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Abstract

Digestive tract cancers are the common cause of cancer deaths in both China and worldwide. This study aimed to describe the
burden, recent trends and lifetime risks in the incidence and mortality of digestive tract cancers in an urban district of Shang-
hai, China. Our study extracted data on stomach, colon, rectum and liver cancers diagnosed in Changning District between
2010 and 2019 from the Shanghai Cancer Registry. We calculated age-standardized incidence and mortality rates, the risks
of developing and dying from cancer, and the estimated annual percent changes. Between 2010 and 2019, 8619 new cases
and 5775 deaths were registered with digestive tract cancers in the district. The age-standardized incidence rates (ASIRs)
of liver cancer decreased steadily, whereas the ASIRs of stomach, colon and rectum cancers remained stable from 2010 to
2019. The age-standardized mortality rates (ASMRs) of stomach and liver cancers showed significant declining changes
from 2010 to 2019 in both sexes, but that of colon and rectum cancers remained stable during the entire period. The risks of
developing and dying from digestive tract cancers were substantially higher in men than women. The burden of digestive tract
cancer and its disparities between sex and age group remain major public health challenges in urban Shanghai. To reduce
the burden of digestive tract cancers, the government and researchers should develop and promote a healthy diet, organize
a screening, and reduce the prevalence of smoking, alcohol drinking, and hepatitis B virus and hepatitis C virus infections.
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1 Introduction

Stomach, colon, rectum and liver cancers are the four most
common types of digestive tract cancer, which is one of
the most commonly diagnosed malignancies and one of
the leading causes of cancer-related death worldwide, par-
ticularly in China [1, 2]. It was estimated that 19,292,789
new cancer cases and 9,958,133 cancer deaths occurred
worldwide in 2020, among which 20.09% of new cases and
25.25% of deaths could be attributed to digestive tract can-
cers [1]. According to the cancer statistics of the National
Cancer Center (NCC) of China in 2016, stomach cancer
ranked the third highest incidence and the third most com-
mon cause of death, with an estimated age-standardized
incidence rate (ASIR) was 17.59/10° and an estimated
age-standardized mortality rate (ASMR) was 12.30/10°.
Colorectal cancer had the second incidence and fourth
mortality, the estimated ASIR and ASMR were 18.05/ 10°
and 8.12/10°, respectively. Liver cancer is the fourth most
common cancer and the second in cancer death, with ASIR
and ASMR reaching as high as 17.65/10° and 15.07/10°,
respectively [3].

Epidemiological evidence indicated the occurrence
and development of digestive tract cancers are related to
smoking, alcohol drinking, unhealthy diet, obesity, physi-
cal inactivity, virus infection, and others [4—7]. Shanghai
is the largest metropolis, with ongoing changes in lifestyle
and diet, diverse cultures, and a prosperous economy in
China. With the accelerating urbanization process, the
proportion of high-fat, high-protein and low-fiber diets is
increasing, and there might be new changes in the inci-
dence and mortality of digestive tract cancers [8—10].
Therefore, we analyzed the burden, features, and recent
trends in the incidence and mortality rates of stomach,
colon, rectum and liver cancers from 2010 to 2019 in an
urban district of Shanghai, as well as the lifetime risks
estimation, to provide evidence of local disease burden
and to optimize cancer control strategy in terms of public
health.

2 Materials and Methods
2.1 Dataand Design

The high-quality data of this study was based on the
Shanghai Cancer Registry, which has a standardized can-
cer-reporting procedure. The data of the Shanghai Cancer
Registry has been published in the volumes of the Cancer
Incidence in Five Continents of the International Agency
for Research on Cancer (IARC) [11]. The Changning

