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Abstract

Objective: To investigate the epidemiological characteristics of esophageal cancer in Kailu County, Inner Mongolia Autonomous
Region, from 2009 to 2022, and to predict trends in the incidence of esophageal cancer in the county from 2023 to 2025. Methods:
Based on data on esophageal cancer incidence, mortality, and registered population in Kailu County from 2009 to 2022, crude
incidence (mortality) rates, incidence (mortality) rates standardized to the Chinese population, and incidence (mortality) rates
standardized to the world population were calculated by stratifying data by sex and age; The Joinpoint regression model was
used to calculate the annual percentage change (APC) in China-standardized rates, and the autoregressive integrated moving
average (ARIMA) model was employed to forecast trends in esophageal cancer incidence for 2023-2025. Results: From 2009
to 2022, the crude incidence and crude mortality rates of esophageal cancer in Kailu County were 25.31 per 100,000 and 20.58
per 100,000, respectively; the China-standardized incidence (mortality) rates were 23.59/100,000 (19.25/100,000), and the
world-standardized incidence (mortality) rates were 22.09/100,000 (17.50/100,000); For men, all three incidence and mortality
indicators were significantly higher than those for women (P < 0.05); the China-standardized incidence rate of esophageal cancer
in the county showed an upward trend from 2009 to 2013 (APC = 12.86%, P = 0.23) and a year-on-year decline from 2013 to
2022 (APC =—12.66%, P < 0.05); The China-population-standardized mortality rate showed an upward trend from 2009 to 2013
(APC = 39.81%, P < 0.05) and a downward trend from 2013 to 2022 (APC = —9.12%, P < 0.05); The ARIMA(0,1,0) model
predicts that the age-standardized incidence rate of esophageal cancer in the county will continue to decline from 2023 to 2025,
with an estimated rate of 6.40 per 100,000 by 2025. Conclusion: From 2009 to 2022, the epidemiological characteristics of
esophageal cancer in Kailu County were characterized by an initial rise followed by a decline in both incidence and mortality
rates, with significant differences observed by age and gender; Although the incidence of esophageal cancer in the county is
projected to drop to a relatively low level by 2025, the disease burden remains severe. Continuous monitoring of esophageal
cancer is necessary, along with strengthened prevention and control efforts—including public awareness campaigns and
interventions targeting high-risk populations—to reduce the disease burden.
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1. Introduction

According to a cancer statistics report by the International
Agency for Research on Cancer (IARC) of the World Health
Organization, esophageal cancer ranked 11th in global cancer
incidence and 7th in cancer mortality in 2022 [1]. The situa-
tion in China is equally grim. Studies show that in 2022, there
were 224,012 new cases of esophageal cancer and 187,467
deaths in China, accounting for 43.8% and 42.1% of global
cases and deaths, respectively. China ranked first globally in
both incidence and mortality rates [2]. Given China’s large
population, even though the incidence and mortality rates of
esophageal cancer are showing a gradual decline, the disease
burden it imposes remains higher than in other countries [3].
In addition, the distribution of esophageal cancer in China var-
ies by region [4], and the patterns of change differ across prov-
inces. As the earliest rural cancer surveillance site in the Inner
Mongolia Autonomous Region, Kailu County has comprehen-
sive esophageal cancer data covering a long time span (from
2009, when records were first entered into the cancer registry,
to the present). This study systematically analyzes the inci-
dence and mortality data for esophageal cancer in Kailu
County from 2009 to 2022 to describe its epidemiological
characteristics and trends. It also uses an ARIMA model to
forecast trends in standardized incidence rates for 2023-2025,
providing early warnings to local authorities and a scientific
basis for formulating prevention and control strategies.

2. Materials and Methods

2.1. Data Sources

The data on esophageal cancer in this study were sourced
from the cancer registry records of the Kailu County Cancer
Registry for the period 2009-2022. These records include new
cases and deaths from esophageal cancer in Kailu County,
along with corresponding household registration information.
Data from the Kailu County surveillance site has been in-
cluded multiple times in the annual cancer reports of both the
national government and the Inner Mongolia Autonomous Re-
gion. Esophageal cancer (C15) was identified using the Inter-
national Classification of Diseases, 10th Revision (ICD-10)
coding system and reported by medical institutions in Kailu
County via an online system.

