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Abstract

Introduction: Breast cancer remains the most common cancer in Malaysia, with 47.9% of cases diagnosed
at late stages (stage III and IV). Geographic Information Systems (GIS) are used to analyse spatial data and
understand the distribution of diseases. This study aimed to assess the spatial distribution of breast cancer and
identify clinicopathological factors associated with metastatic disease (stage IV) among late-stage patients.
Materials and Methods: This retrospective study included female patients with histopathologically confirmed
breast cancer. A total of 224 patients from Hospital Pakar Universiti Sains Malaysia (HPUSM), Kelantan, Malaysia
were analysed. This study used GIS to assess spatial distribution patterns of breast cancer cases and logistic
regression to determine clinicopathological factors associated with metastatic versus locally advanced (stage I1I)
disease. Results: Spatial analysis revealed significant clustering of late-stage breast cancer cases (NNR: 0.44,
Z-score: — 13.18, P<0.001). Late-stage patients were more likely to reside within 10 km of the nearest available
hospitals (75.2%) compared to early-stage patients (45.1%) (x> (1, N =224) = 19.47, P < 0.001). Progesterone
receptor (PR)-positive status was associated with 90% lower odds to present with stage IV disease rather than
stage III compared to PR-negative patients (Adjusted odds ratio (AOR): 0.10, 95% CI: 0.01-0.89, P = 0.039).
Conclusions: Results from our study highlighted areas with a higher concentration of advanced disease and
suggested that patients living closer to healthcare facilities may present with more advanced disease. Furthermore,
PR positivity was identified as a significant predictor of metastatic disease among late-stage patients. These findings
underscore the potential of GIS to guide hotspot-targeted screening initiatives, such as mobile mammography
in high-risk areas, and highlight the value of PR status as a marker for risk stratification in late-stage patients,
informing both clinical decision-making and targeted public health interventions.
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Introduction

Breast cancer remains the most common malignancy
among women worldwide and one of the leading causes of
cancer-related mortality. According to GLOBOCAN 2022,
breast cancer accounted for 12.5% of all newly diagnosed
cancers and 6.8% of global cancer deaths [1]. In Malaysia,
it continues to be the predominant cancer among women,
representing 34.1% of all female cancers as reported in
the Malaysian National Cancer Registry Report (MNCRR

2012-2016) [2]. The age-standardised incidence rate
increased from 31.1 per 100,000 population in 2007-2011
to 34.1 in 2012-2016. Among cases with known staging
information, 47.9% were diagnosed at late stages
(IlTand IV), an increase from 43.2% in the previous report
[2]. Despite continuous efforts in awareness campaigns
and screening programmes, a considerable proportion
of Malaysian women are still diagnosed at advanced
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stages of the disease. This pattern of delayed presentation
is commonly observed in middle-income countries and
contributes to poorer survival outcomes compared with
high-income nations [3-5].

Geographic Information Systems (GIS) are powerful
tools for gathering, storing, manipulating, and visualising
geographically referenced data. In epidemiological
research, GIS enables the measurement of spatial patterns
and relationships between health-related variables, offering
insights that complement traditional statistical analyses
[6-10]. The application of GIS in health has been widely
recognized for its utility in understanding geographical
determinants of health outcomes, particularly in oncology
[11-14]. In cancer research, GIS has been increasingly
applied to visualise disease distribution, identify spatial
clustering, and evaluate accessibility to healthcare
facilities [9, 10, 15-17]. These capabilities support a deeper
understanding of how geographic and sociodemographic
factors influence disease stage at diagnosis and treatment
outcomes, ultimately guiding data-driven public health
strategies and equitable resource allocation.

