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Abstract

Purpose: This study aimed to provide a clear comparable figure of the trends in incidence and mortality rates of esophageal
cancer (EC) in Huai’an District, Huai’an City, Jiangsu Province, China, a high-risk area for EC.

Methods: The data for age- and sex-specific incidence rates between 1998 and 2016, the mortality rates in 1990-2016 and the
number of EC patients were obtained from Huai’an District Cancer Registry. Crude rates, Age-standardized rates (ASRs) by
world standard population and truncated age-standardized rates of EC incidence and mortality were calculated. The joinpoint
regression analysis was used to calculate the annual percent changes (APC), average annual percent changes (AAPC), and their
95% confidence intervals (CIs).

Results: Overall, 20,892 new EC cases and 20,806 EC deaths were registered in Huai’an District. ASR of EC incidence from
1998 to 2016 and mortality from 1990 to 2016 were 73.32/100,000 and 60.03/100,000, respectively. The ASR illustrated that
the incidence of EC had significant downward trends in total, male and female (AAPC =�4.65,�4.90, and�5.51, respectively,
p <.01). The age-specific incidence and mortality rates of EC increased dramatically in people over the age of 40, and peaked in
people between the ages 70-74. In the subdivisions of Huai’an District, geographical diversities in the crude incidence and
mortality rates of EC were found.

Conclusion: In summary, the incidence and mortality rates of EC showed downward trends in Huai’an District. However, the
burden of EC still remained serious in this high-risk area. Cost-effective methods of intervention and health education should be
enhanced for improving EC prevention.
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Introduction

The global cancer statistics 2020 estimated that esophageal
cancer (EC) was the seventh most common type of cancer and
the sixth leading cause of cancer deaths worldwide.1 It is ag-
gressive in nature and often diagnosed in late stages, leading to
a low survival rate. The prevalence of EC is highest in Eastern
Asia, followed by Southern and Eastern Africa. Approximately
80% of the cases worldwide occur in less developed regions.1

Huai’an District, an inland low socio-economic rural area lo-
cated in the Northern Jiangsu Province of China, is a high-risk
area for EC and has been reported to have a distinct
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epidemiological pattern.2-8 Environmental and dietary factors
play the most significant roles in the development of EC as the
local residents are highly exposed to N-nitrosamines, myco-
toxins, and other carcinogens from drinking water, pickled
food, fried food, hot food, and stored grains.3,4,6,9-11 From 2008
to 2012, the crude incidence and mortality rates of EC in the
Huai’an District were 96.15/100,000 and 63.25/100,000 re-
spectively, ranked at the first position among all types of cancer,
and esophageal squamous cell carcinoma (ESCC) has always
been the predominant histological subtype.3 Huai’an District is
the highest risk area for EC inHuai’an City (when comparing to
other districts), with an extremely high incidence of EC and the
highest number of cases. Therefore, it was selected as a pilot
rural area for the Early Diagnosis and Early Treatment Project
of Esophageal Cancer (EDETPEC) supported by the govern-
ment and Cancer Foundation of China since 2010, in order to
improve the prevention of EC in high-risk areas.3,12

Over the past several decades, with socio-economic de-
velopment, lifestyle changes, and the intervention of EDET-
PEC, declining age-adjusted incidence and mortality rates of
EC were observed in the data provided by National Central
Cancer Registry in China,13,14 particularly in some high-risk
areas such as Linzhou and Cixian.15,16 However, although
many EC studies have been conducted in Huai’an District,
detailed EC statistics and the trend of incidence of the district
have never been reported in previous studies.3,6,17-19 There-
fore, this study aimed to provide a detailed report of EC
statistics and a clear comparable figure of the trends in in-
cidence and mortality rates of EC in Huai’an District, Huai’an
City, Jiangsu Province, China between 1998-2016. This was
based on the cancer registry report provided by Huai’an
District Center for Disease Control and Prevention (CDC).

Materials and Methods

Source of Data

Huai’an District Division of Cancer Prevention and Control
was established by Huai’an District CDC in 1987, and
Huai’an District Cancer Registry was initiated in 1988, with a
complete tumor registration and reporting system. The cancer
registry has been included in Cancer Incidence in 5 Conti-
nents, and the computer administration system was introduced
in 1998. However, the collected data was paper-based prior to
1998, and the incidence rate data from 1990 to 1997 was
missing. Therefore, age- and sex-specific incidence rates
between 1998-2016, mortality rates between 1990-2016 and
the number of cases for EC patients were obtained from
statistical office of Huai’an District Cancer Registry after
verification of the data. The code for EC was C15 according to
the International Classification of Diseases, 10th Revision
(ICD-10). The demographic data was obtained from the
Huai’an District Bureau of statistics of Huai’an City. Data
used in this study does not contain personal information, thus
ethical approval was not required. The participating registry

has given their consent. The study was performed in accor-
dance with the Declaration of Helsinki.