2.2. Quality Control

Data from Kailu County were coded strictly in accordance
with the ICD-10 and the International Classification of Dis-
eases, Oncology (3rd edition) (ICD-O-3) standards. Data
completeness was assessed based on the *Chinese Cancer
Registry Work Manual* (2016 edition) and the inclusion and
exclusion criteria of the International Agency for Research on

41

Cancer [5, 6], and the reported data were ultimately checked
for completeness, validity, and consistency. Data evaluation
utilized indicators such as the percentage of morphological
verification (MV%), the percentage of death certification only
(DCO%), and the mortality-to-incidence ratio (M/I). From
2009 to 2022, the MV%, DCO%, and M/l were 84.92%,
0.44%, and 0.81, respectively, indicating that the data are
complete and reliable.

2.3. Statistical Analysis

Data were organized and analyzed using SPSS and Excel to
calculate the crude incidence and mortality rates of esophageal
cancer in Kailu County, as well as rates standardized to the
Chinese population (using the 2000 Chinese standard age
structure) and the world population (using the Segi world age
structure).  Statistical graphs were generated using
Graphpadprism; JoinPoint 5.4 software was used to analyze
the average annual percentage change (AAPC) in standard-
ized rates to evaluate trends, with P < 0.05 indicating statisti-
cal significance; the ARIMA model was used to forecast the
incidence of esophageal cancer in Kailu County. Non-station-
ary data were differenced until the data became stationary; the
closer the r2 value is to 1 and the smaller the MAPE% value,
the better the prediction performance [7].

3. Results

3.1. Incidence and Mortality Patterns of
Esophageal Cancer in Kailu County, 2009—-
2022

From 2009 to 2022, a total of 1,379 new cases of esopha-
geal cancer were recorded in Kailu County, Inner Mongolia
Autonomous Region, including 1,283 cases among men and
96 cases among women, resulting in a male-to-female ratio of
13.36. The crude incidence rate for the entire population was
25.31 per 100,000, and the age-standardized incidence rate
was 23.59 per 100,000. The crude incidence rate (standardized
incidence rate) for men was 46.36 per 100,000 (44.17 per
100,000), which was significantly higher than that for women
(3.58 per 100,000 [3.32 per 100,000]), with P < 0.01.

There were 1,121 deaths from esophageal cancer, including
1,044 men and 77 women, with a male-to-female ratio of 13.56
(men to women); the crude mortality rate for the entire population
was 20.58 per 100,000, and the age-standardized mortality rate was
19.25 per 100,000. The crude mortality rate (standardized mortality
rate) for men was 37.72 per 100,000 (36.14 per 100,000), which
was significantly higher than that for women (2.87 per 100,000
[2.64 per 100,000]), P < 0.01, as show in Table 1.
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Table 1. Trends in the Age-standardized Incidence and Mortality Rates of Malignant Tumors, 2009-2022.

ASIR (1/105)
Years

Total Male
2009 19.27 3522 2.68
2010 39.04 74.41 2.17
2011 33.67 60.33 6.17
2012 32.01 55.62 7.85
2013 39.72 73.87 5.40
2014 30.13 55.59 4.02
2015 27.60 55.86 0.83
2016 27.62 47.37 7.63
2017 33.16 65.17 3.13
2018 22.52 43.12 2.79
2019 18.04 33.59 2.87
2020 12.95 2533 1.00
2021 11.91 21.91 2.29
2022 12.93 24.23 2.18

3.2. Joinpoint Regression Analysis of the
Epidemiological Trends of Esophageal
Cancer in Kailu County, 2009-2022

The results of the regression model show that both the inci-
dence and mortality rates of esophageal cancer in Kailu
County from 2009 to 2022 followed a pattern of first increas-
ing and then decreasing. From 2009 to 2013, the incidence rate
in the general population increased by an average of 12.86%
per year, though this result was not statistically significant; the

Female

ASMR (1/10%)

Total Male Female
5.73 10.57 0.7
23.72 44.41 2.14
18.81 36.48 0.64
24.53 4143 7.29
3243 61.92 3.15
30.69 56.28 4.61
27.44 51.45 4.06
20.00 36.85 2.98
2351 43.67 4.68
14.92 28.47 1.97
23.14 44.49 2.43
16.78 32.06 1.85
12.95 24.59 1.73
11.53 21.67 1.72

mortality rate increased by an average of 59.81% per year, and
this result was statistically significant (P < 0.05); From 2013
to 2022, the annual average incidence and mortality rates de-
creased by 12.66% and 9.12%, respectively, and both results
were statistically significant (P < 0.05). Incidence and mortal-
ity trends among men were consistent with those of the gen-
eral population. Among women, incidence showed a down-
ward trend from 2009 to 2022 (APC = -5.83%), but this result
was not statistically significant (P = 0.19). Female mortality,
however, exhibited an initial increase followed by a decrease,
and both trends were statistically significant (P < 0.05), as
shown in Table 2.

