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ABSTRACT 
 

BACKGROUND 

Acute leukaemias are one of the most common malignancies in children aged < 

15 years, accounting for nearly one third of all paediatric malignancies. 

Fortunately, it is one of the curable malignancies in children and hence early 

diagnosis is of supreme priority. Flow cytometry has now become a standard tool 

for diagnosing and monitoring acute as well as chronic leukaemia. 

Immunophenotyping by flow cytometry enables accurate diagnosis, guides 

treatment, and enables risk stratification. 

 

METHODS 

This is a hospital based cross sectional study, carried out in the Paediatrics and 

Clinical Haematology wards, SCB Medical College & Hospital, Cuttack, from 

December 2017 to November 2019. All patients fulfilling inclusion criteria were 

included in the study. Demographic details, history and examination findings were 

recorded in all cases. Complete blood count, peripheral smear, CSF analysis, RFT, 

LFT, chest X ray, CT scan brain and chest, USG abdomen, microbiological 

investigations, bone marrow aspiration, immunophenotyping were done and 

documented in pre-structured proformas in all cases. 

 

RESULTS 

Among 209 acute leukaemia cases, ALL was the commonest (60.8 %) followed by 

AML (24.9 %). Among the B-ALL cases, Pre-B ALL patients had the majority (78.4 

%) followed by T-ALL (12.4 %), Pro-B ALL (2.9 %), MPAL (1.9 %) and Mature B 

- ALL (< 1 %). Mean age was 6.81 years and SD ± 4.10. Male : female ratio among 

ALL patients was 1.78:1. Fever was the commonest symptom and 

hepatosplenomegaly, the commonest sign. CD13 and CD33 were the commonly 

co-expressed myeloid markers in all. 

 

CONCLUSIONS 

Immunophenotyping should be done in all cases of leukaemia, even in resource 

limited settings for accurate diagnosis, prognostication and tailoring of treatment. 

Presence of extra-medullary organ involvement, including CNS and kidneys, should 

be looked for carefully at the initial presentation. 
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Acute leukaemias are one of the most common malignancies 