District, located in the west of Shanghai, has a total per-
manent and median size population of 626,000. It is one of
the original urban districts with less resident mobility than
other suburb districts. The cancer data for this region were
primarily collected as a part of the Shanghai Cancer Regis-
try by the Shanghai Changning District Center for Disease
Control and Prevention using a standardized cancer report-
ing system [12]. No identity information of the individu-
als was included in our data analysis. Cancer cases and
deaths were coded using the International Classification
of Diseases, the tenth revision (ICD-10). Stomach cancer
(C16), colon cancer (C18), rectum cancer (C19-20), and
liver cancer (C22) were included in our current analysis.
Except for the population census year 2010, popula-
tion data (age composition by sex) were obtained from the
Changning District Bureau of Public Security. The gen-
der and age group population data were estimated using
the interpolation or extrapolation method [13] during the
remaining non-census years. The study was approved by the
Renji Hospital Ethics Committee of Shanghai Jiao Tong Uni-
versity School of Medicine (KY2019-197, KY2021-028).

2.2 Data Quality Control

The quality of registration data was assessed based on the
criteria of the “Guideline for Chinese Cancer Registration”
[14]. Briefly, the completeness, validity, reliability, and
comparability of the data were evaluated using a series of
standards, including the mortality to incidence ratio (M/I)
and the basis of diagnosis with the highest reliability, that
is, percentage of histologically verified (HV %), biochemis-
try, surgery, imaging, clinical, and death certification only
(DCO%). The corresponding quality control indicators of
the data for digestive tract cancers in our study were 0.67,
72.77%, 8.02%, 7.80%, 8.83%, 2.52% and 0.07%, respec-
tively (Supplemental Table 1). These indicators suggested
that the overall quality of data was satisfied.

2.3 Statistical Analysis

The crude incidence and mortality rates of digestive tract
cancers were calculated and shown as per 100 000 (10%)
person-years. The direct standardization method with Segi’s
world standard population [15] was used for age-standard-
ized rates. Lifetime risk was defined as the probability of
developing or dying from digestive tract cancers from birth
to 85 years old, calculated using the DevCan software, ver-
sion 6.7.9 [16, 17]. The Joinpoint Regression Program ver-
sion 4.9.0.0 was used to calculate the annual percent change
(APC) in annual trends of ASIRs and ASMRs, and the Z
test was employed to assess whether the APC was statisti-
cally different from zero [18]. All models were restricted
to a maximum of 2 joinpoints (3 line segments) [19].
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Age-specific incidence and mortality rates were calculated
for each 5-year age group (0—4 to 85+).

3 Results
3.1 Incidence Analysis

As shown in Table 1, a total of 2554 stomach cancer cases,
2922 colon cancer cases, 1625 rectum cancer cases, and
1518 liver cancer cases were registered from 2010 to 2019
in Changning district, Shanghai. The corresponding crude
incidence rates of the four sites were 42.55/10°,48.68/10°,
27.07/10°, and 25.29/10°, respectively. After using the Segi’s
world standard population, the ASIRs of digestive tract can-
cers were higher in males than females. The ratio of male
to female cases was 1.79:1 for stomach cancer, 1.14:1 for
colon cancer, 1.52:1 for rectum cancer, and 2.39:1 for liver
cancer, respectively. The most common type of digestive
tract cancer was stomach cancer in men (21.51/105) and
colon cancer in women (16.66/10%) from 2010 to 2019 in
the district. The ASIRs of stomach, colon, rectum and liver
cancer were 16.60/10°, 19.16/10°, 11.19/10°, and 11.46/10°
during 2010-2004, and decreased to 15.99/10°, 18.06/10°,
10.70/10°, and 8.93/10°, respectively, during 2015-2019
(Table 1).