Table 2. Joinpoint Analysis of ASIRC and ASMRC for Esophageal Cancer, 2009-2022.

Graph Category Time Period (Year) APC(%) 95%CI t P
2009-2013 12.86 -9.16~40.22 1.26 P=0.23
Total
2013-2022 -12.66 -17.97~-7.02 -4.89 P<0.05
Incidence 2009-2013 13.14 -10.54~43.09 1.19 P=0.26
Male
2013-2022 -12.38 -18.13~-6.24 -4.14 P<0.05
Female 2009-2022 -5.83 -14.28~3.45 -1.39 P=0.19
2009-2013 59.81 3.45~146.87 2.44 P<0.05
Mortality Total
2013-2022 -9.12 -15.07~-2.75 -3.19 P<0.05


http://www.sciencepg.com/journal/ajcem

American Journal of Clinical and Experimental Medicine

http://www.sciencepg.com/journal/ajcem

Graph Category Time Period (Year)
2009-2013
Male
2013-2022
2009-2013
Female 2013-2022

3.3. Trends in Incidence and Mortality of
Esophageal Cancer by Sex and Age in
Kailu County, 2009-2022

From 2009 to 2022, the incidence of esophageal cancer in
the general population (both men and women) in Kailu
County increased with age before declining; the trend in male
incidence was consistent with that of the general population.
The highest incidence rates for both sexes were observed in
the 60-year-old age group; The incidence rates for the overall
population and for men each reached two peaks in the 65-year-
old and 75-year-old age groups, respectively; the incidence
rate for women, however, rose gradually until the 75-year-old

300

APC(%) 95%CI t P

38.80 1.89~89.09 24 P<0.05
-10.66 -18.29~-2.32 -2.86 P<0.05
89.88 1.20~256.28 2.30 P<0.05
-8.99 -17.49~-0.37 -2.18 P<0.05

age group, after which it began to decline; the trends in inci-
dence rates differed significantly between the two genders
(Figure 1A). The mortality trends for esophageal cancer in the
overall population, men, and women in Kailu County all fol-
lowed a pattern of initially rising and then declining with in-
creasing age; the highest number of deaths from malignant tu-
mors for both men and women occurred in the 60-year-old age
group; The trends in mortality rates for the general population
and for men were consistent, with inflection points occurring
in the 65-year-old and 75-year-old age groups, respectively;
the female mortality rate peaked in the 75-year-old age group
and then declined (Figure 1B); over the 14-year period, the
overall incidence and mortality rates of esophageal cancer in
Kailu County increased most significantly among individuals
aged 45-79.
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Figure 1. Age and Gender Differences in Incidence and Mortality of Esophageal Cancer, Kailu County, 2009-2022.
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3.4. ARIMA Model Fitting and Forecast of
Esophageal Cancer Incidence in Kailu
County, 2023-2030

Upon entering data from 2009 to 2022 into this study, we
found that the r? value was low (0.3) and and a high MAPE%
(20.57%). Since Kailu County was newly designated as a rural

monitoring site in the Inner Mongolia Autonomous Region in
2009 and was in its initial phase, the number of recorded sam-
ples was small. To ensure the stability and stationarity of the
ARIMA model, the final analysis focused on esophageal can-
cer incidence data from 2010 to 2022. The results are shown
in Figure 2, the ACF does not significantly converge to 0, in-
dicating that the data is non-stationary and requires differenc-
ing.
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Figure 2. ACF and PACF plots of the original time series.

The results after first-order differencing are shown in Fig-
ure 3. The ACF approaches 0, indicating that the data are sta-
tionary. Both the ACF and PACF fall within their respective
confidence intervals and are truncated before lag 1. Therefore,
an ARIMA model of (0, 1, 0) was fitted. The 12 value for the

esophageal cancer incidence data was 0.66, and the MAPE
was 16.68%. The normalized BIC is 3.59; the Yang-Box test
(P > 0.05) indicates that the model fits the data well, and the
prediction results are satisfactory.
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Figure 3. ACF and PACF plots of the differenced time series.