Quality Control

Quality of registration data was evaluated according to the
criteria of “Guideline for Chinese Cancer Registration”20 The
mortality to incidence ratio (M/I), the proportion of mor-
phological verification (MV%), and the percentage of cancer
cases identified with death certification only (DCO%) were
used to assess the completeness, validity, reliability and
comparability of the data.21 In Huai’an District, the overall
indicators of M/I ratio, MV and DCO% were .69, 63.6, and
.43%, respectively. Additionally, a full reconciliation with
mortality data has been done for each year, thus the cancer
cases died for other causes have been excluded.

Statistical Analysis

Crude incidence and mortality rates were provided. Age-
standardized rates (ASRs) of EC were calculated and stan-
dardized using Segi’s World Standard population. Truncated
age-standardized incidence and mortality rates (Segi’s World
Standard population) between 35 and 64 years old were
calculated, as the diagnosis data of these working-age pop-
ulations typically have relatively higher completeness and
reliability. To assess the trends in the epidemiology of EC,
joinpoint regression was used to evaluate the annual percent
changes (APC), average annual percent changes (AAPC), and
their 95% confidence intervals (CIs). A minimum of zero
joinpoints (1 line segment) and a maximum of 5 joinpoints (6
line segments) were allowed for each model. The program
started with the minimum number of joinpoints and tested
whether more joinpoints were statistically significant and must
be added to the model (up to the maximum number). The
number of new cases and deaths were evaluated using the
5 year age-specific incidence/mortality rates and the corre-
sponding populations. Chi-square (χ2) test was performed to
assess the differences in incidence and mortality rates among
different regions in Huai’an District. Microsoft Excel 2016
(Microsoft Inc., Redmond, WA, USA), IBM SPSS Statistics
version 23.0 (SPSS Inc., Chicago, IL, USA) and Joinpoint
Regression Software version 4.6.0.0 (National Cancer Insti-
tute, Bethesda, MD, USA) were used in statistical analysis.
Statistical significance was considered as p < .05 (two-tailed).

Results

Demographic Structure

Population size and structure by sex, year, and age in Huai’an
District between 1990 and 2016 are shown in Tables 1, 2 and
Figure 1. In general, the population sex ratio (male to female)
was 1.07 in the period of time. In 1990, the proportion of older
adults (those aged 65 years and over) was 5.35%, whereas the
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proportion rose to 13.40% in 2016, thus classifying Huai’an
District as an “aging society’.

Incidence of Esophageal Cancer

Between 1998 and 2016, 20,892 new EC cases were identified
over a total of 22,745,781 person-years of observation in
Huai’an District (11,774,901 person-years for male;
10,974,180 person-years for female; male to female ratio
1.07), accounting for 38.01% of new cancer cases during this
period in this region, 12,094 of these cases were from males
and 8798 were females. The detailed information and trend in
incidence of EC by sex in Huai’an District from 1998 to 2016
are shown in Table 3 and Figure 2. The crude incidence rate,
ASR standardized by world standard population and truncated
age-standardized rate of EC incidence in Huai’an District from
1998 to 2016 were 91.85/100,000, 73.32/100,000, and 95.89/
100,000 respectively. The age-standardized incidence rate sex
ratio (male to female) was 1.46:1. The crude incidence of EC
had a significant downward trend in the total and female
groups (AAPC = �.82 and �1.67, respectively, p < .01), but
not in the male group. In addition, the crude EC incidence of

male group presented 3 joinpoints, whereas only the period of
2008-2016 showed statistical significance. The ASR stan-
dardized by world standard population illustrated that the
incidence of EC had a significant downward trend in total,
male, and female groups (AAPC = �4.65, �4.90, and �5.51,
respectively, p < .01). A non-significant upward trend in EC
incidence can be observed between 2005 and 2008.

