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ABSTRACT

Background: Cancer remains a leading cause of premature mortality among women in India, with wide dis-
parities in access to care and staging at diagnosis. Hospital-Based Cancer Registries (HBCRs) provide clinical
insights into cancer case profiles among patients attending tertiary institutions. Integrating Geographic In-
formation System (GIS) with HBCR data offers a novel opportunity to visualize cancer case distributions with-
in hospital catchment areas. The objective was to evaluate the feasibility of integrating GIS with HBCR data to
map women’s cancer distribution and staging in Mysuru District, Karnataka.

Methodology: A retrospective descriptive study was conducted using HBCR data from January 2019 to De-
cember 2022. Confirmed cancer cases among women with valid addresses were included. Sociodemographic
and clinical data were analyzed using SPSS. Geographic coordinates were geocoded using Google Earth Pro
and mapped using ArcGIS to visualize spatial patterns.

Results: Most cases occurred among middle-aged women, with breast, gynecological, and gastrointestinal
cancers being predominant. Over two-thirds of cases were diagnosed at early stages. Spatial mapping re-
vealed clustering of cases near urban centers, while brain and CNS cancers showed a higher proportion of
late-stage presentation in rural areas.

Conclusion: Integrating GIS with HBCR data is a feasible method for visualizing cancer patterns and staging.
This approach can support institutional planning, though findings are not population-representative.

Keywords: Cancer, Hospital-Based Cancer Registry, Women'’s Health, GIS, Spatial Mapping, Cancer Staging,
Karnataka, India

ARTICLE INFO

Financial Support: None declared
Conflict of Interest: The authors have declared that no conflict of interests exists.

Received: 22-04-2025, Accepted: 15-09-2025, Published: 01-11-2025
*Correspondence: Madhu B (Email: madhub@jssuni.edu.in)

How to cite this article: Muhammed Thottanchery KN, Manivasagan MS, Chaithra Mallaiah, Manjunath SB, K Suresh S,
Manasapriya DVSK, Chakrashali SB, Chikkapapanna MM, Basavegowda M. Spatial Mapping of Women'’s Cancer Case Dis-
tribution Using Hospital-Based Cancer Registry Data in Mysuru District, Karnataka: A Feasibility Study. Natl ] Community
Med 2025;16(11):1066-1075. DOI: 10.55489/njcm.161120255486

Copy Right: The Authors retain the copyrights of this article, with first publication rights granted to Medsci Publications.

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Share Alike
(CC BY-SA) 4.0 License, which allows others to remix, adapt, and build upon the work commercially, as long as appropriate
credit is given, and the new creations are licensed under the identical terms.

www.njcmindia.com |pISSN: 0976-3325 | elSSN: 2229-6816 | Published by Medsci Publications

@2025 National Journal of Community Medicine | Volume 16 | Issue 11 | November 2025 Page 1066




INTRODUCTION

Cancer stands as a formidable global health chal-
lenge, ranking either first or second among the lead-
ing causes of death before the age of 70 in 91 out of
172 countries worldwide.! In India, approximately
1.32 million cases were reported in 2020, women
bear a significant share of this burden, experiencing
a greater impact than men.2 The most commonly en-
countered cancers among women include breast
cancer, colorectal cancer, endometrial cancer, lung
cancer, cervical cancer, skin cancer, and ovarian can-
cer.3 Effectively addressing this burden is not only vi-
tal for health but also imperative for confronting
gender inequalities and recognizing the societal roles
of women.*

Understanding the nature of these cancers is crucial
for implementing preventive measures and early de-
tection strategies, offering substantial improvements
in survival rates and reducing the overall disease
burden. Cancer surveillance, an integral part of pre-
vention and control efforts, requires an assessment
of distinct social, economic, geographic, and cultural
factors influencing late diagnosis and suboptimal
treatment outcomes. This localized evidence is es-
sential for the effective implementation of national
cancer control programs.> These factors, specific to
context (e.g., country, region) and tumor-specific, en-
compass elements like access to care, quality of care,
coordination across healthcare sectors, education
and training, and intricate personal and community
relationships.t

