

defined the Philadelphia chromosome as the reciprocal translocation t (9; 22) (q34; 

q11) and BCR-ABL fusion oncogene (Figure 4) that caused CML (60%) and ALL 

(40%). BCR-ABL mutation encodes BCR-ABL fusion oncogenic protein with 

tyrosine kinase activity which resulted in uncontrolled division. 

 

Figure 4: BCR-ABL fusion oncogene is formed by translocation between 

BCR (breakpoint cluster region on the q part chromosome 22) and ABL 

oncogene (on the q part of chromosome 9). BCR-ABL transcripts 

oncoprotein with tyrosine kinase activity (Nowell and Hungerford 1960; 

Rowley 1973). 

 The genetic abnormalities involved in the development of hematological 

malignancies were first discovered in animals induced by retro virus while the studies 

of experimental leukemia (Gillet et al., 2007). After discovering that some of the 

genes were located at break points of chromosomes rearrangements in human 

malignancies, it was suggested that chromosomes abnormalities are causally 

implicated in the pathogenesis of human leukemia (Liang et al., 2002; Zhou et al., 
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2012). Chromosomal abnormalities are powerful indicators of pediatric ALL. 

In more than 90% of pediatric ALL patients, the blast cells have fusion 

oncogene. Cloning of the genes altered by leukemia associated chromosomal 

translocations provide insights into the mechanism of onset of leukemia and lead to 

the development of molecular approaches for the diagnosis and monitoring of 

patients' response to therapy (Shah et al., 2011). Each oncogene is believed to be 

different molecular entity and they act by different molecular pathways (Iqbal and 

Tanveer, 2006). In leukemia, chromosomal anomalies resulting in fusion oncogene 

create hybrid transcripts which usually encode transcription factors (Manabe et al., 

2008; Zuo, 2012).  

Some of the fusion oncogene like BCR-ABL has been reported to cause 

genomic instabilities in blast cells leading to BCR-ABL mutations in addition to other 

translocations (Stoklosa et al., 2008; Duy et al., 2011). The prescription of a targeted 

anti leukemic therapy for ALL also depends upon the accurate determination of 

genetic factors responsible for this heterogeneous disease in any population (Sabir et 

al., 2012).  

Molecular cytogenetic analysis is an important tool because karyotype of blast 

cells has diagnostic, therapeutic and prognostic value (Karkucak et al., 2012). 

Molecular screening by RT-PCR readily identifies chromosomal translocations. 

Techniques like cloning , DNA sequencing , PCR, multiplex RT-PCR and FISH 

enabled the research worker to detect large number of chromosomal abnormalities 

which are molecular markers with implications in differential diagnoses, prognosis, 

risk stratification, proper treatment protocols and treatment outcome in different types 

of leukemia like ALL, AML, CML, and CLL (Hunger et al., 2011). van der Veken 

and Buijs, (2011) reported that changes in chromosomes number and structures result 
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in various fusion transcripts and genetic mutations that gave rise to signaling 

molecules (e.g., FLT 3) and transcription factors (e.g., TCF 3), both lead to series of 

events for the onset of leukemia. Fusion oncogene like BCR-ABL, ETV6-RUNX1, 

MLL-AF4, SIL-TAL1 and TCF3-PBX1 are associated with ALL and it is 

fundamental information for the diagnosis, prognosis and better treatment of this fatal 

disease (Lewis et al., 2011; Iqbal et al., 2012; Awan et al., 2012). 

Cytogenetic, molecular cytogenetic, hematology, and FISH are playing vital 

role in the discovery of new anti-leukemic drugs but these techniques are sometimes 

unable to detect many genetic lesions in leukemia (Sabir et al 2012). Simon et al., 

(2011) reported that microarray-based protocols are superior to conventional 

cytogenetic and FISH in the detection of chromosomal translocation like ETV6-

RUNXI. Duy et al., (2011) used microarray-based gene expression profiling and 

studied that BCL6 molecule is a novel target as it is a source of a resistant tyrosine 

kinase inhibitor in BCR-ABL positive patients. Zhang et al., (2012) studied T-cell 

ALL, AML using next generation sequencing and suggested that T-cell ALL 

treatment with AML protocols could produce better results. In order to discover novel 

variants (responsible for resistance and relapse in leukemia patients) by molecular 

karyotype, now a days, high resolution molecular genetic techniques like multiplex 

PCR FISH, microarray-based analysis and next generation sequencing are being used 

(Collins-Underwood et al., 2010). 

2.4 PROGNOSTIC FACTORS OF ALL  

Pinkel, (1971) revealed that the most important prognostic factor in the 

treatment of pediatric ALL patients was treatment itself because the therapeutic 

strategy evolved and changed with time and there was variation in the other 

prognostic factor of ALL. 
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In 1985, different North American collaborative groups met in Rome and 

decided that the common set of factors (ALL-related clinical parameters associated 

with outcome) should be assessed on all pediatric ALL patients like bone marrow 

assessment at Day 7/14 of treatment to analyze the response to treatment, 

immunophenotyping, blast percentage in cerebro-spinal fluid, organomegaly, 

lymphadenopathy and mediastinal mass. BFM (Berlin-Frankfurt-Muenster) group 

considered organomegally as risk index. Risk index was expressed as a function of 

circulating blast cell count and the size of spleen and liver, thus rate of cytoreduction 

on any protocol was a strong prognostic variable (Bennett, 1976). Mediastinal mass 

was usually observed in T-cell and sometime in B-cell ALL. It is clinically important 

not because of potential anaesthetic problem, but also important along with 

immunophenotyping (Lillyman, 1997). To detect hepatosplenomegaly, mediastinal 

mass, leukemic kidney and enlarged testes, ultrasonography was performed 

(Attarbaschi et al., 2002; Steensma and Bennett, 2006). In ALL patients, some of the 

laboratory and clinical variables show prognostic values (Iqbal, 2012). For the 

prediction of outcome of risk-based treatment, the prognostic variables should be 

studied. These features demonstrated different values individually or in relation to 

other factors. So they are classified into 3 categories (Features of patient, blast cells 

characteristics, early response to treatment) by Vrooman and Silverman, 2009 and 4 

categories (clinical, laboratory, treatment related and genetics) by Fielding et al., 2011.  

2.4.1 Clinical parameters 

 Pediatric ALL patients showed variety of symptoms with the onset of ALL but 

their association with outcome is not well understood (Awan et al., 2012). Schrappe et 

al., (2012) reported that 5 year event free survival rate (>80%) in pediatric ALL 

patients is similar in both male and female.  The prognostic value of ALL in female is 
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better than male. It might be due to the relapse of testes, bone marrow cells and 

central nervous system in male (Pui et al., 2009; Zhou et al., 2012). 

Table 2: Summary of the clinical parameters 

Category Variable General Outcome 

Clinical 

Symptoms Unclear 

Gender   Better in female than male 

Age  <2y Inferior 

Age 2-7y Better 

Age 8-15y Not good 

High WBC Poor 

Organomegaly Controversial 

Lymphadenopathy Controversial 

Low Platelets count Inferior 

Mediastinal mass Controversial 

CNS involvement Adverse 

Testis  involvement Poor 

Blood groups Unclear 

Laboratory 

FAB L1 Good 

FAB L2 Not good 

FAB L3 Inferior 

Immunophenotyping Better in B-cell than T-cell ALL 

Cytogenetics Different in different Lesions. 

Treatment 

related 

response 

Early response to therapy   Good/Bad  

CR <4week />4week Not well understood. 

Induction failure Adverse 

MRD Variable with different protocol. 

Genetic 

Pharmacogenetic Polymorphic enzymes effect outcome 

Genomic Change in hematopoietic pathways are 

associated to outcome 
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In pediatric ALL patients, at diagnosis, the age are a significant prognostic 

variable, as different age groups have different disease biology (Hill et al., 2005). 

Infants have less survival rate while children aged 2-7 have a better disease free 

survival and 8-15year children showed lower response to therapy (Pui and Evans, 

2006). Infants, age <1y and children with high leukocyte count show less response (2-

4%) to therapy so the treatment of ALL usually fails (Vrooman and Silverman, 2009). 

These patients manifested different disease biology than younger pediatric ALL 

patients and were always at high risk (Schrappe et al., 2012). Children1-9 years age 

group showed better disease free survival than infants and elder young (Kang et al., 

2010). 

 Leukocyte count 30,000/µL is a standard value (Smith, 2009). ALL children 

with B-cell and low leukocyte count have a better outcome for treatment than high 

leukocyte count and T-cell ALL, the significance of leukocyte count is not clear 

(Spain et al., 2012; Rives et al., 2012). One reason for WBC count at diagnosis 

having no prognostic effect could be the poor outcome observed for T-cell ALL, with 

the early T-cell precursor phenotype because in comparison with other T-cell ALL 

patients, children with this subtype appear to have lower WBC count at diagnosis 

(Coustan-Smith et al., 2009). 

 In children, at diagnosis, involvement of central nervous system with ALL is 

an important feature. When sample test from cerebro-spinal fluid is positive for ≥10 

erythrocyte/µL and blasts, it requires intensive therapy during induction but overall 

prognosis is poor and there are chances of relapse (Pui et al., 2009; Vora et al., 2013). 

 The rate of involvement of testes is 2%, common in T-cell ALL, and it was 

poor prognostic variable. Intensive chemotherapy with / without radiation can show 

good outcomes (Conter et al., 2010). There was conflicting data about treatment 
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outcome of testes so different study groups assigned testes involvement with different 

risk status (low/high risk) (Pui and Compana, 2007; Ribera et al., 2008). 

2.4.2 French-American-British (FAB) classification system 

Within each broad class of ALL or AML, system has been devised to further 

classify the cells. Researchers identify cellular characteristics that are useful to plan 

treatment and to predict response to therapy. Using the French-American-British 

(FAB) classification system (Table 3), ALL has been divided into subgroups L1 to 

L3, some leukemia can have both lymphoid and myeloid (biophenotypic) features and 

some show no differentiation of either cell type (undifferentiated) (Bain, 2010). 

Table 3: French American British Classification of ALL (Bain, 2010). 

Designation Description 

L1 

The lymphoblast tend to be small with little cytoplasm and regularly 

shaped   nuclei; they are more mature in appearance than other 

subtypes 

L2 

The lymphoblast appears more immature, varying in size and nuclear 

shape 

L3
 

The lymphocyte tends to be larger with abundant cytoplasm and 

similar shaped nuclei 

 

  WHO international panel on ALL recommends that the FAB classification be 

abandoned since the morphological classification has no clinical or prognostic 

relevance. It advocates the use of the immunophenotypic classification mentioned 

below (Ancker et al., 2010). 
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Table 4: WHO classification of ALL (Ancker et al., 2010). 

Sr.# Types of leukemia 

1 Acute lymphoblastic leukemia(precursor B-cell ALL, T-cell ALL) 

2 Burkitt‟s leukemia  

3 Biophenotypic acute lymphoblastic leukemia 

 

 Pathologists and scientists across the world agree on the World Health 

Organization‟s (WHO) classification of neoplasms of the hematopoietic and lymphoid 

tissues (Jaffe et al., 2008). The classification, first published in 2001 and updated in 

2008, has been adopted worldwide for its clinical relevance, practicality, and 

reproducibility in diverse settings (Ancker et al., 2010; Lewis et al., 2011).  

 Since its adoption in 2001, the classification has been used in numerous 

clinical trials and countless pathologic and epidemiologic studies apart from providing 

the basis for new studies on genetic and molecular disease biology (Grimwade et al., 

2010). It recognizes distinct diseases according to a combination of morphology, 

immunophenotype, genetic, molecular, and clinical features. The disease entities are 

stratified according to their cell lineage and additionally, their derivation from 

precursor or mature lymphoid cells (Scrideli et al., 2009).  

 The revised WHO (2008) classification of acute leukemia attempts to provide 

an up to date classification system for different leukemia subtype. This system 

facilitates molecular biological analyses of the cells and genes involved in 

leukemogenesis and the discovery of new methods for early diagnosis, prognosis, and 

treatment. All existing and emerging genetic information about leukemia and related 

hematological disorders are based on prognosis and response to anti-leukemic therapy 

(Iqbal, 2012). 
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2.4.3 Immunophenotyping in the diagnosis and classification of ALL 

 In leukemic patients, blast cells are morphologically similar to normal 

hematopoietic cells and it is difficult to differentiate them phenotypically from normal 

WBC (Tiensiwakul et al., 1999). This problem lead to the development of 

immunophenotyping. Thus firstly ALL was immunophenotypic by the application of 

monoclonal antibodies in 1977 by Jonosy and coworkers. Hybridoma technology has 

produced monoclonal antibodies to many cell clusters of differentiation (CDs) 

epitopes (Lillyman, 1997) (Table 5). Some associated to lymphocyte sub lineage, CDs 

1-8 mark various stages of T-cell ontogeny, CDs 19-22 and 24 mark B-cells, while 

CD 10 and CD34 mark old characters. Other features of blast cells on 

immunophenotyping basis were cytoplasmic (preB) and surface (mature B-cell ALL) 

immunoglobulin, TdT (Terminal deoxynucleotidyl transferase) (immature lymphoid 

cells) and HLA-DR which was relatively a non-specific expression of histocompatible 

antigens. Using these features, WHO classifies ALL as B-cell ALL and T-cell ALL 

on the basis of presence or absence of certain antigens on blast cells (Ancker et al., 

2010). In 80-85% cases of ALL, blast cells of precursor B-cell ALL express 

cytoplasmic antigens CD79, CD19 and HLA-DR. In 90% cases of precursor B-cell 

ALL, blast cells express CD10 surface antigen. In T-cell ALL, blast cells express 

cytoplasmic CD3 with CD7 plus CD2 or CD5 antigens (Rives et al., 2012). Early pre 

T-ALL is heterogeneous molecular entity having higher percentage of gene mutation 

regulating RAS signaling cytokine receptors, histone modifications and hematopoietic 

development. Its transcriptional profile is similar to normal hematopoietic and 

myeloid stem cells (Coustan-Smith et al., 2006). It is a unique type of T- cell ALL 

and is identified by gene expression profiling, flow cytometry and single nucleotide 

polymorphism array analysis (Coustan-Smith et al., 2002; Pui et al.,2011; Gudowius 
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et al., 2012). 

 In the recent past, morphology, cytochemistry and hematology were the 

sources of correct diagnosis in 80% of the ALL cases. Channa et al., (2000) studied 

that correct diagnosis could be done with the help of immunophenotyping. Flow 

cytometry is a useful tool for the study of new and neoplastic cells and their 

classification. Therefore, it has prognostic and clinical implications (de Angeles et al., 

2012). Rubnitz et al., (2011) reported that ALL can be classified into B-cell or T-cell 

lineage which could be determined in 98% of ALL cases with the help of flow 

cytometry (Table 5). Immunophenotyping by flow cytometry and immune-

histochemistry and pathology can be applied to cells from blood, bone marrow, 

acuities, pleural effusions, cerebro-spinal fluid and lymph nodes biopsies using 

monoclonal antibodies directed towards differentiation antigens in nucleus or 

cytoplasm or on the cell membrane (Zhang et al., 2012). 

Table 5: Frequency of antigens in different sub types of pediatric ALL (Zhang et al., 

2012).  

 Phenotype  Antigen expression  %age 

 Early pre-B  CD19+, CD22+, CD79a+, CD10±, cIgμ–, sIg  55-60 

 Pre-B  CD19+,CD22+,CD79a+,CD10±,cIgμ+,sIgμ–,sIgκ–,sIgλ–  20-25 

 Transitional-pre B  CD19+, CD22+, CD79a+, CD10±, cIgμ+, sIgμ+, sIg –sIg  3-5 

 B cell  CD19+,CD22+,CD79a+, CD10±, cIgμ+, sIgμ+, sIg + sIg  2-3 

 T cell  cCD3+ and CD7+, plus CD5+ or CD2+  13-15 

 Pre-T 
Negative for CD1a, CD8, weak expression of CD5 and 

coexpression of myeloid/stem cell antigen 
 13 

 The use of a TdT (Terminal deoxynucleotidyl transferase) assay and a panel of 

monoclonal antibodies (MoAbs) to T cell and B cell associated antigens will identify 

almost all cases of ALL (Swerdlow et al., 2008). In ALL, genetic mutations were 

identified with different prevalence on the basis of immunophenotyping and age 
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factor. Pediatric ALL patients showed early B (CD 10+), pre-B (cytoplasmic µ + 

chains) or sometime mature B (SIg +) phenotypes. The detection of TCF3-PBX1 

fusion oncogene was based on phenotypic analysis of surface of blast cells. The study 

of this fusion transcript documented CD19+ /CD 10+ /CD9+ /CD34- arrangement. 

The same pattern was also observed in pediatric with pre B-ALL. In initial diagnosis 

of leukemia, immunophenotyping technique is very effective to find the lineage of 

leukemic cells. Immunophenotyping is associated with diagnosis, prognosis of fusion 

oncogene, and follow up MRD and treatment outcome of different drug therapies 

(Iqbal, 2012). 

2.5 AMBIGUOUS LINEAGE 

 In pediatric ALL patients, ambiguous lineage occurs less than 5%. In such 

cases, blast cells of both myeloid and lymphoid origin are present (Vardiman et al., 

2009). About 1/3 of the children with ALL cases have blast cells positive for myeloid 

markers on surface (Pui et al., 1993). No independent adverse prognostic significance 

exists for myeloid-surface antigen expression (Gerr et al., 2010; Khurram et al., 

2010). 

2.6 GENETIC ABNORMALITIES IN ALL 

 Chromosomal abnormalities present in B-lineage are rare in T-cell ALL (Baak 

et al., 2008; Rives et al., 2012). Absence of diallelic deletion of TCR gamma locus 

can be detected by comparative genomic hybridization and quantitative DNA- PCR 

and it is involved in early induction failure (Gutierrez et al., 2005). In ALL patients 

early pre T-ALL showed immunophenotypic consistency (Yang et al., 2009). 

Different fusion transcripts of gene TLX/HOX11 occurs in 5-10% of pediatric T-ALL 

and has good prognosis (Baak et al., 2008). t(5;14)(q35;q32) translocation of gene 

TLX3/HOX11L2 is about 20% of pediatric T-cell ALL and associated with early 
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induction failure (Gerr et al., 2010). NOTCHI genetic lesion is about 50% of T-cell 

ALL but its prognosis is unknown (García-Castillo et al., 2009). MLL- ENL (11; 19) 

is about 1% of B/T-cell ALL with unfavorable outcome (Pui et al., 2003). 

Intrachromosomal amplification of chromosome 21 with many extra copies of 

RUNX1 occurs 1-2% in pre B- ALL and have adverse prognosis (Moorman et al., 

2007). In case of molecular genetic problems, 30% of high risk pre B-ALL patients 

were positive for IKZF1 deletions with unfavorable outcome. 10% of IKZF1 deletions 

showed mutations of JAK kinase and their prognosis is unknown (Mullighan et al., 

2009). About 5-10% of pre B-cell ALL cases are due to over expression of CRLF2 

gene (a cytokine receptor gene located on pseudoautosomal region of sex 

chromosome). This gene is also associated with IKZF1, JAK mutations and Down 

syndrome and manifested poor prognosis (Harrison, 2011). A receptor of tyrosine 

kinase FLT3 is associated with hyperdiploidy (51-65 chromosome /cell or DNA index 

> 1.16) and MLL rearrangements. It‟s over expression causes growth of blast cells 

(Nasedkina et al., 2003). Most cases of ALL that show L3 morphology express 

surface immunoglobulin (Ig) and have a C-MYC gene t(8;14) translocation  and 

indicated favorable outcome (Pui et al., 2003). 

 High hyperdiploidy (51-65 chromosome /cell or DNA index > 1.16) present in 

20-25% of pre B-cell ALL. It showed good prognosis individually and also with low 

leukocyte count and 1-9 year of age group (Harrison et al., 2010). Triple trisomes of 

chromosome number 4, 10 and 17 demonstrated favorable prognoses (Noronha, et al., 

2011). Patient with hyperdiploidy manifested better prognosis than patient with 

hyperdiploidy and BCR-ABL (Moorman et al., 2003). Some patient reported with 

both hyperdiploidy and masked hypodiploidy showed poor prognosis (Harrison et al., 

2010). Near triploidy (68-80 chromosomes) and near tetraploidy (>80 chromosomes) 
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are associated with favorable outcome (Janossy et al., 1980). Hypodiploid (<46 

chromosome) patients with 44/45 chromosomes in blast cells documented better 

prognosis than patients with 24-28 chromosomes (Lu et al., 2011). Different 

polymorphic genes are responsible for metabolism of chemotherapic drugs. They 

manifested different prognosis, e g., a mutant gene produces thiopurinemethyl 

transferase enzyme which is involved in metabolism of 6- mercaptopurine and 

showed good prognosis but patients developed treatment toxicity and infections or 

myelosuppression (Kang et al., 2010). 

 Down syndrome children with ALL showed lower outcome than children with 

Down syndrome only (Pui et al., 2009). Pediatric ALL patients with Down syndrome 

manifested lower overall survival and event free survival rate and high mortality. It 

was might be due to other adverse prognostic factors and treatment toxicity (Maloney 

et al., 2010). PreB-cell ALL patients without any adverse genetic lesion indicated 

similar overall survival and event free survival with/without Down syndrome 

(Mullighan et al.,2009). 

BCR-ABL t (9; 22) is present in about 3% pediatric ALL patient. It is 

common in older pre B-cell ALL children with high leukocyte counts and has poor 

outcome (Moorman et al., 2010). Imatinib mesylate inhibits the BCR-ABL tyrosine 

kinase activity and when used with intensive chemotherapy manifested good 

prognosis and 3-year disease free survival in 80.5% pediatric ALL patient. Longer 

follow-up is necessary to observe either it cures or just prolongs disease free 

survival (Schultz et al., 2009). ETV6-RUNX1 is 20-25% in children with pre B-

ALL but rare in T-cell ALL (Gmidène et al., 2009).  It is more common in white 

children than Hispanic pediatric in 2- 9 years age group (Pui et al., 2009). Relapse, 

overall survival and disease free survival is better in ALL children with t (12; 21). It 
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has good prognosis not individually but with low WBC count and age. Late relapses 

are more common in pediatric ALL patients with ETV6-RUNX1 lesion compared 

with other pre B-cell ALL patients (Borowitz et al., 2008). ETV6-RUNX1 t(12; 21) 

translocation has a favorable prognostic value in younger children (Gao et al.,2007; 

Gmidène et al., 2009; Borst et al., 2012). About 80% of infants with ALL have 

MLL-AF4 t (4; 11) translocation (Menendez et al., 2010; Bueno et al., 2011). Its 

frequency is high in infants with age 6 months or less, then its starts to decrease 

during 6 months to 1 year of age but becomes high again from 2 to 15 years of age 

(Alexander et al., 2001). Infants with MLL-AF4 usually show high WBC count, 

involvement of central nervous system, blast negative for CD10, high relapse rate, 

poor survival and prognostic value (Yokoyama et al., 2011). SIL-TALI fusion 

transcript showed poor prognosis independently or along with T- cell ALL (Iqbal et 

al., 2009).  About 1% cases of ALL are positive for TCF3-PBX1 and this chimeric 

gene occurs in both early B/T-cell ALL (Iqbal et al., 2009). Infants with TCF3-

PBX1 indicated poor prognosis but there is better response in older children with T-

cell ALL and TCF3-PBX1 (Moorman et al., 2007; Awan et al., 2012). 