Mortality of Esophageal Cancer

Between 1990 and 2016, 20,806 EC deaths were observed
over a total 32,043,739 person-years of observation in the
Huai’an District (16,587,725 person-years for male;
15,458,464 person-years for female; male to female ratio
1.07), accounting for 38.78% of cancer deaths during this
period in this region, 11,837 of these deaths were male and
8969 were female. The trend in mortality and detailed in-
formation of EC by sex in Huai’an District from 1990 to 2016
are shown in Table 4 and Figure 3. The crude mortality rate,
ASR standardized by world standard population and truncated
age-standardized rate of EC mortality in Huai’an District from
1990 to 2016 were 64.93/100,000, 60.03/100,000, and 80.05/
100,000, respectively. The age-standardized mortality rate sex
ratio (male to female) was 1.25:1. The crude mortality of EC
had a significant downward trend in total and female groups
(AAPC =�.69 and�1.36, respectively, p < .01), but not in the
male group. The ASR standardized by world standard pop-
ulation illustrated that the mortality of EC had a significant
downward trend in total, male and female groups (AAPC =
�4.33, �3.72, and �5.21, respectively, p < .01).

Table 1. Population structure by sex and year in Huai’an District
during 1990-2016.

Year Male Female Total Sex Ratio

1990 579,661 553,055 1,132,716 1.05
1991 590,343 553,732 1,144,075 1.07
1992 592,773 552,463 1,145,236 1.07
1993 599,001 555,371 1,154,372 1.08
1994 602,679 556,577 1,159,256 1.08
1995 569,772 522,357 1,092,129 1.09
1996 608,500 580,673 1,189,173 1.05
1997 624,202 582,958 1,207,160 1.07
1998 629,326 584,199 1,213,525 1.08
1999 630,129 585,494 1,215,623 1.08
2000 619,541 581,138 1,200,679 1.07
2001 637,159 595,108 1,232,267 1.07
2002 619,232 580,560 1,199,792 1.07
2003 622,392 583,717 1,206,109 1.07
2004 616,679 578,174 1,194,853 1.07
2005 617,697 576,883 1,194,580 1.07
2006 624,640 586,446 1,211,086 1.07
2007 622,836 584,940 1,207,776 1.06
2008 612,067 575,363 1,187,430 1.06
2009 609,088 565,789 1,174,877 1.08
2010 615,163 567,366 1,182,529 1.08
2011 613,924 565,755 1,179,679 1.09
2012 609,496 568,177 1,177,673 1.07
2013 618,570 568,841 1,187,411 1.09
2014 624,736 576,106 1,200,842 1.08
2015 618,482 572,353 1,190,835 1.08
2016 616,484 570,536 1,187,020 1.08

Table 2. Population structure by age in Huai’an District during
1990-2016.

Age Male Female Total

0- 171,363 130,360 301,723
1-4 946,034 182,337 1,128,371
5-9 1,357,554 276,873 1,634,427
10-14 1,434,660 360,286 1,794,946
15-19 1,281,350 529,217 1,810,567
20-24 1,421,925 684,770 2,106,695
25-29 1,437,507 668,078 2,105,585
30-34 1,348,504 926,001 2,274,505
35-39 1,157,661 1,122,306 2,279,967
40-44 1,091,758 1,016,791 2,108,549
45-49 1,204,123 1,091,970 2,296,093
50-54 986,461 1,287,269 2,273,730
55-59 714,201 1,386,088 2,100,289
60-64 715,867 1,337,415 2,053,282
65-69 519,987 1,138,068 1,658,055
70-74 325,226 1,251,060 1,576,286
75-79 223,363 1,128,614 1,351,977
80-84 130,687 767,138 897,825
85+ 76,341 139,490 215,831
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Age-specific Incidence and Mortality Rates of
Esophageal Cancer

As shown in Figure 4, the age-specific incidence and mor-
tality rates of EC were relatively low in both genders under
40 years of age, whereas the rates increase dramatically for

those aged over 40. The peak appeared in the age group 70-
74 years with the incidence of 775.16/100,000 in males,
560.52/100,000 in females. The mortality rates were 641.72/
100,000 in males and 475.82/100,000 in females. The rates
decreased dramatically for those aged 75 and over. Rates in
males were generally higher than those in females.

Figure 1. Population pyramid of Huai’an District in 1990-2016.

Table 3. Detailed information and trend in incidence of esophageal cancer by sex in Huai’an District during 1998-2016.

