& OPEN ACCESS

Jurnal Keperawatan
Padjadjaran (JKP)

Volume 12(1), 57-64

© The Author(s) 2024
http://dx.doi.org/10.24198/jkp.
v12i1.2283

Article Info

Received : April 17, 2023
Revised :January 31, 2024
Accepted : February 13, 2024
Published : April 30, 2024

Corresponding author

Myra D. Oruga’

Faculty of Management And De-
velopment Studies, University of
the Philippines Open University,
Laguna, Philippines; UP Open
University, Los Bafos, Laguna,
Philippines, 4031; Phone: +6349
536 6001-06, E-mail: myra.

oruga@upou.edu.ph

Citation

Oruga, M.D. (2024). Spatial
distribution of pediatric cancer
patients using Geographic Infor-
mation System (GIS) across the
Philippines. Jurnal Keperawatan
Padjadjaran, 12(1), 57-64.
http://dx.doi.org/10.24198/jkp.
v12i1.2283

Website

http://jkp.fkep.unpad.ac.id/index.
php/jkp

This is an Open Access article
distributed under the terms

of the Creative Commons
Attribution-NonCommercial 4.0
International License.

E-ISSN: 2442-7276
P-ISSN: 2338-5324

Original Article

Spatial distribution of pediatric cancer
patients using Geographic Information
System (GIS) across the Philippines

Myra D. Oruga*®, Primo G. Garcia®, Loyda A. Cajucom, Rita C. Ramos®,
Queenie R. Ridulme®, Ronaldo De Jesus®, Bryan Alcazar®, Ma Joanna
Vinas, Raymund K. Manago, Raya K. Fuentes

Faculty of Management and Development Studies, University of the Philippines Open
University, Laguna, Philippines

Abstract

Background: Every year, many children around the world get cancer, and
this is a severe health problem. The Philippines is one such country where
childhood cancer is a leading cause of death. This study uses unique maps
(Geographic Information Systems or GIS) to examine these young cancer
patients’ locations.

Purpose: By doing this, we hope to find areas with more cases and see if
children in those areas have easy access to the medical care they need.
Methods: Methods involved primary and secondary data collection, including
surveys and hospital records, with geospatial data analyzed using QGIS 3.4
Madeira. The study focuses on four Department of Health (DOH) tertiary
hospitals: Philippine Children Medical Center (PCMC), Bicol Regional
Training and Training Hospital (BRTTH), Southern Philippines Medical
Center (SPMC), and Vicente Sotto Memorial Medical Center (VMMC)
Participants from significant regions contributed to the study.

Results: Results indicate that cancer centers, notably the primary children’s
hospital, cater to patients from far-reaching areas, causing them to consult
distant hospitals despite accessible alternatives. Nearly all (around 92.5%)
patients seek care at specialized hospitals, even though only a small
proportion (roughly 12.3%) live close to such facilities. Instead, 37.3%
reported the closest health facility (within 10 kilometers) is a secondary
government hospital, increasing the burden on patients with additional travel
and non-medical costs.

Conclusion: The study concludes that pediatric cancer patients face
challenges accessing healthcare facilities, necessitating alternative methods
like telemedicine and mobile clinics. The findings underscore the need for
improved healthcare infrastructure and human resources to address the
burdens faced by these patients.

Keywords: cancer patients; geographic information system; GIS; pediatric
cancer

Introduction

Prior research on pediatric cancer cases within the Philippines has primarily
concentrated on treatment modalities. Notably absent is the application of
Geographic Information Systems (GIS) to investigate spatial distribution and
clustering patterns and facilitate epidemiological surveillance through case
mapping. This project leverages data from the national ABC project or Care
for Pediatric Cancer Patients. The project aims to tackle issues related to
the geographic spread of the disease, monitor its patterns (epidemiology),
and identify areas with higher concentrations of cases (cluster distribution).
This project is a collaboration between the Department of Science and
Technology and the University of the Philippines Open University (UPOU),
the Philippine Council for Health Research and Development (DOST-
PCHRD), with funding from the Department of Health (DOH), and four
tertiary care hospitals in Luzon: Philippine Children Medical Center (PCMC)
and Bicol Regional Training and Training Hospital (BRTTH) in Manila,
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Southern Philippines Medical Center (SPMC) in
Mindanao and Vicente Sotto Memorial Medical
Center (VMMC) in the Visayas.

