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ABSTRACT
Objective: The prevalence of leukemia is known to vary throughout the India. The observed geographic variation in incidence remains unexplained
as yet. Previous studies have shown important differences in geographic, racial/ ethnic, age and trend patterns for different leukemia subtypes.
Thus, suggesting that subtypes may have different etiologic factors. So, an attempt was made to find out geographic pattern of leukemia and its
distribution throughout the Haryana.
Methods: Study of 650 cases of leukemia, with cooperation from the Department of Pathology, during 2008-12 was done. We analyzed the pattern
by morphological subtype, gender, age at diagnosis, distribution according to prevalence, risk factors, laboratory parameters and clinical features of
leukemia.
Results: In present study, 51% patients were suffering from acute forms of leukemia while 49% suffered from chronic type. Leukemia was more
frequently observed in adults. Male to female ratio was 2:1 and majority of the patients (88.92%) belonged to six districts (i.e. Rohtak, Jind, Bhiwani,
Sonipat, Jhajjar, Hissar).
Conclusion: Low grade fever, progressive pallor, weakness and body aches were the commonest symptoms (70% cases) while pallor was the
frequently observed sign.
Keywords: Clinical features, Hematology, Incidence & leukemia.

INTRODUCTION
A hematological malignancy arises when something goes wrong in
the regulation of the division or the life span of a blood cell or its
precursor [1]. It is charaterized by widespread, rapid and disorderly
proliferation of leukocytes and their precursor and by the presence
of immuture leukocytes in blood often in very large numbers.
Leukemia is one of the most frequently occurring cancers in all
races or ethnicities with relative proportion vary between 25-40%
[2]. In 2013, males have been accounted for more than 57 percent of
the new cases of leukaemia [3]. High incidence of subtypes of
leukemia in males was due to more exposed to occupational and
environmental carcinogens [4,5]. Epidemiology has played a vital
role in learning about the causes of leukemia in the past few
decades. The developing countries have greater burden of cancer
including hematological malignancies due to population growth,
aging and urbanization, changing dietary habits, better control of
infections, and increasing tobacco consumption [6]. This is further
challenging to take these findings in detecting different types of
leukemia earlier and ideally to prevent the disease. This is a
fundamental step to estimate the burden of blood cancer in Haryana
and to understand how the occurrence of this disease veries
according to prevalence, risk factors, laboratory parameters and
clinical features of this hematological malignancy.

Statistical analysis: Analysis of variance (ANOVA) was used for
interactions of factors affecting leukemia patients. Data on leukemia
patients was analyzed and then subjected to ANOVA. In order to find
out whether there was any interaction of factor like
age/gender/subtype affecting leukemia or not.
RESULTS
In present research, 650 cases were analyzed with leukemia during
the period 2008-2012. Thirty three point eight percent of patients
were affected with AML, 39% patients with CML, 17.2% patients
with ALL and 10% with CLL. There were 71.4% male patients with
chronic leukemia and 62.6% male patients with acute leukemia.
Acute and chronic leukemia had 28.6% and 37.4% female patients
respectively. Among four major type of leukemia, ALL was observed
in 58% male patients and in 42% female patients, AML in 65% male
and 35% female patients, CML in 69% male and 31% female patients
and CLL in 80% male patients and in 20% female patients (Table-1).
Acute lymphocytic leukemia (ALL) was more commonly noted in
children (<15 years) whereas AML was more commonly noted in
adults (>15 years). Both CML and CLL were observed only in adults.
Table1: Percentage frequency of various types of leukemia
patients diagnosed during the period of study.
Gender

MATERIALS AND METHODS
Patients: This study was performed on 650 patients diagnosed with
leukemia from the Department of Pathology, during 2008-12. These
patients were evaluated especially regarding sex, age at diagnosis,
risk factors, occupation, and chief complaints.
Hematological analysis: The whole blood samples of patients were
taken with informed consent for hematological analysis. This study
was approved by Institutional ethical committee of MD University,
Rohtak. Percentage of blast cell, red blood cell indices, white blood
cell indices, number of platelets and the amount of hemoglobin was
determined according to standard laboratory procedures. Slides
were prepared with PBF (Peripheral Blood Film) by using ‘Leishman
stain’ to find out the blast cells morphology in peripheral blood
sample of all patients of blood cancer. Diagnosis of leukemia was
done by 20% blast criteria and then ‘Sudan Black B’ was used to
distinguish between AML & ALL.