While Population-Based Cancer Registries (PBCRs)
provide incidence and prevalence estimates for de-
fined population, Hospital-Based Cancer Registries
(HBCRs) complement this by offering case-level in-
formation on treatment patterns and cancer profiles
among hospital attendees. Although HBCRs are not
designed to capture population-level burden, they of-
fer meaningful insights into the clinical and geo-
graphic catchment of cancer care services particular-
ly within tertiary referral settings. Hospital-based
cancer registries are a key tool in this approach and
play a crucial role in cancer prevention and control
by generating systematic and timely information on
new cases of cancer, enabling health system prepar-
edness and framing of programs and policies.”

In India, progress in cancer care is evident in well-
equipped Tertiary Cancer Centres and trained oncol-
ogists in urban areas. However, this progress is not
uniform across rural areas, where the incidence of
cancer is nearly half that of urban areas, yet the mor-
tality rates are twice as high. With 70% of cancer
deaths in India occurring in rural areas, there is a
pressing need for change.® Cancer screening emerges
as a crucial strategy, not only for medical benefits but
also for overall well-being, contributing to cost re-
duction and enabling timely interventions.

Cancer control can be achieved by providing infor-
mation to the general population on trends in the oc-
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currence, profile, and distribution of cancer cases.
Medical geography's practical use in clinical decision
support systems and geo-surveillance initiatives is
evident. Professionals and analysts in healthcare re-
quire enhanced tools for scrutinizing health-related
data. The advanced spatial visualization technique
offers a competitive edge by anticipating and fore-
casting diverse associations among geographic ele-
ments and endemicity, a feat not easily achievable
with conventional statistical analysis.?

Since the inception of the National Cancer Registry
Programme (NCRP) in 1982, India has diligently col-
lected data on cancer incidence and mortality. While
significant progress has been made in utilizing this
data to formulate cancer control programs and poli-
cies, there exists untapped potential to further en-
hance its utility and impact through the integration
of Geographic Information System (GIS) tools. De-
spite having access to public data from the cancer
registry, an interactive dashboard illustrating cancer
spatial patterns is notably absent on any Indian gov-
ernment website.10

Geographic Information System (GIS) plays a pivotal
role in understanding cancers influenced by envi-
ronmental factors, socioeconomic conditions, and re-
source access. As part of spatial data infrastructure,
GIS facilitates the collection, storage, verification, and
presentation of location-associated data. By correlat-
ing seemingly disparate data, GIS aids in gaining en-
hanced insights into spatial patterns and connec-
tions.!! Spatial analysis is crucial for cancer research,
especially when it comes to gaining insights into re-
gional distribution, clustering, risk factors, and dis-
parities. Incorporating spatial techniques enables a
nuanced understanding of the intricate interactions
between cancer and its environmental, social, and
geographic determinants. This knowledge is essen-
tial for developing effective strategies for cancer pre-
vention, early detection, and treatment.!2

Mysuru District was chosen for this study due to its
established tertiary cancer care facilities, robust
HBCR database, and diverse mix of urban and rural
populations within its referral network. This feasibil-
ity study explores the integration of GIS with HBCR
data to visualize and analyze the spatial distribution
of women’s cancers reported to a tertiary care hospi-
tal in Mysuru District, Karnataka, between 2019 and
2022. Specifically, the study aims to:

(i) characterize the demographic and clinical profiles
of cancer cases among women,

(ii) map the spatial distribution of reported cancer
types and stages across taluks, and

(iii) assess geographic trends in case clustering that
may guide further research or institutional outreach
strategies. By demonstrating the utility and limita-
tions of GIS for hospital-level cancer mapping, this
study provides a foundation for future spatial ap-
proaches to health service planning and cancer care
delivery in similar settings.