The ARIMA(0,1,0) model successfully fitted the time series
of standardized incidence rates of esophageal cancer in Kailu
County from 2010 to 2022. It predicts that the incidence of
esophageal cancer will show a year-on-year downward trend
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from 2023 to 2025. The prediction results are shown in Table
3 and Figure 4. 10.75 per 100,000 in 2023 (95% CI: 5.75—
15.76), 8.58 per 100,000 in 2024 (95% CI: 1.50-15.66), and
6.40 per 100,000 in 2025 (95% CI: —2.27-15.07).
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Table 3. Prediction of esophageal cancer incidence from 2023 to 2025 by the ARIMA model.

Year Actual value Predicted value 95%CI Percentage error (%)
2010 39.04 - - -
2011 33.67 36.86 31.86~41.87 9.49
2012 32.01 31.49 26.49~36.50 1.61
2013 39.72 38.48 33.48~43.49 3.11
2014 30.13 28.89 23.89~33.90 4.10
2015 27.60 27.95 22.95~32.96 1.28
2016 27.62 25.42 20.42~30.43 7.95
2017 33.16 33.53 28.53~38.54 1.13
2018 22.52 22.89 17.89~27.90 1.66
2019 18.04 20.34 15.34~25.35 12.77
2020 12.95 15.86 10.86~20.87 22.50
2021 11.91 10.77 5.77~15.78 9.54
2022 12.93 9.73 4.73~14.74 24.72
2023 - 10.75 5.75~15.76 -
2024 - 8.58 1.50~15.66 -
2025 - 6.40 -2.27~15.07 -
—— Observed
50.00 — Fitted
Upper confidence limut
§ Lower confidence limit
< 4000 ~—— Predicted
8
g 3000
£
§ 20.00
3
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Figure 4. Comparison of actual and fitted values of esophageal cancer incidence with predictions in Kailu County, 2010-2022.

4. Discussion

Esophageal cancer is a common malignant tumor world-
wide. Characterized by high malignancy and poor prognosis,
it is one of the major cancers that seriously threaten public
health [8]. China is a region with a high incidence of esopha-
geal cancer, and the overall disease burden remains significant
[9]. From a pathological classification perspective, esophageal
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cancer is primarily divided into two types: squamous cell car-
cinoma and adenocarcinoma, with squamous cell carcinoma
being the predominant type in China [10]. This study system-
atically analyzed data on esophageal cancer incidence and
mortality in Kailu County, Inner Mongolia Autonomous Re-
gion, from 2009 to 2022. The results showed that over the 14-
year period, the average crude incidence and age-standardized
incidence rates of esophageal cancer in the region were 25.31
per 100,000 and 23.59 per 100,000, respectively, with crude
and age-standardized mortality rates of 20.58/100,000 and
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19.25/100,000, respectively. In 2022, the local age-standard-
ized incidence and mortality rates for esophageal cancer were
11.03/100,000 and 9.98/100,000, respectively. During the
same period, the global standard incidence and mortality rates
for esophageal cancer were 5.0 per 100,000 and 4.3 per
100,000, respectively, while those for China were 8.3 per
100,000 and 6.7 per 100,000, respectively. In comparison, the
overall disease burden of esophageal cancer in Kailu County
remains at a relatively high level.

In terms of gender distribution, both the incidence and mor-
tality of esophageal cancer in Kailu County showed a signifi-
cant male predominance, with male-to-female ratios of 13.36
and 13.56, respectively. The crude incidence, age-standard-
ized incidence, crude mortality, and age-standardized mortal-
ity rates were all significantly higher in men than in women
(P <0.01). This is consistent with the findings of most domes-
tic and international studies. This disparity may be attributed
to men being exposed to a greater number of risk factors in
daily life compared to women, such as more frequent tobacco
use, higher levels of alcohol dependence [11, 12], and a diet
high in salt and heat [13, 14]; other studies have also indicated
that estrogen may act as a protective factor against esophageal
cancer in women [15].