 Translocation like ETV-RUNX1 is associated with good outcome while 

TCF3-PBX1 has poor prognosis (Nachman et al., 2007). The ability of recurrent 

genetic markers may represent subtypes of disease with different etiologies. The most 

commonly studied marker, based on publications from developed countries, is the 

ETV6-RUNX1 fusion gene, produced by a cryptic translocation between 

chromosomes 12 and 21, and is associated with a good prognosis (Borst et al., 2012). 

In contrast, patients with TCF3-PBX1 t (1; 19) fusions have an intermediate survival 

and may benefitted from more intensive therapy, while MLL-AF4 t (4; 11) and BCR-

ABL t (9; 22) are associated with a below-average probability of cure (Moorman et 
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al., 2007; Faiz et al., 2011; Iqbal, 2012). Pediatric ALL patients with BCR-ABL, 

MLL-AF4 and SIL-TAL1 have poor prognosis while ETV6-RUNX1 and TCF3-

PBX1 have good prognosis (Jeha et al., 2009). All these translocations occurred 

almost exclusively in B-lineage ALL and SIL-TAL1 occurred in T-cell ALL (Iqbal et 

al., 2009). Leukemic cell genetic makeup is one of the most important prognostic 

factors in pediatric ALL (Pui, et al 2008; Iqbal et al., 2009). The t(4; 11)/MLL-AF4, 

t(9; 22)/BCR-ABL, t(1;19)/TCF3-PBXI are adverse prognostic indicators and 

t(12;21)/ETV6-RUNX1, the most frequent fusion oncogene in pediatric ALL is 

associated with favorable prognosis (Moorman et al 2003; Siddiqui et al., 2010; 

Awan et al., 2012). Chen et al., 2012 reported that frequency of BCR-ABL is much 

higher in Chinese than western pediatric (14.6% verses 1.5-3%) patients while ETV6-

RUNX1 (in B-cell ALL) has low frequency in Chinese patients than western (15.34% 

verses 18.8-25%) and children of some Asian countries while SIL-TAL1 and TCF3-

PBX1 were similar in frequency with Asian and some European countries and lower 

than other European countries. Cytogenetic is an important predictor of outcome. 

Cytogenetic subtypes have a different prognostic value (Table 6). 

Table 6: Prognosis of genetic lesions in ALL (Pui et al., 2004; Iqbal et al., 2009). 

Genetic lesion  Chromosomal Translocation  Category 

 BCR-ABL  t(9;22)(q34;q11)  Poor prognosis 

 ETV6-RUNX1  t(12;21)(p13;q22)  Good prognosis 

 MLL-AF4  t(4;11)(q21;q23)  Poor prognosis 

 SIL-TAL1  Microdeletion 1p32  Poor prognosis 

 TCF3-PBX1  t(1;19)(q23;p13)  Poor prognosis 

 MLL-ENL  t(11;19)  Favourable outcome 

 TLX3/HOX11L2  t(5;14)(q35;q32)  Inferior outcome 

 TLX3/HOX11  10q24  Good outcome 

 MYC  t(8;14),t(8;22),t(2;8)  Favourable outcome 
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2.7 TREATMENT  

Pediatric ALL patients should be looked after carefully and properly at the 

center (Flotho et al., 2007). Treatment mostly involves chemotherapy for 2-3 years 

resulting in myelosuppression and immunosuppression so patients must be monitored 

by a group of professional/specialist. Follow-up tests should be conducted regularly. 

Treatment can cause side effects and late side effects (Arico et al., 2000; Moricke et 

al., 2008). Radio therapy of brain usually changes the mood, feelings, thinking, 

learning, or memory and especially children at age <4 years are always at high risk of 

side effects (Pui et al., 2009). Late effects can cause new cancer like brain tumors 

(Moghrabi et al., 2007). Sufficient amenities must be instantly obtainable during all 

phases of treatment (Miron et al., 2011). Induction failure occurs in 1-3% (Schrappe 

et al., 2012) and same mortality rate was observed due to treatment complications 

(Oudot et al., 2008). 

2.7.1 Criteria for Treatment 

On the basis of clinical and laboratory characteristics of pediatric ALL 

patients, the patients were assigned risk groups and were treated accordingly. The low 

risk group was treated with modest therapy while high risk group with aggressive 

therapy to prevent delay or relapse and to maintain long event free survival, disease 

free survival and favorable outcome (Robison et al., 2009; Hunger et al., 2012). The 

different types of ALL required different types of therapy for positive results (Schultz 

et al., 2009). So different types of protocols are designed by various oncology groups 

for best outcome of pediatric ALL (Table 7). 

In 1985, North American collaborative groups also agreed that non-B/T cell 

ALL disease in pediatric 1-9 year of age and leukocyte counts <30×10
9
/L would be 

considered as standard/low risks ALL, while all other ALL patient were at high risk. 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=44671&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46580&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=390292&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=44971&version=Patient&language=English
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Table 7: Common regimens for risk based treatment of ALL and MRD measurement. 

Protocol  

 

  Reference  

 Berlin-Frankfurt-Muenster (BFM) Protocol Manabe et al., 2008 

National Cancer Institute (NCI) (USA) Schultz et al., 2009 

The Dana-Farber Cancer Institute ALL Consortium Silverman et al.,2010 

St. Jude Cancer Research Hospital (SJCRH) Coustan-Smith et al.,2009 

Children Oncology Group Reaman, GH (2004) 

The National Cancer Institute (USA) arranged the pediatric ALL patients into 

2 risk groups on the basis of leukocyte counts and age (Smith et al., 1996) (Table 8). 

Table 8 Different risk groups of pediatric ALL patients according to national cancer 

institute. 

Risk LKT counts Age(year) 

Standard <30,000/mL 1to <10 

High ≥30,000/mL ≥ 10 

 

It was  reported that conventional treatments have never been capable of 

eradicating leukemia and are associated with low initial response, high degree of drug 

resistance, a large number of relapses and hence treatment failure (Damon et al.,2004; 

Schrappe et al.,2012). A large number of targeted anti leukemic therapies are 

currently in clinical trials for ALL, which target fusion oncogenes and specific 

antigens (Jabbour et al., 2007). The treatment depends upon features of the blast cells 

in ALL, extent of the disease; whether ALL has been treated before or not, age of the 

patient, symptoms and general health (Damon et al., 2004; Hunger et al., 2012). 

  In ALL, the malignant cells closely resemble normal hematopoietic cells 

(Spain et al., 2012). The aim of treatment is to destroy the leukemic clones of cells 

(blast cells) without destroying the residual normal stem cell compartment from 

which the repopulation of the hematopoietic tissues will occur (Stow et al., 2010; 

Schrappe et al., 2012). 
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2.7.2 Treatment procedure 

 

 

 

 

 

 

 

 

 

Figure 5: Principle of risk oriented therapy for ALL (CNS = central nervous system 

HD = high dose) (Jabbour et al., 2007). 

 Now a day ALL is being treated with chemotherapy, which is the use of 

multiple antileukemia drugs in different combinations. The drugs commonly used are 

vincristine, prednisolone, L-asparaginase, daunorubicin and methotrexate. There are 

three phases for treatment (Figure 5). 

Phase 1 (Remission induction): It is the stage in which bulk of the tumor is destroyed 

by combination chemotherapy. It is the stage at which blast is 5% in the bone marrow 

or blood and there is no other symptom of ALL. Dexamethasone, vincristine and 

asparaginase can cause remission (Pui et al., 2011; Kosucu et al., 2012).  

Phase 2 (Remission consolidation): If remission is achieved by induction, the residual 

disease is attacked by therapy during the consolidation phase. It is the use of high 

doses of drugs (In case of central nervous system involvement special treatment is 

CNS 

prophylaxis 

Maintenance 

6-mercaptopurine, methotrexate, vincristine, 

Corticosteroids 

Intensified consolidation includes reinduction, use of 

HD cyclophosphamide, and combination of new agents. 

Treatment can include HD cytarabine, HD 

methotrexate, amsacrine/mitoxantrone, 

etoposide/teniposide, allogeneic/autologous 

stemcelltransplantation 

Induction: 

Treatment can include vincristine/corticosteroids, 

anthracyclines, L-asparaginase, cytarabine, 

cyclophosphamide 
 

       Risk-oriented therapy 
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required). Combination of vincristine, cyclophosphamide, cytarabine, daunorubicin, 

etoposide, thioguanine or mercaptopurine are used to reduce the tumor burden 

(Ivanovski et al., 2012; Schrappe et al., 2012).  

Phase 3 (Remission maintenance): After consolidation phase, there is a period of 

maintenance therapy, with repeating cycles of drug administration.  It is the removal 

of MRD and involved daily oral use of mercaptopurine, once weekly 

oral methotrexate, once monthly 5-day course of intravenous vincristine and oral 

corticosteroids. Its time period is 2 years for girls and adults and 3 years for boys 

(Ribera et al., 2008). Cranial radiotherapy is also given to leukemia patients to 

prevent the spread of cancer to the brain (Robison et al., 2009; Lazic et al., 2010). 

This therapy is associated with an increased risk of obesity and risk for central 

nervous system relapse. With effective risk-adjusted chemotherapy, better results 

could be obtained without cranial radiotherapy (Pui et al., 2009; Leung et al., 2012). 

 Furthermore, bone marrow transplantation can also be suggested in certain 

cases. Healthy marrow from a donor is injected intravenously into a recipient who has 

already been suitably conditioned. The preferred donors are histocompatible siblings 

and the best results are obtained in patients aged less than 20 years (Giebel et al., 

2010; Krentz et al., 2012). A foremost target of present ALL experimental trials are to 

provide effectual central nervous system treatment while reducing the late effects and 

toxicity of central nervous system (Ramanujachar et al., 2007). 

2.8 EARLY RESPONSE TO INITIAL TREATMENT  

 Early response to initial treatment has great prognostic effects. With the start 

of treatment, the rate of blast elimination and MRD levels at earlier (day 8, day 15 and 

week 12 of induction) predict outcome (Conter et al., 2010). Response to treatment is 

mainly depends upon the medicines sensitivity of blasts, pharmacogenomics and 

http://en.wikipedia.org/wiki/Cyclophosphamide
http://en.wikipedia.org/wiki/Cytarabine
http://en.wikipedia.org/wiki/Etoposide
http://en.wikipedia.org/wiki/Thioguanine
http://en.wikipedia.org/wiki/Mercaptopurine
http://en.wikipedia.org/wiki/Mercaptopurine
http://en.wikipedia.org/wiki/Methotrexate
http://en.wikipedia.org/wiki/Vincristine
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pharmacodynamics of host (Meeker et al., 2010). Blast response to treatment can also 

be studied from peripheral blood response to steroid and multiagent induction therapy 

and induction failure (Schrappe et al., 2012). 

2.9 COMPLETE REMISSION 

Complete remission (CR) was defined as < 5% morphologically identified 

blasts in a bone marrow with cellularity more than 20% and normal maturation, 

provided the patient had a peripheral blood neutrophil count more than 1500/µL, 

platelet count more than 100,000/µL, and no evidence of extramedullary disease. 

Complete remission is the positive response to induction therapy between <4-6 weeks 

after the initiation of treatment (Schrappe et al., 2012). Oncologist also considered 

normal cellular bone marrow with tri-lineage hematopoieses in leukemia patient as 

complete remission (Moricke et al., 2009). Pediatric ALL patient showed 95% 

remission and about 80% of these were between ages 1-18 years (Preiss et al., 2006). 

2.10 INDUCTION FAILURE 

 Induction failure was the persistence of >5-25% blasts cells in the bone 

marrow/peripheral blood or at an extra medullary site in the end of induction therapy. 

Due to heterogeneity of ALL, pediatric ALL patients under went induction failure 

was 2.4% (Schrappe et al., 2012). Patients with T-cell (without a mediastinal mass) or 

pre B-ALL (high WBC counts) or genetic markers (BCR-ABL/ MLL-AF4) are 

always at high risk of induction failure (Oudot et al., 2008). At the end of induction, 

the pre-B children with ALL of 1-5year age group (negative for BCR-ABL / MLL-

AF4) documented survival up to 10 year but not in more than 50% cases (Marino et 

al., 2009; Schrappe et al., 2012).   

2.11 MINIMAL RESIDUAL DISEASE (MRD) 

It is the residual leukemia in blood or bone marrow. Studies using MRD 

http://www.cancer.gov/cancertopics/pdq/treatment/childALL/HealthProfessional/Page2#Section_1318
http://www.cancer.gov/cancertopics/pdq/treatment/childALL/HealthProfessional/Page2#Section_1319
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techniques have shown significant correlation between completion of induction and 

prognosis. As a result, current protocols (Table 7) are using MRD measurement for 

ALL risk assessment (Compana et al., 2009; Leung et al., 2012). 

 MRD is a significant prognostic variable to predict the outcome in children 

positive for B-cell ALL (Stow et al., 2010). MRD response discriminates outcome in 

subsets of patients defined by age, WBC count, and fusion oncogene (Conter et al., 

2010; Yeoh et al., 2012). In order to detect the lower levels of blast cells in blood or 

bone marrow, techniques like PCR assays and flow cytometry are used. They can 

detect the MRD at the level of 1 blast in 10,000 cells (van Dongen et al., 1999; 

Borowitz et al., 2009; Zhou et al., 2012). 

 Efforts are being made to standardize MRD qualification for a better 

comparability of data using real-time quantitative polymerase chain reaction (RQ-

PCR) of clonally immunoglobulin and T-cell receptor gene rearrangements, RQ-PCR-

based detection of fusion oncogene transcripts or breakpoints, and multi parameter 

flow cytometry immunophenotyping (Allen et al., 2013). Each of these MRD 

methods has their specific advantages and disadvantages (van Dongen et al., 2003; 

Brüggemann et al., 2012). The choice of the MRD method will be mainly dependent 

on its sensitivity and quantitative range, applicability and the possibilities of inter-

laboratory standardization. An extensive number of studies on hematological 

malignancies have recently demonstrated that the identification of rearrangements in 

immunoglobulin (Ig) and T-cell receptor (TCR) genes are important tools for 

diagnosis and follow-up of B and T-cell disorders. The heterogeneity of these 

malignancies makes it difficult to carry out a precise assessment in all patients despite 

well-established morphological and immunophenotyping criteria (Zhang et al., 2012). 

Clonal analysis of hematological malignancies is supported by the fact that all 
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malignant cells have a common clonal origin with identically rearranged Ig and/or 

TCR genes. Identification of B/T-cell clonality in polyclonal tissue such as the blood 

is indicative of a lymphoproliferative process. Germ line gene segments of Ig heavy 

chain (IGH), Ig kappa (IGK), Ig lambda (IGL) and TCR are rearranged in each 

lymphocyte during B and T-cell differentiation (Velden et al., 2007). A specific 

combination of gene segments and somatic mutations occurring during this process is 

responsible for the wide diversity of antigen-specific receptors and antibodies. Ig and 

TCR rearrangements are considered the "fingerprint" of each lymphocyte and 

therefore can be used as tumor-specific PCR targets for detection of residual 

malignant cells present after treatment (Borst et al., 2012). Determination of minimal 

residual disease (MRD) is becoming routinely implemented in several treatment 

protocols and is increasingly used in guidelines for drug therapy and stem cell 

transplantation. Each MRD techniques has its own strengths and limitations (Table 9). 

2.12 OUTCOME FOR ALL 

 Resistant disease was defined by the presence of persistent leukemia in the 

marrow and/or blood of patients who survived at least 7 days after induction therapy. 

Overall survival was measured from the date of entry onto the study until death from 

any cause, with observation censored at the date of last contact for patients who were 

alive until latest reports (Iqbal, 2012). For patients who achieved complete remission, 

relapse-free survival was measured from the date of complete remission until relapse 

of ALL or death from any cause, with observation censored at the date of last contact 

for patients last known (Awan et al., 2012). 
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Table 9: Comparative features of techniques for MRD detection. 

Technique Statement Advantages Disadvantages 

Flow 

cytometry 

antigen 

expression 

sensitivity 

depends on 

technology  

 Applicable for most ALL 

patients 

 Available in many 

laboratories 

 Rapid 

 Quantitative 

 More information on 

cancerous cells 

 Identification and 

monitoring of treatment 

targets possible 

 

 Immunophenotypic shifts 

of leukemic cells 

 Expanded and altered 

precursor-B-cell 

compartment during 

regeneration 

 Low cellularity 

during/after induction 

 Expensive 

 Limited sensitivity 

 

 

 

 

DNA-based 

RQ-PCR  

Targets mainly 

Ig and TCR 

gene 

rearrangements 

 Applicable for  all ALL 

patients 

 High degree of sensitivity 

and standardization 

 Well-established 

stratification tool in various 

clinical protocols 

 Stability of DNA and 

possibility of sample storage  

 

 

 Time-consuming marker 

characterization 

 Potential instability of 

targets 

 Comprehensive 

 knowledge and experience 

needed 

 Expensive 

 

 

Quantitative 

RT-PCR of 

fusion 

oncogene 

 BCR-ABL is 

main target 

 High sensitivity 

 Stability of target during 

treatment course 

 Fast 

 Cheaper one 

 Applicable to limited 

patients 

 Unstable RNA 

 Uncertain quantization 

because of unknown 

number of RNA 

Transcripts. 

 Fast false positivity 

resulting from cross-

contamination 

 Standardization necessary 
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 Infants are treated with specially designed protocols for them but event free 

survival never exceeded 50%. Poor outcome with 7% overall survival in children with 

congenital ALL was reported (Basso et al., 2009). Long event free survival was 

expected in pediatric ALL patients treated on present available protocols (Table 7) 

(Pui et al., 2011). Although there is much advancement in research on pediatric ALL 

yet a large perspective study is required to answer many questions (Gaynon et al., 

2010; Shah et al., 2011). 

2.13 PEDIATRIC ALL IN PAKISTAN 

 According to a study conducted by Shakoor et al., (1991), environmental 

conditions, educational and socio-economic status of a society immensely influence 

the pattern and trends of pediatric carcinogenesis. In 1992, study conducted on ALL 

patients in Pakistan using monoclonal antibodies and immunoperoxidase technique, 

Naeem and Hayee reported that the rate of ALL was low in Pakistan as compared to 

other European studies. The 13 T-ALL cases were sub classified according to the 

stage of thymus maturation depending upon the expression of CD8 and CD4 antigens. 

6 were identified as early, 3 as common and 4 as late thymocyte stage (Naseem and 

Hayee, 1992). Taj et al., (1993) found a statistically significant inverse correlation (P 

< 0.05) between nutritional status and ensuing infection rate in pediatric ALL patients. 

Hassan et al., (1994), studied the morphological pattern of 234 consecutive cases of 

various types of leukemia from Hospital of Rawalpindi Medical College. Acute 

leukemia (62.8%) was more common than chronic (37.2%) amongst ALL while the 

AML: ALL was 1:3 in children. Nur et al., (1995) reported disseminated intravascular 

coagulation (DIC) in 9.1% cases of ALL, particularly in T-ALL, thus showed that it 

should be looked for in acute Leukemia other than APL. Rasheed et al., (1996), 

studied hematological and biochemical changes in ALL patients after chemotherapy. 
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Hemoglobin, haematocrit and platelet count were decreased while reticulocyte count, 

BSR, TLC, bleeding time, bilirubin, blood coagulation time, alanine 

aminotransferase, lactate dehydrogenase and creatinine were increased in ALL 

patients as compared to normal. Blood chemistry and hematology are diagnostic 

factors of ALL and 6-8 months of treatment remission can be up to 50% (Rasheed et 

al., 1996). 

 Zahid et al., (1996), studied pediatric ALL under 15 years age group. They 

concluded that the hematology, pathology and clinical features of pediatric ALL are 

similar to that reported in the Western countries and suggested that various 

environmental, viral and dietary carcinogens may play a major role in disease biology 

(Zahid et al., 1996). Khan et al., (1997), studied   pediatric malignancies of north-west 

Pakistan in 1290 patients. They reported ALL to be the most common pediatric 

cancer.Yusuf et al., (2001), carried out flow cytometry analysis of 62 pediatric ALL 

patients. 50% of ALL were CD10 positive and 24% CD10 negative pre B-cell 

leukemia. Among all pre B-cell ALL, 98% were positive for CD19, 96% for CD22, 

89% for HLA-DR and 67% for CD10. The mean age in this study population was 

significantly higher and percentage of CD10 positive pre-B ALL was lower than that 

in the West (Yusuf et al., 2001). Both these factors might be responsible for the 

poorer prognosis of pre B-cell ALL in Pakistan. Zaki et al., (2002), studied the 

clinical features and treatment in 23 pediatric ALL (18 males, 5 females and mean age 

5±3 years) admitted to Agha Khan Hospital Karachi from 1987-1997. The patients 

were presented with advanced disease and there was a high early death rate within 28 

days of diagnosis (Zaki et al., 2002). Idris et al., (2004), reported 19.15% ALL in 60 

patients with hematological malignancies with a male to female ratio of 1.4:1 and 

median age of 2 to 7 years. Low fever, pallor, weakness and body aches were reported 
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as the common symptoms. Khawaja et al., (2005), reported the data of 209 ALL 

patients from Agha Khan Hospital Karachi, presenting between July 1995 and July 

2003. Flow cytometry was performed on ALL cases and T-ALL markers CD3, CD5 

and CD7 were reported. Proportion of T-ALL among ALL Pakistani patients was 

17.22%. Proportion of T-ALL was higher in adults than in pediatric (21.95% verses 

14.17%). Overall, in this study there were more male patients affected by T-ALL 

(69.40%) than females (30.60%). The female to male ratio was 1:2.27. However, the 

proportion of T-ALL in females was higher than males 1.2:1. CD7 was common in 

pediatrics (94.4%) with T-ALL (Khawaja et al., 2005). Khurram et al., (2010) 

reported aberrant markers CD13 (9.09%), CD11b and CD7 (1.81%) in B-cell ALL 

and CD13, CD117, CD11c and CD14 in T-ALL in Pakistani population. The infant 

mortality rate of ALL in Pakistan is 71% which is one of the highest in the world 

(Ashraf, 2012). Previously in Pakistan, random work has been done on fusion 

oncogenes.  

 Internationally people are in view that pediatric with ALL in developing 

countries should be treated effectively (Pui et al., 2004). However, in many under-

developed countries like Pakistan, pediatric ALL treatment, is limited due to 

inadequate supply of anticancer drugs and the high cost of treatment (Faiz et al., 

2011). Proper curative therapy in developing countries may need to differ from the 

developed countries. So, setting up local protocols for the pediatric ALL curative 

therapy is the need of the hour. 

In order to design such protocols, it is necessary to understand the local continuum of 

disease (Siddiqui et al., 2010). For this purpose a framework of study is used (Figure 

7). Findings of present work will pave the way for the doctors of Pakistan to devise a 

protocol for the treatment of pediatric ALL patients and to comfort them.  
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Table 10: Previous studies of fusion oncogene in pediatric ALL conducted in 

Pakistan. 

   Fusion Oncogene   Iqbal 2006  Siddiqui et al., 2010   Faiz et al., 2011 

   BCR-ABL    49     3.5     24 

   ETV6-RUNX1    12.6     3.5     9.7 

   MLL-AF4    15.5     5     14 

   SIL-TAL1    5.8     Not reported     Not reported 

   TCF3-PBX1    2       0     2 
 

This population based study aims to identify the different chromosomal translocations 

implicated in fusion oncogenes in blood samples from pediatric ALL patients, to 

determine a statistic for the prevalence of these chromosomal translocations amongst 

the patients who visit the hospitals for treatment and to study prognostic factors, 

outcome of treatment and their interaction with the fusion transcripts. This discussion 

clearly indicates that molecular cytogenetic of ALL is a basic tool for the diagnosis 

prognosis and treatment of ALL, so we conducted studies to hit upon the frequencies 

of fusion oncogene with RT- PCR. There is little available information about the 

molecular epidemiology of pediatric ALL in Pakistan (Iqbal, 2006) (Table 10). 

