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Aim: To assess temporal trends in incidence and mortality and project the future

burden of five major digestive system cancers in Jiangsu Province, China.

Methods: Population-based cancer registry data from Jiangsu Province between

2010 and 2021 were used to analyze the burden of esophageal, gastric, colon,

rectal, and liver cancers. Age-standardized incidence and mortality rates were

calculated and compared by cancer type, sex, and urban-rural residence.

Joinpoint regression was used to estimate annual percentage changes (APC)

and average annual percentage changes (AAPC). The APC from the most recent

Joinpoint segment was used to project incidence and mortality rates to 2030.

Results: In 2021, gastric cancer had the highest age-standardized incidence and

mortality among the five cancers. Incidence and mortality were consistently

higher in males than in females and increased markedly after 50 years of age.

From 2010 to 2021, age-standardized incidence and mortality declined for

esophageal, gastric, and liver cancer, but increased for colon and rectal cancer.

Colon cancer showed the steepest increase in both incidence andmortality. Rural

areas showed faster increases in colon and rectal cancer burden than urban areas.

Projections to 2030 suggest continued declines in esophageal, gastric, and liver

cancer, while colon cancer incidence and mortality are expected to rise further.

Conclusion: Jiangsu Province is experiencing a transition in digestive system

cancer burden, with continued declines in esophageal, gastric, and liver cancers

but an emerging and growing burden of colorectal cancer, especially colon

cancer. Prevention strategies should focus on expanding colorectal cancer

screening and early diagnosis, particularly in rural areas, while sustaining control

of esophageal, gastric, and liver cancers.
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1 Introduction

Digestive system cancers remain a major public health chal-

lenge in China. In 2022, colorectal cancer accounted for an

estimated 517,100 new cases and 240,000 deaths, liver cancer for

367,700 new cases and 316,500 deaths, gastric cancer for 358,700

new cases and 260,400 deaths, and esophageal cancer for 224,000

new cases and 187,500 deaths (1). Together, these cancers contrib-

ute substantially to the national cancer burden. Given their high

incidence and mortality, continuous surveillance is needed to better

understand their patterns and to support prevention and con-

trol efforts.

In November 2023, the National Health Commission issued the

Healthy China Action-Cancer Prevention and Control Action Plan

(2023-2030), which called for further improvement of the stan-

dardization, institutionalization, efficiency, and quality of cancer

registration (2). High-quality cancer registry data are essential for

quantifying disease burden, identifying high-risk populations, and

informing evidence-based prevention and control strategies.

Jiangsu Province is one of the earliest regions in China to

establish population-based cancer registration, beginning in Qidong

in 1972, and had achieved county- and district-wide coverage of

follow-up cancer registration by the end of 2016 (3). Using

population-based cancer registration data from Jiangsu Province

from 2010 to 2021, this study aimed to assess the burden and

temporal trends of five major digestive system cancers, including

esophageal cancer, gastric cancer, colon cancer, rectal cancer, and

liver cancer. The study further compared patterns by sex and urban-

rural residence, and projected their incidence and mortality to 2030.
2 Methods

2.1 Data source

This study used population-based cancer registration data from

Jiangsu Province, China, from 2010 to 2021. The data were derived

from the annual Jiangsu cancer report (4–13). Only data from

cancer registry sites in Jiangsu that met the quality requirements

were used. The number of qualified registry sites increased from 27

in 2010 to 74 in 2021, including 33 urban registry sites and 41 rural

registry sites in 2021 (Supplementary Table 1).

Cancer registration in Jiangsu is a systematic process for

collecting, checking, storing, organizing, and statistically analyzing

information on cancer incidence, death, and survival. Information

on newly diagnosed cancer cases was mainly reported by medical

institutions with cancer diagnosis and treatment capacity. Registry

offices reviewed the submitted records, checked completeness and

validity, and supplemented missing cases through follow-up and

record linkage (13).