Analysis by age group shows that both the incidence and
mortality rates of esophageal cancer in Kailu County first rise
and then decline with age. They remain at a relatively low
level before the age of 40, beginning to rise gradually in the
40-44 age group, with a rapid increase observed between 45
and 79 years of age. The peak incidence and mortality rates
are concentrated in the 60—75 age group, indicating that mid-
dle-aged and elderly individuals are the primary focus for
esophageal cancer prevention and control. People in this age
group are chronically exposed to risk factors, experience a de-
cline in immune and repair functions, and have a low willing-
ness to modify esophageal cancer risk factors [16], and the risk
of malignant transformation of precancerous lesions is ele-
vated; therefore, they should be prioritized for screening and
health interventions.

Joinpoint trend analysis shows that the age-standardized in-
cidence rate of esophageal cancer in Kailu County exhibited
an initial upward trend followed by a decline between 2009
and 2022. Among men, the rate began to decrease by 12.38%
annually after 2013, while the rate among women decreased
by 5.83%. This trend may be attributed to improvements in the
local population’s dietary patterns, the widespread dissemina-
tion of health education, and the gradual advancement of early
screening programs in recent years [17, 18]; The epidemiolog-
ical trend of the age-standardized mortality rate aligns with
that of the incidence rate, with both men and women showing
a marked downward trend after 2013. The rate of decline
among men (-10.66%) was slightly higher than that among
women (-8.99%), suggesting that the local comprehensive
prevention and control strategies for esophageal cancer have
achieved phased results in reducing the risks of both incidence
and mortality. Men may have benefited more significantly
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from the interventions due to higher baseline exposure levels;
The overall decline in esophageal cancer mortality (-9.12%)
was lower than that in incidence (-12.66%), suggesting that
current prevention and control efforts still face challenges
such as low early diagnosis rates and limited diagnostic and
treatment capabilities at the primary care level [19, 20]. Future
efforts should continue to focus on early screening and diag-
nosis, implementing targeted prevention and control strategies
tailored to different populations to reduce the disease burden
caused by esophageal cancer.

This study used an ARIMA(0,1,0) model to forecast the in-
cidence of esophageal cancer for 2023-2025. The model
demonstrated good fit (1> = 0.66, MAPE = 16.68%). The re-
sults indicate that the standardized incidence rate of esopha-
geal cancer will continue to decline over the three-year period
from 2023 to 2025, with a projected rate of 6.40 per 100,000
by 2025, suggesting that local screening and awareness cam-
paigns for esophageal cancer are yielding sustainable results;
However, the overall disease burden of esophageal cancer in
Kailu County remains significant. Combined with the forecast
results, this study provides a scientific basis for optimizing lo-
cal esophageal cancer prevention and control strategies and
allocating resources, which holds important practical signifi-
cance for consolidating the effectiveness of interventions and
continuously reducing the disease burden.

This study has certain limitations: the data were derived
from a cancer registry system, which may result in a small
number of underreported cases; individual-level information,
such as exposure to risk factors and clinical pathways, was not
included; and the prediction intervals are wide, with limited
extrapolation over time. Future research could involve popu-
lation-based epidemiological studies that incorporate risk fac-
tors, screening coverage, and treatment outcomes into multi-
variate analyses to enhance the precision of prevention and
control strategies.

5. Conclusion

From 2009 to 2022, the disease burden of esophageal can-
cer in Kailu County, Inner Mongolia, remained at a relatively
high level. Both the age-standardized incidence and mortality
rates followed a pattern of initially rising and then declining.
Furthermore, the incidence and mortality rates of esophageal
cancer among men were significantly higher than those among
women, with both incidence and mortality concentrated
among middle-aged and elderly individuals aged 45 and older,
demonstrating clear differences by gender and age group. The
ARIMA(0,1,0) model’s projections for the standardized inci-
dence rates in Kailu County from 2023 to 2025 indicate that
the local esophageal cancer incidence rate will continue to de-
cline; Although the epidemiological trend of esophageal can-
cer in Kailu County has been declining year by year since
2013, its high incidence and mortality rates remain one of the
key factors affecting the health of local residents. It is recom-
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mended that the Kailu County government and relevant de-
partments continue to improve cancer surveillance, prioritize
early screening and diagnosis of esophageal cancer among
high-risk groups such as men and middle-aged and elderly in-
dividuals, strengthen health education and risk factor control,
and enhance the standardization of diagnosis and treatment.
These measures will effectively alleviate the health burden
caused by esophageal cancer and reduce the risk of death.
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