Page 1067



METHODOLOGY

Study setting, Study Design and Data collection:
Mysuru District, with an estimated population of ap-
proximately 3.0 million as per the 2011 Census, has a
population density of ~476 persons per km?, a sex
ratio of about 985 females per 1000 males, and a lit-
eracy rate of around 72.8%. Among this population,
roughly 41.5% resides in urban areas, while 58.5%
live in rural areas. Moreover, population-based can-
cer registry data estimated that, in 2021, Mysuru ac-
counted for approximately 4.8% of the annual cancer
incidence in Karnataka, with Karnataka reporting
roughly 87,300 new cases that year. This implies a
substantial cancer burden within the district, which
our institutional HBCR captures in a subset of cases,
offering localized insights into case distribution.13

This study employed a retrospective descriptive de-
sign to assess the feasibility of integrating Geograph-
ic Information System (GIS) tools with Hospital-
Based Cancer Registry (HBCR) data for mapping the
spatial distribution of women’s cancer cases. The
study was conducted at a tertiary care teaching hos-
pital in Mysuru District, Karnataka, India. The hospi-
tal maintains an HBCR under the framework of the
National Cancer Registry Programme (NCRP) sup-
ported by the Indian Council of Medical Research
(ICMR). The registry systematically collects patient-
level cancer data for clinical, administrative, and re-
search purposes.

The study covered a four-year period from January
2019 to December 2022. The study population com-
prised women diagnosed with cancer and registered
in the HBCR during this period. The inclusion criteria
were: (i) women of any age group diagnosed with
cancer, (ii) cases with histopathological, cytological,
or hematological confirmation, and (iii) availability
of a complete residential address with a valid postal
PIN code within the 36 taluks of southern Karnataka.
Cases were excluded if they lacked sufficient diag-
nostic confirmation, a valid PIN code, or if their resi-
dence was located outside the predefined study area.

Out of 1,898 registered cases, 303 women’s cancer
cases met the eligibility criteria and were included
for spatial analysis.

Data were extracted from the institutional HBCR da-
tabase, which includes patient demographic, clinical,
and treatment-related variables. At the time of regis-
tration, each patient is assigned a unique identifier,
and standardized data are recorded including name,
age, sex, contact information, and full residential ad-
dress.

The clinical variables collected for this study includes
Year of diagnosis, Primary site of cancer, coded ac-
cording to ICD-10 guidelines, Stage at diagnosis
Method of diagnosis (e.g., histopathology, imaging,
cytology), Treatment modality (surgery, chemother-
apy, radiation, or combinations), & Treatment intent
(curative or palliative).
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The sociodemographic variables include Age at diag-
nosis, Marital status, Religion, & Place of residence
(urban or rural, based on government classification).

Cancer Types and Classification: The study ana-
lyzed all cancer types reported in women during the
study period. The most common categories included
breast, gynecological (e.g. cervical, ovarian, endome-
trial), and gastrointestinal cancers, followed by head
and neck, respiratory, brain and CNS, lymphoid and
hematopoietic malignancies. Cancer types were fur-
ther grouped by anatomical system for reporting
purposes.

Geospatial Framework and Unit of Analysis: Resi-
dential addresses were cross-verified using postal
PIN codes and manually geocoded in Google Earth
Pro. Cases with incomplete, missing, or inconsistent
PIN codes were excluded to maintain spatial accura-
cy. Only records with valid and verifiable PIN codes
within the 36 taluks of Mysuru, Mandya, and Chama-
rajanagar districts were retained. The geocoded ad-
dresses were subsequently linked to the correspond-
ing administrative boundaries, with the taluk serving
as the geospatial unit of analysis.

Administrative boundary layers for districts and ta-
luks were downloaded from the Karnataka Geo-
graphic Information System (KGIS) portal. These
shapefiles were used as base maps in GIS analysis.

Ethical Approval: The study protocol was reviewed
and approved by the Institutional Ethics Committee
of JSS Medical College, Mysuru (Ref: JSS/MC/PG/
104/2022-23). As this was a retrospective study uti-
lizing de-identified secondary data, the need for in-
formed consent was waived. The study adhered to
the principles of the declaration of Helsinki.

To ensure patient confidentiality, all personal identi-
fiers (such as name, contact information, and exact
household address) were removed prior to analysis.
Only anonymized datasets containing PIN codes
were used for geocoding and mapping.