3.2 Mortality Analysis

Between 2010 and 2019, 1 865 stomach cancer deaths, 1 643
colon cancer deaths, 935 rectum cancer deaths, and 1 332
liver cancer deaths were reported in the Changning District,
as presented in Table 3. The corresponding crude mortality

rates of digestive tract cancer were 31.07/10%, 27.37/10°,
15.58/10°, and 22.19/10°, respectively. The lowest ASMR
observed in female rectum cancer was 2.72/10° (2015-2019)
and the highest in male stomach cancer was 15.36/10°
(2010-2014). The ratios of male to female deaths for stom-
ach, colon, rectal and liver cancers were 1.96:1, 1.13:1,
1.58:1, and 2.48:1, respectively, which was paired with one
of the new cases. In addition, the trend for the crude mortal-
ity rates is not entirely consistent with that of ASMRs. For
example, the crude mortality trend of colon cancer increased
from 2010-2014 to 2015-2019. While the ASMRs of that
decreased slightly from 2010-2014 to 2015-2019 (Table 2).

3.3 Lifetime and Age-Conditional Risks Estimation

The lifetime risks of developing stomach cancer were esti-
mated to be 4.80% in men and 2.37% in women (Table 3).
The lifetime risks of dying from stomach cancer were esti-
mated to be 3.74% in men and 1.51% in women (Table 4).
These probabilities mean that one in twenty-one males and
one in forty-two females will develop stomach cancer from
birth to 85 years old, and one in forty-seven males and one
in sixty-six females will die of stomach cancer.

Between birth to 85 years old, the lifetime risks of devel-
oping cancer in men were highest for the stomach (4.80%),
followed by the colon (4.72%), rectum (2.80%) and liver
(2.76%), and it was highest for colon (3.67%), followed
by stomach (2.37%), rectum (1.70%) and liver (1.19%) in
women, respectively (Table 3). Before the age of 50, the
cancer site with the highest age-conditional developing risk
was the liver for males and the stomach for females. The age-
conditional risk of developing colon cancer was the highest

Table 1 Crude and age-

. o Sites Years Male Female Total

standardized incidence rates of

digestive tract cancers in the Number CR ASIR  Number CR ASIR  Number CR ASIR
Changning District, Shanghai,

China, 20102019 Stomach 2010-2014 789 5148 21.52 451 2893 1198 1240 40.11  16.60

2015-2019 848 5991 21.32 466 31.15 11.01 1314 45.13  15.99

Total 1637 55.53 21.51 917 30.02 1146 2554 4255 16.33

Colon 2010-2014 734 47.89 20.71 682 43.76  17.78 1416 45.81 19.16

2015-2019 820 5793 2035 686 45.85 1595 1506 51.72  18.06

Total 1554 5271 20.34 1368 4478 16.66 2922 48.68 18.41

Rectum  2010-2014 470 30.67 13.78 322 20.66  8.70 792 25.62 11.19

2015-2019 509 3596 1343 324 21.66  8.08 833 28.61 10.70

Total 979 3321 13.61 646 21.15 829 1625 27.07 10.90

Liver 2010-2014 560 36.54 17.53 243 15.59 543 803 2598 11.46

2015-2019 510 36.03 13.78 205 13.70 433 715 2456  8.93

Total 1070 36.29 1571 448 1467 4.86 1518 2529 10.20

All rates in this table are shown as per 100,000 persons

CR crude rate, ASIR age-standardized incidence rate, taking standard world population of Segi’s (1960) as

the standard
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:taal;lgaidi(z::;drig?til?ée;ates of Sites Years Male Female Total
digestive tract cancers in the Number CR ASMR Number CR ASMR Number CR ASMR
Changning District, Shanghai,
China, 2010-2019 Stomach 2010-2014 647 4222 1536 335 21.49 17.21 982 31.77 11.01
2015-2019 588 41.54 11.78 295 19.72 5.02 883 3033  8.18
Total 1235 41.89 1347 630 20.62 6.13 1865 31.07  9.56
Colon 2010-2014 384 2506 9.13 376 24.12 747 760 2459 8.23
2015-2019 486 3433 954 397 26.54 6.27 883 30.33  7.80
Total 870 2951 940 773 2531 6.81 1643 2737 8.01
Rectum 2010-2014 258 16.83 6.08 181 11.61 4.06 439 1420 499
2015-2019 314 22.18 6.55 182 12.17 2.72 496 17.04 4.56
Total 572 1940 635 363 11.88 3.37 935 15.58 478
Liver 2010-2014 500 32.62 15.18 193 12.38 3.87 693 2242 948
2015-2019 449 3172 11.77 190 12.70 3.55 639 2195 17.56
Total 949 32.19 1337 383 12.54 3.72 1332 22.19 846