Crude Rate (1/105) ASR World (1/105) TASR 35-64years (1/105)

Year Total Male Female Total Male Female Total Male Female

1998 89.00 94.07 83.53 108.10 126.77 92.06 194.28 224.25 163.49
1999 100.94 104.90 96.67 122.97 142.64 107.12 218.01 243.57 190.44
2000 100.69 111.53 89.14 97.41 116.52 80.35 174.45 208.97 137.35
2001 93.89 104.21 82.84 86.84 103.17 71.28 137.92 165.80 107.86
2002 107.52 116.11 98.35 95.86 110.21 82.16 153.76 180.27 125.49
2003 83.24 91.26 74.69 71.55 84.20 59.78 109.60 126.40 91.66
2004 94.49 102.00 86.48 78.87 90.02 68.28 129.86 145.93 112.77
2005 82.04 88.72 74.89 65.44 76.45 54.91 95.64 112.36 77.82
2006 88.43 97.50 78.78 68.85 81.12 56.88 105.48 129.96 79.59
2007 97.29 109.34 84.45 73.63 87.51 60.32 116.28 139.97 91.14
2008 102.41 113.88 90.20 76.04 89.12 62.95 122.77 148.46 95.77
2009 100.10 113.78 85.37 71.10 85.68 56.51 97.96 123.16 71.07
2010 97.84 111.52 83.02 66.62 81.25 51.65 98.32 126.72 67.72
2011 94.94 109.13 79.54 62.74 76.57 48.74 84.78 111.90 55.54
2012 85.42 95.98 74.10 54.39 65.00 43.89 70.60 90.34 49.59
2013 82.70 97.48 66.63 51.46 63.63 39.02 74.71 97.76 49.86
2014 79.78 95.08 63.18 48.22 61.39 34.69 62.64 86.02 37.41
2015 82.63 95.88 68.31 47.02 58.31 35.63 51.76 69.23 33.10
2016 81.80 99.11 63.10 46.05 59.58 32.27 59.78 84.01 33.84
Total 91.85 102.71 80.17 73.32 87.32 59.92 113.61 137.64 87.97
AAPC (%) �.82 �.10 �1.67 �4.65 �4.90 �5.51 �6.50 �5.50 �8.30
95% CI �1.6∼�0.1 �4.2∼4.2 �2.5∼�0.9 �5.5∼3.8 �8.3∼�1.5 �6.4∼�4.6 �7.6∼�5.4 �6.6∼�4.4 �9.5∼�7.0

ASR World: age-standardized rate standardized by Segi’s World standard population; TASR: Truncated age-standardized rate between 35 and 64 years old.
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Crude Incidence and Mortality Rates of Esophageal
Cancer in Different Regions of Huai’an District

Huai’an District is divided into 3 regions by the North Jiangsu
Irrigation Canal and the Grand Canal (Figure S1). Qu Bei

means the northern area of North Jiangsu Irrigation Canal; Qu
Nan means the southern area of North Jiangsu Irrigation
Canal; Yun Xi means the western area of the Grand Canal. As
shown in Table 5, there were geographical diversities in the
crude incidence and mortality rates of EC in the subdivisions

Figure 2. The trend in incidence of esophageal cancer by sex in Huai’an District during 1998-2016. (A): Trend in crude incidence rate of
esophageal cancer in total; (B): Trend in age-standardized incidence rate of esophageal cancer by world standard population in total; (C):
Trend in crude incidence rate of esophageal cancer in males; (D): Trend in age-standardized incidence rate of esophageal cancer by world
standard population in males; (E): Trend in crude incidence rate of esophageal cancer by in females; (F): Trend in age-standardized incidence
rate of esophageal cancer by world standard population in females. *Indicates that the APC has statistical significance, p < .05.
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of Huai’an District. We found the highest rates for EC in Qu
Nan (crude incidence was 90.75/100,000 and crude mortality
was 68.36/100,000), followed by Qu Bei (crude incidence was
75.85/100,000 and crude mortality was 58.53/100,000) and
Yun Xi (crude incidence was 64.10/100,000 and crude
mortality was 46.53/100,000).