Statistical Analysis: Data cleaning and tabulation
were performed in Microsoft Excel. Statistical anal-
yses were conducted using IBM SPSS Statistics ver-
sion 22.0 (licenced to JSS AHER). Descriptive statis-
tics were used to summarize categorical variables
such as age group, cancer type, staging, and diagnos-
tic modality. Results were presented in the form of
frequencies and percentages. While urban-rural dif-
ferences and stage-wise distributions were repre-
sented visually in the figures, no inferential statistical
tests (e.g., chi-square) were performed, as the prima-
ry objective of this feasibility study was to demon-
strate the integration of GIS with HBCR data and
provide descriptive insights rather than test statisti-
cal associations.

GIS Mapping and Visualization: Spatial analysis
was performed using ArcGIS version 10.2 (licences
to JSS AHER). The cleaned patient dataset was con-
verted into a CSV file containing geocoded coordi-
nates, and imported into ArcGIS to create Point Fea-
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ture Layers for each case. These were overlaid on ta-
luk boundary maps to visualize the spatial distribu-
tion of cases by cancer type and stage.

The GIS analysis was descriptive in nature. No spatial
statistical tests (e.g., cluster detection or autocorrela-
tion analyses) were performed, as the primary objec-
tive was to assess the feasibility of integrating GIS
with HBCR data for institutional-level visualization
and planning. The resulting maps highlight spatial
trends in the distribution of hospital-reported cancer
cases, but do not infer population-level incidence or
risk patterns.

The choice of IBM SPSS Statistics 22.0 and ArcGIS
10.2 was based on their institutional availability at
JSS AHER and their suitability for conducting robust
statistical analyses and advanced spatial mapping.

RESULTS

Table 1 represents the sociodemographic characters
of the study subjects. Among the 303 Women cancer
cases, 134 (44.2%) belonged to the age group of 40-
59 years, with only 4 (1.3%) of the Women cancer
patients in the age group of 0-19 years.

Table 1: Characteristics of the study subjects
(n=303)

Variable No. of Female (%)
Age group (in years)

0-19 4(1.3)

20-39 33(10.9)

40-59 134 (44.2)

260 132 (43.6)
Marital status

Married 227 (74.9)

Unmarried 16 (5.3)

Separated/Widowed 54 (17.9)

Unknown 6(2)
Religion

Hindu 285 (94.1)

Muslim 14 (4.6)

Christian 4(1.3)
Residence

Rural 174 (57.4)

Urban 129 (42.6)
Year of Diagnosis

2019 94 (31)

2020 58 (19.1)

2021 68 (22.4)

2022 83 (27.4)
Method of Diagnosis

X-ray/ Imaging techniques 154 (50.8)

Microscopic 149 (49.2)
Treatment received

S+R+C 211 (69.6)

S+C 53 (17.5)

R+C 17 (5.6)

S+R 15 (5)

S 7 (2.3)
Intention to treat RI

Curative/Radical 240 (79.2)

Palliative 63 (20.8)
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The majority of the subjects, 227 (74.9%), are mar-
ried. The majority of the study subjects follow the
Hindu religion, comprising 285 (94.1%), and 174
(57.4%) of Women cancer patients are from rural
areas. The majority, 94 (31%), of the study partici-
pants were diagnosed in the year 2019, with only 58
(19.1%) diagnosed in 2020. Half, 154 (50.8%), of the
study participants were diagnosed using X-ray or
imaging techniques, while the other half, 149
(49.2%), were diagnosed using microscopic meth-
ods. More than half, 211 (69.6%), of the study partic-
ipants received C+S+R treatment. The majority, 240
(79.2%), of the study subjects received curative or
radical treatment for RI.

Figure 2 presents the spatial distribution of female
cancer cases by cancer type and highlights the pre-
dominance of breast cancer in Mysuru taluks. Among
the 303 study subjects, the three most prevalent can-
cer types in the study are Breast cancer (26.7%), Gy-
necological cancer (22.8%), and Gastrointestinal
cancer (17.2%). The majority of cases (52.5%) were
reported from taluks in Mysuru, followed by 20.4%
from Mandya, and 13.2% from taluks in Chamara-
janagar districts. Notably, the top three cancers are
reported prominently in the taluks of Mysuru, Man-
dya, and Chamarajanagar districts.