All rates in this table are shown as per 100,000 persons

CR crude rate, ASMR age-standardized mortality rate, taking standard world population of Segi’s (1960) as

the standard

Table 3 Probabilities of

50-59

60-69

70-85

Birth to 85

. 8 . Sites Sex Birth to 49
developing digestive tract
cancers by site and sex in the Stomach Male 0.18 (1 in 556)
gﬁ?{?ﬁggiﬁ ‘;gl‘gﬁ’ Shanghai, Female 0.17 (1 in 588)
Colon Male 0.16 (1 in 625)
Female 0.16 (1 in 625)
Rectum  Male 0.14 (1in714)
Female 0.13 (1 in 769)
Liver Male 0.27 (1 in 370)
Female 0.05 (1 in 2000)

0.46 (1in 217)
0.28 (1 in 357)
0.37 (1 in 270)
0.36 (1 in 278)
0.35 (1 in 286)
0.21 (1 in 476)
0.50 (1 in 200)
0.09 (1in 1111)

1.09 (1 in 92)

0.48 (1 in 208)
1.09 (1 in 92)

0.83 (1 in 120)
0.69 (1 in 145)
0.36 (1 in 278)
0.66 (1 in 152)
0.20 (1 in 500)

3.13 (1in 32)
1.46 (1 in 68)
3.16 (1 in 32)
2.35 (1 in 43)
1.65 (1in 61)
1.00 (1 in 100)
1.36 (1 in 74)
0.86 (1 in 116)

4.80 (1in21)
2.37 (1 in 42)
472 (1'in 21)
3.67 (1in27)
2.80 (1 in 36)
1.70 (1 in 59)
2.76 (1 in 36)
1.19 (1 in 84)

4 For people free of cancer at beginning of age interval

Table 4 Probabilities of dying

50-59

60-69

70-85

Birth to 85

) . Sites Sex Birth to 49
from digestive tract cancers by
site and sex in the Changning Stomach Male  0.06 (1 in 1667)
?&ig‘_cztb?gf“gha" China, Female 0.05 (1 in 2000)
Colon Male 0.04 (1 in 2500)
Female 0.04 (1 in 2500)
Rectum  Male 0.03 (1 in 3333)
Female 0.02 (1 in 5000)
Liver Male 0.19 (1 in 526)
Female 0.03 (1in 3333)

0.22 (1 in 455)
0.14 (1in 714)

0.10 (1 in 1000)
0.10 (1 in 1000)
0.10 (1 in 1000)
0.06 (1 in 1667)
0.40 (1 in 250)

0.06 (1 in 1667)

0.53 (1 in 189)
0.22 (1 in 455)
0.38 (1 in 263)
0.23 (1 in 435)
0.26 (1 in 385)
0.11 (1 in 909)
0.59 (1 in 169)
0.14 (1in 714)

2.96 (1 in 34)
1.11 (1 in 90)
2.04 (1 in 49)
1.49 (1 in 67)
1.36 (1 in 74)
0.65 (1 in 154)
1.36 (1 in 74)
0.76 (1 in 132)

374 (1in 27)
1.51 (1 in 66)
2.55 (1 in 39)
1.85 (1 in 54)
1.74 (1in 57)
0.85 (1in 118)
2.51 (1 in 40)
0.99 (1 in 101)

4 For people free of cancer at beginning of age interval

for older people between the ages of 60 and 85 regardless
of gender (Table 3).