Male
Female
Z-test
p- value

CML
n (%)
176 (69.3)
78 (30.7)
8.6961
0*

AML
n (%)
143 (65)
77 (35)
6.2929
0*

CLL
n (%)
51 (79.6)
13 (20.4)
6.7175
0*

ALL
n (%)
65 (58)
47 (42)
2.4054
0.01596**

Significant by z-test at *p< 0.01, **p< 0.05
Incidence of leukemia has increased from last decade. In present
study, majority of the cases belonged to six districts i.e. Rohtak, Jind,
Bhiwani, Sonipat, Jhajjar, Hissar. Highest incidence of leukemia were
noted from Rohtak district flowed by Jind and Bhiwani. The
prevalence in these areas was high due to the vicinity of regional
cancer center to these districts. Cases from other states were
excluded from the study. The frequency of leukemia was highest in
012, with sex ratio (SR) 2.23 and lowest in 2010, with an SR of 1.9. In
2011, none case of CLL was reported in females. There were
geographical variations in frequency distribution of leukemia (Fig.1).
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Table 2: Different hematological parameters in leukemia
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Fig. 1: Year-wise and gender-wise distribution of percentage
frequency of leukemia subtypes.
Clinical Features
The majority of our patients were presented with low grade fever,
progressive pallor, generalized weakness, anemia and bodyaches
with a mean value of 89.15%, 77.57%, 72.45%, and 72.08%
respectively. Lymphadenopathy, jaundice, purpura and retinal
hemorrhages were not seen in patients of chronic lymphocytic
leukemia. Hepatosplenomegaly was commonly seen in patients of
ALL and AML. Bleeding was also present in some patients of ALL and
AML. It was most commonly from the mucosa, skin and gums but
retinal hemorrhages were present only in the AML cases (Fig.2).
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Fig. 2: Clinical features of leukemia subtypes
Laboratory parameters
All patients were studied for laboratory parameters like hemoglobin
conc., leukocyte count and platelet count (Table-2). Mean
hemoglobin was found 7.5g/dl in ALL, 8.5g/dl in AML, 6.8g/dl in
CML and 6.3g/dl in CLL. Mean total leukocyte count was 44X109/L in
AML, 140X109/L in CML, 70X109/L in ALL and 52X109/L in CLL.
Mean platelets count was in 67X109/L AML, 137X109/L in CML,
65X109/L in ALL and 250X109/L in CLL. The leukemic blasts in the
peripheral blood was highest in the AML with a median blast cell
count 45% followed by CML (42%), ALL (38%) and CLL (35%).

Parameters
Median age in years
Age range in years
Mean Hb in gm/dl
Mean WBC X109/L
Mean platelets count X109/L
Median Blast cell (%)

AML
28
5-70
8.5
44
67
45

ALL
22
1-50
7.5
70
65
38

CML
26
15-65
6.8
140
137
42

CLL
58
50-75
6.3
52
250
35

Interactions of various factors affecting leukemia
Various factors play significant role in diagnosis of leukemia. Age of
diagnosis helps in determining the type of leukemia. In the present
study, it was found that ALL affects children primarily and AML
affects adults while CML also affects in elder age and CLL is the
disease of older people. Age was having significant effect on type of
leukemia. The interaction of age with any other factor like gender or
subtype of leukemia plays very significant role (Table-3). Various
factors said to be significant mean statistically significant either at
the 0.001, 0.01, or 0.05 probability levels (p values) which were
indicated. All other differences having p value greater than 0.05
were said to be nonsignificant (NS).
DISCUSSION
Hematological malignancies are common in our country. Different
studies have been conducted on various aspects of individual
hematological malignancies in the past. Many workers have
compiled information on hematological malignancies in India [1].
They have reported that in India all hematological malignancies
were commonest in Delhi followed by Mumbai. Rural areas have
least incidence of these malignancies. It was observed that all
cancers occur two decade earlier in Haryana. In present study acute
leukemia (51%) was more prevalent as compare to chronic type
(49%) and similar findings have been reported in a previous study
[7]. However two other studies have reported more cases of chronic
leukemia in their study (60%) as compared to acute leukaemia [8,9].
In our study, commonest type of leukemia was CML followed by
AML, ALL and CLL (Table -4). Previous studies have reported more
cases of myeloid leukaemia [7,9,10.18]. These studies have reported
more cases of CML than AML. A higher incidence of CML has also
been reported by two earlier studies from India [5,11]. This
difference could be attributed to geographical variation. Among
lymphoid leukemia. all was far more common 112/650 (17.2%)
than CLL 64/650 (10%) in our research. Similar findings have been
reported in several previous studies [9,10,12,13,14,15]. However, a
markedly high incidence of CLL has been reported by some another
studies [8,16,17]. They have reported CLL as being more common
than CML in Denmark, Poland and Scandinavia. Compared to
another series from Mumbai, by some workers, we have fewer cases
of ALL and more cases of AML [5]. ALL is reported to be the
intermediate in the West, central and most frequent in the South
[5,10,19]. Interestingly, the incidence of ALL is lesser in East India as
well as Northern areas and also observed by us in the present
research (Table-4) [9,11,21]. The incidence was intermediate in the
East, Centre and West and in one series from South (Table-4)
[5,10,11,20]. This compilation reveals geographic variation in
frequency of leukemia.