Discussion

In this study, we presented the 19 year trend in incidence and
27 year trend in mortality of EC in Huai’an District, a high-
risk area for EC in the Northern Jiangsu Province of China.
The overall quality indicators of M/I ratio was between .6 and
.8, DCO% was less than 15%, which met the criterion,20

whereas the MV% was lower than 66%. To some extent, MV
% reflects the levels of medical diagnosis, medical tech-
nology development and economic development. Compared
with developed countries, MV% of China cancer registration

data can be relatively lower in the reports, especially in the
early years.22 As a whole, the ASRs of incidence and
mortality of EC showed downward trends during the ob-
served period of time. However, compared with the
worldwide ASRs of EC incidence reported by Globocan
2020 report (9.3/100,000 in males and 3.6/100,000 in fe-
males) and the national ASRs of EC incidence reported by
China 2015 report (16.75/100,000 in males and 5.94/100,000
in females), the ASRs of EC incidence in Huai’an District
still remained fairly high.1,23 However, the crude rates of
incidence and mortality in male group did not show statistical
significance during the total observed period of time, but the
potential reason is still unclear and requires further inves-
tigation. In addition, the result of the crude EC incidence for
male group shows that only the period of 2008-2016 had
significant downward trend, which may be partly explained
by the implementation of EDETPEC during this period.
Elderly populations are at a higher risk of developing EC,

Table 4. Detailed information and trend in mortality of esophageal cancer by sex in Huai’an District during 1990-2016.

Crude Rate (1/105) ASR World (1/105) TASR 35-64years (1/105)

Year Total Male Female Total Male Female Total Male Female

1990 78.66 83.15 73.95 94.48 110.61 81.57 176.30 198.66 153.26
1991 72.90 73.52 72.24 97.50 98.93 95.96 186.55 190.91 181.85
1992 60.95 61.91 59.91 77.68 79.70 75.53 142.55 145.04 139.92
1993 71.55 78.96 63.56 90.12 100.09 79.56 180.13 209.05 149.99
1994 66.85 66.70 67.02 83.87 83.69 84.07 152.40 152.19 152.74
1995 58.33 55.28 56.87 70.70 73.21 67.98 128.35 144.13 111.26
1996 64.92 70.99 58.55 77.07 94.84 63.23 124.39 143.43 104.46
1997 67.93 72.25 63.30 75.06 86.13 64.82 134.35 155.41 112.79
1998 71.44 76.59 65.90 87.11 106.08 71.60 139.57 165.38 112.35
1999 67.70 70.14 65.07 82.26 94.37 71.00 130.52 151.94 108.41
2000 69.21 77.48 60.40 67.29 82.94 54.46 106.64 124.31 87.55
2001 66.54 72.98 59.65 61.23 73.11 50.20 91.07 110.19 70.35
2002 61.76 68.79 54.26 54.86 65.49 44.71 81.14 101.34 59.56
2003 65.50 72.14 58.42 56.21 66.65 46.53 81.20 93.83 67.81
2004 69.38 78.16 60.02 57.44 69.27 46.28 86.06 102.87 68.27
2005 68.64 74.31 62.58 53.88 63.11 45.14 74.32 87.73 60.04
2006 60.61 65.80 55.08 46.89 54.87 39.11 61.86 73.06 50.05
2007 60.86 70.32 50.77 45.71 57.06 34.64 62.54 80.42 43.56
2008 63.67 73.68 53.01 45.99 56.58 35.63 66.61 84.56 47.70
2009 63.58 70.43 56.20 43.77 51.82 35.95 54.94 69.14 39.81
2010 67.06 75.26 58.16 44.41 54.25 34.68 54.19 69.78 37.48
2011 61.71 76.39 45.78 39.51 53.06 26.19 45.38 67.41 21.53
2012 60.20 66.78 53.15 37.00 44.21 29.93 39.70 46.82 32.11
2013 55.16 62.56 47.11 32.52 39.56 25.63 34.49 45.60 22.54
2014 58.88 67.07 49.99 33.17 41.05 25.13 32.85 46.63 18.00
2015 58.36 68.88 47.00 30.96 39.36 22.87 27.92 37.22 17.99
2016 62.09 73.16 50.13 34.21 43.06 25.27 37.56 51.12 23.04
Total 64.93 71.36 58.02 59.84 66.63 53.25 93.84 109.19 77.57
AAPC (%) �.69 �.19 �1.36 �4.33 �3.72 �5.21 �6.60 �5.80 �8.00
95% CI �1.0∼-0.4 �.6∼0.2 �1.7∼-1.0 �4.7∼-3.9 �4.3∼-3.2 �5.7∼-4.8 �7.2∼-6.0 �6.4∼-5.1 �8.7∼-7.3

ASR World: age-standardized rate standardized by Segi’s World standard population; TASR: Truncated age-standardized rate between 35 and 64 years old.
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which may be associated with prolonged exposure to car-
cinogens. The incidence and mortality rates of EC dramat-
ically increased for those aged 40 and older, and generally
peaked in the 70-74 age group for both genders, suggesting
that cancer screening should be focused on those aged over
40 years for both genders.

