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Descriptive' epidemiology of leukaemias in Greater Mumbai

B. B. YEOLE, D. J. JUSSAWALLA, S. H. ADVANI

ABSTRACT
B4ckground. There is little data available on the occurrence

of leukaemias in India. This is despite a large number of patients
being diagnosed and treated at various cancer centres allover the
country. We, therefore, analysed the available data of the
Bombay Cancer Registry to ascertain the epidemiological
characteristics of leukaemias in India.

Methods. The incidence and mortality rates of leukaemias by
cell type and sex were obtained for the most recent 5 years
(1989-93). The data of the past 30 years were used to study
the time trends using a linear regression model based on the
logarithms of the incidence rates.

Results. Leukaemias constituted 3.9% of all registered can-
cer cases and 5.4% of all registered deaths in Greater Mumbai.
Males were affected more frequently than females. Myeloid
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leukaemias were the commonest. A bimodal age incidence was
observed with the first peak in childhood, a trough bet ween 15
to 19 years of age and a slow rise thereafter. Among the various
religiousgroups Hindus had the highest rate. An increasingtrend
in the incidence of all types of leukaemias was also observed.

Condusion. The incidence of leukaemias inGreater Mumbai
is comparable to world rates. There is a male preponderance in
all cell types and an increase in incidence was observed over the
last 30 years. The higher incidence of myeloid leukaemias
observed by us might be related to under-reporting of chronic
lymphatic leukaemia.
Natl Med J India 1998; 11: 116-19

INTRODUCTION
Leukaemias are conventionally distinguished by cell type (lympho-
cytes, myelocytes, monocytes) and clinico-pathological behaviour
(acute, subacute, chronic). A comparison of the different subtypes
is difficult because of the small number of cases and the varied
accuracy of diagnosis, with different proportions remaining
unspecified. As a group, leukaemias represent 3% of the world
incidence of cancer. There is relatively little variation in the types
ofleukaemia occurring in different regions of the world. However,
some variation in the incidence pattern related to various subtypes
has beenreported. There have been few reports on the epidemiology
of leukaemias from developing countries including India.
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The Bombay Cancer Registry, established in 1963, was the
first population-based cancer registry in India. It covers the
resident population of Greater Mumbai. Using the data collected
at this registry we describe the epidemiology of leukaemias in
Greater Mumbai and compare it with the available world data.

METHODS
The data utilized for this study was collected from the Bombay
Cancer Registry. Since the inception of the registry, efforts have
been made to register all residents of the city suffering from
cancer. Patients admitted to the wards of the collaborating hospi-
tals in the city were contacted and interviewed. The details regard-
ing registration have been described previously. IThe data reported
by the Bombay Cancer Registry have been shown to be complete
and reliable.' Various indices of reliability have been proposed for
this purpose, namely proportion of microscopic verification of
diagnosis, proportion registered by death certificate alone and
percentage of deaths during a time period.' In 1993, atthe Bombay
Cancer Registry, 80% of cases had microscopic confirmation, 7%
were diagnosed by death certificate alone and the percentage of
deaths to the total incidence was 54%.

For studying the descriptive epidemiology of leukaemias, the
data collected by this registry from 1989 to 1993 was used. For
topographic coding the ICD-9 and for morphological coding the
ICD-Owere used. Age-specific, crude and age-standardized rates
(world) were used to obtain the incidence and mortality rates. As
the age break-ups for religion were not available, crude rates were
compared. For national and international comparison of the
incidence, age-adjusted incidence rates were used. For assessing
the time trends in the incidence of these cancers, the data from
1964-93 were used. A linear regression model based on the
logarithms of the incidence rate (a method used for studying time
trends) was used for the entire data. To avoid yearly fluctuations
in the incidence rates, the trend analysis was done on 3-yearly
average incidence rates. For testing the significance of coefficient
of regression '1' test was used. The trends analysis was done only
on age-standardized incidence rates.

RESULTS
During 1989-93, 1443 (906 men, 537 women) cases ofleukaemia
comprising 3.9% of the total cancer incidence cases and 1034
deaths (622 males, 412 females) comprising 5.4% of the total
cancer deaths, were registered in Greater Mumbai.

