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Objective: The incidence of gynecological cancer is high in China, and the effects of related 
treatments and preventive measures need to be improved.
Methods: This study uses GIS spatial analysis methods and a scanning statistical analysis to 
study the major gynecological cancers in northern Jiangxi Province from 2016 to 2018.
Results: The incidence and spatial pattern of cervical cancer, ovarian cancer, and uterine 
cancer had agglomeration characteristics and changes during the study period. The gyneco-
logical cancer had a spatial autocorrelation and agglomeration in its spatial pattern. The 
Moran’s Index of the overall gynecological cancer incidence rate was 0.289 (p = 0.005). 
Ripley’s L(d) function showed that the agglomeration radius was between 51.40 and 
52.82 km. The results of the kernel density estimation showed that the cases of gynecological 
cancer were concentrated in the central and northeastern areas of the study area. The overall 
county-level incidence of gynecological cancer varied from 0.26 to 11.14 per 100,000. The 
results of the gravity center analysis showed that the spatial distribution of the gravity center 
point of gynecological cancer had moved toward the east during the past three years. The 
results of a hotspot analysis showed that there were five hotspot areas that had gynecological 
cancers. The most likely clusters of gynecological cancer at the county level in northern 
Jiangxi Province were distributed in the adjacent areas of Jiujiang, Yichun, and Nanchang, 
with a relative risk of 1.85.
Conclusion: The research shows that GIS can display the distribution of cancer cases and 
can use spatial analysis methods and scanning statistical techniques to obtain key areas of 
cancer incidence. These results can provide data and key areas for the formulation of regional 
public health policies and provide recommendations for cancer screening and the rational 
allocation of health resources.
Keywords: gynecological cancer, cervical cancer, ovarian cancer, uterine cancer, spatial 
pattern, spatiotemporal heterogeneity, risk scanning, GIS spatial analysis

Introduction
According to the latest report from the International Agency for Research on 
Cancer (IARC), 18.1 million new cancer cases were added globally in 2018, of 
which 9.6 million were deaths, and the global cancer burden is further increasing.1 

Gynecological cancers are one of the primary types of cancers that affect women’s 
health and quality of life.2 Gynecological cancers account for approximately one- 
sixth of the number of cancers in females, of which cervical cancer, ovarian cancer, 
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and uterine cancer are the most common types of gyneco-
logical cancers.3–5 About 80% of global gynecological 
cancers occur in developing countries, accounting for 
about 15% of female cancers. The areas with higher inci-
dence rates are distributed in Africa, Central Asia, South 
Asia and Southeast Asia.6,7 In 2018, there were approxi-
mately 570,000 new cases of cervical cancer worldwide 
and more than 311,000 deaths.8 Statistics in the United 
States show that,6 there were 110,070 newly diagnosed 
gynecological cancer patients in 2018, of which 32,120 
died. There are approximately 130,000 new cases of cer-
vical cancer each year in China, accounting for one-third 
of new cases worldwide.7

Relevant research9,10 has shown that gynecological 
cancers are characterized by many types, a wide age dis-
tribution, and complicated disease factors. Gynecological 
cancers have characteristics of high morbidity, high mor-
tality, and recurrence.11,12 Moreover, rational use of some 
technical methods to study the spatial distribution of gyne-
cological cancer and identify areas with high incidence of 
gynecological cancer can help improve the efficiency of 
early screening. In particular, the late treatment of gyne-
cological cancer is not effective. Therefore, early detec-
tion, early treatment, and advance prevention have 
become trends in cancer prevention.13–15 In recent years, 
with the promotion of the cervical cancer vaccine, preven-
tion strategies for related gynecological cancers have sig-
nificantly improved.16,17 However, many gynecological 
cancer vaccines still require further research and develop-
ment. The improvement of preventive gynecological can-
cer strategies has become a major research direction in 
recent years.18–22