Breast cancer is a heterogeneous and biologically
complex disease, encompassing multiple subtypes with
distinct molecular and clinical characteristics. Variations
in treatment response and prognosis are influenced by
tumour size, lymph node involvement, histological
grade, patient age, and key biomarkers such as oestrogen
receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2) status [ 18-20].
While traditional histopathological classification remains
essential, it may not fully capture the underlying molecular
alterations driving tumour behaviours [5, 18]. Tumours
with similar histological features can exhibit markedly
different clinical behaviours due to these biological
differences, underscoring the need to understand all
factors, including novel therapeutic agents and adjuvant
treatments, that influence clinical outcomes [19-22].

From a clinical standpoint, hormone receptor profiling
provides important insight into tumour behaviour and
disease trajectory. In particular, PR positivity is often
associated with less aggressive phenotypes and better
response to endocrine therapy [19, 20]. Understanding
how these biological markers interact with geographic
and healthcare accessibility factors may offer a more
integrated perspective on the determinants of late-stage
breast cancer [8, 9, 16].

Despite significant advances in screening and
treatment, gaps remain in understanding the geographic
distribution and clinicopathological determinants of late-
stage breast cancer presentation in Malaysia. Applying
GIS allows for the visualization of spatial patterns and
identification of potential clusters of advanced disease,
which may inform more effective early detection and
outreach strategies.

Therefore, this study aimed to assess the spatial
distribution of breast cancer cases using GIS and to
identify clinicopathological factors associated with
metastatic disease (stage IV) compared to locally
advanced disease (stage III) among the late-stage breast
cancer patients treated at Hospital Pakar Universiti Sains
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Malaysia (HPUSM). Insights from this study may support
the development of targeted screening initiatives and
optimized resource allocation for high-risk populations.

Materials and Methods

Study Design and Setting

This was a retrospective cross-sectional study that
included patients with breast cancer who sought treatment
at the Department of Surgery, HPUSM, Kelantan,
Malaysia from January 1, 2018 to December 31, 2020.
HPUSM is an academic, tertiary care center, and one of
the largest hospitals in Kelantan.

Participants

During the study period, a total of 224 female patients
with histopathologically confirmed breast cancer were
sampled from the HPUSM record office and met the
eligibility criteria. The inclusion criteria for this study were
female patients who sought treatment at HPUSM during
the study period and had histopathologically confirmed
breast cancer. Patients with incomplete medical records
and male breast cancer patients were excluded. An ethical
approval was obtained from the Human Research Ethics
Committee USM (HREC), Kelantan, Malaysia (Reference
No: USM/JEPeM/21060497).

Data Collection

The records of patients diagnosed with breast cancer at
HPUSM between 2018 and 2020 were identified from the
HPUSM record office, and their details (address, gender,
age, ethnicity, and clinical data including cancer stage,
affected breast side, oestrogen receptor, progesterone
receptor, biopsy, and histopathology) were collected
from medical records. All the relevant information was
recorded in the data collection form to reduce bias. All
the collected data were kept confidential, accessible only
to the researcher and co-researchers. The data were stored
in Microsoft Excel format with password protection,
while paper copies of the data and reports were securely
archived in the Department of Surgery, HPUSM. The
coordinates were obtained via Google Maps using the
patients’ addresses.

Statistical Analysis

GIS software, including ArcGIS version 10.7 and QGIS
version 3.12.1, was used for spatial and zonal analysis,
including Z-score calculations [9]. Spatial analysis
methods applied in this study included the Average Nearest
Neighbour (ANN) and Hot Spot Analysis (Getis-Ord Gi*).
The Average Nearest Neighbour determined whether case
distributions were clustered or random, while Getis-Ord
Gi* provided a Z-score to indicate spatial clustering of
high or low values. A higher Z-score represented stronger
hot spot clustering. Both analyses were performed to
achieve the study objectives. The geographical coordinates
were projected using the GDM2000 coordinate system,
and Euclidean distance (straight-line distance) was used
as the distance metric for all spatial calculations.