Death information was obtained from death surveillance data

and death certificates. Registry offices regularly checked deaths

mentioning cancer as the underlying cause, contributing cause, or

relevant disease history, and linked these records with the cancer

registry database. Medical insurance records were also used as an
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auxiliary information source to identify cancer-related diagnoses

and treatment records. Population denominators were obtained

from public security and statistical departments (13).

Incident cases and deaths were coded according to the

International Classification of Diseases, 10th Revision (ICD-10).

This study focused on five major digestive system cancers: esoph-

ageal cancer (C15), gastric cancer (C16), colon cancer (C18), rectal

cancer (C19-C20), and liver cancer (C22). The main outcomes were

incidence and mortality. Annual incidence rates, mortality rates,

age-specific rates, and age-standardized rates were extracted for

each cancer type. Rates were expressed per 100,000 population.

Age-standardized rates were calculated using the age distribution of

the 2000 Chinese standard population based on the Fifth National

Population Census (13).

2.2 Quality control

Quality control was conducted throughout the cancer registra-

tion process. With reference to the data-quality evaluation frame-

work by the National Cancer Center of China, the International

Agency for Research on Cancer (IARC), and the International

Association of Cancer Registries (IACR), submitted registry data

were evaluated for completeness, validity, and comparability

(14–16).

The primary quality-control indicators included the proportion

of morphologically verified cases (MV (%)), the proportion of

death-certificate-only cases (DCO (%)), and the mortality-to-inci-

dence ratio (M/I). From 2010 to 2021, MV% ranged from 67.55% to

73.55%, DCO% ranged from 0.61% to 1.21%, and the M/I ratio

ranged from 0.57 to 0.69. All indicators met the quality require-

ments (Supplementary Table 2).

Cancer-specific quality indicators were also extracted from the

Jiangsu cancer reports where available. M/I ratio, MV (%), and

DCO (%) were summarized by year and residence for esophageal

cancer (C15), gastric cancer (C16), colorectal cancer (C18-C21),

and liver cancer (C22). Separate quality indicators for colon cancer

(C18) and rectal cancer (C19-C20) were not available in the source

reports (Supplementary Table 3).

2.3 Statistical analysis

Microsoft Excel 2021 was used for data organization. Analyses

were conducted by cancer type, outcome, sex, and residence. Age-

standardized incidence and mortality rates were used as the

principal measures for trend analysis.

Joinpoint regression was used for trend analysis. Calendar year

was used as the independent variable, and the age-standardized

incidence or mortality rate was used as the dependent variable. The

grid search method was used. The number of joinpoints was

allowed to range from 0 to 2. Model selection was based on the

weighted Bayesian Information Criterion (Weighted BIC). The

annual percentage change (APC), average annual percentage

change (AAPC), corresponding 95% confidence intervals (CIs),

and P values were estimated. APC and AAPC confidence intervals

were estimated using the empirical quantile method with 5,001

resamples, and AAPC was calculated for the full study period from
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2010 to 2021. Sex and urban-rural comparisons were descriptive;

formal tests for differences in APCs or AAPCs between subgroups

were not performed.

Because the original source data contained a combined report-

ing period for 2011-2013, annual rates for 2011, 2012, and 2013

were imputed using a shifted linear interpolation approach.

Provisional annual values for 2011, 2012, and 2013 were first

linearly interpolated between the observed 2010 and 2014 values.

The three interpolated values were then shifted by a constant so that

their mean equaled the original combined 2011–2013 rate. The

imputed annual rates were subsequently used in the Joinpoint

analysis. The imputed annual age-standardized rates are provided

in Supplementary Table 4. For population denominators, the

combined 2011–2013 person-years were allocated equally across

the three years. As a sensitivity analysis, we repeated the analysis by

retaining the 2011–2013 combined value as a single midpoint

observation and compared the projected 2026 rates with those

from the split-imputation approach.

