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ARTICLE INFO ABSTRACT

Keywords: Background: Esophageal cancer poses a significant global burden, while its patterns and trends remain to be
Esophageal cancer clarified. The aim of this study is to provide an update on the incidence and mortality rates of esophageal cancer

InCidelﬂce and their trends in China based on data from the National Cancer Registry.
Mortality

Trends Methods: We extracted data from the National Central Cancer Registry (NCCR) of China from 2000 to 2016 and

China performed comprehensive quality control. We calculated age-standardized rates of China (ASR China) and world
(ASR world) using the Chinese population in 2000 and the Segi’s world standard population, and performed a
joinpoint regression analysis to examine the trend in incidence and mortality of esophageal cancer. The annual
percent change (APC) and weighted average APC (AAPC) over the entire study period were estimated to measure
the changing trend. Subgroup analyses were conducted by sex, region and pathological type.

Results: A total of 487 eligible cancer registries were included in the data analysis and 22 registries with unin-
terrupted registration data were used for trend analysis. In 2016, there were an estimated of 184,500 incident
cases of esophageal cancer and 142,300 deaths in China. The crude incidence, ASR China and ASR world were
25.25/100,000, 11.00/100,000 and 11.13/100,000, respectively. And the crude mortality, ASR China and ASR
world were 19.38/100,000, 8.25/100,000 and 8.28/100,000, respectively. Esophageal squamous cell carcinoma
(ESCC) was the most common histological type, accounting for 85.79% of all cases, followed by esophageal ade-
nocarcinoma (EAC) (11.00%) and others (3.21%). There was a decreasing trend of ASR world in incidence and
mortality during 2000-2016 with the AAPC of -4.6% (95% CI: -5.7%, -3.4%) and -4.6% (95% CI: -5.2%, -3.9%).
The pattern and trend of esophageal cancer differ in sex, region and pathological type.

Conclusions: The burden of esophageal cancer in China remains high with sex, regional and subtype differences.
The incidence and mortality of esophageal cancer have continued to decline over the past decade, which was due
in part to the reductions in risk factor exposure and the implementation of screening.

1. Introduction esophageal cancer, particularly in high-incidence areas of eastern Asia
and in eastern and southern Africa, while EAC is the main type in west-
ern countries.®*

In China, esophageal cancer has posed a large disease burden.® The
disability-adjusted life years (DALYs) caused by esophageal cancer ranks
fourth among all cancers.® Although the survival rate has increased from
20.9% to 30.3% in the past decade,” the prognosis of esophageal cancer
remains poor since most cases were diagnosed at a late stage.

Esophageal cancer (EC) is the ninth most common cancer and the
sixth most common cause of cancer death globally.! There were an esti-
mated 604,100 new cases of esophageal cancer and 544,076 deaths from
esophageal cancer worldwide in 2020, and approximately half of them
occurred in China.!-? The two main histological subtypes of esophageal
cancer are esophageal squamous cell carcinoma (ESCC) and esophageal
adenocarcinoma (EAC).? Globally, ESCC is the most common type of
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This study estimated the incidence and mortality of esophageal can-
cer in China based on the latest data from the national cancer registry
system, and analyzed the trends by sex, region, and histological types, to
provide a reference for the prevention and control of esophageal cancer.

2. Materials and methods

The incident case and death records of esophageal cancer (coded
as C15 according to International Statistical Classification of Diseases
and Related Health Problems 10th Revision)® were extracted from the
National Central Cancer Registry (NCCR) of China and the population
data were obtained from the National Bureau of Statistics of China. In
2019, 574 local cancer registries covered a population of 438 million
in China (31.5% of the Chinese population), providing a representative
data source for the analysis of cancer incidence and mortality.’