Mean and standard deviation (SD) were computed for

190 Asian Pacific Journal of Cancer Care® Vol 11 Issue 2



apjcc.waocp.com

numerical variables (age), and for categorical variables
(affected breast side, oestrogen receptor, progesterone
receptor, biopsy, histopathology examination, breast
cancer stage and distance from hospital), frequency and
percentages were also computed. Logistic regression
analysis was performed to identify clinicopathological
factors associated with metastatic disease (stage IV)
among late-stage patients. The multiple logistic regression
analysis was conducted exclusively on the sub-group
of late-stage patients (N = 164), comparing metastatic
disease (stage IV) as the dependent variable against
locally advanced disease (stage III) as the reference
category. Independent variables were possible risk factors
for metastatic disease among late-stage patients included
age, affected breast side, oestrogen receptor, progesterone
receptor, biopsy, and histopathology. Initially, simple
logistic regression was conducted to obtain the crude
odds ratio of the predictors, followed by multiple logistic
regression to determine the adjusted odds ratio. The
model was evaluated for goodness-of-fit. Data analyses
were performed using IBM SPSS Statistics for Windows,
Version 26.0 (IBM Corp., Armonk, NY, USA). The limit
of significance was set at 0.05.

Sample Size Estimation

The sample size was estimated based on primary
objective using sample size calculator, [23] at https://
whnarifin.github.io/ssc_web.html based on two proportion
formula to obtain the appropriate sample size for the
clinicopathological factors associated with late stages
breast cancer. The calculation was based on a study power
of 80%, a significance level (o) of 0.05, and an expected
dropout rate of 10%. The proportion values (PO and
P1) were determined based on the Malaysian National
Cancer Registry Report 2012-2016 [2]. The baseline
proportion (P0) was set according to the late-stage
prevalence reported nationally (47.9%). The value for
Plwas hypothesized to detect a 12% absolute difference
in the prevalence of a specific risk factor between the
early- and late-stage groups. Based on these parameters,
the minimum required sample size was calculated to be
188. Our study, however, adopted a consecutive sampling
strategy over the study period (January 1, 2018, to
December 31, 2020), which resulted in the inclusion of
all eligible patients (N = 224) who sought treatment at
HPUSM during that time frame. The final sample size was
thus dictated by the availability of patient records during
the study period, exceeding the minimum requirement
of 188, which provides adequate statistical power for the
study objective.

Results

Patient Demographics and Clinical Characteristics

A total of 224 breast cancer patients who received
treatment at the Department of Surgery, HPUSM from
2018 to 2020 had complete medical records. All patients
were included in the study, meeting the required sample
size of 188. The mean age of breast cancer patients
was 52.2 years (SD = 12.01). Breast cancer occurred
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predominantly in the left breast (49.1%), followed by
the right (46.4%) and bilateral cases (4.5%). More than
half of the patients (66.5%, n = 149) tested positive for
oestrogen receptor, while 54.0% (n = 121) were positive
for progesterone receptor. Histopathological examination
revealed that the most common biopsy finding was
invasive carcinoma of no special type (NST) (69.6%),
followed by other subtypes such as invasive ductal
carcinoma (4.0%) and invasive lobular carcinoma (2.2%).

As shown in Table 1, a majority (58.9%) of patients
were diagnosed at stage I'V, while 17.4% were at stage II,
14.3% at stage 111, and only 9.4% at stage 1.

Distribution of Breast Cancer Cases

The Hot Spot Analysis (Figure 1) maps the spatial
distribution of breast cancer cases, revealing a high
concentration in the northeast and northwest regions
of Kelantan with 90% confidence. This spatial pattern
aligns to the spatial distribution of late-stage breast cancer
cases, as shown in Figure 2 a), where localized hot spots
indicate higher disease concentration. In contrast, due to
the sparse distribution of early-stage breast cancer cases,
a distinct hot spot could not be identified, as illustrated
in Figure 2 b).