in children aged < 15 years, accounting for nearly one third 

of all paediatric malignancies. Once considered to be a 

universally fatal disease, modern therapy has achieved 

excellent outcome and the majority of children achieve long 

term cure. Yet it is the leading cause of cancer related 

deaths among paediatric patients.1-2 Survival from acute 

leukaemia has improved dramatically over the last five 

decades, mainly due to intensive chemotherapeutic 

regimens, comprehensive supportive care and risk-adapted 

therapeutic regimens. Among children living in the United 

States and Europe, 5 - year overall survival after acute 

lymphoblastic leukaemia (ALL) increased from less than 5 % 

in the early 1960s3 to 80% – 90% at present.4-6 Survival has 

also increased substantially for children and adolescents with 

certain subtypes of acute myeloid leukaemia (AML).7 Though 

several risk factors have been proposed, a specific aetiology 

has not been determined till date. Fortunately, it is one of 

the curable malignancies in children and hence early 

diagnosis is of supreme priority. Studies from India have 

reported variable outcomes, with few specialized centers 

showing a favourable outcome in more than 70 %.8 

Leukaemia is a malignant neoplasm from the clonal 

proliferation of abnormal haematopoietic stem cells. It is 

characterized by diffuse replacement of the bone marrow by 

neoplastic cells leading to Bone marrow failure.9 There are 

two main subtypes, the more common one being ALL and 

other one, AML. A small proportion may have chronic 

myeloid leukaemia (CML) and juvenile myelomonocytic 

leukaemia (JMML). Studies from India have reported that 

ALL accounted for 60 to 85 % of all childhood Leukaemias.10 

Some cases, however, either show no clear evidence of 

differentiation along a single lineage or express 

differentiation antigens highly specific of more than one 

lineage. These cases are categorized separately as acute 

leukaemia of ambiguous lineage, including both acute 

undifferentiated leukaemia (AUL) and mixed phenotype 

acute leukaemia (MPAL). So, it is important to identify the 

clinical presentation and pattern of leukaemia in children for 

planning further management and predicting outcome in 

Indian scenario, primarily for better risk stratification, as not 

all children have access to the regional Cancer Institutes of 

India. Flow cytometry has now become a standard tool for 

diagnosing and monitoring acute as well as chronic 

leukaemia. Immunophenotyping by flow cytometry enables 

accurate diagnosis and treatment on the basis of which 

further treatment is planned. Immunophenotyping also 

enables risk stratification. 

Aim and objective to find out the clinical and 

immunological profile of acute leukaemia among the 

paediatric patients. 

 

Inclusion Criteria 

1. Paediatric patients of age < 14 years admitted with a 

diagnosis of acute leukaemia. 

2. The leukaemia patients with detailed 

immunophenotyping records. 

 

Exclusion Criteria 

1. Patients with a negative bone marrow aspirate test. 

2. Patients who died or got discharged against medical 

advice (DAMA) before confirmation of diagnosis. 

3. Relapsed cases of leukaemia. 

 

 
 

METHODS 
 

 

It was a hospital based cross-sectional study conducted at 

department of Paediatrics and Clinical Haematology, Srirama 

Chandra Bhanja Medical College & Hospital, Cuttack, from 

December 2017 to November 2019. Institutional ethical 

committee clearance (IEC / IRB no: 918 / 14.10.19) was 

taken prior to the study. All patients full filling inclusion 

criteria were included in the study and those fulfilling 

exclusion criteria were excluded from the study. The 

demographic details, history and examination findings were 

recorded in all cases. The investigations details like complete 

blood count, peripheral smear, CSF analysis, RFT, LFT, chest 

X ray, CT scan brain and chest, USG abdomen, 

microbiological investigations, bone marrow aspiration, 

immunophenotyping were documented in the pre-structured 

proformas in all cases. Acute lymphoblastic leukaemia was 

defined if the bone marrow blast cells were > 25 %. Acute 

myeloid leukaemia (with maturation) was defined by the 

presence of ≥ 20 % blasts in the bone marrow or peripheral 

blood and evidence of maturation (≥ 10 % maturing cells of 

neutrophil lineage). The diagnosis was given as per the WHO 

2008 criteria. Bone marrow aspiration followed by flow 

cytometric immunophenotyping was done in all patients with 

strong history, clinical signs for Leukaemia and with presence 

of > 20 % leukemic blasts in bone marrow. In suspected 

cases of leukaemia, peripheral blood smear and bone 

marrow aspirates taken from iliac crest of patients was sent 

to Clinical Haematology department for immediate staining 

and analysis. Slides were stained with PAS, Sudan Black B 

and MPO stains and reports were given accordingly. For each 

patient, 5 mL of EDTA venous blood sample was taken for 

immunophenotype analysis. The cells were gated according 

to percent viability, processed in a flow cytometer by indirect 

immunofluorescence technique using single colour method. 

Age, sex, initial WBC count, haemoglobin, platelet count, 

hepatomegaly, splenomegaly, lymphadenopathy, presence, 

or absence of mediastinal involvement, renomegaly, sub - 

type of ALL based on immunophenotyping were analysed. 

EGIL scoring system was applied to find any Bi-phenotypic 

or Mixed-Phenotype Acute Leukaemia (MPAL). After 

confirmation of diagnosis including subtype of acute 

leukaemia, appropriate therapy was started in respective 

wards. 