Between birth to 85 years old, the lifetime risk of dying
from cancer in men was highest for the stomach (3.74%),
followed by the colon (2.55%), liver (2.51%) and rectum
(1.74%), and was highest for colon (1.85%), followed
by stomach (1.51%), liver (0.99%) and rectum (0.85%)

in women, respectively (Table 4). Before the age of 60,
the sites with the highest age-conditional dying risks
were liver cancer in men and stomach cancer in women.
Between the ages of 60 and 69, the sites with the high-
est age-conditional dying risks were liver cancer in men
and colon cancer in women. Between the ages of 70 and
85, the sites with the highest age-conditional dying risks
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were stomach cancer in men and colon cancer in women
(Table 4).

3.4 Joinpoint Regression Analysis

As shown in Table 5, for both sexes combined, the total
ASIRs of stomach, colon, and rectum cancers remained
stable, but that of liver cancer significantly decreased by
5.18% per year from 2010 to 2019. The time trends of
ASIRs in men were similar to the total trends over the
whole period. In women, the ASIRs for cancers of the
colon, rectum, and liver showed no changes in time trends.

The time trends of ASIRs for stomach cancer in women
remarkably decreased from 2010 to 2013, but remained
stable from 2013 to 2019 (Table 5).

For both sexes combined, the total ASMRs of colon
and rectum cancers remained stable, but that of stomach
and liver cancers decreased from 2010 to 2019. In men,
the ASMRs had decreased for cancers of the stomach and
liver, whereas stable trends were detected for cancers of
the colon and rectum. In women, the mortality rates were
relatively stable for colon and liver cancers. For cancers
of the stomach and rectum in women, declining trends in
ASMRs were observed during the whole period (Table 6).

Table 5 Joinpoint regression analysis of age-standardized incidence of digestive tract cancers in the Changning District, Shanghai, China, 2010—

2019
Sites Sex AAPC (%, 95% CI) Trend 1 Trend 2
Years APC (%, 95%CI) Years APC (%, 95%CI)
Stomach Male —1.12(—4.54,2.43) 2010-2019 —1.12 (—4.54,2.43)
Female —-2.97(-7.21, 1.46) 2010-2013 —15.98* (-27.07, —3.20) 2013-2019 4.27 (- 1.01,9.83)
Total —1.44 (-4.5,1.72) 2010-2019 —1.44(-45,1.72)
Colon Male 1.22 (—3.42, 6.08) 2010-2019 1.22 (—3.42, 6.08)
Female —1.71(=5.7,2.44) 2010-2019 —1.71(-5.7,2.44)
Total —0.13 (-4.22,4.14) 2010-2019 —0.13 (-4.22,4.14)
Rectum Male 1.11 (- 2.62, 4.99) 2010-2019 1.11 (-2.62,4.99)
Female —2.49 (-6.43, 1.61) 2010-2019 —2.49 (-6.43, 1.61)
Total —0.26 (-2.77,2.31) 2010-2019 —0.26 (-2.77,2.31)
Liver Male —5.58% (—=10, -0.9) 2010-2019 —5.58% (=10, -0.9)
Female —2.69(-7.3,2.14) 2010-2019 —2.69 (—=7.3,2.14)
Total —5.18*% (-8.4,-1.8) 2010-2019 —5.18% (-84, —-1.8)
AAPC average annual percent change, APC annual percent change, CI confidence interval
*P<0.05
Table 6 Joinpoint regression Types Sex AAPC (%, 95%CI) Trend 1
analysis of age-standardized
mortality of digestive tract Years APC (%, 95%CI)
cancers in the Changning
District, Shanghai, China, Stomach Male —4.58% (=7.52, - 1.54) 2010-2019 —4.58% (=7.52, - 1.54)
2010-2019 Female —5.68*% (= 10.63, —0.46) 2010-2019 —5.68*% (= 10.63, —0.46)
Total —4.93* (-8.07, — 1.69) 2010-2019 —4.93* (-8.07, — 1.69)
Colon Male 0.22 (- 3.68, 4.29) 2010-2019 0.22 (- 3.68, 4.29)
Female —3.25(-7.38, 1.06) 2010-2019 —3.25(-7.38, 1.06)
Total —1.37(—4.48, 1.84) 2010-2019 —1.37(—4.48, 1.84)
Rectum Male 1.72 (- 1.45, 4.99) 2010-2019 1.72 (- 1.45, 4.99)
Female —8.57* (= 13.35, -3.53) 2010-2019 —8.57* (= 13.35, -3.53)
Total —1.99 (-4.2,0.28) 2010-2019 —1.99 (-4.2,0.28)
Liver Male —5.89% (=9.99, — 1.6) 2010-2019 —5.89% (=9.99, — 1.6)
Female -22(-7.3,3.19) 2010-2019 -22(-7.3,3.19)
Total —5.11% (-8.1,-2.03) 2010-2019 —5.11% (- 8.1, -2.03)