According to our knowledge it is the first study in Pakistan that is focused on 

exploring the prevalence of the five commonest ALL fusion oncogenes in the 

pediatric suffering from ALL. It is the comprehensive report from Pakistan on 

molecular cytogenetic of pediatric ALL patients and its correlation with disease 

biology. 
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3. MATERIAL AND METHODS 

3.1 Collection of blood sample from pediatric ALL patients 

 Blood samples were collected from pediatric ALL patients (n=148) of age 

ranges <1-15 years, admitted to different hospitals (Table 11) which are major 

Oncocenters of Lahore Pakistan for cancer treatment. Sampling was performed after 

obtaining permission from the hospital authorities (ethical committees) and written 

consent from the patients (Figure 6). Whole blood (2-3ml) was drawn from each 

patient using sterilized syringe/needles. Samples were collected in EDTA vacutainer 

tubes (6 ml K2-EDTA tubes (BD Vacutainer Systems, Franklin Lakes, N.J.) as per 

manufacturer‟s instruction with patient number, age and time/date of collection 

written on the tubes. After inserting the blood, the tubes were rotated thoroughly to 

ensure that there was no clot formation. Sample collection and processing for analysis 

was started within 24 hours, to minimize mRNA degradation. All the samples were 

stored at -40 °C. Twenty of the 148 samples were discarded because they were unfit 

(due to blood clotting) for further processing. Twenty seven were negative for 

glyceraldehydes 3-phosphate dehydrogenase (GAPDH) and were excluded from this 

analysis. The remaining 101 blood samples were processed for molecular cytogenetic 

by RT-PCR protocol and results were validated by fish (Figures 16 and17). 

Table 11: List of hospitals for sample collections from pediatric ALL patients. 

Sr.# Name of Hospital 

1. Jinnah Hospital  

2. Hamid Latif Memorial Hospital 

3. Sheikh Zayed Hospital 

4. Mayo Hospital 

5. Institute of Nuclear medicine and oncology 

  

http://en.wikipedia.org/wiki/Glyceraldehyde_3-phosphate_dehydrogenase
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3.2 PATIENT DATA FORM 

 The biological and clinical parameters of the patients (name, date of diagnosis, 

age, sex, ethnic group, profession, blood group and any related disease in the family 

and presenting features at the time of first diagnosis) were recorded. The patients were 

also asked to mention all the diagnostic tests and the results that had been performed 

on them including bone marrow, ultrasound, x-ray, cytogenetic/FISH, molecular 

testing and flow cytometry. The follow up of WBC count, platelets count, FAB, 

mediastinal mass, performance status, fever, hepatomegaly, splenomegaly, 

lymphadenopathy, central nervous system involvement, immunophenotyping, risk 

factor, complete remission, survival/expiry, disease free survival, event free survival 

were also recorded in tabulated form  and were used as indicators of hematological, 

cytogenetic and molecular responses. History of treatment with response/outcome was 

also recorded (Figure 6). 
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Figure 6: Patient data form. 
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Figure 7: Decision tree of study protocol. 
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3.2.1: Treatment protocol for pediatric ALL patients.  

 Four-weeks 2-phase induction regimen  

  First phase:  

o Dexamethasone 10mg/m
2 

 on days 1-2, 8-11 

o Vincristine 1 mg 0n Day 1,8 

o Danuorubicin 25 mg/m
2   

on days 1-2, 8-9 

Second Phase: 

o Cyclophosphamide 500 mg/m
2 

 on days 15-17 

o Cytarabine 60 mg/m
2 

 on days 16-19,23-26 

           Agents administered during both phases 

o Granulocyte colony-stimulating factor starting at day 6 until 

neturophils>1000 cells/mm
3  

(start on day 1 if neutrophils < 500 

cells/mm
3   

at diagnosis) 

o Dexamethasone 4mg/methotrexate 12mg/Cytarabine 40mg 

(intraethical) on days 7, 15,22 (also on day 294) 

 Consolidation therapy every four to six weeks 

Six alternating cycles 

o Methotrexate 1000 mg/m
2 

 and Asparaginase 10,000U/m
2   

on day 2 

o High dose Cytarabine 1000 mg/m
2 

 every 12hours on days 1,3 and 5 

recommended dose reduction for patients >70 years of age 

 Maintenance protocol after 8 months  

o Mercaptopurine 60 mg/m
2 

  daily and Methotrexate 25 mg/m
2 

 weekly  

o Pulses of Dexamethasone 40 mg/m
2        

days 1-2 

o Vincristine 1mg on Day 1 every 8 weeks  

 Up to 2 years total treatment duration  
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3.3 RT-PCR ESTABLISHMENT FOR DETECTION OF FUSION 

ONCOGENES IN PEDIATRIC ALL PATIENTS 

3.3.1 RNA extraction 

First of all a working area reserved for RNA isolation was cleaned with 75% 

ethanol. The procedure for isolation of RNA was opted from Chomczynski and 

Sacchi, (1987) and verified by Iqbal et al., (2009) with slight modifications. 

In 250 µl of blood sample, 750 µl of TRIzol-LS reagent (MRC/USA) was 

added. It was mixed well by pipetting in and out and was left for 5 minutes at room 

temperature. Then the lysate was supplemented with 200 µl of chloroform. Covered 

the sample, vortex for 15 seconds and were kept again for 5 minutes at room 

temperature. It was then centrifuged at 14000rpm for 15 minutes at 4ºC. Three phases 

were obtained and the upper clear aqueous phase was separated in another clean 

eppendorf. RNA was precipitated by mixing 500 µl of isopropanol to upper phase. 

Eppendorfs were shook well and left for 5 minutes at room temperature. It was then 

centrifuged at 14000rpm for 10 minutes. All the supernatant was aspirated. RNA 

pellet was washed by dissolving in 1 ml of 75% ethanol by vortexing. It was 

centrifuged at 8000rpm for 5 minutes at 4-5ºC. Then the supernatant was aspirated 

and RNA pellet was allowed to air-dry for 20-25 minutes. RNA pellet was hydrated in 

50 µl of DEPC H2O. Further we proceeded towards cDNA synthesis or alternately 

RNA samples were stored at -40ºC.  

3.3.2 RNA quality check 

RNA extracted from leukemia patients was run on 1.0% Agarose gel to check 

RNA integrity. Prominent bands for 18S and 28S ribosomal RNA (rRNA) indicated 

extracted RNA of good quality to be used in RT-PCR. 

3.3.3 Gel electrophoresis 

0.6 grams of agarose was dissolved in 50ml of 1X Tris/Borate/EDTA buffer 
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by heating in an oven. The solution was allowed to cool at 55
o
 C. Ethidium bromide 

was added (3µl/50ml) and mixed well. Then the gel was poured into the gel caster, 

comb was inserted and gel was allowed to solidify. 1XTBE buffer was poured into the 

tank so that the gel was completely submerged. In the mean time for each well of gel, 

10µl of each sample was mixed with 2µl of 6x loading dye. The entire sample was 

loaded into the submerged wells and the gel was run at 80V for about 60 minutes. The 

mobility of the dye in the sample buffer was observed and the bromophenol blue 

should be approximately 2/3 down the gel. 

When the samples had migrated to an appropriate distance through the gel the 

current was turned off and the gel was observed under UV light. Due to the presence 

of ethidium bromide in RNA, the RNA was visible as two discrete bright bands (28S 

and 18S). The gel was photographed in the Photo Doc-It
TM 

Imaging System.  

3.4 SYNTHESIS OF COMPLEMENTARY DNA (cDNA) 

RNA was reverse-transcribed to cDNA in order to be used as template in PCR 

reaction. The Reverse Transcriptase (RT) reaction was catalyzed by enzyme „Reverse 

Transcriptase‟ in the presence of random hexamer primers which are the short pieces 

of synthetic DNA complementary to 3
/
 tail of target mRNAs of fusion oncogenes. 

RT-reaction protocol and other reaction conditions were adopted from van Dongen et 

al., (1999). Briefly, 10µl of RNA was added to 10µl of reverse transcriptase reaction 

mixture containing 5X RT buffer, 25 mM dNTPS, 10pmol random hexamers primers, 

RiboLock
TM

 RNase inhibitor, M-MuLV Reverse Transcriptase (Fermentas, USA) and 

DPCE- treated water (Table 12). Reaction was carried out by giving heat shock to 

RNA at 70ºC for 10 min. Remaining reagents were added and incubated at 42°C for 

60 min, 70°C for 10 min and hold at 4°C in the last step. 
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Table 12: Preparation of Reverse Transcriptase reaction Mixture. 

Sr.# Ingredients For 1 Reaction 

1 5X reaction buffer for Reverse Transcriptase 4.0µl 

2 RiboLock™ RNase Inhibitor 0.5µl 

3 dNTP Mix, 25 mM 0.8µl 

4 M-MuLV Reverse Transcriptase 1.0µl 

5 Template RNA 10.0 µl  

6 Random hexamer primer 10mM 2.7µl 

7 DEPC-treated water 1.0µl 

 Total volume: 20.0 µl 
 

3.4.1 cDNA quality check 

The integrity of cDNA was assessed by amplification of housekeeping genes 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Gene expression analysis at 

conventional PCR was performed using 0.5ul cDNA on optimized conditions, using 

the synthesized gene specific primers (Table 13, 14) (Robert et al., 2005). 

Table 13: GAPDH Primers 

Sr. # Gene Name Primer Sequence 5’-3’ 

1 GAPDH (F) ACCACAGTCCATGCCATCA 

2 GAPDH (R) TCCACCACCCTGTTGCTGTA 

 

Table 14: Components and concentrations of PCR reaction Mixture. 

Sr. # Component Concentrations 

1 10X PCR Buffer 5.0μl 

2 MgCl2 (50mM) 2.5μl  

3 dNTPs (10mM) 1.0μl 

4 Reverse Primer (10 pm) 1μl 

5 Forward Primer (10 pm) 1μl 

6 cDNA (1ug) 1.0μl 

7 Taq. DNA polymerase (2U/ l) 1.0μl 

8 ddH2O  up to 50.0μl 
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Figure 8a: PCR thermal cycling conditions. 

3.4.2 Gel electrophoresis and quantification of band concentration 

 After the completion of PCR reaction, DNA was resolved on 1.5% TAE 

agarose gel along with 100bp DNA size marker on the basis of molecular weight; 

mixing samples with 6x loading dye (Fermentas, USA). Gel was run at 100V for 

35min. Then observed under ultra violet (U.V) light and picture was taken for further 

analysis.  

3.5 RT-PCR AMPLIFICATIONS 

3.5.1 Primer selection 

PCR primers and nested PCR protocols for the detection of fusion oncogenes 

in adult ALL patients were adopted from van Dongen et al., (1999) and already 

validated by Iqbal et al., (2007). The sequences of primers are given in Table 15. 

3.5.2 Primer dilution 

Primers used in this study were designed from National Centre of Excellence 

in Molecular Biology (CEMB). Primers were reconstituted (Table 16) according to 

the following formula: 

μl of water needed to make 100 picomole stock solution =  

  



47 

 

Table 15: Primers used for detection of fusion oncogenes in patients by RT-PCR. 

Fusion Gene Translocation 1
st
 Round PCR primers (5’-3’) 2

nd
 Round PCR primers (5’-3’) 

BCR-ABL 

t(9;22) 

(q34;q11) 

GACTGCAGCTCCAATGAGAAC CAGAACTCGCAACAGTCCTTC 

GTTTGGGCTTCACACCATTCC TTCCCATTGTGATTATAGCCTA 

ETV6-RUNX1 
t(12;21) 

(p13;q22) 

TGCACCCTCTGATCCTGAAC AAGCCCATCAACCTCTCTCATC 

AACGCCTCGCTCATCTTGC TGGAAGGCGGCGTGAAGC 

MLL-AF4 
t(4;11) 

(q21;q23) 

CCGCCTCAGCCACCTAC AGGACCGCCAAGAAAAGA 

TGTCACTGAGCTGAAGGTCG CGTTCCTTGCTGAGAATTTG 

SIL-TAL1 
microdeletion 

1p32 

TCCCGCTCCTACCCTGCAA TCCCGCTCCTACCCTGCAA 

CGCGCCCAGTTCGATGAC CCGCGTCCCGTCCCTCTA 

TCF3-PBX1 

t(1;19) 

(q23;p13) 

CACCAGCCTCATGCACAAC CACCCTCCCTGACCTGTCT 

TCGCAGGAGATTCATCACG GGCCTGCTCGTATTTCTCC 

 

Table 16: Dilution of primers used to amplify different fusion oncogenes.  

Primer 
Stock solution for 

Primers (100pm) 
Working solution of Primers (25pm) 

A 
582 μl of DPCE water 

was added and spun. 

To make 100 μl working solution, 25 μl of 

stock sol. was mixed with 75 μl of DPCE. 

B 
628 μl of DPCE water 

was added and spun. 

To make 100 μl working solution, 25 μl of 

stock sol. was mixed with 75 μl of DPCE. 

C 
561 μl of DPCE water 

was added and spun. 

To make 100 μl working solution, 25 μl of 

stock sol. was mixed with 75 μl of DPCE. 

D 
567 μl of DPCE water 

was added and spun. 

To make 100 μl working solution, 25 μl of 

stock sol. was mixed with 75 μl of DPCE. 

 

3.5.3 Preparation of master mix 

To minimize pipetting errors master mix was prepared in a single tube in 

which all the components of PCR reaction were added for all the reactions being run 

except for the component being optimized or template cDNA volume. DEPC water 

was added to make up the volume 50 μl. Master mix was spun after each component 
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was added to allow uniform mixing. This master mix is prepared by combining 5x 

PCR buffer with KCl, 25mM MgCl2, 25mM dNTP Mix, DEPC water and Taq DNA 

Polymerase (Table 17). 

Table 17: PCR master mix preparation 

 

 

 

 

 

 

 

3.5.4 Preparation of primer mix 

For round 1 of nested PCR primer mix of total 5µl volume was prepared for 

each reaction by using forward and reverse primers (Table 18). Similarly for round 2 

forward and reverse primers are combined (Table 19). 

Table 18: Round 1 primer mix preparation 

Sr.# Ingredient For 1 Reaction For 50 Reactions 

1 Primer A (F) 25mM 1 µL 50 µL 

2 Primer B (R) 25mM 1 µL 50 µL 

Total 2 µL 100 µL 
 

Table 19: Round 2 primer mix preparation 

Sr.# Ingredient For 1 Reaction For 50 Reactions 

1 Primer C (F) 25mM 1 µL 50 µL 

2 Primer D (R) 25mM 1 µL 50 µL 

Total 2 µL 100 µL 
 

Sr.# Ingredient For1Reaction For 50 Reactions 

1 5x PCR buffer with KCl 5 µL 250 µL 

2 MgCl2 25mM 5 µL 250 µL 

3 dNTP Mix 10mM 0.5 µL 25 µL 

4 DEPC  Water 34.2 µL 1710 µL 

5 Taq DNA Polymerase 0.3 µL 15 µL 

Total 45 µL 2250 µL 
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Three micro litres of cDNA and first round PCR product were used as 

template in a total of 50µL PCR reaction mix in first round and 2
nd

 round PCR 

reactions, respectively. 

3.5.5 PCR thermal profile 

Thermal cycling conditions for nested PCR were: Hot start at 95°C for 3 min 

followed by 35 cycles of denaturation of double stranded DNA at 95°C for 30 sec, 

annealing of primers to DNA template at 65°C for 60 sec and extension to form 

multiple copies of DNA strands at 72°C for 60 sec, followed by a post amplification 

extension at 72
o
C for 7 minutes. Round 2 was carried out with the same conditions 

(Table 20, Figure 8b). 

Table 20: Round 2 for RT-PCR. 

 

 

 

 

 

Figure 8b: Thermal cycler profile for two rounds of “nested” PCR. 

Cycles Step Temperature(°C) Time 

1 Hot start 95 3 min 

35 

Denaturation 95 30 sec 

Annealing 65 60sec 

Extension 72 60sec 

1 Final extension 72 7 min 
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3.6 ANALYSIS OF RT-PCR RESULTS BY GEL ELECTROPHORESIS 

PCR products were analyzed by electrophoresis with 1.5% agarose gel, stained 

with 3% ethidium bromide and visualization under ultraviolet light. The procedure 

was followed from Sambrook et al., (1989), Pakakasama et al., (2008) and Iqbal et 

al., (2009). 

3.6.1 Reagents 

Agarose (Gene Choice), 10x TBE, 20 mg/ml Ethidium Bromide (MERCK, 

Germany), 6X DNA Loading Dye (Fermentas, EU), 100bp DNA ladder (Fermentas, 

EU). 

3.6.2 Procedure 

The PCR products were run on an agarose gel in order to observe the 

amplification product (0.75 grams of agarose + 50 ml TAE buffer to make 1.5% gel) 

and was heated in microwave oven till the agarose was dissolved completely and clear 

solution obtained. The solution was cooled down and then ethidium bromide was 

added as 3µl/50ml of gel and mixed thoroughly. 

The gel tray was placed in the gel caster. The gel mixture was poured into the 

tray and comb was positioned appropriately in the tray so that a complete well was 

formed. Gel was allowed to solidify at room temperature for 20 minutes. After the gel 

had solidified, the comb was removed and the gel along with the tray was transferred 

to a horizontal electrophoresis tank. TAE buffer (1x) was poured into the tank so that 

the gel was completely submerged. 

DNA ladder (100bp) (Fermentas, EU) was loaded in the first well. The DNA 

samples were prepared by mixing 2µl of 6x loading dye with 10 µl of the final PCR 

product on a clean laboratory sealing film. The mixture was loaded into the 

submerged wells and the gel was run at 80V for about 45 to 60 minutes. 
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When the DNA samples had migrated to an appropriate distance through the 

gel the current was turned off and the gel was observed under UV light. Due to the 

presence of ethidium bromide in the gel, the DNA was visible as bright bands because 

ethidium bromide is a fluorescent dye that intercalates between the bases of DNA and 

fluoresces under UV light. The gel was photographed in the Photo Doc-It
TM 

Imaging 

System.  

3.7 VALIDATION OF BCR-ABL BY INTERPHASE FISH 

Fluorescent in situ Hybridization (FISH) is a technique by which specific 

genetic abnormalities can be detected using probes with the help of fluorescent 

microscopy (Kajtar et al., 2006; Zuo et al., 2012). We used two color probes FISH, 

one attaches 5′ end and other 3′ end region. These probes were observed in green and 

red colours by Fluorescent microscopy and these colours indicated the two green and 

two red copies of chromosomes. Philadelphia chromosome positive ALL samples red 

and green colours indicating normal cells and 2 green-red fused colour showing the 

presence of  BCR -ABL. 

3.7.1 Pre-hybridization, hybridization and post-hybridization steps 

Pre-hybridization, hybrization and post-hybridization were performed (Zhang et 

al., 2003, Kajtar et al., 2006). 

1. Whole WBCs cryopreserved at -80
 o

C (in 10% DMSO and 90% FBS) were 

thawed at 37 
o
C, pelleted by centrifugation and washed with 1X PBS.  

2.  Cells were fixed in methanol/acetic acid, dropped on slides, and air dried.  

3. The slides were pretreated with (0.01% pepsin and 0.02 M HCl) at 37
 o

C for 

10 min. 

4. The commercially available dual color, single fusion (SF) probe kit (Vysis, 

Downers Grove, IL) was used for labeling the respective gene regions. The 

cells and probes were denatured on a heating plate together at 78
 o

C for 10 
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min. Hybridization was performed overnight at 37 
o
C. 

5. Post-hybridization washing was done in 23 SSC containing 50% formamide 

for 7 min at 42
 o

C, which was followed by two washes in 23 SSC at 42 
o
C for 

7 min each. The slides were covered by Vectashield (Vector Laboratories, 

Burlingame, CA) containing 0.5 g/ml DAPI. 

3.7.2 Image acquisition and analysis 

Images were acquired using an FISH analyzer system (Leica microscope; 

CytoVision 4.0, Applied Imaging, Biosciences Centre, Newcastle, UK). At least 100 

cells were analyzed for each sample and at least 5% cells with abnormal hybridization 

signals were considered as minimum cut-off value. 

3.8 STATISTICAL ANALYSIS OF THE DATA 

In this study we used convenient sampling technique to collect the data. 

Therefore we used non parametric tests to analyze the data, like Mann Whiteny U test 

(Wilcoxon, 1945) for testing the significance difference between both the groups of 

TLC, Platelets count and complete remission, Kruskal Waills H test (Kruskal and 

Wallis,1952) was used to find the significant difference in different groups of FAB 

and Kolmogrove-Smirnove test (Massey,1951) was used to find the significant 

difference in different groups of mediastinal mass, hepatomegaly, splenomegaly, 

lymphadenopathy and central nervous system involvement. Chi Square test 

(Abramowitz, 1965) was used to see the association between the different 

oncogenotypes and factors of leukemia patients. Kaplan Meier test (Kaplan and 

Meier, 1958) was used to find the median survival time and Breslow test 

(Abramowitz, 1965) was used to find the significant difference between survivals of 

different groups of adult ALL patients. Overall SPSS version 18 was used for 

analysis. 
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4. RESULTS 

4.1 ANALYSIS OF BLOOD SAMPLES FROM PEDIATRIC ALL PATIENTS 

In this study, a total 101 blood samples were processed for molecular 

cytogenetics by RT-PCR protocol and results were validated by FISH (Figures 15 

and 16). Eighty nine (88.1%) of 101 ALL blood samples were found positive for 

at least one of the five common fusion oncogenes (Table 21, Figure 17).  

4.1.1 RNA quality check 

In order to precede for RT-PCR process, RNA extracted from blood samples 

of pediatric ALL patients was run on 1.5% agarose gel to check RNA integrity. Clear 

bands for 28S and 18S ribosomal RNA revealed that extracted RNA could be further 

processed in RT-PCR (Figure 9a). 

 

Figure 9a: Lane 1: RNA ladder, lane 2: negative control, lane 3 and 6 positive for 

18S and 28S RNA in blood sample of pediatric ALL patient.  

 

4.1.2 cDNA quality check  

The integrity of cDNA was assessed by amplification of housekeeping genes 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The product was run on 1.5% 

agarose gel. 473bp prominent band revealed good quality cDNA to be used in RT-

PCR (Figure 9b). 
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Figure 9b: Lane 1: DNA ladder, lane 2: negative control, lane 3, 5, 6, 7, and 9: 

positive for GAPDH. 

4.1.3 Detection of BCR-ABL fusion oncogene 

PCR-amplified agarose gel electrophoresed ALL samples showed a 381bp 

band corresponding to BCR-ABL fusion transcript (Figure 10). In present study, 

45/101(44.5%) blood samples of pediatric ALL patients tested positive for BCR-

ABL. 

 

Figure 10: Detection of BCR-ABL fusion oncogene in blood samples of pediatric 

ALL patients. Lane 1: DNA ladder, lane 2: negative control, lane: 3-9 blood samples 

of pediatric ALL patients (lane 3 positive for BCR-ABL), lane 10: positive control. 

4.1.4 Detection of ETV6-RUNX1 fusion oncogene 

An 180bp PCR product corresponding to ETV6-RUNX1 fusion oncogene 

(Figure 11) was detected in 18/101(17.8%) blood samples of pediatric ALL patients.  
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Figure 11: Detection of ETV6-RUNX1 in blood samples of pediatric ALL patients. 