The data quality control was performed by NCCR according to the
national criteria for Chinese cancer registration data, which was de-
veloped based on the relevant evaluation criteria of Chinese Guideline
for Cancer Registration (2016) and International Agency for Research
on Cancer (IARC)/International Association of Cancer Registries.!?-1!
Multiple indexes including the mortality to incidence (M/I) ratio, the
percentage of cases morphologically verified (MV%), the percentage of
death certificate-only cases (DCO%), and the stability of cancer trends
over years were evaluated in consideration of completeness, compara-
bility, validity and timeliness of registry data.'?-!! For registers with un-
qualified data (MI<0.4 or MI>0.95, MV<40% or MV>95%, DCO>15%,
or significant changes in historical data), NCCR organized expert group
discussions to decide whether to include these registries based on more
specific information. To ensure the accuracy and authenticity of the
data, only high-quality data were included in the analysis.

The age-standardized rates of China (ASR China) and world (ASR
world) were calculated using the Chinese population in 2000 and the
1966 Segi-Doll World standard population.'? The number of esophageal
cancer incident and death cases in China in 2016 was estimated based on
the incidence and mortality in cancer registry areas and the correspond-
ing population data. The age-specific rates were calculated for each 5-
year age group (0-4,..., 75-79, 80-84, and 85+) and compared by sex
and area. The two main histological types of esophageal cancer were
defined according to the third edition of the International Classification
of Diseases for Oncology (ICD-O-3)'*: ESCC: 8050-8078, EAC: 8140-
8380. Cases with missing pathological type or morphology coded 8000-
8010 were defined as unspecific cancers. Other esophageal cancers were
those with any histology other than ESCC or EAC (excluding unspeci-
fied cancers). To estimate the incidence of each pathological type, we
proportionally assigned the nonspecific cases to the three groups (ESCC,
EAC, and other). Subgroup analysis was conducted by comparing the in-
cidence and mortality by sex (male vs female), region (urban areas vs
rural areas and seven administrative regions including North, Northeast,
East, Central, South, Southwest, and Northwest) and pathological type
(ESCC, EAC, and other).

A joinpoint regression analysis'4 was performed to examine the
trend in incidence and mortality of esophageal cancer using Joinpoint
software (version 4.9.1.0; http://surveillance.cancer.gov/joinpoint)
from the Surveillance Research Program of the US National Cancer In-
stitute.!® To test whether the change in trend was statistically signifi-
cant, a minimum of zero and a maximum of three connections were set.
Trends of ASRs were expressed as annual percentage change (APC) for
each identified linear segment and weighted average annual percent-
age change (AAPC) over the entire 2000-2016 period by age groups.
Subgroup analyses by sex and region were performed for trends in age-
standardized incidence and mortality and for trends in subtype-specific
incidence. Data analysis was conducted using SAS software (Version 9.4,
SAS Institute Inc).
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3. Results

A total of 487 qualified cancer registries were included in the
data analysis, covering 381,565,422 people (193,632,323 males and
187,933,099 females), representing 27.60% of the total population in
China at the end of 2016. Of these, 200 registries were classified as urban
areas and 287 were rural areas. A total of 87 registries were excluded
due to poor quality, accounting for 13% of the population covered by
the registries, and they were mainly distributed in rural areas in central
and western China where cancer registration started relatively late. Af-
ter quality control, the MV%, DCO% and M/I of esophageal cancer were
76.30%, 1.61%, and 0.77, respectively, suggesting good quality of the
registered data.

Table 1 provided the estimated incidence and mortality of
esophageal cancer in China in 2016. There were 252,464 new in-
cident cases of esophageal cancer and 193,870 people died from
esophageal cancer. The estimated crude incidence, ASR China and ASR
world were 18.26,/100,000, 11.00,/100,000 and 11.13/100,000, respec-
tively. The estimated crude mortality, ASR China and ASR world were
14.02/100,000, 8.25/100,000 and 8.28/100,000, respectively. Sub-
group analysis showed that the ASR China incidence and mortality were
about three times higher in males than in females, and about twice as
high in rural areas as in urban areas (Fig. 1). Central China showed the
highest incidence and mortality among the seven administrative regions,
followed by East China and Southwest China (Supplementary Table 1).