Figures 3 a) and b), generated using ArcGIS, illustrate
the number of patients residing within a 10 km radius of
the nearest available hospitals. As shown in Table 2, there
was a significant association between breast cancer stages
and proximity (within 10 km) to hospitals, %> (1, N =224)
=19.47,P<0.001. Late-stage breast cancer patients were
more likely to reside within 10 km of a hospital (75.2%)
compared to early-stage patients (45.1%).

The spatial distribution of breast cancer cases in this
study was categorised into early-stage and late-stage
breast cancer. Interestingly, early-stage breast cancer
cases exhibited a random pattern (NNR: 0.92, Z-score:
—1.05, P = 0.292), as shown in Figure 4 b), compared
to the distribution in Figure 4 a) (NNR: 0.44, Z-score: —
13.18, P<0.001).
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Figure 1. Hot Spot Analysis Showing Spatial
Distribution of All Breast Cancer Cases at HPUSM, with
Clustering in Northern Kelantan
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Table 1. Demographics and Clinical Characteristics of Breast Cancer Patients (N=224).

Variable All patients (N = 224)
Age 52.2 (12.01)*
Affected breast side
Left 110 (49.1)
Right 104 (46.4)
Bilateral 10 (4.5)
Oestrogen receptor
Negative 75 (33.4)
Positive 149 (66.5)
Progesterone receptor
Negative 103 (45.9)
Positive 121 (54.0)
Biopsy
Invasive carcinoma of no special type (NST) 180 (80.4)
Invasive lobular carcinoma 6(2.7)
Invasive ductal carcinoma 12(5.4)
Mucinous carcinoma 6(2.7)
Others 20 (8.9)
Histopathology examination
Invasive carcinoma of no special type (NST) 156 (69.6)
Invasive lobular carcinoma 52.2)
Invasive ductal carcinoma 9 (4.0)
Mucinous carcinoma 5(22.2)
Others 49 (21.8)
Breast cancer stage
Stage | 21 (9.4)
Stage 11 39 (17.4)
Stage III 32 (14.3)
Stage [V 132 (58.9)

Values are presented as frequency (percentage). *Mean and standard deviation (SD)

Factors Associated with Metastatic (Stage IV) Compared
to Locally Advanced (Stage I1l) Disease among Late-Stage
Breast Cancer Patients

Table 3 shows univariable and multivariable analyses
on the predictors of metastatic disease among late-stage
patients. Using simple logistic regression, none of the
variables showed a statistically significant association
with metastatic disease among late-stage patients. In this
dataset, all variables were included in the multiple
logistic regression. Multiple logistic regression showed
that progesterone receptor status was the predictor of
metastatic disease among late-stage patients. The multiple
logistic regression analysis was conducted exclusively
on the late-stage patient subgroup (N = 164), comparing
metastatic disease (stage IV) as the dependent variable
against locally advanced disease (stage III) as the reference
category. The overall model demonstrated adequate fit,
confirmed by a non-significant Hosmer-Lemeshow test
(P>0.05). After adjustment for age, affected breast side,
oestrogen receptor, biopsy, and histopathology, the result
showed that PR-positive patients had 90% lower odds of
presenting with metastatic (stage IV) disease compared to

PR-negative patients (Adjusted odds ratio (AOR): 0.10,
95% CI: 0.01-0.89, P = 0.039). Age (P = 0.711), breast
side (P=0.530), and oestrogen receptor status (P=0.067)
were not significantly associated with metastatic disease
among late-stage patients.

Discussion

This study utilized a GIS-based analysis to assess
the spatial distribution of breast cancer in Kelantan and
identify factors associated with metastatic disease (stage
IV) compared to locally advanced disease (Stage III)
among patients at HPUSM. This study revealed that
most breast cancer cases were clustered in the northern
part of Kelantan, where HPUSM is located, consistent
with a previous spatial breast cancer study in Kelantan
[2]. Furthermore, Hot Spot Analysis found that late-stage
breast cancer cases were predominantly clustered in the
northern region of Kelantan. A similar study conducted
in Penang demonstrated comparable findings, suggesting
that major city locations contribute to the concentration
of cases [9].
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Table 2. Association between Breast Cancer Stages and Proximity to the Nearest Hospital (10 km Radius).
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Variable Breast cancer stage x2 (df) P-value®
Early-stage Late-stage