Figure 3, represents the Urban Rural Disparities in
cancer types among Females. In this study, a higher
number of cancer cases were reported from rural ar-
eas compared to urban areas. Among 303 Women
cancer cases, Gynecological (63.8%), Gastrointestinal
(61.5%), head & neck (60%), bone & connective tis-
sue (60%), respiratory (61.5%), lymph nodes
(66.7%), blood (66.7%), and skin (66.7%) cancer
cases are reported from rural areas. Interestingly
80% of brain & CNS cancer cases were reported in
rural areas. Around 56% of Breast cancer and 55.5%
of renal cancer cases are reported from urban areas.

Figure 4, represents the Spatial distribution of stages
of cancer in females. The majority of cases (39.3%)
fall into Stage 2, followed by 32.7% in Stage 1. Stage
4 represents 21.1% of cases, while only 6.9% are re-
ported in Stage 3. Notably, approximately 48.7% of
Stage 2 cancer cases are reported from taluks in
Mysuru. Additionally, more than half (55.6%) of
Stage 1 cancer cases are reported from taluks in
Mysuru. Furthermore, around 48.4% of Stage 4 cases
are from taluks in Mysuru, and more than half
(66.7%) of Stage 3 cancer cases originate from taluks
in Mysuru.

Figure 5, represents the Women's cancer types
across different stages of cancer. More than 70% of
the Women's cancer cases are reported at stage 1 &
stage 2. Notably, 54% of respiratory cancer is re-
ported at stage 1 followed by 83.3% of skin cancer is
reported at stage 2. Lymph node cancer, 16.7% re-
ported at stage 3. Brain and CNS cancer, 40% report-
ed at stage 4. Blood cancer is not reported at stage 3
and stage 4. Skin cancer is reported at stage 2 and
stage 3.

Page 1069



Muhammed Thottanchery KN et al.

75°0'0"E 76°0'0"E 77°0'0"E 78°0'0"E
] ] ! ]
Location of Karnataka STU DY AREA
Pavagada >
Fa Legend )
S =
Sal o
s [ | studyArea 3
e si
I:I District Boundary © Mamgm
Taluk Boundary Tumakuru
iknayakanahialli b
Arsikere Gubbi ) Tumkur
Tiptur 5
z B Hassan Turuvekere ™ z
5 4% s
o Hassan o
KARNATAKA © — o
Location of Study Area
o~ AN
Lf-‘
Madikeri Piriyapatna
Hunsur
Kodagu r Mysuru T.Narasij
z Virajpet Mysuru dNgL z
o Heggadadevanakdte Yaland¥r  Kollegala(Hanur) | ©
<] Chama agara x
N Saraguay Chamarajanagara 9 o
Kilometers
0 15 30 60 90 120
T T T T
75°0'0"E 76°0'0"E 77°0'0"E 78°0'0"E
Figure 1: Study Area
74°0°0"E 75°00"E 76°00"E TT°00"E 78°0°0"E
1 1 1 1 1
—
Uttara Kannada L\’H\;‘_‘f,”
~ . . N
.| Types of Cancer in' Female A |
B = Chitradurga )
o & ==
:‘: Shivamogga &
Madnugiri
h Chikkaballapura
Chiknayakaranaili™y L ~ Koratagers
Chikkamagaluru i "_\ Tumakuru i
Gubbi ! ‘
Armikere 2
Legend = Bengaluru (Rural) [
l:l Study Area
:g_ l:l Districts _;:
L } Taluks ; 0 ]
Dakshina Kannada HEEER
=
r ™
Female Cancer Types
® Breast {26.7%)
® Gynecological (22.8%)
Gastrointestinal (17.2%) 3 R
Head & neck (8.3%)
Bone & Connective Tissue (6.6%) @
= z
E Respiratory (4.3%) (g £
= il o
o Lymph Nodes (4.0%) : :mﬂ.,,,g;%é,?f@?"agm N
@ Brain & CNS (3.3%) /
@  Renal (3.0%)
® Blood (2.0%) Kilometers
. 0 125 25 50 75 100
@  Skin (2.0%) —— ‘
. J
T T T T T
74°0'0"E 75°0'0"E 76°0'0"E TT00"E 78°0'0"E

Figure 2: Spatial distribution of the study population according to type of cancer

National Journal of Community Medicine | Volume 16 | Issue 11 | November 2025

Page 1070



Muhammed Thottanchery KN et al.