Fig. 1 showed the age-specific incidence and mortality. The inci-
dence and mortality of esophageal cancer increases rapidly after the age
of 40. In all age groups, the incidence and mortality rates were higher
in males and in rural areas.

About 65.44% cases of esophageal cancer had morphological verifi-
cation. Among those, ESCC was the most common histological type, ac-
counting for 85.79% of all cases, followed by EAC (11.00%) and others
(3.21%). The estimated age-standardized incidence rates of world for
ESCC, EAC and other cancers were 9.55/100,000, 1.23/100,000 and
0.35/100,000, respectively (Supplementary Table 2). Fig. 2 and Sup-
plementary Table 3 showed the distribution of the cases by pathological
type, sex, and region. ESCC and EAC were similarly distributed among
males and females, accounting for 85.8% and 11.2% of all esophageal
cancer cases in males and 84.9% and 11.7% of all esophageal cancer
cases in females, respectively. ESCC was slightly more prevalent in ru-
ral areas (90% vs 86.7% of cases), while EAC prevailed in urban areas.

A total of 22 registries with uninterrupted registration data were in-
cluded in the trend analysis from 2000 to 2016. There was a decreasing
trend of ASR world incidence and mortality during 2000-2016 with the
AAPC of —4.6% (95%CI: —5.7%, —3.4%) and —4.6% (95%CI: —5.2%,
—3.9%) (Table 2). In general, the decline in esophageal cancer incidence
and mortality rates was more pronounced in females (—6.4% and —6.3%
vs —3.9% and —4.1% per year) and in urban areas (—4.1% and —4.1%
vs —2.9% and —3.5% per year). Analysis of age-specific incidence and
mortality rates showed the sharpest decline (-~10.8% and —10.0% annu-
ally) in younger age group (< 40 years) and the slowest decline (—3.5%
and —3.3% annually) in older age group (>70 years) (Table 3).

The incidence of both ESCC and EAC showed a decreasing trend from
2000 to 2016, with AAPC of —4.3% (95% CI: —4.7% to —3.9%) and
—3.8% (95% CI: —6.0% to —1.4%), respectively (Table 2, Fig. 3). The
incidence of ESCC had a greater decline in females than in males, and
a greater decline in urban areas than in rural areas. The incidence of
EAC had a similar declining trend in both sexes. There was a significant
decline in EAC in urban areas, but no significant trend was observed in
the incidence of EAC in rural areas.

4. Discussion
This study provided the updated estimates of esophageal cancer inci-

dence and mortality in China based on cancer registry data and analyzed
the trends of esophageal cancer by sex, region, age group, and patho-
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Table 1

Esophageal cancer incidence and mortality in China, 2016.

Region Sex Incidence Mortality
Cases (10*)  Crude rate (1/10°)  Proportion (%) ASR China (1/10°) ASR world (1/10°) Rank Cases (10*) Crude rate (1/10%) Proportion (%) ASR China (1/10°) ASR world (1/10%) Rank
All Male 18.45 26.05 8.26 16.56 16.81 5 14.23 20.10 9.30 12.63 12.73 4
Female 6.80 10.07 3.71 5.59 5.60 9 5.16 7.64 5.84 4.03 4.00 6
Total 25.25 18.26 6.21 11.00 11.13 6 19.39 14.02 8.03 8.25 8.28 5
Urban Male 8.56 21.16 6.34 12.86 13.08 5 6.76 16.71 7.49 10.04 10.17 5
Female 2.59 6.67 2.26 3.57 3.57 12 2.01 5.17 3.80 2.61 2.59 8
Total 11.15 14.06 4.47 8.17 8.28 7 8.77 11.06 6.13 6.27 6.32 5
Rural Male 9.89 32.59 11.19 21.88 22.18 4 7.47 24.61 11.89 16.35 16.42 4
Female 4.21 14.69 6.15 8.51 8.54 7 3.15 11.00 8.86 6.08 6.03 4
Total 14.10 23.90 8.99 15.08 15.24 4 10.62 18.00 10.79 11.09 11.09 4