Distance from hospital

Within 10 km 32 (45.1%) 115 (75.2%) 19.47 (1) <0.001

More than 10 km 39 (54.9%)

38 (24.8%)

tPearson's chi-square test

Table 3. Predictors of Metastatic Disease (Stage V) compared to Locally Advanced Disease (Stage III) in the
Late-Stage Subgroup from Simple and Multiple Logistic Regression (N = 164).

Variable Simple logistic regression Multiple logistic regression™
Crude OR (95% CI) P-value  Adjusted OR (95% CI)  P-value
Age 0.99 (0.96, 1.03) 0.753 0.99 (0.96, 1.03) 0.711
Affected breast side
Left 1.33 (0.61,2.91) 0.477 1.33 (0.56, 3.18) 0.530
Right (Ref) 1 1
Oestrogen receptor
Negative (Ref) 1 1
Positive 1.06 (0.46, 2.47) 0.888 7.62 (0.87, 66.73) 0.067
Progesterone receptor
Negative (Ref) 1 1
Positive 0.58 (0.26, 1.30) 0.185 0.10 (0.01, 0.89) 0.039
Biopsy
Invasive carcinoma of no special type (NST) 1.37(0.35, 5.41) 0.653 3.00(0.18, 49.71) 0.444
Invasive lobular carcinoma — — — —
Invasive ductal carcinoma 1.67 (0.14, 20.58) 0.69 4.20(0.13, 138.69) 0.422
Mucinous carcinoma 1.00 (0.07, 13.64) 1 — —
Others (Ref) 1 1
Histopathology examination
Invasive carcinoma of no special type (NST) 0.92 (0.24, 3.54) 0.899 0.61 (0.05, 7.20) 0.696
Invasive lobular carcinoma — — — —
Invasive ductal carcinoma 1.64 (0.14, 19.39) 0.696 1.79 (0.10, 31.02) 0.689
Mucinous carcinoma 0.27 (0.03, 2.83) 0.276 — —

Others (Ref)

1

1

OR, odds ratio; CI, confidence interval; Ref, reference category; *All variables were included in the multiple logistic regression. The model
reasonably fits well. Model assumptions are met. There are no interaction and multicolinearity problems. Model fitness was confirmed by

the non-significant Hosmer-Lemeshow test (P > 0.05).

The mean age at diagnosis in this study was 52.2
years, indicating a relatively younger mean age compared
to census data reported in similar studies [9, 17, 24].
This finding is consistent with the known pattern of
breast cancer in Asia, where a higher proportion of cases
are diagnosed in pre-menopausal women compared to
Western nations. This earlier onset is likely attributable
to a combination of factors, including potential genetic
predisposition, differences in parity and reproductive
patterns, and recognised epidemiological trends among
Malay women in Malaysia and Southeast Asia [5, 25].
The clinical implication of this earlier age of onset is
critical, as these younger patients often present with more
aggressive disease subtypes and face longer periods of
potential life-years lost.

Previous study has concluded that the overall 5-year

survival rate of breast cancer patients in Malaysia remains
lower compared to developed nations [26]. This disparity
in survival, coupled with the tendency for diagnosis at a
younger mean age and later stage (as demonstrated by our
Stage IV vs. Stage III analysis), underscores an urgent
need for targeted public health strategies and enhanced
genetic screening programs aimed at high-risk populations
in Malaysia. The spatial clusters identified by our GIS
analysis should be the immediate focus of these efforts.
One of the important determinants of carcinoma
survival is early detection, which influenced by disease
awareness and the uptake of screening [27]. Notably,
even among high-risk women, a cross-sectional study
reported that the majority had poor knowledge about
breast cancer risk factors. Women with a family history
of breast cancer probably did not recognise their increased
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Figure 2. a) Hot Spot Analysis of Late-Stage Breast
Cancer Patients in HPUSM, b) Hot Spot Analysis of
Early-Stage Breast Cancer Patients in HPUSM.

risk and, consequently, presented with the same disease
stage as those with no family history [3].