Urban-Rural Disparities in Cancer Types among Females
Breast 56.8% 43.2%
Gynecological 36.2% 63.8%
Gastrointestinal 38.5% 61.5%
o Head & neck 40.0% 60.0%
( Bone & Connective Tissue 40.0% 60.0%
g
(1] 3
1= Respiratory 38.5% 61.5%
o B Urban
B Lymph Nodes 33.4% 66.7% === Rural
g
o Brain & CNS 20.0% 80.0%
Renal 55.5% 44.5%
Blood 33.4% 66.7%
skin 33.3% 66.7%
T T T T T T
0 20 40 60 80 100
Percentage
Figure 3: Urban Rural Disparities in cancer types among Females (n=303)
STAGES OF CANCER IN FEMALE
STAGES-1 '& STAGES-2
o 53
STAGES-3 STAGES-4 S
@ TGnamarsjanagar
S b e
Legend Stages of Cancer in Female N
l:] Study Area ® STAGE-1 Cases (32.7%) A
L STAGE-2 Cases (39.3%)
[ pistrict Boundary © STAGE-3 Cases (6.9%) Kilometers
Taluk Boundary ® STAGE-4 Cases (21.1%) 0 20 40 80 120 160
Figure 4: Spatial distribution of the stages of cancer in females
National Journal of Community Medicine | Volume 16 | Issue 11 | November 2025 Page 1071




Muhammed Thottanchery KN et al.

Distribution of Female Cancer Types across different Stages
. Stage
Breast = Stage 1
Stage 2
Gynecological e
EEE Stage 4
Gastrointestinal 11.6% 25.0%
" Head & neck 0% 20.0%
v
e
& Bone & Connective Tissue
]
oo} 3
E Respiratory TR
&
B
0 Lymph Nodes 33.3%
g
= ;
Brain & CNS [ swox |
Renal
Blood
Skin
T T T T T 1
0 20 40 60 80 100
Percentage

Figure 5: Distribution of female cancer types across different stages

DISCUSSION

This feasibility study utilized GIS for retrospective
HBCR data obtained from a Tertiary Care Hospital
for understanding and identifying spatial patterns
and trends of women's cancer cases.

The majority (44.2%) of Women cancer cases in this
study were within the age group of 40-59 years, em-
phasizing the cancer in middle-aged individuals. A
minimal percentage of patients (1.3%) were in the
age group of 0-19 years, suggesting that cancer cases
is relatively rare in younger Women. Consistent with
these findings, another study reported the median
age of cancer diagnosis as 49.5 years.1* The majority
of the study subjects were married (74.9%), the
study reflects a predominantly 57.4% of patients are
from rural areas, underscoring the importance of
considering regional disparities in cancer cases.

The temporal distribution of cancer cases from 2019
to 2022 shows a decline, with the proportion of reg-
istered cases decreasing from 31% in 2019 to 27.4%
in 2022. This reduction can plausibly be attributed to
the COVID-19 pandemic and the associated re-
strictions during 2020 and 2021. Several studies
have documented those interruptions in cancer care
during this period were linked to fear of infection,
government-mandated stay-at-home orders, and the
redeployment of healthcare staff toward COVID-19
management.1516

Half of the study participants (50.8%) were diag-
nosed using X-ray or imaging techniques, while the
remaining half (49.2%) relied on microscopic meth-
ods, showcasing the diversity in diagnostic ap-
proaches. A substantial proportion (69.6%) of study
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participants received C+S+R treatment, pointing to-
wards combined surgery, chemotherapy, and radia-
tion therapy in managing Women's cancers. The ma-
jority (79.2%) underwent curative or radical treat-
ment for RI, indicating an aggressive approach to
managing the disease at its root.