This study used GIS technology to map where
pediatric cancer cases occur across the Philippines.
This revealed important information about the
disease’s uneven spread and access to care. By
finding areas with higher caseloads and lower
access to specialized hospitals, this study shows
where resources and improvements are most
needed to ensure all children have a fair chance at
treatment.

Geographic Information Systems have become
more powerful and reliable, making creating
health maps much more accessible. This allows
us to see how well-equipped different areas are to
handle pediatric cancer cases compared to how
many cases there are. By looking at these maps,
we can identify places where cancer outcomes
might be worse because of a lack of resources.
This information is crucial for planning targeted
interventions and improving healthcare infrastructure
so that all children, regardless of location, have the
same chance of getting good care (Aneja et al.,
2011). The geographical aspect is crucial when
strategizing healthcare services for pediatric cancer
patients. By integrating geography with cancer
screening data, valuable insights can be generated
to enhance prevention strategies, particularly for
pediatric cancer. Utilizing geographical data enables
monitoring risk factors, mapping the accessibility of
services, and locating hospitals to ensure efficient
healthcare provision for pediatric cancer patients
(Peng et al., 2017; Sahar et al., 2019). Researchers
increasingly turn to GIS for health studies as the
software helps analyze and visualize data based on
location. This is particularly useful for understanding
childhood cancer. With GIS, we can see how well-
supplied different areas are with treatment options
compared to how many cases there are. We can also
track how well children do with treatment in other
locations. This reveals any potential inequalities in
cancer care. GIS is a powerful tool for policymakers
deciding how to best distribute limited resources for
cancer care, especially in areas lacking sufficient
services (Aneja et al.,, 2011). Developed initially
for environmental studies, Geographic Information
Systems have become a valuable tool for health
research, especially when tracking disease patterns.

By analyzing data with GIS, researchers can
pinpoint areas where specific diseases are more
common. This information is then used to plan
healthcare services more effectively, like deciding
where to place screening centers. Additionally,
GIS can help identify areas with clusters of cases,
which might provide clues about what's causing the
disease (Samat et al., 2010). By examining location
data, GIS can reveal why diseases cluster in
specific areas, considering factors like environment,
economy, and culture (Forrest & Wissink, 2017).
By analyzing the geographic patterns of cancer
patients, we can identify areas with limited access

to screening clinics. This information can be used to
improve healthcare policies and prioritize resources
for regions with higher spatial clustering of cases
(Bansal et al., 2020; Roche et al., 2015).

GIS maps clearly show health data, like cancer
rates, across different locations (Sahar et al., 2019)
and turn this into clear visuals, informing targeted
prevention programs by revealing risk factors
and affected populations. A geographic analysis
of cancer data in Mashhad, Iran, by Amin et al.
(2017) investigated potential risk factors and Gl
cancer occurrences to guide cancer prevention
efforts. Goshayeshi et al. (2019) also explored risk
factors for colorectal cancer in high-risk areas to
understand geographic disparities. A study by Yoon
and Tourassi (2018), using GIS, compared web-
based cancer mortality data with official statistics.
They found strong agreement in age distribution,
geographic spread, and death rates. This suggests
that web-based data hold promise for real-time
cancer trend monitoring.

The Objective of the Study

This study used Geographic Information Systems
to analyze and visualize pediatric cancer patients’
spatial distributions across the Philippines, focusing
on the three main island groups: Mindanao, Visayas,
and Luzon. The objectives were particularly:

Development of a thematic map to visually
represent the spatial distribution of pediatric
cancer cases across the Philippines. The map will
specifically delineate the major island groups.

Determine groupings of pediatric instances
indicative of geographical areas demonstrating an
increased likelihood of pediatric occurrence.

Evaluate the accessibility: this means assessing
the ease with which patients can reach and utilize
specialized care facilities.

Delineate and evaluate geographic variations in
the incidence of pediatric cancer and accessibility
to healthcare services. The analysis will focus
on pinpointing specific regions where children
encounter significant obstacles in obtaining timely
and appropriate medical treatments.

The furnishing of insights aimed at enlightening
policymakers and healthcare practitioners in the
Philippines regarding the spatial dispersion of
pediatric cancer occurrences linked to healthcare
inequalities, thereby facilitating the formulation
of focused intervention and resource allocation
strategies to enhance pediatric cancer management
nationwide.