Due to the development of geospatial information tech-
nologies in recent years, GIS and related technologies 
have been fully applied to discover the early spatial dis-
tribution of diseases and early screening studies in poten-
tial disease areas.23,24 GIS and spatial exploration 
technologies have played an important role in fields such 
as influenza,25 hand, foot and mouth disease,26,27 AIDS,28 

schistosomiasis,29 cancers,30–38 and other diseases, helping 
to detect the spatial distribution patterns and potential 
pathogenic factors.39 In particular, spatial and temporal 
heterogeneity analysis techniques, such as spatial 
autocorrelation,40 cold and hot spot detection,41 and spatial 
scanning statistics,42 have played increasingly important 
roles in the detection of the spatial distribution pattern of 
diseases, detecting areas of high and low incidence of 

disease, and the quantitative calculation of the relative 
risks of diseases.43

The spatial distribution patterns and evolution laws of 
cancer cases can help administrative departments to make 
reasonable health policies. In addition, this information 
can provide a decision-making basis for cancer prevention, 
screening, and the rational allocation of public health 
resources.44 Related studies45,46 have shown that the 
onset factors of cancers are complicated. In addition to 
genetic and variability factors, the geographical environ-
ment is also an important factor that can affect the inci-
dence of cancers.47,48 A spatial analysis of cancer cases 
can provide theoretical hypotheses and research directions 
for the role of related environmental factors in the patho-
genesis of cancers. It can also provide data support for 
a rational formulation of cancer diagnosis and 
treatment.49,50 Related studies51,52 have also found that 
gynecological cancers can have significant clustering char-
acteristics in their spatial distributions, and they can also 
have characteristics of complex influencing factors. 
Therefore, the application of geographic information tech-
nology in the spatial analysis of gynecological cancers can 
improve prevention and promote the formulation of regio-
nal gynecological screening policies.53

Spatial analysis and scanning statistics have rarely 
been used in the study of gynecological cancers in 
China, and this study selected the northern Jiangxi 
Province area in the Yangtze River Valley as the research 
area. The objective of this study is to explore regional 
gynecological cancer screening and identification methods 
for high-risk areas through GIS spatial analysis methods. It 
is generally believed that the spatial distribution of gyne-
cological cancer may be affected by lifestyle and socio- 
economic development.54 Therefore, this study hopes to 
use case studies to try to discover the socioeconomic 
factors that affect the spatial distribution of gynecological 
cancer. This research also provides decision support for 
regional cancer screening and prevention policy formula-
tions, and it provides a reference for the formation and 
detection of geographic cancer risk factors.

Materials and Methods
Study Area
This study used northern Jiangxi Province in China as the 
research area (Figure 1). The regional geographical range 
is between 113°34′36″–118°28′58″E and 25°51′04″–30° 
04′41″N. The area of the study area is approximately 
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127,000 square kilometers, and the population is approxi-
mately 36.83 million. Hills, mountains, and basins dom-
inate the overall terrain of the study area, and valleys are 
widely distributed in the central and southern regions. The 
north consists of the Poyang Lake Plain. The primary 
tributary of the Yangtze River, the Gan River, runs through 
the entire study area from the south to the north and is the 
primary water source river in the region.55 The study area 
is divided into 10 prefecture-level cities and 73 county- 
level administrative areas, with an urbanization level of 
approximately 57%.56 Northern Jiangxi Province is an 
important part of the urban agglomeration in the middle 
reaches of the Yangtze River in China. At the same time, 
the region is located in the central economic belt of China, 
and its economic and social development is at the national 
average level, which is well represented. On the other 
hand, because most of the economic and social activities 
in southern Jiangxi Province are organized by the regional 
central city Ganzhou. Considering that the Jiangxi 
Provincial Cancer Center is located in northern Jiangxi 
Province, and its data mainly represents the northern 
region, this study selects North Jiangxi Province as the 
study area. According to data from the sixth census in 
2010, the population of North Jiangxi Province is 
36.19 million.57

Spatialization of Case Data
The gynecological cancer case data from the Jiangxi 
Provincial Cancer Center from 2016 to 2018 were col-
lected. Classification and coding according to the 
International Classification of Diseases Tenth Edition 
(ICD-10) standards, including C53.9, C56 and C55. It 
should be noted that this study only included cervical 
cancer, ovarian cancer and uterine cancer, not breast can-
cer. Since gynecological tumors generally refer to female 
reproductive system cancers, the diagnosis and treatment 
of breast cancer are relatively independent. Therefore, 
considering the convenience of data acquisition, breast 
cancer is not included in this study.