Table 3: Interactions of factors affecting leukemia patients using ANOVA
Source
Age
Type of leukemia
Sex
Age X Type of leukemia
Age X Sex
Type of leukemia X Sex
Age X Type of leukemia X Sex
Error

Df
3
3
1
9
3
3
9
608

MS
11101.85
268.408
270.036
16537.11
4448.889
272.472
1396.385
0.007

F - value
1556401.
37628.91
37857.16
2318387.
623702.8
38198.69
195763.3

%Variance
15.864**
0.384
0.129
70.890***
6.357**
0.389
5.986**
.002

Df =Degree of freedom, MS=Mean sequare, ** =p<0.01,***=p<0.001
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Table 4: Percentage frequency of various Leukemia’s in India.
Reference
Chatterjee et al (11)
Advani et al (6)
Prakash et al (20)
Rani et al (9)
Verghese et al (19)
Kushawaha et al (14)
Shome et al (7)
Dicosta et al (15)
Rathee et al (Our study)

Region
Calcutta (1949–1961)
Mumbai (1960–1975)
Pondicherry (1970–1979)
Delhi (1970–1979)
Kerala (1980–1983)
Lucknow (1971–1984)
Chandigarh (1975–1983)
Mumbai (1975–1984)
Haryana (2008-2012)

ALL
22.5
30
35
15.5
39.2
9.3
24
36
17.2

We found a male preponderance in our study. This has also been
reported by earlier studies [1,4,5,9,10,14,18,24]. Increased incidence
of all leukemia in males seems to arise as males are comparatively
more exposed to occupational and environmental carcinogens as has
been suggested by some workers [1,4,24].
The leukemic blasts in the peripheral blood was highest in the AML
with a median blast cell count 45% followed by CML (42%), ALL
(38%) and CLL (35%) as in table-2. These findings were also
comparable with earlier studies [4,25]. It was observed that low
grade fever, progressive pallor, generalized weakness and
bodyaches were the most frequent symptoms, while pallor was the
most frequently found sign in AML and ALL and splenomegaly alone
was noted most frequently in CML (Fig.2). Bone tenderness was
most common in ALL and AML being the next. Lymphodenopathy
was observed in CLL, ALL it was seen in 78%, 74% patients
respectively. Interestingly, retinal hemorrhages were seen in 15%
cases of AML. Bleeding was also observed in acute leukemia. Our
findings are not much different from the earlier studies [26, 27, 28].
The incidence of hematological malignancies were greater in urban
as compared to rural areas. The possible explanation is that the rural
and urban populations are different with regard to environmental
and socioeconomic factors. Urban cities in Haryana are
industrialized and fairly populated. Socioeconomic status of people
is higher and dietary habits and lifestyle tends to tilt toward
Western styles. In rural areas, on the other hand, people stick to
traditional eating habits and lifestyle. These factors may be
responsible for the relative differences in the incidence of
hematological malignancies in urban versus rural population.

AML
32.5
13
29.5
30.8
19.6
38.7
29.3
22
33.8
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

CONCLUSION
Present study revealed that acute leukemia was more prevalent than
chronic leukemia. The most common type of leukemia was CML
followed by AML, ALL and CLL. Overall leukemia was more
commonly seen in male patients. Age has significant effect on type of
leukemia. ALL was more commonly observed in children whereas
both CML and CLL were only observed in adults. The incidence of
AML was higher in adults as compare to children and decrease
towards older age. The majority of patients had lower hemoglobin,
high leukocyte count and lower platelet count. Low grade fever,
progressive pallor, generalized weakness, aneamia and bodyaches,
lymphadenopathy, jaundice, purpura and retinal hemorrhages were
most common characteristics in patients.
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