About 63% of allieukaemias occurred in men. Myeloid leu-
kaemias were the commonest and constituted 48.4% of these

TABLE I. Crude and age-adjusted incidence and mortality rates per
100000 population and ratio of age-adjusted mortality and
incidence rates, Greater Mumbai, 1989-93

Type Sex Incidence Mortality Ratio

n CR AAR n CR AAR

Lymphatic Male 361 1.3 1.6 236 0.9 1.2 0.75
Female 195 1.0 1.1 139 0.6 0.8 0.80

Myeloid Male 439 1.6 1.9 295 1.1 1.5 0.79
Female 271 1.3 1.6 200 0.9 1.2 0.75

Others and unspecified
Male 106 0.3 0.5 91 0.3 0.4 0.80
Female 71 0.3 0.4 73 0.3 0.4 0.90

Total Male 906 3.2 4.4 622 2.3 3.3 0.75
Female 537 2.4 3.1 412 1.8 2.4 0.77

CR crude rate AAR age-adjusted incidence rate
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cancers in men and 47.4% in women. These were followed by
lymphatic leukaemias constituting 39.9% of these cancers in men
and 37.1% in women. The average age-adjusted incidence of
leukaemias was 4.4 and 3.1 per 100 000 population, for men and
women, respectively. The average age-adjusted mortality rates
for men and women were 3.3 and 2.4 per 100000 population,
respectively. During the period of the study the mortality/incidence
ratio of age-adjusted incidence was found to be equal in men
(0.75) and women (0.77; Table I).

The different leukaemic cell types have striking differences in
the age patterns (Fig. 1). Chronic lymphatic leukaemia occurs in
the elderly, myeloid leukaemia increases slowly with age, while
acute lymphatic leukaemia is essentially a disease of childhood
with a peak incidence in children between 2-4 years of age. Our
data shows that leukaemias as a whole have a bimodal curve of

+ acute. men
• chronic, men
.• acute. women

4: • chronic. women
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FIG 1a. Age-specific incidence rates for lymphatic leukaemias,
Greater Mumbai, 1989-93
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FIG lb. Age-specific incidence rates for myeloid leukaemias,
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TABLEII. Crude and age-adjusted (world) incidence rates per
100 000 population for lymphatic and myeloid leukaemias,
Greater Mumbai, 1989-93

Type
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:u...----------------.
• lymphatic. men • lymphatic. women
•• myeloid, men II myeloid, women

Male Female
n CR AAR n CR AAR 2

Acute 278 1.02 1.08 154 0.69 0.72 §
Chronic 68 0.25 0.46 33 0.15 0.25 •••u
Others 15 0.06 0.07 8 0.04 0.04 i5u
Total 361 1.33 1.61 195 0.88 1.01 e

~
Acute 216 0.80 0.98 160 0.72 0.83 eChronic 214 0.79 0.89 102 0.46 0.61 ID 1Others 9 0.03 0.04 9 0.04 0.03 ~
Total 439 1.62 1.91 271 1.27 1.57 ~

I

•••
AAR age-adjusted incidence rate ~

0.11 •

Lymphatic

Myeloid

CR crude rate

TABLEIII. Religion-wise crude incidence rates for leukaemias,
Greater Mumbai, 1989-93

Type Sex Hindus Muslims Christians Total
n CR n CR n CR n CR

Lymphatic Male 290 1.5 47 1.2 8 0.7 361 1.3
Female 146 1.0 29 0.6 10 0.8 195 0.9

Myeloid Male 340 1.8 60 1.5 17 1.4 438 1.6
Female 192 1.3 42 1.3 23 2.0 271 1.2

Other Male 83 0.4 18 0.4 3 0.3 106 0.3
Female 54 0.4 12 0.4 5 0.4 71 0.3

CR crude rate

TABLEIV. Estimates of average age-adjusted incidence rates for
two time periods for lymphoid and myeloid leukaemias

Type Sex Estimates.ofaverage % change
incidencerate

1964-66 1991-93

Lymphatic Male 0.9 1.8 8.6 7.09*
Female 0.6 1.1 5.3 7.81*

Myeloid Male 1.2 2.1 6.2 4.68t
Female 1.1 1.6 4.2 4.52t

• significant at 0.001 t significant at 0.01

incidence, with the first peak being in childhood, a trough during
15-19 years of age and a slow rise later. The incidence rates for
lymphatic leukaemias were usually higher in men than in women.
The sex ratio also varied with age, that for myeloid leukaemias
increasing progressively.