AAPC average annual percent change, APC annual percent change, CI confidence interval

*P<0.05
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3.5 Age-Specific Incidence and Mortality Rates

The age-specific incidence rate was relatively low before
40 years old, and increased dramatically since then, reach-
ing a peak at the age group of 80—84 years both in men
and women (Fig. 1). The number of cases increased with
age before 65 years old both in men and women (Fig. 1).
The highest number of cases occurred between the age
group of 60-64 years in men, while between the age group
of 80-84 years in women (Fig. 1). After the age group of
40-44 years, incidence rates were substantially higher in
men than in women. Supplementary Tables 2 and 3 show
the Joinpoint regression analysis results of incidence trends
of digestive tract cancers by age groups in men and women.

The age-specific mortality rates were relatively low
before 50 years, then gradually increased in the age group
of 50-70 years, dramatically increased after 70 years, and

reached a peak after 85 years (Fig. 2). In all age groups, the
mortality rates of digestive tract cancers were consistently
higher in men than women (Fig. 2). The highest number of
cancer deaths occurred in the age group of 85+ in both men
and women (Fig. 2). Supplementary Tables 4 and 5 show the
results of Joinpoint regression analysis of mortality trends
of digestive tract cancers by age group in men and women.

4 Discussion

Based on a high-quality population-based of cancer inci-
dence and mortality data, we conducted a comprehensive
statistical analysis of digestive tract cancers in an urban dis-
trict of Shanghai, a higher developing economy and soci-
ety in China. In this study, we first briefly described the
features of incidence and mortality for primary digestive

Fig. 1 Age-specific incidence 900 71000
rates and numbers of new cases
of digestive tract cancers in the 800  mmmmm New cases in male 1990
Changning District, Shanghai, mmm New cases in female 1500
China, 2010-2019 g 700r .
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Fig.2 Age-specific mortality 1400 7 800
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tract cancers (stomach, colon, rectal, and liver cancers) in
the Changning District, Shanghai from 2010 to 2019. Sec-
ondly, we calculated the risks of developing and dying from
digestive tract cancers during certain age intervals to reflect
life expectancy and the risk during their lifetime. Thirdly,
we used the Joinpoint regression analysis to investigate the
incidence and mortality trends of digestive tract cancers.
Finally, we presented the number of new cases and deaths
in all age groups, as well as the recent trends of age-specific
rates by sex during the period 2010-2019.

Stomach cancer is the most common digestive tract can-
cer in China with a poor prognosis. The age-standardized
5-year relative survival rate was 35.1% from 2012 to 2015
[20]. It has been reported that factors such as Helicobac-
ter pylori infection, smoking, alcohol drinking, obesity,
high-salt diet, low fruit intake, and the high consumption of
processed meat and grilled or barbecued meat and fish are
related to the risk of stomach cancer in China [1, 21, 22].
Based on our data from urban Shanghai, the ASIRs of stom-
ach cancer incidence of 21.32/10° in men and 11.01/10° in
women during 2015-2019, which were about 1.4-fold higher
than the global average in 2020 (men: 15.8/10%; women:
7.0/10° in women) [1], but they are lower than the Chinese
average in 2019 (men: 47.4/10°; women: 15.8/10°) [23].
The ASMRSs of stomach cancer were 11.78/10° in men and
5.05/10° in women from 2015 to 2019, which was slightly
higher than the global average in 2020 (men: 11.0/10;
women: 4.9/ 105) [1], but lower than the Chinese average in
2019 (men: 33.1/10%; women: 12.2/10%) [23].