Forecasts were made for 2030. After Joinpoint regression, the

APC and 95% CI from the most recent selected trend segment were

extracted. The observed age-standardized rate in 2021 was used as
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the baseline, and projections assumed continuation of the most

recent trend. The projected rate in year t was calculated as:

Rate _ t = Rate _ 2021 x (1 + APC=100) (t − 2021)

The lower and upper projection bounds were calculated using

the lower and upper limits of the APC 95% CI, respectively.

A two-sided P value of less than 0.05 was considered statistically

significant. Statistical analyses were performed using Joinpoint

Regression Program 6.0.1 (17) and Python 3.13.3.
3 Results

3.1 Trends in the surveyed population,
2010-2021

With the increasing number of qualified cancer registration sites,

the surveyed population in Jiangsu increased substantially from

28,694,775 in 2010 to 74,669,580 in 2021 (Supplementary Figure 1A).

The male and female populations were generally balanced

throughout the study period, with slightly fewer females than males.
TABLE 1 Age-standardized incidence trends of five major digestive system cancers in Jiangsu Province, 2010-2021.

Stratum Cancer
Age-standardized
Incidence Rate in 2010
(per 100,000)

Age-standardized
Incidence Rate in 2021
(per 100,000)

AAPC (95% CI) P value

Overall Esophageal cancer 20.60 12.50 -4.50 (-5.11, -3.29) <0.001

Gastric cancer 22.21 17.81 -2.13 (-3.41, -0.05) 0.045

Colon cancer 4.20 10.24 8.13 (6.93, 10.23) <0.001

Rectal cancer 5.08 7.98 3.72 (2.87, 5.42) <0.001

Liver cancer 16.26 11.77 -2.95 (-3.55, -1.86) <0.001

Male Esophageal cancer 28.72 18.43 -4.05 (-4.62, -2.96) <0.001

Gastric cancer 32.20 25.45 -2.34 (-3.61, -0.57) 0.006

Colon cancer 4.66 12.19 8.68 (6.89, 11.81) <0.001

Rectal cancer 5.89 10.08 4.50 (3.41, 6.84) <0.001

Liver cancer 24.51 17.48 -3.12 (-3.82, -1.79) <0.001

Female Esophageal cancer 12.71 6.82 -5.82 (-7.01, -3.53) <0.001

Gastric cancer 12.64 10.58 -1.63 (-2.76, -0.11) 0.033

Colon cancer 3.76 8.36 7.34 (5.75, 10.42) <0.001

Rectal cancer 4.32 5.96 2.49 (1.66, 3.99) <0.001

Liver cancer 8.00 6.18 -2.31 (-3.05, -0.83) <0.001

Urban Esophageal cancer 18.40 11.19 -4.33 (-4.84, -3.23) <0.001

Gastric cancer 26.17 18.83 -3.13 (-3.92, -1.94) <0.001

Colon cancer 6.01 12.18 6.13 (4.30, 9.24) <0.001

Rectal cancer 5.89 8.56 3.12 (2.22, 5.35) <0.001

Liver cancer 14.06 10.82 -2.27 (-3.65, -0.31) 0.024

Rural Esophageal cancer 22.23 13.54 -4.52 (-5.20, -3.35) <0.001

Gastric cancer 19.25 16.99 -1.22 (-3.68, 2.19) 0.225

Colon cancer 2.86 8.69 9.63 (7.83, 15.10) <0.001

Rectal cancer 4.47 7.52 4.59 (3.39, 7.03) <0.001

Liver cancer 18.12 12.55 -3.49 (-4.09, -2.44) <0.001
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The surveyed populations in both urban and rural areas also increased

over time, from 13,571,485 and 15,123,290 in 2010 to 33,125,493 and

41,544,087 in 2021, respectively (Supplementary Figures 1B, C).

3.2 Incidence and mortality of five major
digestive system cancers in 2021

In 2021, the overall age-standardized incidence rates of esoph-

ageal, gastric, colon, rectal, and liver cancer were 12.50, 17.81, 10.24,

7.98, and 11.77 per 100,000, respectively. For all five cancers,

incidence rates were higher in males than in females, ranging

from 1.46 to 2.83 times the corresponding female rates. By resi-

dence, urban residents had higher incidence rates for gastric, colon,

and rectal cancer, whereas rural residents had higher rates for

esophageal and liver cancer (Table 1).