Lane 1: DNA ladder, lane 2: negative control, lane 3-9: blood samples of ALL 

patients (lane 4 positive for ETV6-RUNX1), lane 10: positive control. 

4.1.5 Detection of MLL-AF4 fusion oncogene 

Agarose gel electrophoresis showed 502bp PCR amplified product 

corresponding to e10-e4 splice variant of MLL-AF4 fusion oncogene (Figure 12). 

Frequency of MLL-AF4 was 17/101(16.8%) in blood samples of pediatric ALL 

patients. 

 

Figure 12: Detection of MLL-AF4 fusion oncogene in pediatric ALL patients. Lane 

1: DNA ladder, lane 2: negative control, lane 3-14; blood samples of patients (lane 5 

positive for MLL-AF4), lane 15: positive control. 

4.1.6 Detection of SIL-TAL1 fusion oncogene 

A 351bp PCR product on ethidium bromide stained agarose gel, indicative of 

SIL-TAL1 fusion oncogene was detected in 7(6.9%) of 101 blood samples of 

pediatric ALL patients (Figure 13). 
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Figure 13: Detection of SIL-TAL1 fusion oncogene in pediatric ALL patients. Lane 

1: DNA   ladder, lane 2: negative control, lane 3-9; blood samples of pediatric ALL 

patients (lane 3, 4, 6, 7 and 8 positive for SIL-TAL1), lane 10: positive control. 

4.1.7 Detection of TCF3-PBX1 fusion oncogene: 

A 289bp band corresponding to TCF3-PBX1 fusion oncogene was detected 

after gel electrophoresis of RT- PCR amplification of blood samples from pediatric 

ALL patients (Figure 14). Out of total 101 blood samples, only 2(1.9 %) were positive 

for TCF3-PBX1. 

 
Figure 14: Detection of TCF3-PBX1 fusion oncogene in pediatric ALL patients. Lane 

1: DNA ladder, lane 2: negative control, lane 3-9: blood samples of pediatric ALL 

patients (lane 3 positive for TCF3-PBX1), lane 10: positive control. 

4.1.8 Validation of positive pediatric ALL blood samples by interphase FISH 

Pediatric ALL blood samples positive for BCR-ABL by RT-PCR protocol was 

also tested positive by interphase FISH. Thus, 100% concordance was found between 

RT-PCR and interphase FISH for positive pediatric ALL blood samples (Figure 15, 

16).  
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Figure 15: Interphase FISH showing two red signals for chromosome 9 and two 

green signals for chromosome 22 in a normal cell. 

 

 

Figure 16: Interphase FISH showing cells from blood sample of pediatric ALL 

patient indicating (22; 9), one green (chromosome 22), with one red (chromosome 9) 

and two red-green fusions typical for BCR-ABL in ALL. 

4.2 MOLECULAR CYTOGENETIC ANALYSIS 

4.2.1 Frequency of fusion oncogene in 101 blood samples of pediatric ALL 

patient 

 In this study, 88.1%(89/101) pediatric ALL patient were positive for 5 

common  fusion transcripts. Highest frequency of BCR-ABL 44.5%(45) was recorded 

followed by ETV6-RUNX1 17.8%(18) and MLL-AF4 was positive in 16.8%(17). 

The frequency of SIL-TAL1 was 6.9%(7) and TCF3-PBX1 was only 1.9%(2) (Table 

21, Figure 17) patients. 
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Table 21: Number and percentage of 5 common fusion oncogene in 101 blood samples 

of pediatric ALL patients. 

Fusion Oncogene Chromosomal Translocation Number (%) 

BCR-ABL t(9;22) (q34;q11) 45(44.5) 

ETV6-RUNX1 t(12;21) (p13;q22) 18(17.8) 

MLL-AF4 t(4;11) (q21;q23) 17(16.8) 

SIL-TAL1 Micro deletion Ip32   7(6.9) 

TCF3-PBX1 t(1;19) (q23;p13)   2(1.9) 

 

 

 

Figure 17: Percentage of 5 fusion oncogenes in 101 pediatric ALL patients. 

4.3. ANALYSIS OF SYMPTOMS IN PEDIATRIC ALL PATIENTS 

The number and percentage of symptoms of 101 pediatric ALL patients were 

recorded on patient data form (Figure 6). Temperature (fever) was the most frequent 

symptom and was recorded in 65 patients (64%). 37(36.6%) patients had pallor. 

Petechiae were found in 24(23.7%) patients and 11(10.9%) patients had gum 

bleeding. Swollen nodes were recorded in 6(5.9) patients along with nose bleeding 

and abdominal distension. Jaundice and vomiting were experienced in 5(4.9%) 

patients. Only 3(4.2%) patients had shown symptoms of testes swelling and bone pain 

was reported in 7(6.9%) pediatric ALL patients (Table 22). 
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Table 22: Percentage and statistical analysis of symptoms in ALL patients. 

Symptoms   n (%) 95% CI 

Temperature (Fever) 65(64) 54.64 - 73.36 

Pallor 37(36.6) 27.21 - 45.99 

Petechiae 24(23.7) 15.41 - 31.99 

Gum bleeding 11(10.9)   4.82 - 16.98 

Nose bleeding   6(5.9)   1.30 - 10.50 

Jaundice   5(4.9)   0.69 -   9.11 

Node swelling   6(5.9)   1.30 - 10.50 

Vomiting   5(4.9)   0.69 -   9.11 

Abdominal distention   6(5.9)   1.30 - 10.50 

Testes swelling   3(4.2)   0.29 -   8.11 

Bone pain   7(6.9)   1.96 - 11.84 

 

 

Figure 18: Percentage of different symptoms in 101 pediatric ALL patients. 

 

4.4 CLINICAL CHARACTERISTICS OF 101 PEDIATRIC ALL PATIENTS 

A total of 101 patients with some known variables like age, gender and 
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years (Table 24). 65(64.3) patients had WBC counts <30×10
9
/L while 36(35.6) had 

WBC counts >30×10
9
/L (Figure 20). Median WBC count was 16.3×10

9
/L (range 0.4-

4.65) (Table 24). 43(42.5) patients had hepatomegaly (Figure 21) and 30(29.7) were 

positive for splenomegaly (Figure 22). Palpable lymphadenopathy was present in 

39(38.6) patients (Figure 23) and 40(39.3) patients had platelet counts <50,000/µL 

while 61(60.8) had platelet counts >50,000/µL and median platelet count was 

54.5×10
9
/L (range 7-525) (Figure 24). 65(64.3%) patients had temperature before 

starting chemotherapy (Figure 18), 21(20.7) patients had a mediastinal mass (Table 

23) and CNS disease, as confirmed by spinal cytology, was found in 8(7.9) patients 

(Table 23). 79 patients could be classified by the pathology review committee using 

the FAB criteria, 36(35.6) cases were at L1, 48(47.5) were at L2, no patient was 

reported at L3 stage and 17(16.8) were unknown for FAB. Only 3(4.2) male children 

manifested testes involvement (Table 23). 

Table 23: Statistical significance of categorical variables of 101 pediatric ALL 

patients. 

Variable Category Patient n (%) P-Value 

FAB stage 

L1 36(35.6) 

<.001 L2 48(47.5) 

Unknown 17(16.8) 

Mediastinal mass 
Present 21(20.7) <.001 

 Absent 80(79.2) 

Hepatomegaly 
Present 43(42.5) <.001 

 Absent 58(57.4) 

Splenomegaly 
Present 30(29.7) <.001 

 Absent 71(70.0) 

Lymphadenopathy 
Present 39(38.6) <.001 

 Absent 62(61.3) 

CNS involvement 

 

 

Present   8(7.90) 

<.001 Absent 93(93.0) 

Present   3(4.2) 

Testicular 

involvement 

Absent 67(95.8) <.001 

 Present    3(4.2) 
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Table 24: Statistical analysis of numeric variables in 101 pediatric ALL patients. 

Variable Category Number Median 95%C.I P-Value 

Age 

(years) 

<2 18 

(20.8) 

1.5 1.11-2.3 
<.001 2-7 33 

(32.6) 

5 4.7-5.9 

8-15 50 

(49.5) 

12 10.7-12.7 

WBC 

(µL) 

<30,000 

µL µL 

µL µL 

µL µL 

65 5210 6213.35-10175.42 <.001 

>30,000 

µL 

36 70300 52100-131000 

Platelets 

(µL) 

<50,000 40 16000 15100-24900 <.001 
>50,000  61 109000 75700-14200 

C.I: Confidence Interval. 

 

Table 25: Clinical characteristic of 101 pediatric ALL patients (N*= no gene detected).  

Clinical 

Parameter 

of patient 

BCR-

ABL 

n =45 

ETV6-

RUNX1 

n =18 

MLL-

AF4 

n =17 

SIL-

TAL1 

  n =7 

TCF3-

PBX1 

n =2 

N* 

 

n =12 

Male 34(75) 11(61) 12(70.5) 4(57.1) 0 9(75) 

Female 11(24.4) 7(38.8) 5(29.4) 3(42.8) 2(100) 3(25) 

Age 

<2y 3(6.7) 10(55.5) 5(29.4) 0 0 0 

2-7y 16(35.6) 7(38.8) 2(11.8) 2(28.6) 1(50) 5(41.6) 

8-15y 26(57.8) 1(5.5) 10(58.8) 5(71.4) 1(50) 7(58.4) 

WBC counts 

<30,000 µL 24(53.3) 17(94.4) 10(58.8) 4(57.1) 1(50) 9(75) 

>30,000 µL 21(46.6) 1(5.5) 7(41.1) 3(42.8) 1(50) 3(25) 

Hepatomegaly 

No 23(51.1) 15(83.3) 8(47.1) 3(42.9) 0 9(12) 

Yes 22(48.9) 3(16.7) 9(53) 4(57.1) 2(100) 3(25) 

Splenomegaly 

No 35(77.8) 1583.3) 9(53) 5(71.4) 0 7(58.3) 

Yes 10(23.3) 3(17.7) 8(47.1) 2(28.6) 2(100) 5(41.7) 

Lymphadenopathy 

No 30(66.7) 11(61.1) 5(29.4) 5(71.4) 2(100) 0 

Yes 15(33.3) 7(38.9) 12(70.6) 2(28.6) 0 2(16.7) 

Platelets counts 

<50,000 µL 14(31.1) 6(33.3) 9(52.9) 6(85.7) 2(100) 3(25) 

>50,000 µL 31(68.9) 12(66.7) 8(47.1) 1(14.7) 0 9(75) 

Overall 

survival 

(months) 
15.4 31.64 7.49 12.24 28.20 18.92 

Relapse free 

survival 

(months) 
7.994 14.167 3.559 5.50 8.08 13.1 
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Figure 19: Percentage of male and female in relation to fusion oncogenes in 101 

pediatric ALL patients (N* none of the 5 common fusion oncogene detected). 

 

 

Figure 20: Percentage of WBC (µL) in relation to fusion oncogenes in 101 pediatric 

ALL patients (N* none of the 5 common fusion oncogene detected). 
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Figure 21: Percentage of hepatomegaly in relation to fusion oncogenes in 101 

pediatric ALL patients (N* none of the 5 common fusion oncogene detected). 
 

 

 

 

Figure 22: Percentage of splenomegaly in relation to fusion oncogenes in 101 

pediatric ALL patients (N* none of the 5 common fusion oncogene detected). 
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Figure 23: Percentage of lymhadenopathy in relation to fusion oncogenes in 101 

pediatric ALL patients (N* none of the 5 common fusion oncogene detected). 

 

 

Figure 24: Percentage of Platelets (µL) in relation to fusion oncogenes in 101 

pediatric ALL patients (N* none of the 5 common fusion oncogene detected). 
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4.5 PREVALENCE OF FIVE COMMON FUSION ONCOGENE IN 

DIFFERENT AGE GROUPS OF 101 PEDIATRIC ALL PATIENTS 

Five common fusion oncogene in 101 pediatric ALL patients were observed in 

89(88.1%) with a median age of 7 (range<1-15) years. There was a pronounced 

difference in frequency of chimeric translocations in different age groups (Table 26, 

Figure 25). The t(9; 22) (q34; q11) translocation was the most frequent lesion found 

in Pakistani population. Among 101 patients, 45 patients (44.5%) carried Philadelphia 

chromosome rearrangement, 3/45(6.7%) patients were <2 years of age, 16/45(35.6%) 

patients in 2-7 years of age and 26/45(55.8%) patients in 8-15 years of age. No infant 

(<1 year of age) was positive for BCR-ABL translocation.  

The ETV6-RUNX1 translocation was difficult to be identified by cytogenetics 

but molecular cytogenetics by RT-PCR was helpful in such cases. Out of total 101 

pediatric ALL patients 18(17.8%) were positive for t(12; 21) (p13; q22) translocation. 

10/18(55.5%) were < 2 years of age, 7/18(38.8%) were in the 2-7 age range and only 

1(5.5%) was of the age group 8-15 years.  

MLL-AF4 was observed in 17(16.8%) pediatric ALL patients of < 1-15 years 

of age. 5/17(29.4%) patients were < 2 years of age (2 infants), 2(11.8%) were in the 2-

7 year age group and 10(58.8%) of 17 belonged to 8-15 years of age.  

SIL-TAL1 (micro deletion lp32) was detected in 7/89(6.9%). No patient less 

than 2 years of age is positive for this lesion. 2(28.6%) patient carried SIL-TAL1 were 

in age group 2-7 years and 5(71.4%) were positive for this fusion transcript in age 

group 8-15years.  

TCF3-PBX1 was the least frequent chromosomal abnormality observed in 

only 2 female patients (1.9%). 1 was of age 2-7 years and other of 8-15 years age 

group. No patient of age < 2 years was positive for t(1; 19) (q23; p13). 

N*(None of the five fusion oncogene detected) There were 12 patients in this 
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category. None was below the age of 2 years. 5(41.6%) were in 2-7 years age range 

and 7(58.4%) belonged to 8-15 years age group.   

Table 26: Number and percentage of 5 fusion oncogene in different age groups of 101 

pediatric ALL patients n (%) (N* none of the 5 common fusion oncogene detected). 

Fusion 

oncogene 

Chromosomal 

Translocation 

M:F Age groups Total n (%) 

<2y 2–7y 8-15y 

BCR-ABL t(9;22) (q34;q11) 3:1   3(6.7) 16(35.6) 26(57.8) 45(44.5) 

ETV6-RUNX1 t(12;21) (p13;q22) 1.3:1 10(55.55)   7(38.88)   1(5.5) 18(17.8) 

MLL-AF4 t(4;11) (q21;q23) 2.4:1   5(29.4)   2(11.8) 10(58.8) 17(16.8) 

SIL-TAL1 Micro del.1p32 1.3:1   0   2(28.6)   5(71.4)   7(6.9) 

TCF3-PBX1 t(1;19) (q23;p13) 1:1   0   1(50)   1(50)   2(1.9) 

N* --- 3:1   0   5(41.6)   7(58.4) 12(11.8) 

Total n (%) 18(20.8) 33(32.6) 50(49.5) 101 

 

 

Figure 25: Percentage of 5 fusion oncogene in different age groups of 101 pediatric 

ALL patients. 
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44(43.4%) (Table 27, Figure 26). According to age groups, frequency of BCR-ABL 

was much less and was only 3 as compared to total number (15) of other four fusion 

oncogenes in age group <2 year. But in age groups 2-7 and 8-15, the number of BCR-

ABL was higher 16 and 26 than total number 12 and 17 respectively of other 4 

mutations. 

Table 27: Prevalence of BCR-ABL and other four fusion oncogenes in 3 age groups. 

     

Age            

Group        

Fusion oncogenes 

 Number of patients 

with four other 

oncogene 

Number of patients 

with BCR-ABL 

<2y 15 3 

2-7y 12 16 

8-15y 17 26 
 

 

 

 

 

 

 

 

 

 

Figure 26: Number of patients BCR-ABL and four fusion oncogene in 3 age group. 
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TALI. Only 01 female aged 10 year reported positive for TCF3-PBX1. 3 pediatric 

patient were <2 years, 1 patient was 4 years old and 4 patient were in 8-15 years age 

range. There were 5 male and 3 female in total. 01 patient with WBC less and 07 

showed greater than standard value. L2 stage of FAB was reported in 6 patient while 

2 were unknown for it. Only one patient was positive for mediastinal mass while 

condition was just opposite in patients with hepatomegaly where only 1 negative for 

it. 50% patients were positive for splenomegaly. 5 patient were positive and 3 

negative for lymphadenopathy and same number patients with platelets counts was 

observed in greater and less than standard value. 2 patient with SIL- TAL1 also 

showed T-cell while all other were B-cell ALL. 07 pediatric were at high and 01 at 

low risk. 3 patient had CR <4, 3>4 and 2 were suffered induction death. All patients 

were with neurological symptoms and blast cells in CSF. 

Table 28: Pediatric ALL patients with CNS involvement and other prognostic factors. 

SN AGE SEX FO WBC FAB MM HE SP LY PL I R CR RFS OS 

1 1.8 M ET < L2 - + + + > B L < 13 15 

2 0.8 M ML > L2 - + + + > B H > 3.5 5.5 

3 1.5 M ML > L2 - + + + < B H > 8 12 

4 12 F ML > UK + - - + > B H No Ind. - 

5 14 M ML > UK - + - + > B H No Ind. - 

6 4 M SI > L2 - + - - > T H < 2.3 4 

7 12 F SI > L2 - + - - < T H < 2 5 

8 10 F TC > L2 - + + - < B H > 5.5 7.5 

KEY: SN: Sample number, Age in years, FO: Fusion oncogene, M: male, F: female, 

ET: ETV6-RUNXI, ML: MLL-AF4, SI: SIL-TAL1, TC: TCF3-PBX1.  WBC: white 

blood cells </> 30,000/ µL, FAB: French-American-British, UK: unknown, MM:  

Mediastinal Mass, HE: Hepatomegaly, SP: Splenomegaly, LY: Lymphadenopathy, 

PL: Platelets Counts </> 50,000, I: Immunophenotyping, R: Risk, CR: Complete 

Remission </> 4 weeks, Ind: Induction Failure, RFS: Relapse free survival in 

months, OS: Overall survival in months. 
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4.8 IMMUNOPHENOTYPING 

To study the immunophenotyping, the flow cytometry results of 77/101(76.2%) 

pediatric ALL patients were recorded. 24/101(23.7%) were unknown, due to one or 

more reasons (Table 29). 

Table 29: Immunophenotypic distribution of 77/101 pediatric ALL patient n (%). 

 ALL  M:F Total Male Female 

B-ALL 3:2.3 70(69.3) 49(70) 21(30) 

T-ALL 6:1 7(6.9) 6(85.8) 1(14.2) 

 

4.8.1 B-cell ALL Markers 

In 77 patients, 70(69.3%) cases of B-cell ALL, where 49(70%) male and 21 

(30%) female so male female ratio was 3:2.3 (Table 29). When the monoclonal 

antibodies were directed to markers, the highest sensitivity (85.7%) was shown by 

CD19+ in pediatric and CD10+ was positive in 78.5% pediatric. HLA-DR was found 

to be sensitive in 74 % pediatric. CD20 was manifested by 24.2% patients. CD10- 

was positive in only 20% and lowest sensitivity was tested in CD34 which is only 

18.5% (Table 30). The percentage of markers was greater on blast cells in males than 

females. In males the most sensitive marker was CD10+ (81.8%) and least was CD34 

(61.5%). The others antigens HLA-DR, CD19+, CD20, CD10- were 39(75%), 

42(70%), 11(64.7%) and 9(64.2%) respectively (Table 30). In females the highest 

frequent marker was CD34 [5(38.5%)] and lowest sensitivity was shown by CD10+ 

[10(18.2%)]. The remaining positive marker on blast cells in females were CD10- 

[5(35.8%)], CD 20 [5(35.3%)], CD19+ [18(30%)] and HLA-DR [13(25%)] (Table 

30).  
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Table 30: Frequency of different immunophenotypic markers in B-cell ALL patients 

(n = 70, Male = 49, Female = 21, n (%)). 

Antigen Patient Male  Female  

CD10+ 55(78.5) 45(81.8) 10(18.2) 

CD10- 14(20)   9(64.2)   5(35.8) 

CD19+ 60(85.7) 42(70) 18(30) 

CD20 17(24.2) 11(64.7)   6(35.3) 

CD34 13(18.5)   8(61.5)   5(38.5) 

HLA-DR 52(74) 39(75) 13(25) 

 

4.8.2 T-cell ALL markers 

In 77 pediatric ALL patients studied for immunophenotyping, 7(6.9%) were 

T-cell ALL, where 6(85.8%) were male and 1(14.3%) female (Table 29). All of them 

demonstrated SIL-TAL1 mutation. In T-cell patients, 85.7% express CD3 on their 

blast cells, 71.4% expressed CD7 and 57% were positive CD5. HLA-DR was express 

by only 28.5% while CD13, CD33 and CD45 were 14.2 % each. 83.3% males were 

CD3, 75% CD5 and 57% CD7 positive. Percentage of HLA-DR was (50%) equal in 

male and female while CD45 was 14.2% in male and absent in female, CD13 and 

CD33 were demonstrated by females only. In females CD5 and CD7 were equal in 

percentage (25%) and CD3 was 16.4% (Table 31).  

Table 31: Frequency of different immunophenotypic markers in pediatric T-ALL 

patients (n=7, Male=6, Female=1, n (%)). 

Antigen Patient Male  Female  

CD3 6(85.7) 5(83.3) 1(16.7) 

CD5 4(57) 3(75) 1(25) 

CD7 5(71.4) 4(57) 1(25) 

CD45 1(14.2) 1(14.2) 0 

HLA-DR 2(28.5) 1(50) 1(50) 

CD13 1(14.2) 0 1(100) 

CD33 1(14.2) 0 1(100) 
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4.8.3 Immunophenotyping and fusion oncogenes 

 Immunophenotyping results of 77(76.2%) patients with/ without 5 common 

fusion oncogene (Table 32, Figure 27). 36(51.4 %) patient with B-cell ALL were 

positive for BCR-ABL including 28 male and 8 female. Patient suffering from ETV6-

RUNXI and B-cell ALL were 10 male 6 female thus total was 16(22.8%) patient. The 

frequency of patients with both MLL-AF4 fusion oncogene and B-cell ALL was 

15(21.4%) and the number of male and female was 10 and 5 respectively. 7 patient 

carried T-cell ALL including 6 male and 1 female and all of them demonstrated SIL-

TAL1 mutation. The 2(2.8%) female manifested TCF3 –PBXI and B-cell ALL. 12 

patient negative for any of the 5 common fusion oncogene were also negative for B-

cell ALL except 1(1.4%) male with B-cell ALL. 

Table 32: Immunophenotypic results of patients with and without fusion oncogene n (%). 

Immunopheno

-typic category 

of ALL 

  

M:F 

           ALL associated Fusion Oncogene n (%)  

N* 

 

Total   BCR-                    

ABL 

ETV6-

RUNX1 

MLL-

AF4 

SIL-

TAL1 

TCF3-

PBX1 

 

B-cell ALL 

 

3:2.3 

28M 8F 

36(51.4) 

10M 6F 

16(22.8) 

10M 5F 

15(21.4) 
0 

0M 2F  

2(2.8) 

1M 0F         

1(1.4) 

49M 21F 

70(69.3) 

 

T-cell ALL 
6:1 0 0 0 

6M 1F 

7(100) 
0 0 

6M IF 

7(6.9) 

Key: M=male, F=female. (N* none of the 5 common fusion oncogene detected). 