A stable trend was observed for the ASIRs of stomach
cancer from 2010 to 2019, whereas the crude rate of stom-
ach increased, which was consistent with our previous study
[24]. This is because of changes in the population age struc-
ture and the risk factors such as high-salt foods, obesity and
others [25]. Similar to other countries or regions [7, 26],
the ASMRs of stomach cancer decreased by 4.93% annually
from 2010 to 2019. This might be attributed to adequate
medical resources, higher levels of health care, improve-
ments in early diagnosis, etc. The incidence and mortality of
stomach cancer are 1.7-fold and 1.9-fold higher in men than
in women, consistent with a previous study in China [27].
This difference may be related to the different gender levels
of the proportion of exposure factors such as smoking and
alcohol drinking [28-30].

Colorectal cancer can be considered a marker of soci-
oeconomic development and, in countries undergoing a
major transition, incidence rates tend to rise uniformly with
increasing human development index [31, 32]. Shanghai,
one of the representatives of China's eastern coastal cities,
has a high economic and social development level. The inci-
dence and mortality of colorectal cancer almost reach those
in developed countries. Compared with GLOBOCAN 2020
data [1, 33], the ASIRs of colorectal cancer for both sexes
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combined in the Changning District of Shanghai from 2015
to 2019 (28.76/10°) were much higher than the global aver-
age (19.5/10°) and the China average (23.9/10°). When it
comes to the sex and type of colorectal cancer, the ASMRs
of colon cancer and rectum cancer in our study from 2015
to 2019 (colon cancer in men: 9.54/10°; colon cancer in
women: 6.27/10%; rectum cancer in men: 6.55/10°; rectum
cancer in women:2.72/10°, respectively) were well above the
global average in 2020 (colon cancer in men: 6.4/10°; colon
cancer in women: 4.6/10°; rectum cancer in men: 4.4/105;
rectum cancer in women: 2.4/10°, respectively) and similar
to the European levels (colon cancer in men: 9.8/ 10°; colon
cancer in women: 6.2/10°; rectum cancer in men: 6.1/10°;
rectum cancer in women: 3.1/10°, respectively).

We did not observe remarkable trends of ASIRs and
ASMRs for cancers of the colon and rectum from 2010 to
2019. However, both the number of cases and crude rates
consistently increased yearly from 1975-1979 to 2015-2019
[34]. The difference between the crude rates and the age-
standardized rate is the large proportion of the elderly pop-
ulation in Shanghai. The rapid development of the econ-
omy and society likely reflects changes in lifestyle factors,
obesity, physical activity and diet, that is, shifts toward an
increased intake of animal-source foods and a more sed-
entary lifestyle, resulting in reduced physical activity and
increased prevalence of excess body weight, which are inde-
pendently associated with colorectal cancer risk [35, 36].
Additional major risk factors included heavy alcohol con-
sumption, cigarette smoking, and consumption of red or pro-
cessed meat [34, 37-39]. The city government of Shanghai
has launched a community-based colorectal cancer screen-
ing program since 2013, which may be related to an increase
in the number of cases of colorectal cancer [40]. However,
it has not affected the overall trends of ASIRs and has not
fully reflected the effect of reducing ASMRs.