Microsoft Access 2010 database software and ArcGIS 
10.2 geographic information system software for database 
construction and spatial information management were 
used in this study. To identify the spatial attribute informa-
tion of the case data, the Baidu map address space match-
ing interface (http://api.map.baidu.com/) was used to 
obtain the latitude and longitude coordinates of the resi-
dential addresses of each specific medical record to 
achieve the precise spatialization of cancer patients. Two 
hundred and seventeen cases of missing addresses or diag-
nostic information were not counted, which account for 
4.21% of the total. The data of gynecological cancers 

Figure 1 Location map and administrative division of the study area.
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totaled 4938 cases, including 2161 cases of cervical can-
cer, 1992 cases of ovarian cancer, and 785 cases of uterine 
cancer. The population data were obtained from the 
county-level data of the sixth census in the Jiangxi 
Statistical Yearbook (http://tjj.jiangxi.gov.cn/). In this 
study, the cancer incidence data has not been age- 
adjusted, and directly uses the ratio of the number of 
cancers to the total population of the region as the cancer 
incidence. It should be noted that the cancer data used in 
this study did not come from census or registration data. 
The incidence rate in this study only represents the ratio of 
the regional cancer case data to the population.

The GIS data for administrative divisions originated 
from the Geospatial Data Cloud of the Chinese Academy 
of Sciences (http://www.gscloud.cn/). The geographic 
information data adopted the WGS_1984 coordinate sys-
tem, and the projection method was the 
WGS_1984_Plate_Carree system.

Research Methods
Point Pattern Analysis
A standard deviational ellipse is often used to analyze the 
spatial distribution direction, centrality, and overall char-
acteristics of points.58,59 The long axis of the ellipse repre-
sents the maximum diffusion direction of the overall 
spatial distribution, the short axis represents the minimum 
diffusion direction, and the center of the ellipse represents 
the centrality of the overall distribution of each sample 
point. The rotation angle (θ) is expressed by the angle 
between the long axis of the ellipse and the north direc-
tion, indicating the spatial distribution of the sample 
points. The size of the standard deviation ellipse area can 
indicate the degree of dispersion of the sample point dis-
tribution. The smaller the area, the more concentrated the 
distribution is near the center. The ellipse equation and the 
center of gravity coordinates were calculated using 
ArcGIS 10.2 software (Environmental Systems Research 
Institute, Inc. Redlands, CA).

Spatial Autocorrelation and Ripley’s K Function
The overall spatial differentiation can be identified using 
Moran’s Index. This method was first proposed by Moran 
in 1950 and is now widely used to detect the spatial 
heterogeneity of diseases.60,61 It is generally believed 
that the index value is in the range of [−1, +1]. The closer 
to −1 indicates that the spatial distribution of the disease 
has a high negative correlation; and vice versa. The rele-
vant equation is:

Moran0s Index ¼
∑ij xi � �xð Þ xj � �xð Þ

S2 ∑n
ij wij

(1) 

where xi denotes the sample value of the disease in the 
region; �x denotes the mean; wij denotes the spatial weight 
matrix; and S2 denotes the mean square error. The calcula-
tion of the spatial weight matrix is carried out by Geoda 
software, which is defined as 1 if two regions are adjacent 
to each other, otherwise it is recorded as 0.

Ripley’s L(d) function is an analysis method based on 
the pattern of event points that can detect structural infor-
mation, such as the aggregation state, peak position, and 
spatial scale of disease cases at different spatial distances. 
Ripley’s K function62,63 can measure the change in point 
pattern with distance. Therefore, this method can analyze 
the dot pattern characteristics at any scale. Ripley’s K(d) 
represents the ratio of the number of points in the radius of 
the observation range to the point density in the area. The 
calculation method is:

KðdÞ ¼ A ∑
n

i
∑
n

j

wijðdÞ
n2 (2) 

where A denotes the total area of the study area; n is the 
number of residential points; and wij dð Þ is the number of 
points within a distance d. To maintain the stability of 
variance, the general treatment is to perform a square 
root transformation, which is:

LðdÞ ¼
ffiffiffiffiffiffiffiffiffiffi
KðdÞ

π

r

(3) 

When L(d)-d>0, this indicates that the spatial point pattern 
is in an aggregated state. When L(d)-d<0, this indicates 
that the spatial point pattern is in a discrete state. The 
value of the L(d) is the strength of the aggregation. The 
larger the value, the higher the degree of aggregation. If 
L(d) exceeds the confidence interval generated by the 
Monte Carlo simulation, this means that the degree of 
aggregation or dispersion is significant.64

Kernel Density Estimation
Kernel density estimation is a non-parametric test 
method,65 which can be used to analyze the density of 
spatial point distribution. The basic principle is to estimate 
the theoretical distribution of the sample points in the area 
through the kernel density function, and convert the dis-
crete sample point density into a spatially distributed den-
sity value. Kernel density analysis can identify the 
concentrated area of the distribution of spatial point ele-
ments, that is, the area with a large number of patients.66 
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Through the conversion of kernel density estimation, it is 
possible to smooth the area with fewer cancer patients, and 
obtain the overall spatial distribution of the number of 
patients. The calculation method is:

Fn xð Þ ¼
1
nr

∑
n

i¼1
k

x � xi

r

� �
(4) 

where k(·) is the kernel function, r is the analysis radius, 
and x � xi is the distance between the point x to be esti-
mated and the sample point xi.

Getis-Ord Cold and Hotspot Analysis
Getis-Ord cold and hotspot analysis can refine the identifica-
tion of local high-risk and low-risk areas on the basis of 
global spatial autocorrelation.41,60 The calculation method is:

G�i ¼
∑j wijxj � �x ∑j wij

S
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½n ∑j w2

ij� ∑j wijÞ2ð �
n� 1

q (5) 

where n is the total number of samples, �x is the mean, wij 

is the spatial weight matrix, and S is the standard devia-
tion. Generally, Gi will be standardized:

Z G�i
� �

¼
G�i � E G�i

� �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var G�ið Þ

p (6) 

where EðGiÞ is the expected value and VarðGiÞ is the 
variance. The normalized value of Gi can be used to 
identify cold and hotspots in the research area.

SaTScan Risk Scan
SaTScan spatiotemporal scanning can provide 
a quantitative risk value of disease incidence, which has 
advantages in identifying and detecting risk areas. 
SaTScan spatial risk scan statistics can adaptively perform 
multiple scans and risk value calculations in the study area 
based on the incidence rate and inter-regional population 
base.67 Because it does not need to define the size and 
position of the scanning window in advance, it has been 
widely used in the detection of regional disease risk.68,69 

SaTScan spatial risk scan statistics use log likelihood ratio 
(LLR) to judge high-value risk areas. The calculation 
method is:

LLR ¼ log
c
n
� �c C� c

N � n
� �C� c

C
N
� �C

" #

(7) 

where LLR is the log likelihood ratio, N and n are the total 
population in the area and the window, respectively, and 
C and c represent the number of cases or events in the area 
and the window.

Results
Regional Cancer Incidence
By using the spatial statistics of 73 county-level units in 
northern Jiangxi Province from 2016 to 2018, the three- 
year average incidence rates of cervical cancer, ovarian 
cancer, uterine cancer, and overall gynecological cancer 
were obtained (Figure 2). The results showed that the 
incidence of cervical cancer was 0.22 to 7.39/100,000; 
the incidence of ovarian cancer was 0.00 to 5.76/ 
100,000; the incidence of uterine cancer was 0.0 to 2.08/ 
100,000; and the overall incidence rate varied from 0.26 to 
11.14/100,000. In addition, by using the Jenks natural 
break classification method, all of the county-level regio-
nal incidence rates were divided into five categories. 
Among them, red represents the high-risk areas of cancer 
incidence and green represents low-risk areas. Figure 2 
shows that the high-risk areas of cervical cancer were 
primarily concentrated in the northwest and southeastern 
regions. The high-risk areas of ovarian cancer were pri-
marily concentrated in the central and southern areas; and 
the high-risk areas of uterine cancer were primarily con-
centrated in the central, western, and southern areas. The 
overall high-risk areas for gynecological cancer were pri-
marily concentrated in the western and central regions. 
Overall, the western mountainous areas and central urban 
areas of the North Jiangxi Province were found to be high- 
risk areas for gynecological malignancies, and the risk of 
morbidity in the northeast and southwest areas was found 
to be relatively low.