Abbreviation: ASR, age-standardized incidence rate.
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Fig. 1. Age-specific incidence and mortality of esophageal cancer in China, 2016. EAC, esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma.
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Fig. 2. Histological distribution of esophageal cancer in China, 2016. EAC,
esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma.

logical type from 2000 to 2016. The results showed that, although the
incidence and mortality rates of esophageal cancer have shown a de-

Table 2

creasing trend since 2000, it is still one of the most common cancers in
China and caused a huge disease burden. There were sex and regional
differences in esophageal cancer incidence and mortality as well as their
trends. The pattern and trend also differ by pathological type.

The incidence and mortality of esophageal cancer in China are higher
than the global average level in both sexes. According to the GLOBO-
CAN report, the global incidence and mortality of esophageal cancer
were 9.3/100,000 and 8.3/100,000 in males, and 3.6/100,000 and
3.2/100,000 in females.! The incidence and mortality rate of esophageal
cancer for the Chinese male population is 1.81 and 1.53 times those
estimates, respectively. The corresponding figures for the female pop-
ulation are 1.56 and 1.25 times higher. Morgan et al.* estimated the
global burden of esophageal cancer based on the GLOBOCAN database,
in which the incidence and mortality rates in China were 13.8/100,000
and 12.7/100,000, respectively, both higher than the estimates in this
study. Notably, GLOBOCAN 2020 adopted data from 90 Chinese reg-
istries, whereas our study included data from 487 cancer registries,
which may better reflect the true burden of esophageal cancer in China.

Sex and regional differences are partly due to differences in expo-
sure to risk factors. The majority of esophageal cancer cases in China are

Incidence and mortality trends (2000-2016) of esophageal cancer by sex and region in 22 cancer registration areas of China.

Incidence, AAPC (95% CI)

Mortality, AAPC (95% CI)

All EC All EC

Characteristics
ESCC EAC
Sex
Male -3.7* (-4.0 to -3.3) -3.8" (-6.2to —1.2)
Female —6.0" (6.5 to —5.6) -3.8" (7.0 to —0.5)
Region
Urban —4.0" (—4.4 to —3.6) -7.3" (-8.4to —6.1)
Rural —3.0" (3.6 to —2.4) 0.5 (-4.4t05.7)
Total -4.3" (-4.7 to —=3.9) -3.8" (-6.0 to —-1.4)

-3.5" (-3.9to0 -3.2)
—5.9" (6.4 to -5.5)

-4.1" (-4.5 to —3.6)
—2.9" (-3.4 to -2.5)
—4.2" (—4.6 to —3.8)

-3.7" (-4.1 to -3.4)
—6.3" (6.6 to —=5.9)

—4.1* (5.0 to —3.1)
-3.5" (-4.1to -2.9)
-4.4" (-4.7 to —4.1)

*Average annual percent change during 2000 to 2016 is significantly different from zero (P < 0.05).
Abbreviations: AAPC, average annual percent change; CI, confidence interval; ESCC, esophageal squamous cell carcinoma; EAC,

esophageal adenocarcinoma; EC, esophageal cancer.
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Table 3
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Incidence and mortality trends (2000-2016) of esophageal cancer by age group in 22 cancer registration areas of China.