In Huai’an District, the incidence rate of EC was only 1.46-
fold more common in men than in women. While EC is 2 to
8 times more common in men than in women in most other
areas of the world, tobacco smoking and alcohol drinking are
the dominant risk factors that cause this trend.24 Our previous
study reported a distinct epidemiological pattern of

Figure 3. The trend in mortality of esophageal cancer by sex in Huai’an District during 1990-2016. (A): Trend in crude mortality rate of
esophageal cancer in total; (B): Trend in age-standardized mortality rate of esophageal cancer by world standard population in total; (C):
Trend in crude mortality rate of esophageal cancer in males; (D): Trend in age-standardized mortality rate of esophageal cancer by world
standard population in males; (E): Trend in crude mortality rate of esophageal cancer by in females; (F): Trend in age-standardized mortality
rate of esophageal cancer by world standard population in females. *Indicates that the APC has statistical significance, p < .05.

Wang et al. 7



precancerous lesions of ESCC in Huai’an District, and the
influencing factors for esophageal precancerous lesions may
be similar to those previously identified as influencing factors
for ESCC.3 Like some other previous studies conducted in
high-risk areas in China,25-29 the use of alcohol and tobacco

may play a minor role in the development of EC, whereas
environmental and dietary factors (which may influence both
genders equally) were found to play dominant roles in the
Huai’an District.3 The reason is that in low-risk areas, people
are not likely to be exposed to so many risk factors, thus the
use of tobacco and alcohol may take the main responsibility
for cancer development, resulting in a greater number of cases
in men than in women. However, in high-risk areas, exposure
to the chronic irritation of many carcinogens may make to-
bacco and alcohol seem to contribute little to EC incidence.30

For example, 72.4% of ESCC cases were attributed to alcohol
in the US while only 10.9% of cases were attributable in
China.31,32 Previous studies conducted in Huai’an District
indicated that factors influencing the risk of ESCC and its
precancerous lesions included the source of drinking water,
nutritional status, consumption of vegetables, fruits, corn, corn
flour, pickled food, fried food, and hot food.3-6,8,9,18 For in-
stance, consuming shallow well water and surface water was

Figure 4. (A): Age-specific incidence of esophageal cancer in Huai’an District by sex, 1998-2016; (B): Age-specific mortality of esophageal
cancer in Huai’an District by sex, 1990-2016.

Table 5. Crude incidence and mortality rates of esophageal cancer
in different regions of Huai’an District during 2010-2016.

Region

Crude Incidence
ratea(1/105)

Crude Mortality
rateb(1/105)

Total Male Female Total Male Female

Qu nan 90.75 106.64 73.28 68.36 78.53 57.19
Qu bei 75.85 87.16 63.52 58.53 67.24 49.04
Yun xi 64.10 75.45 52.32 46.53 54.72 38.04

aThe χ2 value of incidence was 561.51, p<.0001.
bThe χ2 value of mortality was 468.55, p<.0001.
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found to be associated with carcinogenesis of esophagus,3

which was highly related to the contamination of nitrosamine
and microcystin in the source of water in this region.9,33-35

Contamination of aflatoxin B1 and fumonisin B1 in food,
especially in corn and corn flour, was also reported in this
region.6,10,11 Additionally, many residents in Huai’an have
been used to frequently consume pickled food (e.g., pickled
radish, pickled root mustard, salted meat, and salted fish) and
hot foods such as their staple food hot porridge made of corn
flour,3 while the N-nitrosamine precursors in pickled foodmay
form highly toxic and carcinogenic N-nitrosamines,4 and high
temperature of 65°C and over may cause a carcinogenic effect
because of the direct contact with esophageal mucosa, par-
ticularly the upper esophagus.36,37 Additionally, genetic fac-
tors such as genetic polymorphism, DNA methylation, and
gene-nutrition interaction were also found to be significantly
associated with the risk of EC.2,5,18

Similarly, with the city-town-village tertiary cancer pre-
vention and treatment network established in Yangzhong
County,21 the local residents aged between 35-75 from 27
towns in Huai’an District were covered and eligible for a free
routine endoscopy examination in EDETPEC, and the rate of
compliance reached approximately 80% in total. Therefore,
over the past several decades, with socio-economic devel-
opment, lifestyle changes, the popularization of health edu-
cation, and the intervention of EDETPEC, the living and
nutritional conditions of the local residents have been greatly
improved, and the esophageal precancerous lesions or EC can
be detected at early stages. The incidence and mortality rates
of EC thereafter have declined dramatically.