The spatial distribution of the map represents the
Women's cancer cases across 36 taluks in South Kar-
nataka. The majority of the cases were reported by
Mysuru (52.5%), followed by Mandya (20.4%) and
Chamarajanagar (13.2%) districts. The top three re-
ported cancers, Breast, Gynecological, and Gastroin-
testinal cancer are prominently observed in these
regions. Similarly, another study found that, higher
incidences of breast cancer were observed in specific
taluks, including Hunsur, KR Nagar, Nanjangud in
Mysuru, and Chamrajnagar and Gundlupet in Chama-
rajanagar District.1”

The geographical clustering of cancer cases around
healthcare centers is a well-documented phenome-
non, reflecting both the catchment area of these facil-
ities and the healthcare-seeking behavior of the pop-
ulation. In this context, the concentration of cases in
Mysuru suggests that the tertiary care hospital plays
a pivotal role in serving as a medical hub for cancer-
related services, drawing patients from neighboring
districts and also it implies the necessity of incorpo-
rating maps into routine health needs assessments to
guide interventions, such as awareness programs.

Breast and renal cancers are more prevalent in ur-
ban areas (each exceeding 55%), aligning with pat-
terns commonly associated with urbanization, life-
style, and access to healthcare services.? The majority
of other cancer types, including Gynecological, Gas-
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trointestinal, head & neck, bone & connective tissue,
respiratory, lymph nodes, blood, and skin cancers,
are reported more than 60% from rural areas. In an-
other study, the Urban population exhibited higher
combined cancer cases compared to rural popula-
tions, with a notable urban decline of 10.2%, a 4.8%
decline observed in rural areas.!8 This observation
brings attention to the multifaceted challenges faced
by rural populations, ranging from limited healthcare
accessibility to socioeconomic factors and awareness
disparities. The cancer types traditionally associated
with lifestyle factors and environmental exposures in
rural areas suggests a need for targeted interven-
tions addressing these specific cancers.

The remarkable finding of this study is that 80% of
brain and CNS cancers were reported from rural are-
as. This disproportionately high rural burden likely
stems from delayed diagnosis and referral bottle-
necks. A systematic review has shown that non-
specific symptoms, limited community awareness,
poor access to neuroimaging, and fragmented refer-
ral pathways contribute to prolonged diagnostic in-
tervals among rural patients.!® These challenges
highlight the urgent need for strengthened
healthcare infrastructure to facilitate timely screen-
ing and diagnosis, along with targeted awareness
campaigns in remote areas. In addition, the elevated
rural occurrence of brain and CNS cancers may be in-
fluenced by multiple factors, including environmen-
tal exposures, genetic predispositions, and occupa-
tional hazards that are more prevalent in rural popu-
lations.20.21

The spatial distribution of cancer cases across differ-
ent stages provides valuable insights into the staging
patterns of Women's cancer visually. The higher cas-
es of Stage 2 (39.3%) and Stage 1 (32.7%) cancer
cases in the were reported in the studied population.
This can be attributed to several factor’s indicative of
improved early detection practices. Initiatives such
as screening programs, awareness campaigns, and
enhanced diagnostic capabilities contribute signifi-
cantly to identifying cancer at its earlier and more
treatable stages. In contrast, a similar study reported
that 50.9% of patients were diagnosed at advanced
stages (Stage Il and Stage 1V).22

The lower numbers in Stage 4 (21.1%) and Stage 3
(6.9%) cancer cases suggest potential challenges in
diagnosing cancer at later, more advanced stages
within the study population. This could be attributed
to various factors, including limited access to
healthcare services, delayed healthcare-seeking be-
havior, and insufficient awareness of cancer symp-
toms. Geographic, socioeconomic, or cultural barri-
ers may impede timely access to healthcare facilities,
leading to delayed diagnoses.®