Characteristics of Spatial Point Pattern
The results of the standard deviation ellipse analysis of 
gynecological cancer in northern Jiangxi Province 
(Figure 3) showed that the spatial patterns of ovarian 
cancer and uterine cancer were relatively close, and the 
spatial distribution area of cervical cancer was the largest. 
In terms of the ellipse major axis direction, ovarian cancer 
and uterine cancer were toward the north and east direc-
tions at 57.28° and 55.58°, respectively; and the cervical 
direction was toward the northeast at 69.23°. The overall 
spatial center of gynecological cancer was distributed 
between Nanchang County and Fengcheng from 2016 to 
2018. The overall trend was from west to east, indicating 
that gynecological cancer in northern Jiangxi Province had 
moved to the east during the past three years. The results 
of the standard deviation ellipse analysis showed that the 
distribution of ovarian cancer and uterine cancer was more 
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consistent, while the distribution of cervical cancer and 
other gynecological cancers displayed a difference.

Spatial Autocorrelation Features
The calculation results of the global spatial autocorrelation 
(Table 1) show that the incidence of cervical cancer, ovar-
ian cancer, uterine cancer, and the overall gynecological 
cancer Moran’s Index are greater than 0. This indicates 
that the spatial distribution of the incidences of various 
types of gynecological cancers in northern Jiangxi 
Province have spatial autocorrelation. However, the 
Moran’s Index for uterine cancer was only 0.003, and the 
p-value was 0.924, which fails the relevant confidence test, 
which still has insignificant spatial autocorrelation. The 

Moran’s Index of cervical cancer was 0.179, which had 
a strong spatial concentration, but the p-value was 0.066, 
which just satisfies the 90% confidence test. The inci-
dences of ovarian cancer and overall gynecological cancer 
had a high spatial autocorrelation in the spatial distribution 
of the research region, and the Moran’s Index value was 
0.257 (p-value = 0.011) and 0.289 (p-value = 0.005) 
respectively, which was significantly higher than the 
expected index value. This also showed that regions with 
high incidence rates were adjacent to regions with high 
incidence rates, and regions with low incidence rates were 
adjacent to regions with low incidence rates.

By using the kernel density estimation tool of the 
ArcGIS platform, the spatial distribution pattern of the 

Figure 2 Spatial distribution of gynecologic cancer incidence in northern Jiangxi Province from 2016 to 2018. (A) Cervical cancer. (B) Ovarian cancer. (C) Uterine cancer. 
(D) Total gynecological cancer.
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overall regional cancer cases was obtained. It can be 
concluded from Figure 4 that the majority of cervical 
cancer patients aggregated in Nanchang, and Xiushui 
and Jingdezhen were the secondary gathering centers 
within northern Jiangxi Province. The estimates of the 
kernel density of patients with ovarian cancer and uter-
ine cancer further showed that the primary cluster cen-
ters were in the middle of Nanchang and northeast of 
Jingdezhen. The kernel density map of the overall spa-
tial distribution of gynecological cancer patients in 
northern Jiangxi Province showed that Nanchang City, 
Yichun, and Jingdezhen in the middle were the main 
agglomeration belts, and Xiushui County in the north-
west was the secondary aggregation center. By using the 
kernel density estimation of the resident address coordi-
nate points of gynecological cancer patients in the study 
area, the concentrated area of the population of gyneco-
logical cancer in the region was obtained intuitively, 

providing a basis for future prevention and the alloca-
tion of public health resources.