Figure 27: Percentage of B and T- cell ALL in 101 pediatric patients (N* none of the 

5 common fusion oncogene detected). 
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4.9 COMPLETE REMISSION (CR) 

The distribution of 101 pediatric ALL patients with successful analysis at 

diagnosis by known age and remission phase were studied. Much difference was 

observed among patients <1-15 years of age for response to therapy (Table 33). 

Of 45/101(44.5%) patient were positive for Philadelphia chromosomes. 3 of 

45 patient belonged to <2 years of age (6.7) out of 3, 1(33%) had CR within 4 week 

and 2(66.7) showed after 4 week. 16/45(35.6%) with age limit 2.7 retained 5(31%) 

patients with CR in less than 4 week and 9(56%) greater than 4 week. In this range 2 

patient had shown no symptoms of remission. 26(57.8%) of 45 patient of age 8-

15years had 7(27%) patient with CR within 4 week, 18(69%) after 4 week and only 

1(4%) patient shown no remission. Over all 13(29%) carried CR less than 4 week, 

29(64%) after a month and 3(6.7%) indicated no remission (Table 33). 

Cryptic ETV6-RUNX1 was the most frequent chromosomal abnormality 

18(17.8%) in this population after BCR-ABL in 101 pediatric ALL patients.10/18 

(55.55%) patient were of age less than 2 year 9/10(90%) had CR within 4 week and 

1(10%) after 4 week. 7(38.8%) patient out of 18 present within age 2-7years. Out of 

7, 6(86%) were with CR less than 4 week and 1(14%) after 4 week. Only 1/18(100%) 

showed no sign of remission in the age range 8-15 year. Overall 15(83%) carried CR 

<4 week, 2 (11.7%) > 4 week and 1(5.6%) showed no remission (Table 33). 

t(4;11) q21;q23 rearrangement was observed in 17(16.8%) of 101 patient. 

5(29.4%) patient were in < 2 years of age, only 1(20%) indicated CR within one 

month and 4(80%) after 4 week. In this lesion, 100% CR occured in the age range 2-7 

years in which 2/17(11.8%) patient were reported. 10/17(58.8%) belonged to 8-15 

years age group. CR < 4 week was reported in only 1(10%) patient, 6(60%) after 4 

week and 3(30%) had no remission. Overall 4(23.5%) carried CR <4 week, 10(59%) 
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> 4 week and 3(17.6%) indicated no remission (Table 33).  

Micro deletion 1p32 was carried by 7(6.9%) pediatric ALL patients. No 

patient was reported in the age <2 year. In 2-7 years of age group, 2/7(28.6%) showed 

100% CR within 4 week. 5 of the 7 patient (71.4%) were in the range of 8-7years, 

60% that is 3 patient had CR in <4 week, 1(20%) >4 week and no remission was 

observed in 1(20%) patient. Overall 5(71%) carried CR <4week, 1(14.3%) >4week 

and 1(14.3%) indicated no remission (Table 33).  

 Translocation TCF3-PBX1 was a least lesion found in only 2(1.9%) of 101 

ALL children. No patient was reported in the age <2 years.1female patient reported in 

age 2-7years having CR <4 week and 1female patient present in age 8-15years with 

CR>4 week. Overall, CR<4 week was 50% and CR>4 week was also 50% (Table 33).  

N* none of the five common fusion oncogene were found in 12(11.8%) 

patient. There was no patient of age less than 2 year. 5(41.6%) of the 12  patient were 

reported in 2-7 age group, 4(80%) patient with complete remission in less than 4 week 

and 1(20%) with no CR. 8-15 age range was with 7(58.4%) patient. Of these, 4(57%) 

showed CR in <4 week and 2(28.6%) having >4 week and 1(14.3%) indicated no 

remission (Table 33). 

Out of 101 pediatric ALL patients in the age group <2 year all patients showed 

remission. In <4 week, 11(61.1%) and in >4 week 7(38.8%) retained CR. In the age 

range 2-7 weeks, CR <4 week was reported in 20(60.6%), CR >4 week in 10(30.3%) 

and no remission in 3 (9%). 15 (30%) patient were positive for CR <4 weeks, 28 

(56%) >4 week and 7(14%) indicated no remission in patients, within age 8-15year 

(Table 34). 
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Table 33: Number and percentage of remission in different age groups of patients. 

Fusion  

Oncogene 
Remission 

Age groups 

 Total (%) 

   < 2   2 – 7   8-15 

BCR-ABL 

Number (%)   3(6.7) 16(35.6) 26(57.8) 45(44.5) 

<4 week   1(33)   5(31)   7(27) 13(29) 

>4 week   2(66.7)   9(56) 18(69) 29(64) 

No remission   0   2(12.5)   1(4)   3(6.7) 

ETV6-

RUNX1 

Number (%) 10(55.5)   7(38.88)   1(5.5) 18(17.8) 

<4 week   9(90)   6(86)   0 15(83) 

>4 week   1(10)   1(14)   0   2(11.7) 

No remission   0   0   1(100)   1(5.6) 

MLL-AF4 

Number (%)   5(29.4)   2(11.8) 10(58.8) 17(16.8) 

<4 week   1(20)   2(100)   1(10)   4(23.5) 

>4 week   4(80)   0   6(60) 10(59) 

No remission   0   0   3(30)   3(17.6) 

SIL-TAL1 

Number (%)   0    2(28.6)   5(71.4)   7(6.9) 

<4 week   0   2(100)   3(60)   5(71) 

>4 week   0   0   1(20)   1(14.3) 

No remission   0   0   1(20)   1(14.3) 

TCF3-PBX1 

Number (%)   0    1(50)   1(50)   2(1.9) 

<4 week   0   1(100)   0   1(50) 

>4 week   0   0   1 (100)   1(50) 

No remission   0   0   0   0 

N* Number (%)   0   5(41.6)   7(58.4) 12(11.8) 

(No fusion  

oncogene 

detected) 

<4 week   0   4(80)   4(57)   8(66.7) 

>4 week   0   0   2(28.6)   2(16.7) 

No remission   0   1(20)   1(14.3)   2(16.7) 

TOTAL   n (%) 18(20.8) 33(32.6) 50(49.5) 101 
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Figure 28: Remission percentage of 101 pediatric ALL patients (N* none of the five 

fusion oncogene detected). 

Table 34: Overall complete remission (CR) (<4 week/ >4 week) or no remission in 

three age groups of 101 pediatric ALL patients n (%). 

Remission Age groups Total  

n (%) 
< 2 y  2-7 y 8-15 y 

CR < 4 11(61.1) 20(60.6) 15(30) 46(45.5) 

CR > 4    7(38.9) 10(30.3) 28(56) 45(44.5) 

No CR Zero   3(9)   7(14)  10(9.9) 

Total 18(20.8) 33(32.6) 50(49.5) 101 

 

4.10 INDUCTION FAILURE  

Induction failure occurred in 09(8.9%) pediatric   ALL patients (Table 35) and 

none of the patient was infant. 3(33.3%) pediatric were of age 2-7y and 6(66.6%) of 

8-15 age group and 5 patients were male and 4 female. 3(33.3%) patient were positive 

for BCR-ABL (2 female and 1 male). ETV6-RUNX1 was reported in only 01(11 %) 

male. MLL-AF4 occurred in 2(22%) patient (1female and 1male). Only 1(11%) 

female patient manifested SIL-TAL1 (with T-cell) and 2(22%) were those in which 

none of the 5 common fusion oncogenes were identified. Leukocyte count was high in 
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6(66.6%) and low in 3(33%) than standard value. L2 stage of FAB was reported in 

4(44.4%) patients while 5(55.5%) were unknown for it. Only 2(22%) patient was 

positive for mediastinal mass. Performance status was weak in 5(55.5%) and normal 

in 4(44%). Only 01(11%) patient was with low fever while 8(88.8%) were with high 

temperature. 06(66.6%), 01(11%), 3(33%) and 2(22%) patients were positive for 

hepatomegaly, splenomegaly, lymphadenopathy and CNS involvement respectively. 

Platelets count was observed greater in 7(77.7%) and less in 2(22%) patient than 

standard value. 6(66.6%) patient were positive for B, 01(11%) for T-cell ALL and 

2(22%) were unknown for immunophenotyping. 5(55.5%) pediatric were at high and 

4(44.4%) at low risk. None of the patient demonstrated complete remission. 

Table 35: Prognostic factors of 09 pediatric ALL patients with induction failure. 

S# AGE G FO WBC FAB M P F HE S L C P IM R 

1  2 F BC > L2 - W H + - - - > B L 

2  4 F BC > L2 - W H + - - - > B H 

3 13 M BC > L2 - W H + - - - > B L 

4 15 M ET > L2 - W H + + + - < B H 

5 12 F ML > UK + N L - - + + > B H 

6 14 M ML > UK - N H + - + + > B H 

7 14 F SI < UK + W H + - - - < T H 

8  5 M N* < UK - N H - - - - > UK L 

9 14 M N* < UK - N H - - - - > UK L 

KEY: Age in years, FO: Fusion oncogene, M: male, F: female, BC: BCR-ABL, ET: 

ETV6-RUNXI, ML: MLL-AF4, SI: SIL-TAL1, TC: TCF3-PBX1. N*: none of the 5 

common fusion oncogene was identified. WBC: white blood cell </> 30,000/µL, 

FAB: French-American-British, UK: unknown. M:  Mediastinal Mass. P: 

Performance status, W: weak, N: normal. F: Fever, H: high, L: low. HE: 

Hepatomegaly, S: Splenomegally, L: Lymphadenopathy, C: Central nervous system, 

P: Platelets Counts </> 50,000µL, IM: Immunophenotyping, R: Risk. 
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4.11 BLOOD GROUPS 

4.11.1 Percentage of blood groups in 101 pediatric ALL patients 

Frequency and percentage of blood groups was recorded in 101 pediatric ALL 

patients (Table 36, Figure 29). O+ was the most frequent 36(35.6%) blood group 

found in patients. 26(25.7%) patients had A+ and B+ patients were 23(22.7%) while 

AB+ was only 9(8.9%). 5(4.9%) patients demonstrated O- and there was no patient 

with the blood group A-.Only 01(0.9 %) pediatric patient was B- and 01(0.9%) was 

AB-. 

Table 36: Number and percentage of blood groups in 101 pediatric ALL patients. 

Blood Groups n (%) 

O+ 36(35.6) 

A+ 26(25.7) 

B+ 23(22.7) 

AB+ 9(8.9) 

O- 5(4.9) 

A-           0 

B- 1(0.9) 

AB- 1(0.9) 

 

 

Figure 29: Percentage of blood groups in 101 pediatric ALL patients.  
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4.11.2 Relationship between 4 variable (fusion oncogene, blood groups, gender, 

survival and expiry) in 101 pediatric ALL patients 

BCR-ABL: Blood group O+ was recorded in 17 patients with BCR-ABL transcript in 

which 5 male, 1 female survived and 8 male and 3 female expired. Only 2 male 

survived, 8 male and 2 female expired. Thus total survival 2 and expiry 10 in blood 

group A+. Blood group B+ was recorded in 10 patients, where 4 female survived, 5 

male and 1 female expired.3 male positive for AB+ blood group were expired. 2 male 

carried O negative were also expired. Only 1 male was AB- and expired (Table 37). 

ETV6-RUNX1: 6 patients were recorded with O+ 1 male, 2 female survived and 3 

male expired. 2 male, 2 female survived and 2 male expired in 6 patients with A+. B+ 

was present in 3 patient in which 1 male survived and 2 female expired.1 male 

survived and 1 female expired in 2 patients with AB+. 1 male patient with O- was 

survived (Table 37). 

MLL-AF4: O+ was observed in 4 male and 1 female expired patients. 2 male 

survived, 2 male and 1 female expired with A+. The total patients with B+ were 5, in 

which 1 female survived, 3 male and 1 female expired. Only 1 expired female was 

reported in AB+. O- was recorded in only 1 expired male (Table 37). 

SIL-TAL1: Only 2 expired male were O+. 1 male survived and 1 female expired 

carried A+. B+ was studied in 2 female 1 survived other expired. 1 survived male was 

reported in AB+ (Table 37). 

TCF3-PBX1: 1 survived and 1 expired female was reported in B+ and O- 

respectively (Table 37). 

N*: For O+ 2 male survived, 3 male and 1 female expired, thus total 2 survived and 4 

expired. 1 expired male carried A+. B+ was recorded in 1 survived female and 1 

expired male. AB+ was carried by 1 male and 1 female both expired. Only 1 expired 

male was positive for B- (Table 37). 
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Table 37: Survival and expiry in pediatric patients in relation to blood groups, fusion 

oncogene and gender. 

Blood 

Group 

FUSION ONCOGENE 

BCR-ABL 
ETV6-

RUNX1 
MLL-AF4 SIL-TAL1 TCF3-PBX1 N* 

S E S E S E S E S E S E 

M F M F M F M F M F M F M F M F M F M F M F M F 

O+ 5 1 8 3 1 2 3 0 0 0 4 1 0 0 2 0 0 0 0 0 2 0 3 1 

A+ 2 0 8 2 2 2 2 0 2 0 2 1 1 0 0 1 0 0 0 0 0 0 1 0 

B+ 0 4 5 1 1 0 0 2 0 1 3 1 0 1 0 1 0 1 0 0 0 1 1 0 

AB+ 0 0 3 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 

O- 0 0 2 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 

A- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

B- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

AB- 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Key: Survive=S, Expire=E, Male=M, Female=F. (N* none of the five fusion 

oncogene detected.  

4.11.3 Total survival and expiry of patients in blood groups with/without fusion 

oncogene n (%). 

8(30) survived and 21(70) expired in O+. In A+ survival was 9(36) but expiry 

16 (64). 8(38) survived with B+ and 13(62) expired. Only 2(28.5) and 5(61.5) expired 

in patients in AB+. In patients with O-, 1 (20) survived and 4(80) expired. 1 expired 

patient was positive for AB-. 2(33.3) survived and 4(66.7) expired in O+. 1 expired 

with A+ blood group. In B+ blood group 1 survived 1 expired. Only 2 expired 

patients had AB+. 1 expired patient was positive for B- (Table 38, Figure 30). 

4.11.4 Overall survival and expiry in different blood groups n (%)  

11(30.5) survived and 25(69.5) expired with O+. In A+, 9(34.6) survived and 

17(65.4) expired. B+ was recorded in patients where 9(39) survived and 14(61) 

expired. 9 patients carried AB+. 2(22.2) survived and 7(77.8) expired. O- was 
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manifested by 5 patient with 1(20) survived and 4(80) expired.1 B- patient was 

survived and 1 expired with AB- (Table 38, Figure 31).  

Table 38: Survival and expiry of patient in blood groups with/without fusion 

oncogenes n (%). 

Blood.  

Group 
O+ A+ B+ AB+ O- B- AB- 

Total 

(%) 
 p-value 

Survival 

in BG 

with FO 

9/30 

(30) 

9/25 

(36) 

8/21 

(38) 

2/7 

(28.5) 

1/5 

(20) 
0 0 

29 

(32.5) 

0.028 

0.14 

Expiry 

in BG 

with FO 

21/30 

(70) 

16/25 

(64) 

13/21 

(62) 

5/7  

(71.5) 

4/5 

(80) 
0 1/1 

60 

(67.5) 

Survival 

in BG 

without 

FO 

2/6 

(33.3) 
0 

1 

(50) 
0 0 0 0 3 (25) 

0.045 
Expiry 

in BG 

without 

FO 

4/6 

(66.7) 
1 1(50) 

2 

(100) 
0 1 0 9 (75) 

Overall 

survival 

11/36 

(30.5) 

9/26 

(34.6) 

9/23 

(39) 

2/9 

(32.2) 

1/5 

(20) 
1/1 0 

33 

(32.6) 

0.036 
Overall 

expiry 

25/36 

(69.5) 

17/26 

(65.4) 

14/23 

(61) 

7/9 

(77.8) 

4/5 

(80) 
0 1/1 

68 

(67.4) 

 

 

        

Figure 30: Survival and expiry in blood groups (BG) with fusion oncogenes (FO) and 

without fusion oncogenes of 101 pediatric ALL patients. 
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Figure 31: Overall survival and expiry in pediatric ALL patient in relation to blood 

groups. 

4.12 SURVIVAL AND EXPIRY IN DIFFERENT AGE GROUPS IN 

RELATION TO FUSION ONCOGENE  

BCR-ABL: 45 patients were positive for BCR-ABL, in which 12/45(26.6%) were 

survived and 33(73%) were expired. In age group <2 year, no patient survived, no 

female patient and all the 3(100%) male patients expired. Total 5(31%) survived and 

11(68.7%) patient expired in 2 to 7 years of age. Male survived were 2(40%), female 

3(60%) and male expired were 8/11(72.7%) and female 3/11(27.3%). 26 patient were 

reported in 8 to 15 years of age group. Survived patient were 7/26(27%) and expired 

19/26(73%). Out of these, male survived were 6/7(86%), female 1/7(14%) and male 

expired were 16/19(84%) and female 3/19(16%) (Table 39, Figure 32). 

ETV6-RUNX1: Out of 18 patients, in which this translocation was detected, 10 

(55.5%) survived and 8(44.4%) expired till the completion of this population-based 

study. 6/10(60%) patients survived and 4/10(40%) expired in pediatric with age less 

than 2 years. In this case, 4/6(66.6%) of those who survived were male and 2/6 

(33.4%) were female. 3/4(75%) of those who expired were male and 1/4(25%) were 

female. In pediatric aged 2 to 7 years, 4 of 7(57%) survived and 3 of 7 expired (43%). 
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In survived, 50% were male and 50% were female. Of the 3 who expired, one was 

male (33.3%) and 2 were female (66.6%). Only one male (100%), who expired, was 

reported in 8 to 15 years of age (Table 39, Figure 32).  

MLL-AF4: 17 patients were positive for this fusion transcript. Age group less than 2 

years consisted of 1/5(20%) survived and 4/5(80%) expired patients. Of 4 male, 

1(25%) survived and 3(75%) expired. The only female (100%) expired. Only two 

male were reported in 2 to 7 years of age and survival and expiry was 50 percent each. 

High rate of expiry 9/10(90%) was observed in the age group 8 to 15 years and only 

1(10%) patient survived. The entire 6 male (100%) expired and of the 4 female, 1 

survived (25%) and 3(75%) expired (Table 39, Figure 32).  

SIL-TAL1: It was detected only in 7(6.9%) patients. No patient was reported below 

the age of 2 years. In the age group 2 to 7 years, survival and expiry rate was 50% (1 

male survived and 1 expired). 5/7(71%) patient were reported in the age group 8 to 15 

years of age and the group included 2 male and 3 female. Of the two male, one 

survived and one expired. Of the 3 female, 1 survived and 2 expired (Table 39, Figure 

32).   

TCF3-PBX1: No patient reported below the age of 2 years. Only 1(100%) female 

patient reported (survived) in the age group 2 to 7 years. Age group 8 to 15 years 

involved only one expired female (100%) (Table 39, Figure 32). 

N*: (none of the 5 common fusion oncogene detected). No patient reported in age less 

than 2 year. In age 2 to 7 years, the patients reported were 5 male only. 1(20%) male 

survived while 4(80%) expired. There were 3 female in 8-15y age group. The 

2(66.6%) female expired and 1(33.3) survived. In this group, out of 4 male, 2(50%) 

survived and 2(50%) expired taking the total survival to 3/7(43%) and total expiry to 

4/7(57%) (Table 39, Figure 32).  
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Table 39: Survival and expiry in five fusion oncogene in relation to age groups. 

Fusion 

Oncogene 

Age groups 
Total 

<2y 2-7y 8-15y 

S E S E S E S E 

M F M F M F M F M F M F 

BCR-ABL 0 0 3 0 2 3 8 3 6 1 16 3 12 33 

ETV6-RUNX1 4 2 3 1 2 2 1 2 0 0 1 0 10 8 

MLL-AF4 1 0 3 1 1 0 1 0 0 1 6 3 3 14 

SIL-TAL1 0 0 0 0 1 0 1 0 1 1 1 2 3 4 

TCF3-PBX1 0 0 0 0 0 1 0 0 0 0 0 1 1 1 

N* 0 0 0 0 1 0 4 0 2 1 2 2 4 8 

Total 5 2 9 2 7 6 15 5 9 4 26 11 33 68 

KEY: M: male, F: female, S: survived, E: expired, (N* none of the 5 common fusion 

oncogene detected). 

 

Figure 32: Survival and expiry in 101 Pediatric ALL patients with/without fusion 

oncogene (N* none of the 5 common fusion oncogene detected). 

4.13 SURVIVAL ANALYSIS 

In present work, blood samples of 101 pediatric ALL patient were studied. 

The survival of patients with different prognostic variable was much capricious. There 
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was a significant difference between the survival of patients with BCR-ABL and other 

four selected oncogenes in all age groups (p=0.004). Overall survival of ETV6- 

RUNX1 was statistically higher than other four oncogenes (p=0.030) (Figure 33). On 

the average overall survival of the 5 fusion oncogenes in pediatric ALL patients was 

17.817 months (95%C.I.15.224-20.409). Only 32.7% patients survived for 36 month. 

 The highest relapse free survival was documented in ETV6-RUNX1 (14.167 

months) followed closely by those cases in which no gene was detected (13.1 

months). RFS in BCR-ABL, MLL-AF4, SIL-TAL1 and TCF3-PBX1 was less than 10 

months and 7.994, 3.559, 5.500 and 8.080 months respectively) (Figure 34). 

As age was the most important prognostic factor after fusion oncogenes so 

survival in different prognostic variables was documented in association with 3 age 

groups (Table 40). Survival at 36 months in age <2y was 38.8%  (median=1.5, 95% 

CI =1.11-2.3), in 2-7y age range 42.4% (Median=5, 95% CI =4.7-5.9) and only 26% 

(Median=12, 95% CI =10.7-12.7) for 8-15y age group. There was statistically 

significant survival difference between the 3 age groups (p= 0.022). Least survival 

was observed in age group 8-15 (Figure 35). 

In case of gender, the survival of male and female was 5and 2 respectively in 

age group <2y. In age range 2-7, 8-15, the male survival was 7 and 9, in females 6 and 

4 respectively. In female the survival was greater than males but there was no 

statistically survival difference between both sexes (P= 0.180) (Figure 36). 

Only 7 children survived with white blood cell <30,000/µL in age <2y. The 

survival frequency of patients was 13 in each of age group 2-7 and 8-15 while there 

was zero survival in patients with white blood cell >30,000/µL in all the three age 

groups. Patients with <30,000/µL white blood cell count had statistically significantly 

more survival than patients with white blood cell >30,000/µL (p <0.001) (Figure 37). 
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The patients at L1 and L2 stages of French-American-British classification 

were reported in present study. In age groups <2y, 2-7y, 8-15y, the number of 

survived patients were 5, 9 and 11 respectively in L1 stage. Similarly 2, 3 and 1 

patient survived in L2 stage in three age groups respectively. There was statistically 

significantly more survival in L1 than L2 stage of FAB (French-American-British 

classification) (p <0.001) (Figure 38). 

Total 21(20.7%) patients were positive for mediastinal mass. The survival was 

only 1 in <2y, 5 for 2-7y and 3 for 8-15y age. There was no statistically difference in 

survival of patients with or without mediastainal mass (p=0.572) (Figure 39). 

In children with weak performance status at diagnosis, the patient survived 

was 1 and only in 2-7 y age while only 1expiry was reported in 0-15y age range with 

normal performance status at diagnosis (Table 40). 