 

 

Statistical Analysis 

All data were entered in Excel sheet and statistical analysis 

done using statistical software SPSS version 20. Categorical 

variables were expressed as number of patients and 

percentage of patients, and compared across the groups 

using Pearson’s Chi Square test for Independence of 

Attributes / Fisher's Exact Test as appropriate. Continuous 
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variables were expressed as Mean and Standard Deviation 

and compared across the groups using One Way ANOVA 

Test. For categorical data proportion with 95 % CI was 

calculated and chi square test was used to calculate the P 

value. For continuous data mean with SD was calculated. An 

alpha level of 5 % has been taken, i.e. P value < 0.05 was 

considered significant. 

 

 
 

 

RESULTS 
 

 

 

In our study, among 226 cases, 17 cases were excluded as 

per exclusion criteria. Finally, 209 cases were analysed. 

Among the acute leukaemia cases, ALL was the commonest 

(n - 153, 60.8 %) followed by AML (24.9 %). Among the B - 

ALL cases, Pre - B ALL patients had the majority i.e. 94.5 % 

of B - ALL patients and 78.4 % of overall ALL cases (Table 

1). 

The age of patients ranged 3 months to 14 years with a 

mean age being 6.81 ± 4.10 years (Table 2). While 

comparing the mean age between different types of 

leukaemia groups using One Way ANOVA the p (0.038) value 

was statistically significant. The overall M : F ratio in our 

study population of paediatric acute leukaemia was 1.64 : 1. 

Also in all subtypes of acute leukaemias males outnumbered 

females (Table 3). While comparing the proportion of male 

and female children among various subtypes of acute 

leukaemia using chi square test the p value came to be 0.372 

which was not statistically significant. 

Amongst various presenting symptoms fever was the 

most common complaint (86.1 %) followed by easy 

fatigability, and abdominal distension. 32.5 % of our cases 

had bleeding from gum, oral mucosa, including 7 patients 

who presented with epistaxis. 29.7 % patients had either 

unilateral or bilateral swellings in neck. 21 patients (10 %) 

had new onset cough, breathing difficulty in conjunction with 

other symptoms but not as isolated complaints. Only 10 (4.8 

%) patients complained of musculoskeletal problems in the 

form of bone pain. Recent weight loss as a complaint could 

be elicited in 12 (5.7 %) patients (Table 4). Systemic 

involvement in the form of hepatomegaly and / or 

splenomegaly were the most common findings followed by 

cervical lymphadenopathy. Parotidomegaly was also noted 

in 2 T - cell patients and the mature B - cell ALL patient. 21 

patients had sternal tenderness (Table 5). 

Pallor of varied degree was present in 164 (78.5 %) 

cases. The haemoglobin value ranged from 2.9 g / dL to 13 

g / dL with a mean ± SD of 5.97 ± 2.89 g / dL. Petechiae, 

purpura and bruises were present in 29.2% cases. Platelet 

counts ranged from 10,000 to 2,90,000 / cu.mm with a 

median of 67,000 / cu.mm. CD13, CD33, CD117, MPO were 

positive in all cases of AML (100 %). CD19 was a consistent 

marker in B - ALL (82.80 %) along with CD10 (82.80 %). 12 

out of the total 126 patients of B - ALL had myeloid co-

expression. CD13 and CD33 were the commonly co-

expressed myeloid markers in ALL. CD117 and cMPO were 

expressed in 5 cases each. Among 153 ALL cases, 26 were 

T - cell ALL, remaining 127 cases were B-cell ALL (Pre - B 

cell 120, Pro - B cell – 6, Mature B cell – 1). 17 cases showed 

myeloid co expression (11.1 %).CD3 was positive in all cases 

of T - ALL (100 %) and 2 cases of MPAL. Among aberrant 

myeloid co - expression in T - ALL cases CD5 and CD7 were 

maximum. 5 patients had positive myeloid markers such as 

CD13 and / or CD33 and were labelled as T - cell ALL with 

aberrant myeloid expression. 