Trend 1 Trend 2 Trend 3 AAPC (95% CI) of
Characteristics 2000-2016
ears APC (95% CI) Years APC (95% CI) Years APC (95% CI)
Incidence
<40 2000-2012 -7.1" (=9.7 to —4.4) 2012-2016 —-21.0" (-32.3 to —7.9) —10.8" (-14.2to —-7.2)
40-49 2000-2004 —9.8" (—14.4 to —4.9) 2004-2013 —-4.1" (-5.8to —-2.3) 2013-2016 -16.1" (—22.8 to —8.8) —7.9* (-9.7 to —6.0)
50-59 2000-2016  —5.0" (-5.7 to —4.3) —5.0" (5.7 to —4.3)
60-69 2000-2005 -5.8" (-7.1 to —4.5) 2005-2009 0.2 (-2.8to 3.4) 2009-2016  -5.5* (—6.3 to —4.7) —4.2* (-5.0 to —3.4)
>70 2000-2016 —3.0" (-3.6 to —2.4) —3.5" (-3.8t0 -3.3)
Mortality
<40 2000-2010 —4.7" (-8.6 to —0.5) 2010-2016  -18.2" (-25.4 to —10.3) —10.0" (-13.4 to —6.4)
40-49 2000-2016 —7.0" (-7.9 to —6.0) —7.0" (=7.9 to —6.0)
50-59 2000-2016 —4.6" (-5.2 to —4.1) —4.6" (-5.2 to —4.1)
60-69 2000-2004 -8.1" (-9.9 to —6.2) 2004-2009 -2.8" (4.7 to —0.8) 2009-2016 —5.0" (-5.8 to —4.2) —5.1" (-5.8 to —4.4)
>70 2000-2016 —3.3" (-3.7 to —2.9) -3.3" (-3.7 to —2.9)

* Average annual percent change during 2000 to 2016 is significantly different from zero (P < 0.05).
Abbreviations: AAPC, average annual percent change; APC, annual percent change; CI, confidence interval.
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Fig. 3. Trends in age-standardized incidence of esophageal cancer by histological subtype during 2000-2016. EAC, esophageal adenocarcinoma; ESCC, esophageal

squamous cell carcinoma.

ESCC, and its occurrence is closely related to behavioral factors. Wang
et al.'® estimated the population attributable fraction of esophageal can-
cer to known risk factors and found that 45.8% of esophageal cancers
(51.4% in men and 33.1% in women) in China could be attributed
to smoking, alcohol consumption, and low fruit and vegetable intake.
Wau et al. estimated that 48.5% of esophageal cancer in China were at-
tributable to the lifestyle risk factors including smoking, high red meat
consumption, high body mass index (BMI), alcohol consumption, low
fruit intake, high processed meat consumption and low vegetable in-
take.!”Yang et al. found that tobacco and alcohol use were the major
risk factors for esophageal cancer death and DALYs in Chinese men,
while high BMI and low-fruit diet were the main risk factors for Chinese
women.'® In China, men drink and smoke more frequently than women,
and urban and rural areas differ in terms of socioeconomic and lifestyle
risk factors. Accumulating evidence from a large survey'®2® showed
that urban residents had higher household income, education level and
medical insurance coverage than rural residents. Urban residents also
had a higher proportion of alcohol consumption, daily fresh fruit, dairy
and meat intake, and higher BMI than rural residents, while the propor-
tion of smoking was higher in rural areas than in urban areas. Therefore,

25

current primary prevention strategies should consider sex and regional
difference, and focus on eliminating various risk factors such as smoking
and drinking and promoting a healthy lifestyle through health education
to reduce the risk of esophageal cancer.

Overall, the incidence and mortality of esophageal cancer have
shown a significant decreasing trend in both men and women, which
is inconsistent with the results of previous studies. Rumgay et al.>*
estimated the average annual percent change of esophageal can-
cer by subsite using data from the Cancer Incidence in Five Conti-
nents (CI5) database?® for the years 1975-2012 and found no sig-
nificant decrease in ESCC and EAC in men in China, while the
AAPCs for ESCC and EAC in women were —4.1(—6.8 to —1.3) and
—6.0(-11.1 to —0.6), respectively. Differences in timing and cover-
age of data sources could explain this inconsistency. The study by
Rumgay et al.?* used data from Chinese cancer registries adopted in
CI5 from 1998 to 2012, including 35 cases of EAC and 497 cases of
ESCC. Our study included data from 22 uninterruptedly reporting can-
cer registries up to 2016, for a total of 142,968 cases of esophageal
cancer, which provided a greater stability and reliability to our
findings.