Spatial Autocorrelation Scale
Using ArcGIS 10.2 and Crimestat 3.3 software, a Ripley’s 
L(d) function analysis of the incidence rate data of gyne-
cological cancer in northern Jiangxi Province from 2016 to 
2018 was performed. The results are shown in Figure 5. 
When the observed value is greater than the expected 
value and exceeds the range of the confidence interval, 
this indicates that the spatial distribution was clustered. 
The distance of the peak area of the L(d) function value 
represents the radius value of the concentration range. 
Based on these two criteria, the L(d) function values of 
the cervical cancer incidence rate, ovarian cancer inci-
dence rate, uterine cancer incidence rate, and overall gyne-
cological cancer incidence rate in northern Jiangxi 
Province significantly exceeded the confidence interval 

Figure 3 Standard deviation ellipse of gynecological cancer in northern Jiangxi Province and the changing trend of the center of gravity.

Table 1 Moran’s Index Value Distribution of Overall Gynecological Cancer Incidence in Northern Jiangxi Province

Cancer Moran’s Index Expected Index Variance Z-Score p-value

Cervical 0.179 −0.013 0.011 1.831 0.066

Ovarian 0.257 −0.013 0.011 2.513 0.011
Uterine 0.003 −0.013 0.011 0.094 0.924

Total 0.289 −0.013 0.011 2.802 0.005
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(Figure 5). The radius of the first agglomeration peak area 
is between 51.40 and 52.82 km, and the agglomeration 
intensity is between 17.44 and 29.07. The radius of 
the second agglomeration peak area is between 89.95 and 
105.60 km, and the agglomeration intensity is between 
19.75 and 32.79 (Table 2).

Evolution of Agglomeration Pattern
The results of the Getis-Ord cold and hotspot analysis 
showed that (Figure 6) the number of cold and hotspots 
of the different types of gynecological cancers changed, 
but the overall results remained stable. There were 7 and 7 
hot spots for cervical cancer at the county level, 5 and 8 
for ovarian cancer, and 5 and 6 for uterine cancer accord-
ing to the two analyses. There were 7 and 10 hot spots for 

total gynecological cancer at the county level. Cervical 
cancer had two hot areas at the county-level administrative 
regions that exceeded the 99% confidence, namely, 
Xiushui and Tonggu. One county-level administrative 
region of ovarian cancer had a hot spot with a 99% con-
fidence level, which was Anyi County. Uterine cancer had 
a county-level administrative area with a hotspot of over 
99% confidence, which was Chongren County. There were 
five hotspot areas with gynecological cancer with more 
than 95% confidence, namely, Fengxin (99% confidence) 
and Xiushui, Tonggu, Jingan, and Anyi (95% confidence).

Results of Spatial Scanning
The scanning statistics showed that (Table 3, Figure 7) the 
most likely area of cervical cancer incidence in northern 

Figure 4 Estimation map of the spatial distribution of kernel density in patients with gynecological cancer in northern Jiangxi Province.
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Jiangxi Province was primarily distributed in the north-
west of the study area. This primarily included western 
Jiujiang City and northern Yichun City, the relative risk 
value was 2.63. The secondary possible agglomeration 
area was primarily distributed in the northeast of the 
study area, mainly including some counties in Shangrao 
and Jingdezhen, and its relative risk value was 1.64. The 
most likely cluster area of ovarian cancer incidence was 
primarily distributed in the combined areas of Jiujiang, 
Yichun, and Nanchang, with a relative risk value of 2.30. 
The secondary possible cluster area was distributed in the 
adjacent area of Yichun and Jian in the middle of the study 

area, and its relative risk value was 1.91. The areas with 
the highest possible concentration of uterine cancer were 
primarily distributed in the urban area of Nanchang City 
and Anyi County, with a relative risk value of 2.49. The 
secondary possible concentration area was distributed in 
Fuzhou and surrounding areas in the southeast of the study 
area, with a relative risk value of 1.76. The most likely 
clusters of gynecological cancer in northern Jiangxi 
Province were primarily distributed in the adjacent areas 
of Jiujiang, Yichun, and Nanchang, with a relative risk of 
1.85. The secondary possible cluster area appeared in 
Jingdezhen and Shangrao City in the northeast of the 

Figure 5 Ripley’s L(d) function graph of gynecological cancer incidence in northern Jiangxi Province. (A) Cervical cancer. (B) Ovarian cancer. (C) Uterine cancer. (D) Total 
gynecological cancer.