In both sexes, acute leukaemias were more common in the
lymphatic type. However, the incidence of acute and chronic
myeloid leukaemias was almost equal in males (Table II).

The incidence was highest in Hindus followed by Muslims and
was the lowest in Christians. A similar pattern was present in
lymphatic as well as myeloid leukaemias. A higher incidence was
seen in men compared to women of all religious groups (Table
ill).

Figure 2 shows the time trends of average age-incidence rates
and the corresponding estimated age-adjusted incidence rates for
leukaemias. Estimates from regression analysis, of age-adjusted
incidence rates for the first (1964-66) and final (1991-93) periods
with average percentage changes for leukaemias are presented in
Table IV. An increasing trend was observed in age-adjusted
incidence rates for lymphoid and myeloid leukaemias in both

YEAR-GROUP

FIG2. Trends in age-adjusted incidence rates of leukaemias,
Greater Mumbai, 1989-93

sexes, in Greater Mumbai. During the 30-year period (1964-93),
for every three years the incidence rates of lymphoid leukaemias
increased by 8.6% in males and 5.3% in females. The increase in
myeloid leukaemias was 6.2% in males and 4.2% in females. The
increase was found to be statistically significant for lymphoid and
myeloid leukaemias in both sexes (Table IV).

DISCUSSION
As a group, leukaemias represent 3% of the total world incidence
of cancer, with relatively little variation between the different
regions of the world. Leukaemias are the tenth most common
form of cancer in the world among males and twelfth amongst
females. It has been estimated that there are 210000 (124000
males and 96 000 females) new cases ofhaemopoietic malignancies
every year." Leukaemias show relatively little geographic varia-
tion although their incidence appears to be low in sub-Saharan
Africa (possibly due to under-recording). The incidence is
highest in North America and AustraliaIN ewZealand. 7The highest
incidence for lymphoid leukaemia has been reported from Canada
in males (6 per 100 000) and from Switzerland in females (3.6 per
100 000). The highest incidence for myeloid leukaemia has been
reported from Hawai in males (5.2 per 100 000) and from Maori
females in New Zealand (4.9 per 100 000). The incidence rate for
lymphoid and myeloid leukaemias for Mumbai was 1.5 for males,
0.9 for females, and 1.8 for males and 1.5for females, respecti vely.
These rates are among the 5 populations having the lowest inci-
dence rates. However, this could be due to a lack of completeness
in the data of the Bombay Cancer Registry.

Due to the nature ofthe disease patients with chronic leukaemia
are especially likely to be under-reported. The completeness of
the data is also dependent on the patients' treatment-seeking
behaviour which is likely to be quite variable for different socio-
economic classes. In addition, depending on the centre where the
patient was seen, there is likely to be a variation in the accuracy
of the diagnosis of leukaemia. Although the registry has made
every effort to gather data in a complete and reliable way, it is still
likely that there are deficiencies.
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TABLEV. Age-adjusted incidence rates per 100 000 population of
leukaemias in various regions of India in 1992

Region All leukaemias

Male Female

Lymphatic

Male Female

Myeloid

Male Female

Mumbai*
Bangalore=
Chennai'"
Delhi-
Bhopal-
Ahmedabadt
Poona*
Nagpurj
Barshi*

2.6
2.1
1.1

2.0
2.4
2.1
2.0
1.2

0.5

4.8
3.9
3.0
5.0
3.6
3.7
4.1
3.4

0.8

3.0
2.9
2.8
4.2
1.9
2.4
2.6
2.1
1.9

1.7
1.4
1.8
2.4
1.2
1.6
1.4
1.4
0.3

1.1

0.7
1.0
1.0
0.2
0.6
0.9
0.5
0.9

1.6
1.8
1.3
2.4
1.2
1.7
1.3
1.1
1.0

- Consolidated report, Population-Based Cancer Registries, Cancer Statistics 1992.
Indian Council of Medical Research, 1994.
t Annual report of Population-Based Cancer Registry, Ahmedabad Urban Agglo-
meration Area, The Gujarat Cancer and Research Institute, Ahmedabad, 1996.* Personal communication