R. Chen, R. Zheng, S. Zhang et al.

The declines in incidence and mortality were differentiated by sex,
region, and type of histology. The reductions in incidence and mortal-
ity were smaller in males than in females, which may be due to higher
and poorly controlled of smoking and alcohol consumption in males.
The difference in socioeconomic could explain part of the rural-urban
differences in the decline in incidence and mortality. Compared with ru-
ral residents, urban residents had a higher income and education level
and better access to healthcare, and are more likely to have early diag-
nosis and early treatment through screening. No significant decrease in
the incidence of EAC in rural areas was observed, as the rural areas in-
cluded in the analysis were mainly high-risk areas for ESCC, where the
number of EAC cases is relatively low and trends are difficult to observe
(Supplementary Table 2 and Supplementary Fig. 1).

Multiple factors have contributed to the decline in esophageal can-
cer incidence and mortality. In addition to the development of socioe-
conomic and medical technologies as well as the primary prevention
measures targeting risk factors, population-based endoscopic screenings
and the increasing use of endoscopy for diagnostic purposes have also
played an important role in the prevention of esophageal cancer.® En-
doscopic screening can detect precancerous lesions and early cancers in
advance, and reduce the risk of cancer through early diagnosis and early
treatment, thus reducing the incidence and mortality of esophageal can-
cer.

Esophageal cancer is highly prevalent in the elderly people, with an
average age of onset around 65 years. In the trend analysis, the inci-
dence and mortality decreased more in the younger age groups than
the older age groups, suggesting that the elderly population is the key
population for the prevention and control of esophageal cancer. The
recommended screening age in the current screening program in China
is 40-69 years old.”” However, our study showed that the age-specific
incidence of esophageal cancer peaked after the age of 70. Therefore,
there is a need to optimize the screening strategy by increasing the start-
ing and ending ages of screening, thus improving the detection rate of
screening and reducing over-screening.

Although both MV% and DCO% in this study are relatively low com-
pared to those in developed countries, they are reliable and reflect the
characteristics of Chinese cancer registry data. In the Chinese cancer reg-
istries, the original pathological diagnosis results are required to define
a case as a pathological diagnosis. However, medical resources related
to cancer diagnosis and treatment in China are concentrated in large
hospitals in urban areas, while the cases are reported by the cancer reg-
istries where the household registration is located. As a result, there will
be a large number of out-of-town patients. This makes it difficult for the
local cancer registries to obtain the patient’s pathological diagnosis in-
formation, and these cases can only be classified as non-pathological
when reported, which resulted in a relatively low MV%. At the same
time, the China National Mortality Surveillance System requires addi-
tional reporting of the information on incidence and diagnosis for pa-
tients who died of cancer (judged according to ICD10). Therefore, when
using death certificates as a source of information for cancer registries,
the information on incidence and diagnosis is available for most pa-
tients, which in turn leads to relatively low DCO%.

A strength of our study is the use of nationwide, high-quality data
from population-based cancer registries to ensure the validity, repre-
sentativeness and comparability of the results. We also estimated the
pattern and trend of esophageal cancer by age, sex, region and subtype,
providing a more accurate reference for the prevention and control of
esophageal cancer.

There are also several limitations. We based our estimates on the
cancer registry system; therefore, any underreporting or lagging may
have affected them. In addition, missing information on pathological
types can also affect the estimate of incidence rates by subtype. As can-
cer registries expand and data quality improves, more accurate data will
be available for future studies.
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5. Conclusions

In conclusion, despite the declining trend in incidence and mortality,
the burden of esophageal cancer in China remains high with sex and re-
gional differences. Further research is needed to explore the underlying
reasons contributing to these patterns and trends. Future prevention and
control of esophageal cancer should focus on reducing exposure to mod-
ifiable risk factors and implementing individualized screening based on
genetic and environmental factors.
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