Materials and Methods

Design

A geographic analysis or mapping of the geographic
distribution of pediatric cancer patients was
conducted using QGIS 3.4 Madeira, a Geographic
Information System software program.

Sample and Setting
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The study involved 212 participants from four cancer  (SPMC) in Mindanao, and Vicente Sotto Memorial
institutes across the Philippines: Davao City, Metro  Medical Center (VMMC) in Visayas.
Manila, Cebu City, and Bicol Region.
Data Analysis
Variables and Instruments Researchers used the Spatial and Cluster Distribution
Data analysis was employed using an existing  Geographic Information System (QGIS 3.4 Madeira)
survey instrument developed for the ABC project.  to analyze cases’ spatial distribution and clustering.
The data obtained from this survey served as the = They also employed frequency, percentages, and
primary source for the study’s variables. qualitative assessments from survey responses to
evaluate healthcare accessibility.
Data Collection
This study adopted a multi-source data collection  Ethical consideration
strategy, employing primary and secondary data. = The researcher received ethical approval from all
Primary data were obtained through surveys four participating tertiary Department of Health
administered directly to participants. Secondary = (DOH) hospitals involved in the ABC project. This
data were leveraged by incorporating hospital ensured the study adhered to ethical guidelines for
records from four major Department of Health (DOH)  conducting the survey.
hospitals in the Philippines. Data were collected from
four major Department of Health (DOH) hospitals: Results
Philippine Children’s Medical Center (PCMC) in

Luzon, Bicol Regional Training and Training Hospital  Spatial Distribution of Pediatric Oncology Patients
(BRTTH), Southern Philippines Medical Center

Table 1. Spatial Distribution of Pediatric Oncology Patients in terms of Province, Frequency, and
Percentage consulting in the four referral-retained DOH tertiary hospitals in the Philippines, 2018
(n=212)

Province Frequency Percentage

Bicol Area

Albay 9 4.2%
Sorsogon 6 2.8%
Camarines Norte 3 1.4%
Davao Area

Davao del Sur 8 3.8%
Sarangani 3 1.4%
Agusan del Sur 3 1.4%
Camarines Sur 7 3.3%
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Figure 1. The Spatial Distribution of pediatric cancer patients seeking consultation across four
cancer institutes per city/municipality in the Philippines in the year 2018 (n=212)
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Figure 2. The spatial clustering analysis of pediatric cancer patients seeking consultation at the
PCMC disaggregated by urban centers and municipalities across the Philippines in 2018 (n=161)
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Figure 3. The spatial clustering analysis of pediatric cancer patients seeking consultation at
BRTTH disaggregated by urban centers and municipalities across the Philippines in 2018 (n=20)

Number of Pediatric Cancer Patients per City

Figure 4. The spatial clustering analysis of pediatric cancer patients seeking consultation at VSM-
MC disaggregated by urban centers and municipalities across the Philippines in 2018 (n=10)
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CANCER PATIENTS CONSULTING IN SPMC (2018)

Murnber of Pediatric Cancer Patients per City/Municipality
1

i 2

i :
Partner Tertiary Hospitals

Figure 5. The spatial clustering analysis of pediatric cancer patients seeking consultation at SPMC
disaggregated by urban centers and municipalities across the Philippines in 2018 (n=21)

Cluster distribution of pediatric cancer patients
in the Philippines (2018)

Using data from 2018, this examines how pediatric
cancer patients cluster around four DOH-affiliated
tertiary hospitals in the Philippines.

Discussions

Table 1 shows the spatial distribution of pediatric
oncology patients in terms of province; an analysis
of patient locations in 2018 revealed that Metro
Manila exhibited the highest number of cases (58
patients, constituting 27.4%) among the four regions
the principal DOH hospitals served. Subsequently,
Bulacan accounted for 20 patients (9.4%), Rizal
for 15 patients (7.1%), and Albay for nine patients
(4.2%). Amin et al. (2017) emphasize the crucial role
of cancer patients’ classifying. This classification
allows doctors to make informed decisions about
prognosis and tailor treatment approaches for
everyone, ultimately improving patient outcomes
(Bansal et al., 2020). Patient survey data from this
study suggests a possible correlation between the
concentration of pediatric cancer cases in specific
regions and accessible, specialized healthcare
facilities and doctors (DuGoff et al., 2018; Farazi
et al., 2018; Farmer et al., 2010). A map (Figure
1) illustrates the distribution of pediatric cancer
patients across various cities and municipalities in
the Philippines who visited four cancer institutes
in 2018. An examination of the dataset unveiled
that Quezon City exhibited the highest incidence

of pediatric cancer cases, encompassing 22
patients (constituting 10.5% of the total sample).
Subsequently, Caloocan City accounted for 11
patients (5.2%), followed by Manila with seven
patients (3.3%).