The patients survived with fever at diagnosis were 3, 5 and 5 in three age groups 

respectively. In case of hepatomegaly, the patient survived, 2 in <2 y, 5 in 2-7 y and 

only 3 belong to 8-15y age groups. There was statistically significant higher survival in 

patient without as compared to patients with hepatomegaly (p= 0.941) (Figure 40). 

Low survival (95% CI, 34.942 to 36.343) in ALL patients with splenomegaly 

was observed. 2 patients survived in each of the three age groups. There was no 

statistically significant difference between the survival of patient with or without 

splenomegaly (p=0.112) (Figure 41). 

Total survival (95% CI, 34.654 to 36.437) was 12 in lymphadenopathy, 2 in 

<2y, 4 in 2-7 and 6 in 8-15 ages range. There was no statistical difference between the 

survivals of both patients with/without lymphdenopathy (p = 0.634) (Figure 42). 

In patient with platelets <50,000/µL, 2 survived in <2y, 7 in 2-7 and 5 in 8-15 

while in patients with platelets count >50,000/µL, the survival was 5, 6, 8 in the three 
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age group respectively. Survival of the patients with platelets count >50,000/µL was 

not statistically significantly different with platelets count >50,000/µL (p=0.941) 

(Figure 43). 

Patient at low risk had survival frequency 7, 11, 12 in three age groups 

respectively. In high risk patients there was only 3 survival, 2 in 2-7y and only 1 in 8-

15y age (Table 40). Survival of patients without CNS involvement was statistically 

significantly higher to patients with CNS involvement (p=0.001) (Figure 44). 

There was no statistical difference between the survivals of both B/ T-ALL 

groups, survival of patients unknown for imunophenotyping is slightly higher 

(p=0.753). 

In 101 pediatric ALL patients, the total survived patients were 33(32.7%)  

(95% CI, 35.129 to 36.283) and overall expiry was 68 (67.2%) (Table 39, Figure 32). 

Table 40: Survival of pediatric ALL patients with prognostic clinical factors in 

association with age groups. 

Age  

Group 

                                                             Prognostic       Variable 

SEX WBC FAB MM PS FR HE SP LY PLT RISK 

M F < > L1 L2 + - N W + - + - + - + - < > L H 

<2y 5 2 7 0 5 2 1 6 7 0 3 4 2 5 2 5 2 5 2 5 7 0 

2-7y 7 6 13 0 9 4 5 8 12 1 5 8 5 8 2 11 4 9 7 6 11 2 

8-15y 9 4 13 0 11 2 3 10 13 0 5 8 3 10 2 11 6 7 5 8 12 1 

KEY:  M: male, F: female, WBC: white blood cell </> 30,000/µL, FAB: French-

American-British, MM:  Mediastinal Mass. PS: Performance status, W: weak, N: 

normal. FR: Fever, HE: Hepatomegaly, SP: Splenomegaly, LY: Lymphadenopathy, 

PLT: Platelets Counts </> 50,000, R: Risk, L: Low, H: High. 

  



87 

 

 
Figure 33: Kaplan-Meier curves showing that statistically ETV6-RUNX1 had highest 

and MLL-AF4 had lowest overall survival in 101 pediatric ALL patients (p = 0.030). 

 

 
Figure 34: Kaplan-Meier curves for RFS. Highest RFS was observed in ETV6-

RUNX1 followed by cases in which no gene detected while BCR-ABL, MLL-AF4, 

SIL-TAL1 and TCF3-PBX1 had RFS less than 10 months.  
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Figure 35: Kaplan-Meier curves for overall survival showing statistical difference 

between the age groups. Highest overall survival was observed in 2-7 year age group 

and least in 8-15 year age group (p=0.022). 

 

Figure 36: Kaplan-Meier curves showing that in female the overall survival was 

greater than males but there is no statistically survival difference between both sexes 

(p=0.180). 
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Figure 37: Kaplan-Meier curves for overall survival. Patients with <30,000/µL WBC 

(white blood cell) count had statistically significantly overall more survival than 

patients with WBC >30,000/µL (p <0.001). 

 
Figure 38: Kaplan-Meier curves for overall survival. There was statistically 

significantly overall more survival in patients at L1 than L2 stage of FAB (French-

American-British classification) (p <0.001). 
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Figure 39: Kaplan-Meier curves showing no statistically difference in overall 

survival of patients with or without mediastainal mass (p=0.572). 

 

Figure 40: Kaplan-Meier curves showing statistically significant higher overall 

survival in patient without as compared to patients with hepatomegaly (p= 0.941). 
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Figure 41: Kaplan-Meier curves showing no statistically significant difference 

between the overall survival of patient with or without splenomegaly (p=0.112). 

 
Figure 42: Kaplan-Meier curves showing no statistical difference between the overall 

survivals of both patients with/without lymphdenopathy (p = 0.634). 
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Figure 43: Kaplan-Meier curves of the patients with platelets count >50,000/µL was 

not statistically significantly different in patient with platelets count >50,000/µL 

(p=0.941). 

 

Figure 44: Kaplan-Meier curve showing that overall survival of patients without CNS 

involvement is statistically significantly higher to patients with CNS involvement 

(p=0.001). 
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5. DISCUSSION 

One of the main objects of this research was to get actual picture of pediatric 

ALL in Pakistani population after getting first-hand knowledge from pediatric ALL 

patients. For this purpose 101 pediatric ALL patients were enrolled and their data was 

computed to draw results so as to make some contribution to this field of research. 

The disease biology of ALL that comprises different immunophenotypical and 

genetically sub entities may differ because of geographic and racial variations that 

exist among different genetic subgroups of ALL (Pui et al., 2009). Therefore, the 

distribution of molecular subtypes may not be uniform in different regions of the 

world. Moreover, gene-environment interactions, which are critical in 

leukomogenesis, may differently contribute in defining the relative proportions of 

molecular subgroups in different geographic region (Iqbal 2006; Siddiqui et al., 2010; 

Faiz et al., 2011; Sabir et al., 2012).  

In Pakistan due to ignorance, illiteracy and lack of coordination between 

research workers and doctors/oncologist in hospitals, it was not easy to even get the 

blood samples rather the bone marrow samples. In addition, sometimes error could 

occur during the procedure of molecular cytogenetics by RT-PCR, so it was easy to 

get the blood sample again instead of bone marrow samples. Thus research was 

carried out on blood samples collected from leukemia patients admitted to different 

hospitals. Moreover, (NIH) National Institute of Health (USA) strategy for drug 

therapy of ALL also indicates that blood samples were more result oriented (Hughes 

et al., 2006). Furthermore, the peripheral blood samples of patients were collected in 

EDTA which was the better choice than other available facilities (Branford et al., 

2006). To curtail mRNA denaturation, collected samples were transported to 

laboratory, processed on the very same time and it has produced fruit full results. 
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For the purpose of mRNA extraction, whole white blood cells (WBCs) were 

used. Hughes et al., (2006), reported that using whole WBCs is better than 

mononuclear cells (MNCs). In the October, 2005 meeting of NIH it was proposed, 

“The use of Ficoll is not recommended because use of fractionated WBC is less 

sensitive than analyses based on total WBC subsequently RBC lyses”. Different 

workers have reported the use of whole WBCs instead of MNC (Nasedkina et al., 

2003; Branford et al., 2006; Rives et al., 2012).  

The molecular cytogenetics studies by RT-PCR illustrate prognostic 

categories, could be more descriptive in identification of ALL subtypes, associated to 

accurate phenotypic analysis, in order to a) have prognostic implications, b) allow 

well leaning therapeutic approaches and c) permit the use of modern tools for the 

monitoring of MRD (Liang et al., 2002; Sabir et al.,2012). Classification, risk 

stratification and prediction of outcome are the main interests of molecular 

cytogenetics studies in ALL by RT-PCR and FISH (Moorman et al., 2007). Molecular 

cytogenetics analysis by RT-PCR is playing an important role in the diagnosis, 

prognosis, treatment of ALL and study of MRD (Borowitz et al., 2008). There were 

different protocol available for molecular cytogenetics, no matter which was used, the 

main thing was to extract the high quality, quantity and good integrity RNA which 

could be used to proceed further especially for RT-PCR (Iqbal, 2012; Sabir et al., 

2012). RT-PCR is the most sensitive technique for detection of chromosomal 

translocations like BCR-ABL and it is currently being used in every part of the world 

for diagnosis and research related to chromosomal abnormalities in Leukemia. Both 

sides of the Atlantic agreed on its superiority over conventional cytogenetics and 

fluorescent in situ hybridization (FISH) as it is less laborious, more cost-effective, 

highly sensitive and equally specific (van-Dongen et al., 1999; Elia et al., 2003; Faiz 
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et al., 2011; Sabir et al., 2012; Iqbal, 2012). We used reverse-transcriptase PCR (RT-

PCR) developed and validated by a large number of laboratories across Europe (van-

Dongen et al., 1999) and validated the results by FISH. Keeping the international 

standards in view, we did our best to work with perfection under the supervision of 

RT-PCR/FISH experts with reasonable degree of success. It strengthens the 

consistency of present work. 

Investigations of the leukemia patients based on what type of fusion oncogene 

is involved in leukemogenesis are very helpful in differential diagnosis, prognosis, 

treatment and management of this fatal disease (Ariffin et al., 2007). Zelen et al., 

(2004), reported that the most common oncogenes found in leukemia patients are the 

fusion oncogenes, which are formed as a result of different genetic abnormalities at 

chromosomal level. In leukemia, chromosomal anomalies resulting from fusion 

oncogene create hybrid transcripts that usually encode transcription factors (Mesquita 

et al., 2009). The five major risk-stratifying translocations in patients with ALL are 

BCR-ABL, ETV6-RUNX1, MLL-AF4, SIL-TAL1 and TCF3-PBX1 (Lazic et al., 

2010). Each oncogene is believed to be different molecular entity and they act by 

different molecular pathways (Iqbal and Tanveer, 2007). In the present study, the 

chromosomal translocations reported in 88.1% of pediatric ALL patients (Table 21). 

In the literature the genetic lesion are reported in 80-90% of pediatric cases 

(Pakakasama et. al., 2008). So present results (Table 21) are similar to those reported 

in literature. The prevalence of BCR-ABL, ETV6-RUNX1, MLL-AF4, SIL-TAL1 

and TCF3-PBX1 is comparable between the population under study and previous 

available data of other researches in Pakistan and other countries of the world. 

BCR-ABL occurs in approximately 5 % of children ALL (van Dongen et al., 

1999). Siddiqui et al., 2010 reported 4% BCR-ABL in India and Myanmar and 22% 
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in Sudan. It was 6.9% in Singapore (Ariffin et al., 2007), 14.6% in Chinese 

population (Chen et al., 2012) and 5% in Taiwan (Liang et al., 2002). 2-4% of this 

lesion was documented from USA (Jime‟nez et al., 2008; Gaynon et al., 2010). The 

BCR-ABL fusion transcript in the western population is 1.5- 4.3 % in 1-15 years of 

age (Moorman et al., 2010; Schrappe et al., 2012). Gutiérrez et al., (2005) reported 

3.1% BCR-ABL in Saudi Arabia. The frequency of fusion oncogenes in Indian ALL 

patients significantly differs from west (Siraj et al., 2002) which supports present 

data. However, higher frequency of BCR-ABL fusion oncogenes (44.5%) in ALL is 

unique to Pakistani population. Similar findings were reported by Iqbal, Iqbal and 

Tanveer, which support pesentr data. This may be ascribed to geno- environmental 

and other factors of people living in Pakistan (Shakoor et al., 1991). Racial and ethnic 

differences in biology of leukemia have been reported which supports this idea 

(Bhatia et al., 2002). Further studies will help in finding new molecular therapeutics 

for ALL patients with BCR-ABL fusion oncogene. 

The consistency of present work is that the results from other countries were 

comparable. A study of 259 children from Mumbai and Delhi found 8% t (12; 21) 

(Siraj et al., 2003). A recent survey of 299 cases from Singapore and Kuala Lumpur, 

which included ethnic Malays, Chinese, and Indians, found an overall t(12; 21) 

frequency of 20.2%, ranged from 13% in ethnic Chinese compared to 22% in Malays 

and Indians (Ariffin et al.,2007). Two studies from China found its prevalence to be 

24.7% (Gao et al., 2007) and 15.3% (Chen et al., 2012). The difference between the 

study on migrant Indians and Chinese from Singapore and Kuala Lumpur, the data 

obtained from populations within India and China documented its heterogeneity, 

ethnicity and economic basis in variety of population than homogeneous population 

and environment. It was reported in 25% of childhood ALL (Nachman et al., 2007). It 
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is 17.1% among Korean with ALL (Chen et al., 2012). Studies on ALL population in 

Taiwan for the t(12; 21) revealed 17% cases as compared to 19% in 88 Malaysian 

ALL patients (Liang et al.,2002). In United States, this is 17-25% among pediatric 

ALL patients (Pui et al., 2008). The data from Sudan showed 5.5% proportion of t(12; 

21) (Siddiqui et al., 2010). The incidence of t(12; 21) in 334 Italian and German 

children with ALL was 18.9% and 22-27% respectively (Borkhardt et al.,1997) as 

compared with 22.5% in 617 children in the UK (Harrison et al., 2000). The 

prevalence of t (12; 21) in ALL patients in Serbia is 17.1% (Lazic et al., 2010) and 

20% in Brazil (Mesquita et al., 2009). The frequency of t (12; 21) was 17.8% in 

population under study and was compared to population in Europe (Moorman et al., 

2007), where it is identified in 19-25% of patients. It proves the consistency of present 

work. 

Two small studies from Brazil reported t (12; 21) in 19-20% of children with 

B-lineage ALL (Zen et al., 2004) while another from Mexico found it 13.5% (Jimenez 

et al., 2008). Its prevalence across India, Myanmar and its similarity with the West 

indicated its association to population genetics or environmental influences. Greaves, 

2006 has proposed that the origin of t(12; 21) leukemia in Western societies is linked 

to inadequate infection exposure during early childhood. His hypothesis stems from 

the surprising observation that approximately 1% of neonatal blood spots archived 

from normal UK born infants were positive for ETV6-RUNX1 (Greaves 2006). Few 

studies in the United Kingdom have shown that day-care attendance, with its 

increased exposure to infection during early childhood seems to provide protection 

against it (Urayama et al., 2010). The present finding is in accordance with the 

judgment that translocation t (12; 21) is the common gene recombination in leukemia 

(Zelen et al., 2004; Iqbal, 2012; Allen et al., 2013). Mesquita et al., (2009) supports 
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the hypothesis in his studies that t (12; 21) have a slightly high incidence in effluent 

countries. It correlates the occurrence of this oncogene with living standards. 

MLL-AF4 was reported 50–70% in infant ALL cases and approximately 5% 

in other age groups of ALL patient (Harrison et al., 2000; Pui, 2006). It was observed 

in 8 of the 175 patients with known age and it was in 2 of the 4 children, greater than 

1 year of age in French population (Braekeleer et al 2010). Present work (16.8%) is 

not in agreement with these results. Over 90% of infant are pro-B ALL with MLL-

AF4. Key questions in the field are still unanswered (Sabir et al., 2012). 

Epidemiological and genetic studies suggest that the in utero origin of MLL 

rearrangements in infant leukemia may be the result of prenatal exposure to genotoxic 

compounds like etoposide (Bueno et al., 2011; Schrappe et al., 2012). 

SIL-TAL1 comprises 5–10% of T-ALL (Mansur et al., 2009) and occurrence 

in patient with T-ALL is 5–25% (Baak et al., 2008). A study cohort of multi-ethnic 

Asian children from Malaysia, Singapore (mostly Malay and Chinese), Indonesia, 

Brunei and Vietnam showed its frequency 20% (Arifin et al., 2007). In France it has a 

frequency of 12% (Braekeleer et al., 2010). Asnafi et al., (2010) reported that its 

frequency in children ALL patients is 10%. In series of 138 children with T-cell 

malignancy involved in 2 consecutive European Organisation for Research and 

Treatment of Cancer (EORTC) trials, SIL-TAL1 rearrangement was assessed in 17%. 

(Dakic et al., 2007). In Italy it is 15% of T-ALL (Hunger et al., 2012; Smith et al., 

2009). Mansur et al., (2009) reported its frequency (37%) in pediatric ALL patients of 

Brazil. Present data indicates low frequency (6.9%) of SIL-TAL1 as compared to 

other populations.  

The t(1; 19) is detected in about 5–6% of pediatric ALL patient (Pui et al., 

2003; Bhatia, 2002). The Malaysia-Singapore collaborative ALL trials reported 3.1% 
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(Ariffin et al., 2007) and only 5.5% reported from Sudan, 6% from India (Siddiqui et 

al.,2010), 6% from Taiwan (Liang et al., 2002), 5% from USA (Velasco et al., 2006) 

and 6.8% from France (Braekeleer et al., 2010) while in present work its frequency 

was only 1.9%. 

Jime‟nez et al., (2008) reported that in pediatric ALL patients the ETV6-

RUNX1 was found 13.5%, BCR-ABL 3.8% and 11.5% expressed TCF3-PBX1. The 

prevalence of TCF3-PBX1 is one of the highest that has been described thus far in 

childhood ALL. The prevalence of TCF3-PBX1 in Mexican cases supports the 

existence of ethnic differences in the frequency of molecular markers of ALL 

(Jime‟nez et al., 2008). Leukemia incidence in England and Wales continues to be 

higher and also in other developed communities. Possible explanation was the 

association of higher socio-economic status with high risk variables like population 

mixing and delayed exposure to infection (Kroll et al., 2011). The cryptic 

translocations are randomly spread along age and ethnicity (Harrison et al., 2011; 

Goggin et al., 2012). 

Comparison of previous and present work on fusion oncogene frequencies of 

pediatric ALL patients in Pakistan with statistical analysis (P=0.001). 

Iqbal (2006), studied the molecular cytogenetics of the blood samples of 103 

pediatric ALL patients and reported highest percentage of BCR-ABL (49%), followed 

by ETV6-RUNX1 (12.6%). MLL-AF4 was close to ETV6-RUNXI frequency 

(15.5%), while SIL-TAL1 was 5.8%. TCF3-PBX1 had the lowest frequency (2%). 

Siddiqui et al., (2010) tested 181 pediatric patients by RT-PCR as part of the 

international project on ALL in different underdeveloped countries. BCR-ABL1 and 

ETV6-RUNXI were equally manifested by 3.5% only. MLL-AF4 was reported in 5% 

of the cases, while none of patient was positive for SIL-TAL1 or TCF3-PBXI. Faiz et 
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al., (2011), treated the blood samples of 103 pediatric ALL patients by RT-PCR 

protocol. 9.7% patients manifested ETV6-RUNX1, 14% carried MLL-AF4 and 

TCF3-PBX1 was in 2% while 24 % demonstrated BCR-ABL. 

In Pakistan, the previous report of Iqbal 2006 and present study is not much 

different but work of Siddiqui et al., 2010, Faiz et al., 2011 and present work show 

some variation. The analysis of Siddiqui et al 2010 and Faiz et al 2011 was merely 

based on solution hybridization and RT-PCR, without confirmation using a standard 

test like Cytogenetics or FISH analysis, specifically in case of BCR-ABL fusion 

oncogenes, thus making their data less reliable. Statistical analysis showed that 

present data is not significantly different as compared to the studies of Iqbal, 2006 (p= 

0.754), Siddiqui et al., 2010 (p= 0.850) and Faiz et al., 2011 (p= 0.806). The 

frequency of BCR-ABL was much higher in Pakistan as compared with, reported 

from rest of the world. It needs immediate attention of local and international research 

workers to work in collaboration in order to combat with this lethal and rapidly 

spreading disease. The data (Table 21) clearly documented that the prevalence of 

ALL cases with poor prognostic features (BCR- ABL, MLL- AF4) appeared to be 

greater in this cohort than other populations of the world. In addition, risk status of 

Pakistani pediatric is higher than other effluent countries due to multiple factors. This 

can be explained on the basis of existence of ethnic differences, racial and 

environmental variations, population mixing and delayed exposure to infection and 

drastic difference of socio-economic status as reported by Jime‟nez et al., 2008, Kroll 

et al., 2011, Chen et al., 2012 and Pakistani population demonstrate heterogeneity 

nature of pediatric ALL and the spectrum of the disease as defined by molecular 

genetics is different in different populations. This together with present limited data 

indicates further heterogeneity between countries, especially when discussed in 
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concurrence with the recently published global studies. 

There might have absolutely no symptoms at all, or unrelated and unexplained 

symptoms in ALL patients. The symptoms of ALL may be difficult to recognise (Han 

et al., 2012).  ALL usually begins abruptly and intensely or sometimes slowly. 

Symptoms may be present one day and disappeared the next day (Simon, 2011). In 

present work the percentage of fever in accordance with previous work (fever 78%) in 

Pakistan (Chaudry et al., 1993).  

In order to find the clinical behaviour and treatment response to different 

protocols in the outcome of pediatric ALL patients the most important variable is 

chromosomal translocation that results in fusion oncogenes. By composing the 

molecular cytogenetics data of the newly-diagnosed pediatric ALL patients, the 

details of pathogenic mechanism of ALL can be well understood. The data reported 

here tended to manifest a sequential behaviour of ALL in children which indicated 

that molecular mechanism of ALL is linked with chromosomal abnormalities. 

Keeping the results in view an impressive picture appears. The pediatric ALL is 

linked with the lesions of transcription factors or cofactors (AF4, ETV6, PBX1, TAL1 

and ABL1) (Figure 3) controlling development, hematopoiesis, cell division, cell 

growth and maturation process. It is not unreasonable to suggest that genes 

controlling development are very active in children (Chen et al., 2012).  

BCR-ABL 

In present work there was a male preponderance (34(75.6%) male, 11(24.4%) 

females) in BCR-ABL positive patients with a median age of 9 years (Table 24). The 

figures show that the frequency of occurrence of BCR-ABL positivity is directly 

proportional to age. The leukocyte count in BCR-ABL positive patients was higher 

when compared to patients with other oncogenes (Table 25). There were 53.3% 
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patients with WBC <30,000/µL and 46.6% with >30,000/µL. 48.9% positive for 

hepatomegaly and 23.3% for splenomegaly. Lymphadenopathy was present in 33.3%. 

There were 31.1% patient with platelets <50,000/µL and this value was more than 

double (68.9%) in patients having platelets > 50,000/µL. Present study shows that 

there is significant difference between the survival of patients with BCR-ABL and 

other genotypes in all age groups but not statistically significant (p=0.004). BCR-

ABL positivity was associated with low remission rates and shortened survival. 

BCR-ABL fusion oncogene was also associated with an adverse prognosis in 

present study which was supported by available literature (The Group Français de 

Cytogénétique Hématologique, 1996; Pui et al., 2011). Schultz et al., (2009) reported 

an improved outcome in BCR-ABL patients with intensive chemotherapy of Imatinib 

but in present study there was no use of imatinib for pediatric ALL patients positive 

for BCR-ABL due to socio-economic problems. Treatment with tyrosine kinase 

inhibitors (TKIs) along with chemotherapy has produced better results but there were 

problems of drug resistance and relapses are common without a stem cell transplant 

(Moorman et al., 2007). In underdeveloped countries like Pakistan TKIs were not 

available for BCR-ABL positive pediatric patients who resulted in lower rates of CR, 

EFS, OS and frequent relapse in most of the cases. Early identification of BCR-ABL 

at diagnosis and incorporation of TKIs in the treatment of ALL is vital for superior 

outcome (Fielding et al., 2011). So treatment efficacy of imatinib combined with new 

generation of tyrosine kinase inhibitors and MRD level in pediatric ALL patients is 

still need to be determined in Pakistan. 