The ASIRs of liver cancer in the study area from 2015
to 2019 were 13.78/10° in men and 4.33/10° in women,
slightly lower than the global average (men: 14.1/10°;
women: 5.2/10°) and about half of the China average (men:
27.6/10°; women: 9.0/10%) [1, 33]. The results of the ASMRs
and ASIRs were similar, reflecting a bad prognosis of liver
cancer in the district. Significantly downward trends were
observed in the ASIRs and ASMRs of liver cancer between
2010 and 2019, consistent with our previous finding [41].
While a relatively stable crude rate of liver cancer suggests
that liver cancer is still a challenge in the future. The main
risk factors for liver cancer are chronic infection with hepati-
tis B virus (HBV) or hepatitis C virus (HCV), aflatoxin-con-
taminated foods, heavy alcohol intake, excess body weight,
type 2 diabetes, and smoking [42-44]. Since 1992, the Chi-
nese government has mandated HBV vaccinations for new-
borns, and it began to see a large reduction in the numbers
of HBV infections in mainland China. Moreover, relative
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to the rest of China, higher economic and living standards
in urban Shanghai, together with high-quality medical and
health resources, might contribute to the decreased rate of
liver cancer.

The lifetime risk of developing cancer is the percentage
of the population developing cancer at least once in a life-
time [16]. Age-conditional risk of developing cancer is the
percentage of the population developing cancer before a spe-
cific age, assuming that the individuals are cancer-free at the
current age [16]. Lifetime and age-conditional risks of dying
from cancer are defined in the same manner as the risks
of developing cancer. These indicators are helpful for plan-
ning, monitoring and evaluating cancer control programs.
However, there is no literature on the lifetime risk analysis
of cancer in China at present. The lifetime risks of develop-
ing and dying from digestive tract cancers in the Changning
District of Shanghai from 2010 to 2019 were significantly
higher than that in the United States from 2016 to 2018. For
example, the lifetime risks of developing liver cancer in our
study were 2.76% in men and 1.19% in women, while fig-
ures in the United States from 2016 to 2018 were 1.45% in
men and 0.64% in women [45]. Lifetime or age-conditional
risk is a very familiar index for nations because the risk of
cancer can be converted to a percentage for each situation.
Especially, the interpretation using the reciprocal number of
this probability, for example, one in twenty-one males will
develop stomach cancer and one in twenty-seven males will
die of stomach cancer during their lifetime, makes the risk
for cancer an intuitively comprehensible form [46].

The age-specific incidence and mortality rates of diges-
tive tract cancers increased gradually with age, especially
rapidly increasing after 50 years, and reaching a peak in peo-
ple over 80 years old. Our study shows that most incidence
cases and deaths of digestive tract cancers have occurred
after 50 years. The changing trends of incidence or mor-
tality are different in different age groups. For example,
we found that rectum cancer incidence in the age group of
55-64 increased significantly in men, which was the same as
the previous study in Shanghai [47]. As in previous studies
[26, 35, 48], this may partly reflect the effect of screening.
Screening is one of the effective means of cancer preven-
tion [26]. With the gradual popularization of screening in
China [49], its effect on digestive tract cancer is also worthy
of attention.

Our study also has several limitations. First, the findings
of this study may not be representative of other Chinese
populations, especially in rural areas. Second, due to the lack
of demographic information over the age of 85, we can only
estimate the probability of developing and dying from cancer
from birth to the age of 85. Thirdly, exposures to risk factors
including socioeconomic status, smoking, alcohol use, obe-
sity, physical activity, diet habit, and chronic infection with
HBYV and HCV are important to characterize the controllable

causes of cancer types in different areas. However, these data
were unavailable. But our study results provided informative
statistics for the local administration section of public health.

5 Conclusion

In conclusion, the burden of digestive tract cancer and its
disparities between sex and age group remain major public
health challenges in urban Shanghai. With the huge popula-
tion size and the continuity of aging, attention should also
be paid to digestive tract cancers for a long time. Therefore,
government and researchers should develop and promote
a healthy diet, organize a screening, and reduce the preva-
lence of smoking, alcohol drinking, and hepatitis B virus and
hepatitis C virus infections, to reduce the burden of digestive
tract cancers.
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