The study identified a spatial clustering of
pediatric cancer cases at the Philippine Children’s
Medical Center (PCMC) with 161 consultations.
Notably, within PCMC’s service area, Quezon
City exhibited the highest number of cases (22
patients, constituting 13.7% of the total), followed
by Caloocan City (11 patients, 6.8%) and Manila (7
patients, 4.3%) (see Figure 2). Similarly, at the Bicol
Regional Training and Teaching Hospital (BRTTH),
a smaller sample of 20 patients showed clustering.
The highest proportions came from Camalig, Albay
(3 patients, 15%), Legazpi, Albay (2 patients, 10%),
and Pio Duran, Albay (2 patients, 10%) (See Figure
3).

An analysis of patient consultations at the
Visayas State Medical Center (VSMMC) revealed
ten pediatric cancer cases. Each case originated
from a distinct location within the province of Cebu
(Argao, Moalboal, Badian, Danao, and Minglanilla)
or nearby provinces (Agusan del Sur; Catarman City
in Northern Samar; Bayugan City; Mainit, Surigao
del Norte). Notably, one patient only received
palliative care (Figure 4). Furthermore, a separate
study investigating the spatial distribution of pediatric
oncology patients at the Southern Philippines
Medical Center (SPMC) identified Digos City
(Davao del Sur) and Kiamba (Sarangani) as having
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the highest concentration of cases. Amongst the 21
patients treated at SPMC, three (14.3%) originated
from Digos City, and two (9.5%) from Kiamba.
A more detailed illustration of this distribution is
provided in Figure 5.

The study’s mapping revealed that some pediatric
cancer patients travel long distances (up to 968
miles south) for treatment, even when closer cancer
centers exist. For instance, patients from Mindanao
provinces like Maguindanao and Davao Oriental
choose the leading children’s hospital in Metro
Manila despite having a cancer institute in nearby
Davao City. This suggests patients may prioritize
access to more advanced treatment technologies,
even if it means traveling further. Davao City has
facilities comparable to Metro Manila, indicating
a potential preference for the most cutting-edge
treatments available (Peng et al., 2017; Samat et
al., 2010; Siegel et al., 2018; Sundaram et al., 2015).

The study found that nearly all patients (92.5%)
seek treatment at tertiary hospitals offering the most
specialized cancer care. However, only a small
proportion (12.3%) of these patients live close to
such facilities, highlighting a potential challenge in
accessing this critical care (Weaver et al., 2015).
While nearly all patients need specialized care at
tertiary hospitals, only 12.3% live near one. Most
patients (37.3%) have a secondary government
hospital closest to them (within 10 kilometers). This
reliance on less specialized facilities, often further
away from home, increases the burden on patients
due to travel, accommodation, and other non-
medical expenses. The study’s findings suggest
that the primary obstacles faced by pediatric cancer
patients can be attributed to two key domains, such
as limitations experienced at the individual level and
in the healthcare system systemic shortcomings
(Abu-Odah et al., 2020; Yoon & Tourassi, 2018).

Conclusion

The study revealed significant hurdles regarding
healthcare services for pediatric cancer patients in
the Philippines. It showed that these patients face
challenges beyond just reaching hospitals quickly,
placing added burdens on them. Limited healthcare
facilities catering to pediatric cancer mean patients
must expend considerable physical, emotional, and
financial resources to access care. Moreover, there’s
a shortage of healthcare professionals trained to
deal with pediatric cancer, thereby exacerbating the
issue. The study suggests exploring alternatives like
telemedicine and mobile clinics to address these
challenges and reach marginalized patients. Spatial
analysis using Geographic Information System
mapping provides crucial insights into the landscape
of pediatric cancer care in the Philippines, aiding
policymakers and healthcare providers in devising
strategies to enhance accessibility and deliver
timely, efficient care to these patients.
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