ETV6-RUNX1 

High percentage of pediatric ALL patients with ETV6-RUNX1 have 

homologous allele‟s deletion (Gmidene et al., 2009; Borst et al., 2012) which is 
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visible by FISH. FISH studies indicate the partial deletion of short arm of 

chromosome 12 in 17-30% of children in ALL cases (Ivanovski et al., 2012).  

Clinical analysis of 18 ETV6-RUNX1 positive patients is shown in Table 25. 

This cohort consisted of 11 male and 7 females with a median age of 9 years. The 

gene frequency was highest in patients younger than 2 years. The percentage of 

patients was much high (94.4%) with WBC count <30,000/µL as compared to 

patients (5.5 %) with >30,000/µL WBC in ETV6-RUNX1 positive patients and they 

had good prognosis. The best prognosis was observed in this sub group with precursor 

B-cell ALL and 2-7 years. There were 16.7% patients positive for hepatomegaly and 

17.7% for splenomegaly. Lymphadenopathy was present in 38.9 %. The patients with 

platelets <50,000/µL were 33.3%. The patients associated with 3 years survival rate 

were >50 % (Gmidène et al., 2009). Present results are in consensus with available 

data. ETV6-RUNX1 had low mortality rate and highest survival 56% but EFS was 

<50% which was <82% in western countries (Moorman et al., 2007). In present work 

only one male patient with ETV6-RUNX1 had CNS involvement. His age was one 

year and 8 months. His leukocyte count was normal but FAB stage L2, mediastinal 

mass absent, performance status good, temperature high, platelets count also high, B-

cell ALL, organomegaly and lymphadenopathy was present. He showed complete 

remission in < 4 weeks, event free survival for 13 months and overall survival of 15 

months.   

MLL-AF4 

It was more common (80%) in infants than young (Pakakasama et al., 2008). 

Majority of patients in present work were older unlike the usual occurrence where 

most of the patients are infants (Teachey and Hunger, 2013). In present study 17 

patients had an MLL-AF4 gene rearrangement with a median age of 8.5 years. There 
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were 12 male and 5 female patients (Table 25). Patients usually have high WBC 

counts, tendency of CNS involvement and have adverse prognosis. t(4;11) positive 

infants and younger children were at high risk of induction failure (Schrappe et al., 

2012). There were 2 patients having induction failure in present work. Children with 

age range 2-7y showed favourable outcome. There were 58.8% patients with WBC 

<30,000/µL and 41.1% with >30,000/µL. 53% positive for hepatomegaly and the 

percentage of patients suffering lymphadenopathy was highest (70.6%) as compared 

with other patients of ALL with or without oncogenes. There was 52.9% patient with 

platelets <50,000/µL. The percentage of patients having platelets count >50,000/µL is 

similar (47.1%) to patients positive for splenomegaly. Overall survival (OS) is 

adverse in infants as compared to young (Pui et al., 2011). A gene expression profile 

analysis in infants with MLL-AF4 ALL documented significant differences between 

patients younger than three months compared with young. Younger infants had 

inferior outcomes, signifying typical biological and clinical behaviors for MLL-AF4, 

compared with young (Kang et al., 2010) and in present work, 80% mortality in <2y 

and 83.3% in the age range 2-15y is studied. Thus present studies are in accordance 

with the previous reports (Meyer et al., 2009; Schrappe et al., 2012). In addition, there 

were only 2 infants (<1 year of age) with age 8, 9 months  and manifested RFS/OS 

3.2/6 and 3.5/5.5 months respectively as compared with non-infants pediatric ALL 

patients (1-15year of age) with RFS/OS reaches up to 8/36 months. So an elaborate 

discussion on infant and non-infants is not possible due to very small sample size.  

SIL-TAL1  

Mutation was found in 7 patients, 3 male and 4 females. The 

immunophenotypic data available in ALL and SIL-TAL1 positive patients show that 

this fusion oncogene was associated with T-ALL. 57.1% patients in SIL-TAL1 with 
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leukocyte count <30,000/µL and 42.8% with >30,000/µL. Organomegaly was 

frequently observed in these patients. There were highest percentage of hepatomegaly 

positive patients (57.1%) as compared with other patients of ALL with or without 

oncogenes and 28.6% for splenomegaly. Lymphadenopathy was present in 28% 

patients. The patients with platelets count <50,000/µL in SIL-TAL1 having highest 

percentage 85.7 and the patients with platelets count >50,000/µL having lowest 

percentage 14.7 when compared to other pediatric ALL patients with or without 

oncogene in present study. 

TCF3-PBX1  

Translocation t (1; 19) occurs in 2(1.9 %) patients both were females and 

involves the fusion of TCF3 genes on chromosome 19 to the PBX1 gene on 

chromosome 1. Both the patients were over 2 years of age. The literature so far 

reported indicates that this translocation can be found in a balanced (25%) or 

unbalanced (75%) form t (1;19) in which two normal chromosomes  are present (van 

Dongen et al., 1999; Pui et al., 2009). The t (1; 19) TCF3-PBXI translocation had 

been associated with inferior outcome in the context of antimetabolite-based therapy 

but the adverse prognosis could be antagonised by insistent multi-agent therapies (Pui 

et al., 2011). Children with the t(1; 19) have more chance of CNS involvement and 

CNS relapse (Pui et al., 2009) and 1 out of 2 patients in this cohort was positive for 

CNS involvement. It was associated with higher risk of CNS relapse and small 

numbers of sample in present study preclude any firm conclusion (Awan et al., 2012). 

In a trial conducted by St. Jude Children's Research Hospital (SJCRH) in 

which all patients were treated without cranial radiation, the t (1; 19) was associated 

with a higher risk of CNS relapse (Pui et al., 2011). In addition, the t(1;19) correlates 

with  known clinical high-risk variables like high WBC count, serum lactate 
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dehydrogenase levels and central nervous system involvement (van Dongen et 

al.,1999). The leukocyte count in TCF3-PBX1 positive patients was higher in one 

patient and lower in other (Table 25). Organomegally was absent and 

lymphadenopathy was present in both patient and both female patients manifested 

platelets count <50,000/µL. This translocation is associated with poor prognosis. 

In case of leukocyte count >30,000/µL, the percentage of patients in genetic 

lesions BCR-ABL, MLL-AF4 and SIL-TAL1 was much close and in 41-46.6% range. 

Lowest percentage of patients positive for organomegally was observed in ETV6-

RUX1 and similar picture was presented by patients positive for SIL-TAL1 in 

variables like platelets count >50,000/µL and lymphadenopathy. 

Testicular involvement at diagnosis is about 4.2% of males, usually in T- cell 

ALL. The prognostic significance and risk status of testes involvement in pediatric 

ALL is controversial. The European Organization for Research and Treatment of 

Cancer (EORTC, EORTC-58881) reported that at diagnosis involvement of testicular 

was not an adverse prognostic factor (Ribera et al., 2008). A study from St. Jude 

Children's Research Hospital (SJCRH) suggests that the effect of radiation therapy for 

testicular involvement is not clear but strong chemotherapy without radiation 

produced a better result (Vora et al., 2013). The COG treated the pediatric ALL 

patients with involvement of testes at high risk while NCI (USA) and EORTC treated 

it as low risk disease. In present work, only 3 male patients positive for Testes 

involvement were also positive for SIL-TAL1 and T-cell ALL. One patient of 2-7 age 

range was at high risk due to CNS and Testes involvement and other factors. 

Although he showed CR <4weeks yet expired after 4weeks. The other 2 patients were 

belonged to age 8-15year, 1 was at high risk and expired but other was at low risk and 

survived up to completion of study although both were at L2 stage of FAB.   

file:///C:/Users/Noreen/Desktop/VAN%20KUSI%20POR%20DONGEN.pdf
file:///C:/Users/Noreen/Desktop/VAN%20KUSI%20POR%20DONGEN.pdf
http://www.cancer.gov/clinicaltrials/search/view?version=healthprofessional&cdrid=75623
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CNS therapy includes intrathecal chemotherapy, CNS-penetrant systemic 

chemotherapy and cranial radiation. Type of CNS therapy to be used depends upon 

patient‟s risk of CNS relapse, high risk level and intensive chemotherapy. The main 

aim of clinical trials was to reduce neurotoxicity and late side effects (Pui et al., 

2009). Intrathecal chemotherapy began with induction, intensified during 

consolidation (4-8 doses intrathecal chemotherapy/ 2-3 week) and sometime 

continued during maintenance stage. Intrathecal methotrexate has good prognostic 

effect on CNS and prevents relapse of bone marrow (Kosucu et al., 2012). A good 

level of cure rate was possible if Dexamethasone, L-asparaginase and high dose of 

methotrexate with leucovorin rescue were systemically used in addition to cranial 

radiation therapy (Cortes et al., 2002). In low risk patients intrathecal chemotherapy 

without cranial radiation therapy had a favourable response (Moghrabi et al., 2007). 

Involvement of CNS in pediatric ALL patients at diagnosis was the indicator 

of treatment failure and low rate of EFS (Awan et al., 2012). High rate of seizure was 

reported in patients receiving intensive therapy with high dose of methotrexate (Pui et 

al., 2009). Toxic effect of cranial radiation therapy was seizures, stroke, somnolence 

syndrome and leukoencephalopathy. 

Out of 101 pediatric ALL patients, only 8(7.9%) had CNS involvement (Table 

28). CR recorded in 6 patient and 2 showed no remission. In these two patients (1 

female and 1male) induction death occurred, although their ages were 12 and 14 years 

respectively. The female was positive for mediastinal mass and negative for 

organomegaly which were good prognostic factors (Hoelzer et al., 1988) but she were 

at high risk for other factors. Other 6 pediatric ALL patients had achieved CR with 

induction therapy, intrathecal methotrexate and cranial radiation therapy yet they 

manifested bone marrow and CNS relapse with different interval of time after 
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diagnosis of ALL with identification of chromosomal translocation and fusion 

oncogenes. None of the 8 pediatric ALL patients with CNS involvement were positive 

for Philadelphia chromosomal translocation. Patient positive for ETV6-RUNXI had 

good prognosis but CNS involvement itself is fatal. Their other prognostic variables 

were also related with increased risk of relapse (Table 28). 2 had no CR, 4 were 

positive for MLL-AF4, 2 showed SIL-TAL1 (also T-cell ALL) and 1 carried  TCF3- 

PBX1, 6 were at L2 stage of FAB, 7 had WBC coun6 >30000/µL, 5 with high 

temperature, 4 reported with splenomegaly, 5 tested positive for lymphadenopathy 

and mediastinal mass was absent in 7 patients. Aggressive systemic chemotherapy 

like double dose of radiations or methotrexate or cytarabine could improve prognosis 

and this intensive treatment could be started at the beginning of course II /III (Cortes 

et al., 2002; Jeha et al., 2009). It was observed that use of intrathecal methotrexate at 

the start of course II instead of course III could be produced better outcome (Pui et al., 

2011) but it was needed to be determined. 

In these 8 pediatric with CNS involvement, relapsed was studied. Bone 

marrow was positive for blasts in 5 patients before the positivity of CSF (6-12week) 

and 3 pediatric documented relapse in bone marrow and CNS. In spite of intensive 

care, chemotherapy and radiation therapy, all these patients were expired in due 

course of time. In pediatric ALL patient mortality rate could be reduced by testing 

CNS involvement of ALL at diagnosis and treating the patient at early stage, thus 

decreasing the chances of relapse. Patient with ≥50,000/µL leukocyte count, blast 

cells >5% in CSF and fusion oncogenes  (BCR-ABL, MLL-AF4, SIL-TAL1 and 

TCF3- PBX1) at diagnosis were at high risk of CNS relapse (Mahmoud et al., 1993; 

Pui et al., 2006). CNS relapse rate, overall survival and event free survival were not 

much different in B/T cells ALL pediatrics (Moghrabi et al., 2007) and it was 85.6 % 
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(Pui et al., 2009). The difference in overall survival and event free survival in 

population of Pakistan with western countries endorsed to ethnicity and variable 

factors. 

In this study, we have briefly reviewed the immunophenotyping of children 

ALL at diagnosis with special reference on their interactions with differential 

diagnosis and prognosis (Table 29- 32). Well oriented and rapid responses of blast 

cells towards risk based treatment therapies mainly rely on initial study of 

therapeutics molecular cytogenetics and immunophenotyping characteristics of blast 

cells (Gudowius et al., 2012). 

The detection of TCF3-PBX1 fusion oncogene was based on phenotypic 

analysis of surface of blast cells. The children ALL patients positive for fusion 

oncogene TCF3-PBXI showed pre-B ALL up to 23% and adverse prognosis (Schultz 

et al., 2009; Pulsipher et al., 2011; Leung et al., 2012; Vora et al., 2013). This result 

was based on phenotypic analysis of surface of blast cells and the mutation mostly 

(89%) manifested CD19+, CD10 +, CD9 +, CD34 – prototype. The same pattern was 

also observed in (9%) of B precursor ALL pediatric patients (Xiao and Zhang 2004). 

Most cases carrying the t(1;19)/TCF3-PBX1 express a typical immunophenotyping 

with homogeneous expression of CD19, CD10, CD9, complete absence of CD34 and 

at least partial absence of CD20. TCF3-PBX1 with B-precursor ALL was more 

common in black pediatric than white (Pui et al., 2003). In present work, only 2 

females harbor TCF3-PBX1, one survived and one expired. Both exhibited B-cells 

ALL and not much can be discussed due to very small sample size.  

The presence of t (4; 11) (q21; q23)/MLL-AF4 has been associated with the 

pro B-ALL phenotype (CyCD79a, CD19, CD24) (van Dongen et al., 1999).  Absence 

of CD10 is associated with MLL-AF4 translocation and adverse prognosis. In the 
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absence of MLL-AF4, the independent prognostic significance of CD10 negativity 

was unclear (Pakakasama et al., 2008). Children positive for MLL-AF4 and pre B-

ALL were associated with poor outcome (Moorman et al., 2010). About 5% children 

were associated with pro B and MLL-AF4 and it is common in infants (Pui et al., 

2003). In present study 15(21.47%) carried MLL-AF4 were also positive for B-cell 

ALL. There were 10 male, 5 females and all were negative for CD10 and have 

inferior outcome.  

The best prognosis was observed in sub group with precursor B-cell ALL, 2-7 

years and genetic abnormality ETV6-RUNX1. They were associated with 3 years 

survival rate in <50 % patient (Schultz et al., 2009). Patients positive for ETV6-

RUNX1 and pre-B ALL manifested greater percentage of late relapse and favourable 

prognosis unlike other fusion oncogenes (Moorman et al., 2010). Present results are in 

consensus with this available data as 16 patient (10 males and 6 females) manifested 

B-cell ALL and showed much higher survival rate as compared to the other patients 

carrying fusion oncogenes with B-cell ALL. 

BCR-ABL lesion with pre-B ALL in children patients demonstrated adverse 

outcomes (Moorman et al., 2010). In present study 36 patients were positive for BCR-

ABL and B-cell ALL including 28 males and 8 females. They showed poor prognosis 

and high mortality rate. About 55 % cases of children ALL patients with BCR-ABL 

demonstrated CD10+ (Burmeister et al., 2010), while in present work this percentage 

is 51. The high prevalence BCR-ABL with CD10 and ALL had poor prognosis in 

comparison with other CDs but this and other factor need to be studied (Vázquez-

Franco et al., 2012). 

In children ALL patients with high risk and low risks, there is a significant 

difference in expression of CD10, CD34 and HLA-DR (Gudowius et al., 2012). This 
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difference of expression of antigens indicated the different sources of blast cells and 

their association with clinical classification of ALL (Zhang et al., 2012). Khurram et 

al., (2010) suggested that either the commonly described myeloid B-cell and T-cell 

differentiation pathways are incorrect or blasts from cases of acute leukemia do not 

represent their normal counterparts. To explain mixed immunophenotyping it is 

suggested that leukemic cells may have aberrant markers because of their abnormal 

genetic programmed resulting in lineage infidelity. 

Analysis of record of 69.3% B-cell ALL patients showed that there was a 

variation in the expression of markers like HLA-DR, CD10+, CD10-, CD19+, CD20 

and CD34 (Gudowius et al., 2012). Present records of immunophenotyping and its 

analysis clearly demonstrated that percentage of CD19+, CD10+ and HLA-DR 

antigens were greater than other antigens on blast cells surface of B-cell ALL 

(Tiensiwakul et al., 1999) and they were the potential targets for the outcome of risk 

base treatment while Gudowius et al., (2012) also reported CD22 as a target. 

Percentage of CDs was greater in male than females (Khuram et al., 2010). In present 

study the male were 49/70 (70%) and females were 21(30%) in B cell ALL. The 

percentage of CD 10+, four times greater, HLA-DR 3 times, CD10-, CD19+, CD20 

and CD 34 were greater in males than females and it was in agreement with available 

data (Khurram et al., 2010). Previously CD20 and CD34 were not reported in 

Pakistan while in present study, CD20 is reported 24.2%. However it is also reported 

33.3% in Thai people (Tiensiwakul et al., 1999), 27.2% in Chinese (Zhang et al., 

2012) and 11-37% in German population (Gudowius et al., 2012). Similarly CD 34 is 

reported 18.5% in B-cell ALL patients only in Pakistan (Awan et al., 2012) and 68% 

in German population (Gudowius et al., 2012). Tiensiwakul et al.,(1999) reported 

CD3-, CD13- and CD5- in Thai population which was not reported in Pakistan, China 
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and Germany while CD37,CD45 and CD33 was reported only German population 

(Gudowius et al., 2012).  In Pakistan, Yusuf et al., (2001) reported only 4 markers in 

62 patients with B-cell ALL. Highest sensitivity (98%) was shown by CD 19+ and 

lowest by CD 10- (24%) while HLA-DR, CD10+ was 89% and 67% respectively. In 

present work percentage of HLA-DR was slightly higher and CD10- was much close 

in concentration with data reported by Yusuf et al., 2001. The frequency of CD19+ in 

present and previous data was not significantly different. In both cases, the frequency 

of CD10+ was also not much variable. The difference of percentages of CD 10+ 

between Pakistan and China is relatively small as compared to Germany. This is 

might be because of the closer geographical location of Pakistan and China as 

compared to Germany. CD19+ and CD20 between the three countries were not 

significantly different in percentage. One possible reason for this anomaly could be 

availability of better measuring and sampling instruments and techniques available in 

Germany and China as compared to Pakistan. The difference in the percentage of 

HLA-DR between Pakistan and Germany is very large. It might be due to small 

sample size of present work. The positivity of the CD22 in western population and 

negativity in Pakistani population and different percentages of other markers might be 

due to ethnicity. 

In younger male pediatrics, clinical characters  like presence of mediastinal 

mass, Leukocytosis and cyt.CD3, CD7, CD2/CD5 markers on blast cells were the 

indicator of T-cell ALL (Allen et al., 2013). There was conflicting data about the 

prognosis of T-cell ALL in the presence/ absence of mediastinal mass (Attarbaschi et 

al., 2002) and variation in leukocytes counts (Coustan-Smith et al., 2009). Study of T-

cell ALL had clinical and prognostic implications. It has good prognosis if patients 

were associated with low risk variables (Yusuf et al., 2001). The present data showed 
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that T-cell ALL was manifested by more male children patients (85.8%) than female 

(14.3%). The male female ratio was 6:1 (Table 32). CD3, CD7and CD5 were typical 

antigens of T-cell ALL and their concentration was higher than other markers (Table 

31). CD3 five times, CD5 three times and CD7 one times higher in males than 

females (Awan et al., 2012). It was fact that there was a chance of cross reaction 

between T-cell ALL and myeloid markers (Khawaja et al., 2005) and present results 

also indicated the weak expression (14.2%) of both CD13 and CD33 each, in only 

females and absent in male. Khawaja et al., (2005) also reported that HLA-DR is 

negative for normal T-lymphocytes and blast usually while in present work it was 

expressed by only 1 male patient (Awan et al., 2012). Thus present results partially 

coincided with available data. In present study, CD3 appeared as most sensitive 

marker (85.7%) and its percentage was 4 times higher in males than females (Awan et 

al., 2012) but it could not be confirmed because it was mostly present in cytoplasm 

and least expressed on the surface of T-cell ALL (Khawaja et al., 2005). The 

percentage of CD45 was 14.2% and it was not previously reported by any worker in 

Pakistan while Gudowius et al., (2012) reported it, in 18% children with B-cell ALL 

in German population. 

Although CD7 was sensitive (71.4%), yet not reliable as it was not specific 

and cross react with 12.7% B-cell ALL and 14% non T-cell ALL (Yusuf et al., 2001) 

and CD5 showed 57% sensitivity. Both these markers were highly sensitive in male 

and female children patients and it was in agreement with the previous studies in 

Pakistan. These markers are diagnostic antigens of T-cell ALL (Zhang et al., 2012). 

In Pakistan T-cell ALL positivity was reported 17.22% (Khawaja et al., 2005). T-cell 

ALL tested much lower 9.2% in Rawalpindi than Lahore 29.1% in Pakistan (Naeem 

and Hayee 1992). The present results are close to the previous reports in Pakistan 
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from Rawalpindi but different from Lahore. The number of antigens expressed on T-

cell was also indicated good prognosis. Longer OS and DFS were observed in patients 

positive for 5 or more antigens than 3 or less antigens. However no significant effect 

was studied on remission rate (Rives et al., 2012). 

Literature review indicated that T-cell ALL percentage vary in different 

countries. The frequency of T-cell ALL was similar (18.4%) in south east- Asian 

countries including Pakistan, India, Thailand and Malaysia (Menon et al., 1998). T-

cell ALL was reported 13% in USA (Pui et al., 2011), its frequency is higher in Asia 

than Middle East and the low frequency of Middle East was similar to Europe and 

America (Knox Macaulay 2000). This similarity is might be due to factor of 

prosperity of these countries. Further studies are required to investigate the variation 

in percentage of antigens and link between B and T-cell ALL percentage. 

Complete data of patients in all aspects should be noted at diagnosis to 

evaluate the risk status, in order to work out treatment strategy (Awan et al., 2012). 

Long-term outcome was associated with the reduction speed of blast cell after the 

commencement of treatment. Treatment outcome depends upon sensitivity of blast 

cell and patient‟s pharmacodynamics and pharmacogenomics (Vrooman and 

Vrooman and Silverman, 2009). The blast cell's response to treatment could be 

evaluated by analysing the test reports of samples of bone marrow aspirates at day 0, 

day 8 and day 14. Within 14 days of treatment rapid reduction (< 5%) of blast cell in 

response to chemotherapy have a favourable prognosis (Pui et al., 2011; Sabir et al., 

2012).  

One week induction of chemotherapy with prednisone and one dose of 

intrathecal methotrexate, if resulted in blasts cells <1000/µl  in peripheral blood have 

a good prognosis and lead to a decreased risk of relapse in case of both B and T cell  
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ALL (Manabe et al., 2008). After one week treatment of prednisone and one dose of 

methotrexate out of 285, 57 % had blast cells > 1 × 10
9 

/µl, 80% had M3 marrow 

stage and 69 % manifested M3 after two weeks. No CR was observed in 12% with 

M1 stage after two weeks of diagnosis (Schrappe et al., 2012).  