This study provided valuable insights into the
comparative distribution of early- and late-stage breast
cancer patients in a single center. Late-stage presentation
has been attributed to strong beliefs in traditional
medicine, negative disease perception, poverty, poor
education, fear, and denial. A similar pattern of results
was obtained in Sabah, patients presenting with advanced
disease were also of lower socioeconomic status, limited
formal education, and predominantly rural residence [7].

Breast cancer survival depends on prognostic factors,
such as stage at first diagnosis, tumour size, menstrual
status, and histopathology [4]. Additionally, survival
is influenced by complex underlying factors including
population structure (age and ethnicity), socio-economic
status, and the availability of an effective healthcare
system, including screening programs that enhance
early detection of cases and accessibility to high-quality
treatment [5].

Building on these factors influencing breast cancer
survival, the TNM staging system is widely used to
facilitate patient management and enable comparison
between countries. Differences in screening practices,
poor health-seeking behaviour, and poor treatment
compliance may contribute to poorer prognosis among
Malays compared to other ethnic groups in Malaysia [8].

Delayed presentation remains very common, as
reported by a collaborative study in Malaysia, India, and
Hong Kong, where only 5.2% of breast cancer cases were

Aishah Md Salleh, et al: Spatial Distribution and Prognostic Factors of Late-Stage Breast Cancer

detected through mammographic screening. A study also
reported that patients with advanced disease were poor,
non-educated, and from rural areas [25]. In contrast, this
study mapped more cases of late-stage cases in areas
with greater screening accessibility, suggesting that many
patients had undergone screening before their diagnosis.
The clustered population was located within a 10 km
radius of the nearest available hospitals, which could at
least provide basic diagnostic methods, including clinical
evaluation, radiological imaging, or even histopathological
examination [7]. Additionally, the late-stage breast
cancer cases were found to be spatially clustered. This
geographical clustering carries significant public health
implications. The spatial analysis provides the necessary
data to inform policymakers where to deploy targeted
screening programs, such as mobile mammography units
or intensive community awareness campaigns, to intercept
the disease at an earlier stage. Furthermore, given the
predominantly Malay population in the study area, and
literature suggesting poorer prognosis among this ethnic
group [8], these identified geographical clusters represent
vulnerable areas where targeted intervention is critical to
address health disparities and improve overall survival
outcomes.

Our results demonstrated that most breast cancer cases
were diagnosed at a later stage, with 14.3% at stage [1I and
58.9% at stage IV. This finding is consistent with other
GIS study on colorectal cancer, which further emphasise
the need for early detection through mass screening [10]
to increase early-stage diagnoses and reduce the incidence
of later-stage cases. Comparatively, a study on the spatial
distribution of colorectal cancer staging showed variations
in stage-specific incidences [15].

In this study, spatial and temporal analysis using
GIS has shown that breast cancer clustering is highest in
urban areas, while cases in rural areas follow a random
distribution. Unlike conventional statistical methods, GIS-
based analysis allows for disease spread mapping, showing
whether cases spread towards-urban-agglomeration or
towards-rural-regions or both, helping to understand the
growth of urban facilities, lifestyle changes, and their
adaptation and acceptance in rural areas [28].

Furthermore, spatial analysis may help identify new
exposure hypotheses that warrant future epidemiologic
investigations with detailed exposure models. The
current analyses illustrate the usefulness of spatial and
temporal analyses in visualising cancer risk, adjusting
for confounding factors, and assessing the statistical
significance of location and time. Notably, the results of
this study showed that 90% of breast cancer cases are
located within a 10 km radius of the nearest hospital,
suggesting excellent accessibility to public hospitals. This
finding is consistent with a previous study on hospital
proximity and disease clustering [6].