The data from the Bombay Cancer Registry have been
previously shown to be complete and reliable. 2 The same definition
of cancer and the same coding system (ICD-9) were utilized dur-
ing the entire 30-year period of observation. There have been no
changes in the boundaries of the registration area throughout the
period of observation. Therefore, the incidence data collected by
the registry which has been used for the time trend analysis are
likely to be valid and of an acceptable standard.

Striking differences in the incidence of various cancers have
been reported from different countries. However, leukaemias
show little geographic variation. This may be due to the underlying
aetiological differences' between epithelial and mesothelial
turnours, where variations in lifestyle factors are mirrored in
variations in the incidence of epithelial cancers. The most striking
feature is the low risk for chronic lymphatic leukaemia in Chinese,
Japanese and Indian populations which appears to persist even
when they migrate. There is also a suggestion that Hawaiians and
Maoris have a higher than average risk for acute myeloid leukaemia.

The incidence of leukaemias by sex and cell type are available
for nine different regions in India. All leukaemias affect males
more often; this is true for myeloid as well as lymphatic leukaemias.
Myeloid leukaemias are the commonest in all regions except in
Chennai, However, except for Barshi, all the other data represent
urban areas (Table V). The urban incidence rates for all leukaemias
are 4-S times higher than the rural incidence rates.

The higher incidence in males may be due to the presence of
occupational and enviommental risk factors. In most populations
of the world, males are affected more often by leukaemia than
females. Our data also confirms this observation, indicating a sex
ratio of 1.7:1 for alileukaemias. However, gender proportions in
leukaemias seem to be a function of the cell type; the male
predominance being greatest for the lymphatic type (1.8S: 1) and
only 1.62: 1 for the myeloid type.

The cell type distribution of leukaemias observed in Mumbai
is different from that observed in the developed world. While
myeloid leukaemias are predominant in Mumbai lymphatic
leukaemias are more frequent in the developed world. The higher
incidence of lymphatic leukaemias in the West is mainly because
of a higher incidence of chronic lymphatic leukaemia. This
leukaemia is the one most likely to be under-reported due to the
nature of the disease. Thus, it is possible that in spite of all our
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efforts to register all patients in the Bombay Cancer Registry, this'
difference may not actually be a true reflection of the actual
incidence in Mumbai.

In the Mumbai population, the incidence of leukaemias was
highest among Hindus and Marathi-speaking individuals. To
what extent these differences reflect host or genetic factors, as
opposed to socio-economic or environmental and lifesty le factors,
is not known.

An increasing trend in the incidence of leukaemias has been
observed worldwide. Our data also indicate that during 1964-93,
there was a similar trend in Mumbai in both the sexes. The world
standard rates for leukaemias for Shanghai (China) increased
from 2.S per 100 000 in 1975 to 3 per 100 000 in 1985. However,
this is probably attributable to the improvement in diagnosis and
registration. Since 1975, the incidence of leukaemias in New
South Wales (Australia) increased in both sexes by 10%-IS%
every year." In Quebec (Canada), there has been a rapid increase
recently, the rates having reached 18 and 10 per 100 000 in males
and females, respectively." Similar, but steady increases in both
the sexes have been reported from Germany, Spain, Scotland and
more recently, from Birmingham and the South Thames area in
UK. However, the increase in Scotland has been attributed to a
cohort effect. 10

Despite being relatively uncommon, leukaemias have been
studied more extensively than most other cancers. This is partly
due to the relatively easy accessibility of the involved tissues
which have been the focus of basic research at the cellular and
molecular levels. Another reason for the interest in these cancers
is that few aetiological risk factors have been documented. In
Mumbai, the incidence of leukaemias has been increasing in both
the sexes as in most other populations. Also, a very low survival
of leukaemic patients has been observed for all cell types in both
the sexes. Attempts need to be made to unravel some of these
differences and prospective epidemiological studies need to be
carried out to allow for a national policy to be developed for this
malignancy.
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