 
Type Frequency % 

Pre - B ALL 120 57.4 

Pro - B ALL 6 2.9 

Mature B - ALL 1 0.5 

T - ALL 26 12.4 

AML 52 24.9 

MPAL 4 1.9 

Total 209 100.0 

Table 1. Frequency of Each Type of Leukaemia  

in the Present Study (n = 209) 

ALL: Acute Lymphoblastic Leukaemia, AML: Acute Myeloid Leukaemia, MPAL: 

Mixed - Phenotype Acute Leukaemia 

 
Diagnosis Mean Age Standard Deviation 

B - ALL 6.24 3.80 

T - ALL 8.31 4.50 

MPAL 9.50 5.45 

AML 7.27 4.31 

Overall 6.81 4.10 

p Value 0.038 

Significance Significant 

Table 2. Mean Age at Diagnosis of Acute Leukaemia  

in the Present Study 

 

 
Diagnosis 

 

Total 

  

B - ALL T - ALL MPAL AML 
P 

Value 

 

Significance 

Sex F
e
m

a
le

 

49 

(38.58) 

6 

(23.08) 

2 

(50) 

22 

(42.31) 

79 

(37.8) 

0.372 

 

Not  

Significant 

 

M
a
le

 78 

(61.42) 

20 

(76.92) 

2 

(50) 

30 

(57.69) 

130 

(62.2) 

Total 
127 

(100) 

26 

(100) 

4 

(100) 

52 

(100) 

209 

(100) 

Table 3. Sex Distribution in Acute Leukaemia  

In the Present Study (n = 209) 

 
Symptoms Frequency % 

Fever 180 86.1 

Abd Distension 87 41.6 

Bleeding 68 32.5 

Neck Swelling 62 29.7 

Bone Pain 10 4.8 

Cough / Breathlessness 21 10.0 

Easy Fatigue 114 54.5 

Weight Loss 12 5.7 

Table 4. Frequency of Symptoms at Presentation  

In the Present Study 

 

Systemic Involvement 
Number of Patients 

(n = 209) 
% 

Lymphadenopathy 149 71.3 

Pallor 164 78.5 

Bone Tenderness 21 10.0 

Hepatomegaly 181 86.6 

Splenomegaly 174 83.3 

Petechiae / Purpura 61 29.2 

CNS Manifestation 7 3.3 

Gonadal Involvement 0 0.0 

Table 5. Frequency of Signs at Presentation  

in the Present Study 
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Marker No. of Cases % 
CD - 45 156 99.40 
CD - 5 35 22.30 
CD - 7 30 19.10 

CD - 10 130 82.80 
CD - 19 130 82.80 
CD - 13 26 16.60 

CD - 33 17 10.80 
CD - 117 5 3.20 

CCD - 3 28 17.80 
CD - 79a 129 82.20 

cMPO 5 3.20 

CD - 34 144 91.70 
HLA - DR 137 87.30 

Table 6. Commonly Co-Expressed Myeloid Markers in ALL 

 

 
 

 

DISCUSSION 
 

 