Greater than 80% complete remission has been observed in pediatric patients 

treated with three drugs therapy (Vincristine, Prednisone/Dexamethasone and L-

Asparaginase). In patients at high risk, aggressive induction (4 to 5 drugs, 

Anthracyclines) could improve EFS. 4 to 5 drugs treatment of patients at low risk was 

not favourable if post-remission therapy was intensified (Pui et al., 2006). The 

treatment response in present studies was similar to work of Pui et al., (2006) but not 

in agreement with the work of Schrappe et al., (2012). One possible reason of this 

variation was the use of different types of treatment protocols. 

Nowadays, Prednisone is replaced by Dexamethasone. It was reported that 

Dexamethasone was related to better EFS (Hunger et al., 2012). Other workers 

reported that it was not the Dexamethasone but Dexamethasone-Prednisone ratio 

improved the outcome (Smith et al., 2013). But Dexamethasone is immune-

suppressant thus increased the tendency of infection/toxicity (Awan et al., 2012). 

High risk of treatment failure was observed in infants with ALL. Infants‟ positive for 

ALL and MLL-AF4 translocation were treated with aggressive chemotherapy but EFS 

was not more than 50% (Pui et al., 2003). Present work is in consensus with these 

results as high expiry about 82.3% was recorded. 

Complete remission (CR) means M1 stage of bone marrow for blast cells 

(<5% blast), neutrophil count >1 × 10
9
/L, platelets count > 100 × 10

9 
/L and no extra-

medullary disease (Pui et al., 2011; Vora et al., 2013). The numbers of blast cells in 

bone marrow at completion of induction were inversely proportional to complete 
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remission.  

It has been reported that Pakistani ALL patients have poor prognosis and die 

during remission (Oakhill and Mann 1983; Iqbal and Tanveer 2006). Thus, results for 

frequencies of fusion oncogenes in ALL explain underlying molecular genetic reason 

of such poor clinical outcome of ALL patients in Pakistan (Sabir et al., 2012). 

Achievement of complete remission within 4 weeks of therapy has been a 

time-honoured prognostic factor for pediatric ALL patients. However, in this study 

careful univariate and multivariate analyses could not confirmed it as an independent 

prognostic factor. The 4-week cut off is an arbitrary one and does not exclude the 

concept that an early response to therapy confers a better prognosis (Schrappe et al., 

2012). Recent reports in childhood ALL have suggested that a response within 7 to 14 

days is associated with the best prognosis (Nachman et al., 2009; Athale et al., 2010). 

It is observed that patients with rapid response to induction therapy of ALL usually 

manifested higher complete remission rate and longer DFS (Miller, 1989). Iqbal 

(2012) reported that short period for achieving CR was not the indicator of good 

prognosis and better outcome.  

In present work there was not a significant difference found between children 

getting CR <4 weeks or >4 weeks in relation to event free survival, disease free 

survival and overall survival. It might be due to the fact that entering in CR lately was 

related to development of resistance by the patient‟s body against the disease and thus 

caused drug toxicity in patients (Hoelzer et al., 1988). Out of 101 patients, 91 (90%) 

showed remission. 46 (45.5%) patients were in CR within one month from the 

beginning of treatment, 45 (44.5%) required more than 30 days either due to need of 

extra chemotherapy or slow recovery rate of bone marrow but this difference is not 

statistically significant (p=0.27). 10 (9.9%) manifested no response to induction 
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therapy presenting >25% blast in bone marrow or peripheral blood. The patients who 

did not have CR after induction plus small course of extra therapy according to 

protocol, had adverse prognosis (≤25% Induction Failure/ toxic death) (Schrappe et 

al., 2012) and they developed resistance against the treatment i.e. blast level in the 

blood or bone marrow was greater than 1000/µL. These patients had poor prognosis 

(Oudot et al., 2008).  

 Treatment response was a function of age (Sabir et al., 2012). CR<4 week 

was similar in <2y (61.1%) and 2-7y (60.6%) age group and was only30% in 8-15y 

age range. CR>4 week was not similar in <2y (38.9%) and 2-7y (30.3%) age group 

while CR in age range 8-15 was reported to be 56%. Patients with CR<4 weeks found 

to be remained in CR for a longer duration than patient with CR>4 week but 

difference was not statistically significant (p=0.27). Leukocyte counts > 30,000/µL 

was poor prognostic factor and low CR rate (69%) was studied in such cases and high 

CR rate (78%) in patients with Leukocyte counts >30,000/µL but difference was not 

statistically significant (p=0.05). Similarly CR duration was also longer for patients 

with leukocyte counts <30,000/µL (p=0.04). The CR rate was 79% for L1 and 65% 

for patients at L2 FAB stage and was statistically non-significant (p=0.29). The 

number of platelets either <50,000 µL or >50,000µL showed no effect on CR. The 

CR was not much variable in relation to gender, performance status, infection, fever 

and organomegaly. It was found that CR rate was better in T-ALL patients with 

mediastinal mass than T-ALL patients without it (Oudot et al., 2008). In addition, CR 

rate was good in B-ALL than T-ALL patients. 

 The CR rate was much variable for genetic sub types. For CR<4 week, CR 

rate was highest (83%) in patients positive for ETV6-RUNX1 and next to it was 71% 

of SILTAL1. The lowest CR rate was observed in MLL-AF4 (23.5%) which was 
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close to the 29% of BCR-ABL while TCF3-PBX1 documented 50% CR. For CR>4 

week, the picture was much different. The ETV6-RUNX1 carried lowest (11.7%) CR 

and BCR-ABL indicated highest CR rate (64%). In MLL-AF4 and TCF3-PBX1 it 

was 59% and 50% respectively while SIL-TAL1 showed only 14.3%. It is observed 

that after getting CR within four weeks or greater, the chances of maintaining CR for 

more than two years is greater in the age group 2-7 years than <2y and 8-15 years. In 

addition, this probability was better in females than male patients but the reasons were 

not known. 

Induction failure (IF) was one of the major factor for worst prognosis in 

pediatric ALL patients because it has great biological and clinical heterogeneity 

(Schrappe et al., 2012). In present work, induction failure was in 09(8.9%) patients 

with 0-15 years of age range. Presently used protocols for the treatment of pediatric 

ALL patients were effective up to 80% children. The relapse was main reason for 

induction failure (Pui et al., 2009). Many risk factors were involved in treatment 

failure but main factor was insufficient treatment therapy (Mullighan et al., 2009). 

Patient with induction failure either had no remission or early relapse. Patients with 

high risk of induction failure usually had clinical heterogeneity like fusion oncogenes 

(BCR-ABL, MLL-AF4 and TCF3-PBX1) and T /B-cell ALL with high WBC counts 

(Mullighan et al., 2008; Conter et al., 2010). In patients at high risk, the chances of 

relapse have been reduced due to improve chemotherapy but there was no better 

outcome in children with induction failure (Leung et al., 2012). 

In this cohort of 09 patient many unfavourable variable like male gender, age, 

high WBC counts CNS involvement, genetic lesions (BCR-ABL, MLL-AF4 and SIL-

TAL1) were the cause of high mortality rate (Oudot et al., 2008). Schrappe et al., 

(2012) reported that the induction failure was rare in western population and was only 
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2-3% but in Pakistani population, it was 8.9% which is much higher (Table 35). 

Multifactor were responsible for variation in results. The apparent factor was the 

treatment therapy. Thus it was difficult for us to find any relation between treatment 

protocols and induction failure. One factor might be the small sample size of present 

work. Poverty factor could also be not neglected and further more casual behaviour of 

patients towards treatment.  

The frequency of ABO and Rh (D) blood groups varies in different population 

throughout the world. In Pakistan multiple studies have been done in different regions 

documented the prevalence of blood groups in the respective areas. The relative 

frequency of the various blood groups in present study appears to be little deviated in 

Pakistani population from previous work reported by research workers (Talib et al., 

1991; Khan et al., 2006; Sabir et al., 2012) in different regions of Pakistan. The 

present results are not much different from  the results reported by Khan et al., (2006) 

for a study conducted on population of Rawalpindi and Islamabad in 2004 in which 

the most prevalent blood group was B (33.3%) followed by O (31.1%), A (25.53%) 

and AB (10.04%) (Table 37). In the present work, the most frequent was O (40.5%) 

blood group in pediatric ALL patients followed by A (25.7%) and B (23.7%) while 

AB was (9.9%). Blood group O and A are high in dominance in both genders in 

Pakistan (Talib et al., 1991; Khan et al., 2006; Awan et al., 2012) (Table 38). Thus 

present study is in consistent with the previous work. 

Analyzing the different studies in Pakistan, it is evident that common blood 

groups in many regions of Punjab and Khyber Pakhtunkhwa are B and O followed by 

A and AB, while in Sind and Baluchistan the order of prevalence is O>B>A>AB 

(Khan et al., 2006; Ali et al., 2005). In contrast, the commonest blood group in 

Skardu region is A, followed by B, O and AB (Alam et al., 2005). International 
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studies have shown wide variation of blood groups in different populations. In USA 

and Britain Caucasians the commonest blood group is O, followed by A, B and then 

AB (Garratty at al., 2004). In India the most prevalent blood group is O, followed by 

B, A and AB (Talib et al., 1991). The order of prevalence of ABO blood group in 

Bangladesh is O>A>B>AB (Talib et al., 1991). Most frequently encountered blood 

group in Saudi Arabia is O, followed by A, B, and AB (Periyavan et al., 2010). The 

blood group AB remains the least frequent blood group throughout the world (Sabir et 

al., 2012).  

Rh (D) positive remain the predominant throughout Pakistan with prevalence 

around 90% in all the studies (Ali et al., 2005; Khan et al., 2006; Khattak et al., 

2008). Allelic frequency of Rh+ antigen in Lahore, Pakistani population is reported to 

be 0.7170, Rh
- 
0.2830 and Rh+ is about 85% of the population. In terms of presence 

of Rh antibodies the global trend of Rh (D) positive remains very high as compared to 

Rh (D) negative. The high frequency of Rh+ in O, A, B and AB paved the way for 

research workers to find any clue for the relationship between Rh+ factor and ALL. 

In blood group O, there was 30% survival in O+, 20% in O- , expiry was 

greater than double and it was 70% and 80% respectively. Survival and expiry in 

blood group A+ and B+ is much similar. In case of blood group A, the survival was 

36% and expiry 64% in A+ and no patient was positive for A-. The survival and 

expiry was 38% and 62% in B+ and no patient for B- was reported. In blood group 

AB+, the survival was 28% and expiry was much higher i.e., 71%. Overall highest 

survival was 38% in B+ and 80% expiry in O- (Table 38).  

             Survival and expiry in different blood group in relation to the different fusion 

oncogenes was analysed. In blood group O+ survival was better in ETV6-RUNX1 

than BCR-ABL, no survival for MLL-AF4 and SIL-TAL1 and same was true for O-. 
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For blood group A, A+ survival was better in MLL-AF4 than ETV6-RUNX1, SIL-

TAL1 and poor in BCR-ABL. In blood group B, B+ showed better survival in BCR-

ABL than ETV6-RUNX1 and SIL-TAL1, low in MLL-AF4 while only one member 

of TCF3-PBX1 remained survived. In AB+, SIL-TAL1 showed better survival than 

ETV6-RUNX1 and no survival for BCR-ABL and MLL-AF4 was reported (Table 

38). 

O- , A+ and AB+ have high expiry in BCR-ABL. than other fusion oncogenes. 

O+ and B+ with MLL-AF4 and SIL TAL1 manifested high expiry than other fusion 

oncogene. Data showed that overall mortality rate is greater in blood group O and A. 

It is might be due to the preponderance of group O and A or other factors. ALL is a 

multi-factorial disease so mortality rate in different blood groups cannot be simply 

equated with the chromosomal aberrations. 

ALL is a disease with marked difference in the survival outcome between 

patients carrying different cryptic chromosomal translocations (Table 39). The highest 

expiry rate in BCR-ABL cases of children ALL throws a light on the fact that it is the 

most prevalent genetic lesion among the Pakistani children ALL patients (Table 21). 

Mortality rate is greater in the age groups <2y and 8-15y. The frequency of mortality 

rate generally dropped as we move alphabetically from BCR-ABL to TCF3-PBX1. In 

addition mortality was higher in males than females. It might be due to Testis 

involvement in males (Pui et al., 2011). In present study, the lowest expiry rate is 

observed in translocations SIL-TAL1 and TCF3-PBX1. It might be due to small 

sample size. The relationship between the mortality rate and the type of chromosomal 

aberration is still unclear due to heterogeneity of disease. The statistically significant 

poor effect of BCR-ABL on remission rate or duration was also continued on 3 year 

survival rate of pediatric ALL patients. There are 45 patients positive for BCR-ABL 
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in which 26% were survived while survival rate was approximately double in other 

three fusion oncogenes (ETV6-RUNX1 (55.5%), SIL-TAL1 (42.8%), and TCF3-

PBX1 (50%) but in MLL-AF4 survival value is 17.6% only. There is a significant 

difference between the survival of patients with BCR-ABL and other four selected 

oncogenes in all age groups (p=0.004).The survival difference of BCR-ABL and 

N*(none of the five gene detected) patients is statistically significant (p<0.001). 

Although BCR-ABL manifested highest rate of CR than other fusion 

oncogene in sub group CR >4w yet outcome of these children is inferior to other 

lesion. The survival rate of BCR-ABL rises slightly as we move from age group less 

than <2 years (survival zero) to 2-7y (survival=5 patient) and 8-15 year (survival=7 

patient). But this tendency is inverse in case of ETV6 where survival frequency is 6, 

4, 0 in the three age groups <2y, 2-7y and 8-15y respectively. 

The survival was similar in case of MLL-AF4 and SIL-TAL1 patient. This 

result is telling another story which is still to be investigated. In case of BCR-ABL the 

frequency of patient increases with the age. Thus it would be one of the major factors 

of poor prognoses of BCR-ABL in adults (Sabir et al., 2012; Iqbal, 2012). 

The biological features of ALL are strong agents of outcome. Among children 

with ALL, more than 95% attain remission, and approximately 80% of patients aged 1 

to 18 years with newly diagnosed ALL treated on current regimens are expected to be 

long-term event-free survivors (Preiss et al., 2006; Gaynon et al., 2010). In patients 

with CR less than 4 weeks or greater than 4 weeks the rate of blasts decreasing and 

MRD are prognostic factors (Schrappe et al., 2012). In this study, patients with 

greater than 5% blasts in their bone marrow on day 15 had a lower response rate, 

worse disease-free survival and worse overall survival than patients with low blast 

counts on day 15 (Hunger et al., 2012).  
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Frequency of expiry in pediatric ALL patients with blood group and fusion 

oncogene was statistically significantly higher than survival (p=0.028). Similar is the 

case among patient with blood group and without fusion oncogene (p=0.045). 

Survival and expiry with/ without fusion oncogene regarding blood group is 

statistically not significant (p=0.016 and 0.035 respectively). Frequency of the fusion 

oncogene in patients with blood group is statistically not significantly different in any 

group. Overall survival and expiry were statistically significantly different (p=0.036).  

Survival of patients with BCR ABL gene had statistically significantly less 

survival than other four fusion oncogene in all the three age groups (p=0.004). 

Highest rate of survival (31.64 months) has been observed in the pediatric ALL 

patients harboring mutation of ETV6-RUNX1 and lowest (7.496 months) in MLL-

AF4 while survival rate in BCR-ABL was 15.349 months. The rates of survival of 

SIL-TAL1 and TCF3-PBX1 fusion oncogene were 12.248 and 28.203 months 

respectively. The survival rate in samples negative for 5 common oncogenes under 

study was 18.928 months. Survival of patients with different fusion oncogenes shows 

statistically significant difference (p=0.036) (Figure 33).  

The highest Relapse Free Survival was documented in ETV6-RUNX1 (14.167 

months) followed closely by those cases in which no gene was detected (13.1 

months). Survival in BCR-ABL, MLL-AF4, SIL-TAL1 and TCF3-PBX1 was less 

than 10 months (7.994, 3.559, 5.500 and 8.080 months respectively) (Figure 34). 

The chances of survival at 36 months increases with age from age < 2y 

(38.8%) to 2-7y (42.4%) but falls at 8-15y age (26%). It was in consensus with 

available data and probability was statistically significant (p=.02) between the age 

groups. Overall survival of patients in age group 8-15 years is less than other age 

groups but it is not significantly different (p= 0.145). 
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WBC count at diagnosis impacts upon outcome for all subtypes of ALL and 

for all age groups. Although presenting leukocyte count is a band, for all purpose of 

stratification, cut off levels for adverse prognosis have been drawn at levels 30×10
9
L 

for pre B-ALL patients and 100×10
9
L for T-ALL (Fielding et al., 2011). In all the 

three age groups, a pronounced difference was observed in the survival of patients 

with lower than higher leukocyte count. In comparison to lower, there was zero 

survival in higher leukocyte count. It clearly demonstrates that higher leukocyte count 

was an adverse prognostic factor in present study (Rives et al., 2012). The survival 

was significantly better in patient with WBC count <30,000/µL, than in patient with 

WBC count >30,000/µl and it was statistically significant (p<.001). 

In case of FAB, patient survival frequency was about 3-times in L1 than L2 

(<2y and 2-7y age group) and was 10 times higher in L1 than L2 in age group 8-15y. 

Literature supports the present data (Bain, 2010). Statistical analysis shows that in 

patients with L1 FAB, survival is 6.097 times greater than the patients with L2 FAB. 

Mediastinal mass positive in 20.7 % patients. The presence of mediastinal 

mass and lymphadenopathy was reported to be good variable in adult (Hoelzer et al., 

1988). Attarbaschi et al., (2002) studied that presence/absence of mediastinal mass 

has no effect on prognosis in pediatric ALL patients but in this work, presence of only 

mediastinal mass found to be associated with good prognosis in children and it is in 

accordance with recent report (Oudot et al., 2008). After analysis, longer survival 

present in both age groups (2-7y and 8-15y) and much lower survival value was 

recorded in <2y age of patient positive for mediastinal mass. In multivariate analysis, 

it was also studied that a better prognosis has been observed in these patient in 

relation to other factors as compared to patients without mediastinal mass and it was 

statistically non-significant (p=0.02). Much better survival was carried by the children 
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with performance status normal than weak in <2-15y age range but it was not 

statistically significant (p=0.34). In case of fever in patients, survival rate with fever 

was close to without it in <2y age and survival was similar in both age groups 2-7y 

and 8-15y and was dissimilar in patient with or without fever. A statistically non-

significant (p=0.04) difference for survival has been manifested by patients with or 

without fever. 

Among patients <2 year and 2-7y old, in present study, different survival was 

noted in children with or without lymphadenopathy but reduction in survival 

difference of patient with or without lymphadenopathy has been indicated in 8-15y 

age group and it was non- significant (p=0.63). 

Platelets counts <50,000/µL appeared to be adverse prognostic variable as 

inferior survival outcome has been observed in first and third age groups of these 

pediatric patient than patients with platelets >50,000µL. Platelets >50,000µL was a 

favourable clinical prognostic factor, as an ascending survival rate was observed with 

19 patients survived in three age groups and survival difference was not statistically 

significant (p <0.26). The survival was higher in ALL patients without CNS 

involvement than with CNS. 

On average overall survival of patients with fusion oncogene was 35.71 

months in relation to immunophenotyping. Average survival of patients with B-ALL 

and unknown for fusion oncogene was 36 months whereas average survival of 

patients with T-ALL gene was 35.63 months. Survival of B/T-cell ALL patients with 

different fusion oncogene is not statistically significant (p=0.0753). 

46 (45.5%) patients who were in CR within one month from the beginning of 

treatment, found to have longer survival than  those 45 (44.5%)  which required more 

than 30 days for CR after follow up time of 18 months but this difference is not 



126 

 

statistically significant (p=0.27). 

The trend of survival rate was increasing in low than high risk category with 

increase in age from 0-7y but from 8-15y age an inclination was observed. The 

pronounced difference in frequency of survival in low risk (30 patient) as compared to 

high risk (3 patient) throws a light on the fact that patients in high risk category were 

always at expiry risk and their survival relation was statistically significant (p 

<0.001). It was in agreement with data available in literature but many questions were 

still unanswered (Iqbal, 2012; Sabir et al., 2012; Awan et al., 2012). 

In present work only 33 (32.4%) pediatric ALL patients were completed their 

study period of 3 years and 68(67.2%) expired. The calculated median survival for 

101 patients is 18 month in present study and the average survival of pediatric ALL 

patients was 35.71 month. 

In this study, the factors affecting relapse free survival (RFS) were measured. 

Age, sex, platelets count, history of fever, hepatomegaly, splenomegaly and 

lymphadenopathy were not statistically significant predictors for RFS. Statistical 

analysis shows that if WBC is >30,000 in patient it will decrease the RFS by 10.38 

times. Similarly the patients with BCR-ABL have 4.76 times lesser relapse free 

survival as compared to other genes.  
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CONCLUSION 

A remarkable progress has been made in the treatment of ALL in children 

with cure rates of around 80%, however this has not been the case in Pakistan where 

the survival of pediatric ALL patients has remained poor and needs immediate 

attention. The main factors responsible for this condition include delay in diagnosis 

and referral to a specialized center, lack of understanding and awareness, poor socio-

economic conditions where many patients need to buy the drugs and other themselves 

which may lead to compromises and suboptimal treatment, and possibly suboptimal 

supportive care. Present studies show that high frequency of poor prognostic fusion 

oncogenes like BCR-ABL, MLL-AF4 and SIL-TAL1 (more than 70%) in pedtatric 

ALL may also be one of the most important reason of poor outcome of this disease in 

Pakistan. In addition, the non-availability of tyrosine kinase inhibitors for BCR-ABL 

positive cases and lack of facilities for hematopoietic stem cell transplantation for 

high risk patients are amongst the main reason for the fatalities caused by this 

disesase. There is also a pressing need for local and international researchers to 

collaborate and improve the treatment facilities in Pakistan.  

1. The present study had a comprehensive approach because of the availability of first 

hand data. However, the study was also limited because of a small sample size and 

heterogeneity of disease. It is very possible that the outcome could be affected by 

unmeasured variables.  

2. It was very difficult to compare data from various countries because incompatible 

therapeutic strategies are adopted in different health institute.  

3. The present data of ALL has many prognostic implications for oncologists to 

develop new or modify western treatment protocols according to socio-economic 

condition of Pakistan. 
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4. The documented results also showed that the nature of ALL in Pakistan is different 

from other countries. This has opened new vistas for comparison between the spread 

of ALL in developed and developing countries.  The reasons for these differences 

may include diverse geographical locations of the patients, varying ethnicities across 

countries and continents, different sample sizes and lack of sophisticated equipment in 

some places such as Pakistan as compared to the developed western countries.  

5. In present data, high rate of morality in children were due to their poor response to 

chemotherapy. This low outcome was either due to the resistance to drug therapy, 

malnutrition or irregular visits for chemotherapy treatments. 

6. Western treatment protocols modified by local Pakistani doctors are being used for 

ALL treatment in children without considering age and other factors. It is difficult to 

estimate the positive and negative effects of the modified treatment. A lot of research 

work is required to get the accurate biological picture of ALL in children and its 

treatment in Pakistan because biological characteristics of the disease during 

treatment are stronger determinants of response and outcome. 

7. Frequency of fusion oncogenes, chromosomal translocations in relation to different 

prognostic variables of ALL in children affecting treatment outcome and other 

findings were also reported in the present work. 

The exploration of exact reasons for ALL may require very vast studies. Even though 

based on limited samples, this primary work has its own significance in diagnosis, 

prognosis, treatment and management of children ALL in Pakistan. Further research 

work should be oriented towards diagnosis, symptoms, causes, treatment, and overall 

survival, event and relapse-free survival of ALL pediatric patients in Pakistan. 
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