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Abstract
Background: The incidence of gall bladder cancers in this part of the world is high and the spatial
variation in occurrence of gall bladder cancers can be identified by using geographical information
system. Materials and Methods: Data set containing the address information of gall bladder
cancer patients from the District of Kamrup, India was obtained from cancer registry of a regional
cancer center. The data set consisted of patients registered during the period of January 2010
to December 2012. The ArcGIS 10.0 used for the present analysis and the population density
map of the District was prepared by using LandScan, 2008™. Results: There were isolated areas
with very high density of cases and low population density termed as “hot spots”. Alternatively
there were areas with very high population density and lesser number of cases with gall bladder
cancers. Conclusion: This type of an analysis using GIS provides evidence to conduct joint
research by epidemiologists and specialists from environmental and geological sciences in tandem.
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Mapping of cancer data using geographical information
system (GIS) is a common practice in the developed countries
for measuring the cancer burden in a given geographical
area. However, such a tool has not been used in a limited
resources country like India, where there is a high age
adjusted incidence rates (AAR) of certain cancers in specific
geographical regions within the country.[1] There is a marked
variation on the geographic distribution of carcinoma gall
bladder within this geographical region. GIS of cancer can
identify key areas within a geographical region where the
high AAR cannot be solely explained by known risk factors.
AAR of gall bladder cancer ranges from 0.3 –7.4/100,000
population in males to 0.1 –14/100,000 populations in females
in India.[1] The AAR of carcinoma of gall bladder in females of
our registry area (Kamrup‑Urban) is 14/100,000 populations,
which is second to the highest (Chile) in the world and AAR
of carcinoma gall bladder is 7.4/100,000 male population,
the AAR of carcinoma gall bladder in males is highest in the
country.[1,2] Nandakumar et al. had identified this part of the
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country as a geographically high risk area for carcinoma of
the gall bladder.[3] Using a GIS tool, we had tried to see the
spatial distribution (geographical distribution) of cancers
of the gall bladder. The data set consisted of cases of gall
bladder cancer from the district of Kamrup‑India for the
period of January 2010-December 2012 and it was obtained
from the hospital cancer registry of a regional cancer center
in Eastern India. Strict confidentiality of patient information
was maintained, while handling the data sets. Only cases that
were resident in the area for at least 10 years were considered
for the present analysis. The address information of 230 cases
was used for mapping with GIS. The Kamrup district is spread
over an area of 2740 km2. The population density map of the
district was prepared by using LandScan, 2008™ [Figure 1a].
According to the census of 2011, Kamrup district had a
population of 1,517,542 of which male and female were
778,461 and 739,081 respectively. The population density
is variable in this district. The population ranges from 1 to
5 persons/Km2 in rural areas to 5000-130,000 persons/Km2
in the urban areas. Patient information was imported from
a spreadsheet program into a GIS by address matching the
patient locations within ward/village boundaries. The ArcGIS
10.0 was used. Thereafter a count for the number of cancer
cases/ward/village boundary was used as a weightage in
running a Kriging analysis to interpolate cancer map for the
entire district [Figure 1b]. Kriging is a widely used technique
and has been used recently.[4] The proportions of the cases
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Figure 1a: The population density map of the Kamrup district in India

Figure 2a: The map shows the two isolated hot areas by pointed arrows
for carcinoma gall bladder in Kamrup-India

were centered based on the population density of the region.
The focal areas where the proportions of cases were very high,
they have been labeled by red color (very high) in the maps,
and we have tentatively remarked them as “hot spots” and
consequently areas with a low proportion of cases were labeled
as green areas on the map. The areas with a high proportion of
cases of carcinoma gall bladder were in the urban areas of the
district, where the population is also high. However, there were
isolated areas with low population density, but an increasing
proportion of cases of carcinoma gall bladder for the area were
seen [Figure 2a]. Interesting to note was that in areas where
the population was high (5000-130,000 persons/Km2), there
were areas with a low proportion of cases for the area, which
were marked as green areas [Figure 2b].
Use of GIS of cancer for investigating into environmental risk
factors of esophageal cancers has been advocated.[5] Area with
a high number of cases of carcinoma of the gall bladder within
the geographical region with a comparative lesser population
density is significant in the view of the following; similar
terrestrial condition of the entire district, and the similar dietary
330

Figure 1b: The map showing spatial distribution of the cases after
standardization with the locality (ward/village) of each area

Figure 2b: Map with an arrow showing an area with a low proportion
of cases but with a high population density

and lifestyle pattern of the entire population of the district.
Moreover, in view of high levels of ground water arsenic in
this region,[6] and the carcinogenic potential of arsenic in the
causation of cancers of skin, lungs, and urinary bladder,[7] there
is a concern that ground water arsenic may be responsible
for such spatial variations. Geographical regions with high
population density vis‑à‑vis less proportion of cancer cases
can serve as control regions for epidemiological research.
Geographical information system on cancer data serve to
identify “hot spots” of cancers within a geographical region
keeping in mind the population density of the area. This type
of an analysis using GIS provides evidence to conduct joint
research by epidemiologists and specialists from environmental
and geological sciences in tandem.
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