This study was conducted to describe the clinical and 

immunophenotype profile of ALL patients who were treated 

in our center. Currently, these patients are being followed up 

for the survival rate. We performed flow cytometric 

immunophenotyping in all cases but a small proportion of 

patient could not undergo karyotyping and FISH analysis as 

they were expensive and not affordable by a few. That was 

a limitation in our study. Over the study period of two years, 

209 cases of acute leukaemia were diagnosed. Acute 

lymphoblastic leukaemia (73.2 %) was the most commonly 

diagnosed acute leukaemia, a data which is comparable to 

studies from the west as well as from other parts of India 

but less than that of study by Pandian et al (90.3 %).11 

According to pre-existing literature, the most common age 

group is 3 - 9 years.12 5 infantile acute leukaemia cases (2.3 

%) were noted in the present study as opposed to 3 - 5 % 

in other studies.13 Leukaemia contributes to 25 – 40 % of all 

childhood malignancies in India, of which 60 – 80 % is ALL.14 

ALL in children is associated with male preponderance.15-19 

Similar observation was noted in American population by 

Adelman et al20 and in Indian paediatric population.21 

Kulkarni et al also noted a significant male preponderance of 

2.5 : 1 after an analysis of data from India.22 Our study 

supports this finding with definite male predominance 

among ALL patients (M : F ratio = 1.78 : 1) which has been 

observed to be slightly higher compared to other studies 

conducted in this part of the country.23 Earlier studies have 

shown slightly higher male preponderance in T - ALL as 

compared to B - ALL. Our study finding goes in favour of 

them as M : F ratio in our T -ALL patients is 3.33 : 1 as 

compared to 1.59 : 1 in our B-ALL cases. In our study, no 

male or female predominance was found among MPAL cases 

(n = 4, M: F ratio = 1 : 1) in contrast to study by Gupta et 

al, in which majority of them were males (57.1 %, n = 8).24 

AML accounts for approximately 20 % of acute leukaemia in 

children and is the second most common leukaemia in Indian 

children as per current data.25,26 Higher incidence of AML in 

male children in our study supports previous studies. Peak 

incidence of paediatric ALL has been reported in age group 

2 - 5 years.27,28 Khalid et al16 reported 58.7 % of ALL in the 

age group of one to nine years while Aryaet al17 reported 

mean age as 7.6 years. In India, ALL is found to be more 

prevalent in children < 5 years of age29 but Biswas et al30 

reported the average age as 6.12 years (SD ± 2.98). Our 

study supports the results of the previous studies, with 46.4 

% of ALL patients in 1 - 5 years and 20.9 % in 6 - 10 years 

age group. Mean age in our study for ALL was 6.24 years 

with SD ± 3.80, which is slightly higher to that observed by 

Idris et al31 in Pakistani children (4.5 years). Overall mean 

age for paediatric acute leukaemia in our study was 6.81 

years with SD ± 4.10.  

Usual clinical manifestations of acute leukaemia cited in 

the literature are fever, fatigue, pallor, and weight loss. CNS 

involvement is less common, with < 5 % of children 

presenting with this feature. In our study, clinical 

presentations were in similar lines with the previous 

studies,29-31 but with a similar incidence of fever (86.1 %) 

prompting it to be the commonest presenting symptom 

followed by easy fatiguability (54.5 %). Cough or 

breathlessness, bone pain and recent weight loss were the 

least common presenting symptoms in our set up. In the 

present study, bone pain was present in 4.8 % of acute 

leukaemia patients, whereas certain other studies report 

bone pain in 21 % to 38 % of the patients with ALL.32-34 

Hepatomegaly and / or splenomegaly were overall the most 

common signs at presentation. Pallor of varied degree was 

present in 78.5 % cases. Petechiae, purpura and bruises 

were present in 29.2 % cases which was much higher in 

study of Siddaiahgari et al.14 Thrombocytopenia with platelet 

counts < 100,000 were seen in about 75 % of patients in 

their study.14 Bleeding seen in leukaemia patients appear to 

be multifactorial, and not related to thrombocytopenia alone. 

For example, gum bleeding was present in children with 

platelet count of one lakh cells and few patients had no bleed 

despite a platelet count of few thousand cells only. 

Parotidomegaly, CNS involvement (6.80 %), widened 

mediastinum (4.85 %) and testicular enlargement (nil) were 

reported to be infrequent signs in our study, which is 

comparable to other studies.  

Available data in literature on CNS involvement in ALL is 

4.3 % and enlarged mediastinum in 2.2 % patients.16 Not 

many cases in our study population presented very late as is 

evident by the less frequency of extra - medullary organ 

involvement which indirectly indicates tumour burden. The 

presence of parotidomegaly and renomegaly; and their 

significant association with T - cell ALL is apparently 

mentioned in existing literatures. 35-37 Previous studies15 have 

shown the preponderance of Pre - B ALL and our study 

supports this indicating that the study population was under 

standard group. However, higher proportion of T - cell ALL 

has been mentioned in the literature12 in India; it has been 

estimated that about 20 – 50 % ALL reported are found to 

be of T-cell type contrast to the scenario in developed world 

which is 10 - 20%15 and it is 16.9 % in our study. 