The finding that late-stage breast cancer patients were
significantly more likely to reside within 10 km of a
healthcare facility appears counterintuitive and illustrates
a “Proximity Paradox.” In most settings, greater proximity
to healthcare facilities is expected to facilitate earlier
diagnosis [7-9]. However, in this study, patients living

194  Asian Pacific Journal of Cancer Care® Vol 11¢ Issue 2



apjcc.waocp.com

(m)
Jm

Figure 3. a) Distribution of Late-Stage Breast Cancer
Patients in HPUSM within a 10 km Radius of Hospitals,
b) Distribution of Early-Stage Breast Cancer Patients in
HPUSM within a 10 km Radius of Hospitals.

closer to hospitals presented with more advanced disease,
which may be explained by several contextual factors.
One possible explanation is referral bias, as HPUSM is
a tertiary referral centre that receives a high volume of
advanced cases from surrounding districts and primary or
secondary facilities within its immediate urban catchment
area. Similar clustering of late-stage or complex cases near
tertiary hospitals has been reported in other Malaysian GIS
studies [7, 8]. This referral pattern may therefore inflate
the proportion of late-stage cases among populations
residing near HPUSM.

Another contributing factor could be delayed health-
seeking behaviour among urban residents, despite their
physical proximity to healthcare services. Prior studies
in Malaysia have documented that women may postpone
medical consultation due to denial, fear of diagnosis,
competing responsibilities, or lack of social support [25].
Patients living near hospitals may perceive easy access
and thus delay presentation until symptoms become
severe. Together, these findings suggest that geographic
proximity alone does not ensure early detection. Instead,
behavioural, psychosocial, and system-level barriers must
also be addressed to improve timely diagnosis and reduce
late-stage presentation.

Our study investigated the predictors of metastatic
disease among late-stage patients using univariable and
multivariable analyses. Simple logistic regression did
not identify any variables with a statistically significant
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association with metastatic disease among late-stage
patients. However, multiple logistic regression analysis
showed that progesterone receptor (PR) status was
significantly associated with metastatic disease among
late-stage patients. This finding suggests that PR
expression may play a protective role in limiting disease
advancement, possibly due to its influences on tumour
aggressiveness and metastatic potential [18].

Notably, our results contrast with previous studies
that have primarily linked age at diagnosis and other
clinicopathological variables such as TNM staging,
molecular subtypes, and therapeutic options to breast
cancer progression [19, 20]. Others have shown that
tumours in younger and older patients exhibit biological
differences, primarily depended on the presence of
oestrogen and progesterone receptor positivity or hormone
sensitivity. Tumours that lack hormone sensitivity tend to
progress faster and may present at a higher grade at the
time of diagnosis [18]. In line with this, in the inferential
analysis, we found that PR negativity was independently
associated with a higher likelihood of being diagnosed
with metastatic disease (stage IV). While statistically
significant, the wide confidence interval (95% CI: 0.01-
0.89) indicates the imprecision of this estimate, suggesting
caution in interpreting the magnitude of the effect. PR-
negative status is classically linked to a more aggressive,
less differentiated tumor phenotype and resistance to
endocrine therapy, which aligns with poorer outcomes [29,
30]. Biologically, PR expression acts as a marker of a fully
functional Estrogen Receptor (ER) signaling pathway.
The presence of PR, which is regulated by ER activity,
often correlates with lower tumor proliferation rates and
better differentiation (e.g., Luminal A subtype), thereby
reducing the likelihood of metastatic spread at diagnosis
[31]. Our finding reinforces the clinical utility of hormone
receptor profiling, even when assessing differences among
late-stage disease, and highlights the need for tailored,
aggressive treatment planning for patients presenting with
this biological profile.