The distribution of Women's cancer types across dif-
ferent stages provides valuable insights into the stag-
ing patterns of various malignancies. Notably, the
figure highlights a predominant concentration of
cases in the early stages, with more than 70% re-
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ported at Stage 1 and Stage 2. This trend is particu-
larly pronounced in respiratory cancer, where 54%
of cases are identified at Stage 1, and skin cancer,
with an impressive 83.3% reported at Stage 2. The
higher cases of early-stage diagnoses in these specif-
ic cancers suggests effective screening programs,
heightened awareness, and possibly distinct charac-
teristics of these malignancies that facilitate early de-
tection. Conversely, lymph node cancer & skin cancer
show a higher proportion (16.7% each) at Stage 3,
indicating challenges in early detection or differ-
ences in the natural progression of the disease. No-
tably, brain and CNS cancer have a substantial pro-
portion (40%) reported at Stage 4, emphasizing the
need for improved early detection strategies for this
particular cancer type.

This feasibility study of utilizing GIS is to showcase
the potential utility in informing healthcare and pub-
lic health professionals, as well as other policymak-
ers, about the imperative for geographical needs as-
sessments. The primary objective of health mapping
using HBCR data is not merely to identify statistically
significant relationships, but rather to gain initial in-
sights and understanding into how patterns and
trends vary across space. The ultimate goal is to un-
cover potential drivers behind the spatial variations
observed.

STRENGTH, LIMITATIONS,
AND RECOMMENDATIONS

A key strength of this study lies in its integration of
GIS with HBCR data to visualize spatial patterns of
women’s cancer cases in a defined hospital catch-
ment area. This approach offers a practical and scal-
able framework for institutions to explore service
coverage gaps, identify potential clusters of ad-
vanced-stage cancers, and inform local outreach or
screening efforts. To our knowledge, this is the first
study of its kind in southern Karnataka to explore
hospital-reported cancer case distribution using spa-
tial tools, thereby contributing novel insights to the
HBCR.

Based on these findings, we recommend that GIS
tools be incorporated into routine HBCR reporting to
enhance institutional surveillance and planning. Such
integration would enable cancer centers to monitor
geographic disparities in real time and prioritize out-
reach in underserved areas. Collaboration with
PBCRs is also essential to generate population-level
estimates and validate hospital-level trends.

The GIS framework demonstrated here is scalable to
other hospitals and regions, particularly those with
HBCR systems in place. However, successful expan-
sion requires addressing challenges such as stand-
ardizing address data formats, ensuring geocoding
accuracy, and maintaining interoperability across in-
stitutions. Despite these constraints, this study illus-
trates the feasibility and value of embedding spatial
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intelligence into cancer registry systems to support
evidence-based cancer control strategies.

However, the study is not without limitations. As
HBCR data are limited to patients who accessed care
at a specific tertiary hospital, the findings are not
generalizable to the broader population. The study
does not estimate incidence or prevalence, and ap-
parent spatial clusters may be influenced by hospital
proximity, referral practices, and care-seeking be-
havior. Furthermore, the use of postal PIN codes as
the geocoding reference reduces geographic preci-
sion, since PIN codes cover relatively large areas and
do not always capture intra-taluk or neighborhood-
level variation. The absence of spatial statistical
methods such as cluster detection or population-
adjusted incidence mapping further limits epidemio-
logical interpretation. Despite these constraints, the
study successfully demonstrates the technical feasi-
bility and interpretive value of GIS in institutional
cancer surveillance.

CONCLUSION

This feasibility study demonstrates the utility of in-
tegrating Geographic Information System (GIS) tools
with Hospital-Based Cancer Registry (HBCR) data to
visualize the spatial distribution and staging of
women’s cancers in Mysuru District, Karnataka. The
findings reveal the predominance of breast, gyneco-
logical, and gastrointestinal cancers, the dominance
of early-stage presentations, and notable rural-urban
disparities in case distribution. These results under-
score the potential of GIS to support institutional
planning, guide resource allocation, and identify pri-
ority areas for intervention. Future research should
incorporate spatial statistical methods and extend
analyses to multi-hospital HBCR datasets to validate
these findings and strengthen their applicability.
This study provides a foundation for embedding spa-
tial intelligence into cancer care planning and high-
lights the importance of geographically informed
strategies to reduce disparities in access, diagnosis,
and outcomes.
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