Table 2 Spatial Clustering Characteristics of L(d) Function for Gynecological Cancer in Northern Jiangxi Province

Cancer First Peak Area Second Peak Area

Radius/km L(d) value Area/km2 Radius/km L(d) value Area/km2

Cervical 52.78 17.44 8747.19 105.60 19.75 35,015.27

Ovarian 51.40 29.07 8295.75 89.95 32.79 25,405.75
Uterine 51.90 25.24 8457.94 90.82 24.08 25,899.58

Total 52.82 24.92 8760.45 92.43 29.29 26,825.98
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study area, with a relative risk value of 1.53. The log 
likelihood ratio of the scan statistical results in this study 
ranged from 12.36 to 109.72, and all passed the p < 0.001 
confidence test. This indicated that the identification of 
risk areas for gynecological cancer incidence in the study 
area had statistical significance.

Discussions
The incidence of gynecological cancer is high in China, 
and the related treatment effects still need to be improved. 
This produces heavy family burdens and high public 
health expenditures. This study used GIS spatial analysis 
methods and a scan statistical analysis to study the major 
gynecological cancers in northern Jiangxi Province, China 

from 2016 to 2018. The main findings follow. The inci-
dence rate of cervical cancer was 0.22–7.39/100,000; the 
incidence rate of ovarian cancer was 0.00–5.76/100,000; 
the incidence rate of uterine cancer was 0.00–2.08/ 
100,000; and the overall incidence of gynecological cancer 
varied from 0.26 to 11.14/100,000. The most likely clus-
ters of cervical cancer were primarily distributed in the 
northwestern part of the study area, and these included the 
western county of Jiujiang City and northern Yichun City, 
with a relative risk value of 2.63. The most likely concen-
tration area of ovarian cancer was primarily distributed in 
the combined area of Jiujiang and Yichun in Nanchang, 
with a relative risk value of 2.30. The areas with the 
highest possible concentration of uterine cancer were 

Figure 6 Spatial distribution of cold and hotspots in the incidence of gynecological cancer in northern Jiangxi Province. (A) Cervical cancer. (B) Ovarian cancer. (C) Uterine 
cancer. (D) 2016–2018 gynecological cancer.
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primarily distributed in Nanchang City and Anyi County, 
with a relative risk value of 2.49. The most likely clusters 
of gynecological cancer in northern Jiangxi Province were 
primarily distributed in the adjacent areas of Jiujiang, 
Yichun, and Nanchang, with a relative risk of 1.85.

The cancer data used in this study just came from the 
Jiangxi Provincial Cancer Center. Due to the lack of census 
data or cancer registration data across the province, the 
results of the study are somewhat different from the actual 
spatial distribution of gynecological cancers in the study 
area. Considering that the Jiangxi Provincial Cancer Center 
is the largest cancer research and treatment institution in the 
study area, and is located in the central city of the study area, 
patients cover the entire study area. Therefore, it can be 
considered that the medical record data of this institution is 
representative and can be used to understand the spatial 
distribution pattern of cancer in the region.

When calculating the incidence rate in this study, the 
population data used came from the latest version of the 
2010 Census. This will reduce the accuracy of the results to 
a certain extent. Considering that from 2010 to 2018, the total 
population of North Jiangxi Province only increased from 
36.19 million to 36.66 million,57 the error of using the 2010 
census data is not too great. At the same time, using the 2010 
census data can improve the data accuracy at the county 
level. When calculating the incidence rate, considering the 
difference between the number of cancers after spatial 
smoothing interpolation and the true value, the original data 
of the number of cancers are used.

The gynecological cancer case data in this study were 
obtained from the case data group of the Jiangxi Cancer 
Center, which should be theoretically smaller than the actual 
number of regional cancers. Due to this, the Jiangxi 
Provincial Cancer Center is the largest cancer research insti-
tution in Jiangxi Province, and its case data have representa-
tiveness. Therefore, the spatial pattern and distribution laws 
obtained by this research have reliability. This study used 
GIS spatial analysis and scanning statistical analysis methods 
to study the spatial distribution pattern, structure, and 
agglomeration regularity of major gynecological cancers, 
such as cervical cancer, ovarian cancer, and uterine cancer, 
in northern Jiangxi Province. In addition, the spatial scan 
statistics revealed high-risk areas and relative risk values on 
the county scale. This research provides a reference for 
regional public health policy formulation, cancer screening 
key areas, and related disease risk detection.