This study has several limitations that should be
considered. First, it was conducted at a single tertiary
referral center (HPUSM), may introduce selection bias
and as such, the patient population is limited by the local
demographic and the expertise of the treating physicians.
Given that HPUSM is located in Kubang Kerian, Kelantan,
the majority of the local population is Malay, with limited
representation from other ethnic groups. Furthermore,
this study only included patients who sought treatment
at HPUSM, even though there are nine major hospitals
in Kelantan. Patients treated at HPUSM may differ from
those seeking care at private or non-tertiary hospitals,
where earlier-stage cases are more likely to present.
Consequently, the findings may not fully reflect the
statewide distribution of breast cancer stages.

For standardisation purposes, the sample size was
drawn from patients treated prior to the Covid-19
pandemic, ensuring that the limitations or restrictions
imposed during the pandemic did not impact the data.
However, as a retrospective study, it is also dependent
on existing clinical records, which may be incomplete
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Figure 4. a) Average Nearest Neighbour Summary
for Late-Stage Breast Cancer Patients in HPUSM, b)
Average Nearest Neighbour Summary for Early-Stage
Breast Cancer Patients in HPUSM.

or subject to documentation biases. The use of patients’
residential addresses for spatial mapping also carries
a risk of geocoding inaccuracies and recall bias.
Additionally, this study did not explore other important
factors such as level of education, socioeconomic status,
HER2 status, detailed family history of breast cancer,
specific genetic information (such as BRCA status), and
precise quantification of patient or treatment delays,
comorbidities, and healthcare access which could play
a role in the progression and outcomes of breast cancer.
The absence of socioeconomic status data prevents us
from fully accounting for confounding factors; this
omission is a likely explanation for the counterintuitive
proximity finding, as lower socioeconomic status may
correlate with delayed help-seeking despite physical
access to care. These variables were not included due to
time constraints, but they would provide valuable insights
in future research, especially when examining differences
between early and late-stage breast cancer patients.
Third, the logistic regression was limited to comparisons
between stage III and stage IV breast cancer among
late-stage patients, rather than early versus late stages,
which restricts the interpretability of factors associated
with overall disease advancement. The inclusion of
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predictors with small subgroup counts (e.g., invasive
lobular carcinoma, n = 6) resulted in wide confidence
intervals and unstable odds ratios. We did not perform
post-hoc power analysis or apply penalized regression
techniques (such as Firth’s correction) due to sample size
constraints; these approaches are recommended for future
work to improve model stability and precision.

The spatial analysis was performed using Mukim-level
aggregation, which may be affected by the Modifiable
Areal Unit Problem (MAUP) and edge effects inherent
to administrative boundary analyses. Finally, we
acknowledge the need for sensitivity analysis regarding the
arbitrary 10 km proximity cut-off used in our descriptive
analysis. Future studies should test the robustness of this
finding using multiple radii (e.g., 5 km and 20 km). Despite
these limitations, the integration of clinicopathological
and spatial data provides valuable preliminary insight into
the geographic and biological determinants of late-stage
breast cancer in Kelantan.

In conclusion, this study found a significant clustering
of late-stage breast cancer cases and proximity to hospitals
is associated with the stage at which breast cancer is
diagnosed, with patients living closer to the hospital more
likely to present with late-stage disease. Additionally,
clinicopathological features specifically progesterone
receptor status, were found to be linked to metastatic
disease among late-stage patients, with PR-positive
patients showing lower odds of stage IV disease among
late-stage patients. These findings highlight the potential of
GIS for identifying high-risk areas and the importance of
PR status in predicting metastatic disease among late-stage
patients. The use of Geographic Information Systems
(GIS) can inform targeted early detection strategies such
as hotspot-based screening and mobile mammography
initiatives in high-risk communities while PR status
may serve as a useful marker for risk stratification and
personalized management among late-stage patients.
Future research integrating HER2 status, socioeconomic
factors, and healthcare access variables is warranted to
enhance predictive models and guide equitable cancer
control strategies.
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