We found geographical diversities in the crude incidence
and mortality rates of EC in the subdivisions of Huai’an
District. These geographical patterns almost match those of
stomach cancer, suggesting (at least some) common risk
factors for these 2 cancers in Huai’an District.38 These
factors include the source of drinking water, high pickled
food intake, and high fried food intake, which have been
identified as important risk factors for both types of cancer in
this area.3,39-41 In a report published in 1993, the highest
crude mortality rate for EC was in Yun Xi (110.31/100,000),
followed by Qu Nan (93.50/100,000) and Qu Bei (78.65/
100,000).42 In the present study, the highest rates for EC was
in Qu Nan, followed by Qu Bei and Yun Xi. One reason for
the change may be that the socio-economic development of
Qu Nan was retarded compared to others, and the drinking
water source may be contaminated by N-nitrosamines and
algal toxins more heavily found in this region.9,33,34,43

Therefore, in 2020, Huai’an District Government planned
to effectively govern the water source protection area of the
Grand Canal Baimahu water plant for Qu Nan in the next 2
years. Currently, 22 freight yards and wharves have been
renovated, 10 ferries have been banned, all gas stations,
wharves, 224 houses, and 17 companies inside the first- and
second-grade protection zones have been relocated or
demolished.

This study has some strengths. The EC data of Huai’an
District provided in this study are the most up-to-date and
comprehensive since the Huai’an District Cancer Registry was
initiated. Joinpoint regression was used to effectively disen-
tangle the separate effects on secular trends. This study also
has some limitations. First, the data of incidence rate from
1990 to 1997 were missing because the collected data were
paper-based before 1998. Thus, to keep the completeness,
validity, reliability, and comparability of the data, incidence
rate in 1998-2016 and mortality rate in 1990-2016 for ECwere
analyzed after the verification of data. Second, the dramatic
decrease in EC incidence after age 75 years old could be an
indicator of incomplete registration among the elderly. Third,
the results of the quality indicators including M/I ratio, MV%,
DCO%were not constant over time, thus the overall indicators
during the period of time were used. In addition, like previous
analyses of cancer,21,44,45 this study analyzed the incidence
and mortality of EC without distinguishing histological types.
In the raw data, the information of morphological verification
for some cases was not provided, the code of ICD-10 of many
cases was C15.9 (malignant neoplasm of esophagus, un-
specified), which means the location of neoplasm was un-
specified, thus the accurate histological information for these
cases were not likely to be provided. Internationally, divergent
trends are usually observed between different histological
subtypes of EC (squamous cell carcinoma vs adenocarcinoma)
due to different risk factors and pathogenesis.46 Esophageal
adenocarcinoma (EAC) has become increasingly common in
more highly developed world, and its carcinogenesis is ini-
tiated by the acid exposure of the esophageal mucosa from
stomach, while ESCC has always been the predominant
histological subtype of EC in developing countries, especially
in the low socio-economic regions, and its carcinogenesis is
associated with the chronic irritation of carcinogens.46 The
incidence of ESCC is decreasing in many countries, probably
due to improved living conditions and nutritional status.30 In
China, ESCC accounts for more than 90% of EC cases,47 and
also is the predominant subtype of EC in Huai’an District.3

Hence, to a great extent, the present study may reflect inci-
dence trend of ESCC in the studied region. Further studies are
needed to present a clear comparable figure of the incidence
and mortality trends of EAC in the region in the future.

Conclusion

In conclusion, this study presented a 19 year trend in incidence
and 27 year trend in mortality of EC in Huai’an District, a
high-risk area for EC. The incidence and mortality rates of EC
showed downward trends during the period of time. Elderly
populations are at a higher risk of developing EC, and geo-
graphical diversities in the crude incidence and mortality rates
of EC in the subdivisions of Huai’an District were found. The
intervention of early diagnosis and treatment, the socio-
economic development and the popularization of health ed-
ucation are important for improving prevention of EC.
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