It is generally believed that the spatial distribution of 
gynecological cancer may be affected by lifestyle and socio- 
economic development.54 There are many factors that affect 
the incidence of gynecological cancers, such as genetics, 
living environment, lifestyle, and socioeconomic factors. 
These factors influence the incidence and treatment of 
gynecological cancer.70 General screening can increase the 
early diagnosis of gynecological cancer.71 Many studies in 
recent years have shown that the social factors of gyneco-
logical cancer causes affect its incidence72 and are impor-
tant from the perspective of the epidemiological 
characteristics of gynecological cancer. The incidence of 

Table 3 Statistical Value of Spatial SaTScan Scan of Gynecological Cancer Incidence in Northern Jiangxi Province

Cancer Cluster 
Type

Location Number of 
Cases

Expected 
Cases

Log Likelihood 
Ratio (LLR)

Relative 
Risk (RR)

p value

Cervical Most likely Wuning, Jingan, Ruichang, Fengxin, 

Dean, Xiushui

314 131.30 99.56 2.63 <0.001

Secondary Leping, Jingdezhen, Wannian, 

Dexing, Poyang

299 193.00 27.79 1.64 <0.001

Ovarian Most likely Anyi, Nanchang City, Yongxiu, 

Jingan, Fengxin

381 185.55 89.64 2.30 <0.001

Secondary Zhangshu, Gaoan, Xingan 171 93.36 27.45 1.91 <0.001

Uterine Most likely Nanchang City, Anyi 124 55.04 35.12 2.49 <0.001
Secondary Dongxiang, Yujiang, Jinxi, Jinxian, 

Fuzhou

103 62.15 12.36 1.76 <0.001

Total Most likely Anyi, Nanchang City, Yongxiu, 

Jingan, Fengxin

790 459.98 109.72 1.85 <0.001

Secondary Leping, Jingdezhen, Wannian, 

Dexing, Poyang

643 441.02 45.07 1.53 <0.001
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gynecological cancer in undeveloped countries is higher 
than in developing countries.73 The results of hotspots ana-
lysis and scanning statistics show that Tonggu, Xiushui, 
Jingan, Fengxin and other counties in the northwest of the 
study area are all areas with high incidence of gynecological 
cancer. The socio-economic status of this area is an under-
developed area. The secondary risk areas are also mostly 
located in economically underdeveloped counties. The spa-
tial distribution of ovarian cancer and uterine cancer in 
Nanchang city is a risk area, which is probably due to the 
better economic conditions in the area, better medical con-
ditions and proximity to the Jiangxi Cancer Center. This 
also shows that better medical conditions can improve the 
preventive effect.

Limited by the data source and region, this study only 
analyzed the gynecological cancer data in northern Jiangxi 
Province for 3 years. In the future, it is possible to collect 
more abundant cancer medical record data and population 
data, obtain a more precise spatial distribution pattern, and 
provide reasonable policy recommendations for the 
rational formulation of regional cancer prevention and 
screening.

Conclusions
This study uses spatial analysis methods and scanning 
statistical methods to analyze the data of gynecological 
cancers in northern Jiangxi Province from 2016 to 2018. 
The results show that regional medical record data can 

Figure 7 Spatial clustering and relative risk distribution of gynecological cancer incidence spatial SaTScan in northern Jiangxi Province. (A) Cervical cancer. (B) Ovarian 
cancer. (C) Uterine cancer. (D) Total gynecological cancer.
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better achieve spatial matching and visualization through 
address conversion. Through point pattern analysis, spatial 
autocorrelation, Kernel density estimation, cold and hot-
spot analysis and scanning statistics, we can comprehen-
sively identify the regional cancer distribution pattern and 
its changing process. The research results can provide 
a rational policy reference for future regional cancer treat-
ment resource allocation and cancer prevention screening.
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