Mukhopadhyay et al have documented high rate of T - cell 

immunophenotypes (50.4 %, 252 patients) in their 

patients.38 Presence of CD10 determines the prognosis and 

also treatment response. Previous study39 has reported CD10 

positive, Pre-B ALL as the predominant phenotype and it was 

in similar lines in our study (78.4 % of all the ALL cases). 

Among the ALL cases in present study, T-cell ALL flow 

cytometry accounted for 17 %, and the remaining 83 % 
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being B cell ALL. This is very close to similar study in Indian 

population conducted by Pandian et al,11 in which T - cell ALL 

flow cytometry accounted for 14 %, and 86 % was B - cell 

ALL. Diagnosis of ALL by flow cytometry done in 1774 

Japanese children yielded a similar result. Here T - cell and 

B - cell ALL were responsible for 13 % and 87 % cases 

respectively.40 In our study, the B - cell ALL cases were 

further characterized and 94.4 % (n - 120) of these cases 

were found to be Pre - B cell type. CD19 and CD10 were 

consistent markers in B - ALL (each present in 82.80 % 

cases). As per existing literature, CD13 and CD33 which are 

markers of myeloid lineage are occasionally noted in ALL, 

both B - cell and T - cell. In our study, 12 out of the total 126 

B - ALL patients had myeloid co-expression. CD13 and CD33 

were the commonly co-expressed myeloid markers in ALL. 

CD117 and cMPO were expressed in 5 cases each. 17 cases 

showed myeloid co expression (11.1%). CD13, CD33, 

CD117, MPO were positive in all cases of AML (100 %).CD3 

was positive in all cases of T - ALL (100 %) and 2 cases of 

MPAL. Among aberrant myeloid co-expression in T - ALL 

cases, CD5 and CD7 were maximum. 5 patients had positive 

myeloid markers such as CD13 and / or CD33 and were 

labelled as T - cell ALL with aberrant myeloid expression. 

Statistically significant difference in myeloid expression 

between T and B - cell ALL was reported in a study of 

Japanese children with ALL.40 

This study provides a baseline data which can guide 

further planned data collection. Also, it provides an insight 

into observation of T - cell leukaemia and myeloid co-

expression in immunophenotype results and look carefully 

for organ enlargement including CNS, kidneys. Our study has 

certain limitations, the main one being a small sample size. 

A larger sample size would have found more significant 

factors which affected outcome in these children. Further it 

should be emphasized that establishing a national and 

regional cancer registry will enable systematic data 

collection. 

 

 
 

 

CONCLUSIONS 
 

 

 
ALL is the most common acute leukaemia in children < 15 

years of age. Mean age at diagnosis was 6.81 ± 4.10 years 

with male sex predilection in overall paediatric acute 

leukaemia patients in this part of the country. Fever was the 

most common symptom (86.1 %) and hepatosplenomegaly 

was the most common sign (>80 %). B-cell (83 %) was 

more common than T-cell (17 %). Myeloid antigen co-

expression was seen in 11.1 % of ALL cases. CD10 positive, 

Pre-B ALL was the predominant phenotype reported among 

the B-ALL cases. CD13 and CD33 were the most commonly 

associated myeloid markers. CD19 and CD10 were the most 

consistent markers in B-ALL. 

 

 

Recommendations 

Immunophenotyping should be done in all cases of 

leukaemia, even in resource limited settings for accurate 

diagnosis, prognostication and tailoring of treatment. 

Presence of extramedullary organ involvement, including 

CNS and kidneys, should be looked for carefully at the initial 

presentation. 
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