In 2021, the overall age-standardized mortality rates of esoph-

ageal, gastric, colon, rectal, and liver cancer were 9.95, 12.45, 3.72,

3.56, and 10.65 per 100,000, respectively. Mortality rates were also

higher in males than in females for all five cancers, ranging from

1.49 to 2.84 times the corresponding female rates. Urban residents

had slightly higher mortality rates for gastric, colon, and rectal

cancer, whereas rural residents had higher mortality rates for

esophageal and liver cancer (Table 2).
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3.3 Age-specific distribution of five major
digestive system cancers in 2021

In 2021, age-specific incidence rates for the five major digestive

system cancers increased markedly after 50 years of age, generally

peaked at 80–84 years, and then declined slightly. Mortality showed a

similar pattern for esophageal and gastric cancer, whereas mortality

from colon, rectal, and liver cancer continued to rise into the oldest

age groups (Figures 1A, B).

Across nearly all age groups, males had higher incidence and

mortality rates than females. Urban-rural differences varied by

cancer type: urban populations generally had higher age-specific

rates for gastric, colon, and rectal cancer, whereas rural populations

tended to have higher rates for esophageal cancer (Figures 1C, D).

3.4 Temporal trends in incidence and
mortality of five major digestive system
cancers, 2010-2021

From 2010 to 2021, the overall age-standardized incidence rates

of esophageal, gastric, and liver cancer declined in Jiangsu, with

AAPCs of -4.50% (95% CI: -5.11%, -3.29%), -2.13% (95% CI: -3.41%,

-0.05%), and -2.95% (95% CI: -3.55%, -1.86%), respectively. In
TABLE 2 Age-standardized mortality trends of five major digestive system cancers in Jiangsu Province, 2010-2021.

Stratum Cancer
Age-standardized Mortality
Rate in 2010 (per 100,000)

Age-standardized Mortality
Rate in 2021 (per 100,000)

AAPC (95% CI) P value

Overall Esophageal cancer 14.30 9.95 -3.39 (-4.04, -2.45) <0.001

Gastric cancer 15.34 12.45 -2.08 (-3.04, -0.33) 0.014

Colon cancer 1.68 3.72 7.21 (5.12, 10.33) <0.001

Rectal cancer 2.76 3.56 2.16 (1.18, 3.87) 0.002

Liver cancer 14.87 10.65 -3.19 (-3.86, -2.05) <0.001

Male Esophageal cancer 19.87 14.88 -2.80 (-3.54, -1.81) <0.001

Gastric cancer 22.21 18.34 -1.99 (-3.01, -0.25) 0.020

Colon cancer 2.02 4.48 5.19 (4.41, 7.91) <0.001

Rectal cancer 3.31 4.66 2.96 (1.62, 4.93) <0.001

Liver cancer 22.28 15.86 -3.30 (-4.10, -1.94) <0.001

Female Esophageal cancer 9.04 5.34 -4.75 (-5.38, -3.86) <0.001

Gastric cancer 8.96 7.04 -2.26 (-4.09, 0.55) 0.096

Colon cancer 1.38 3.01 7.04 (5.45, 10.70) <0.001

Rectal cancer 2.28 2.53 0.73 (0.02, 1.73) 0.044

Liver cancer 7.49 5.59 -2.74 (-3.31, -1.67) <0.001

Urban Esophageal cancer 13.06 8.91 -4.01 (-4.54, -3.32) <0.001

Gastric cancer 18.09 12.58 -3.55 (-4.27, -2.43) <0.001

Colon cancer 2.25 4.51 5.70 (4.62, 8.04) <0.001

Rectal cancer 3.12 3.73 1.38 (0.01, 3.33) 0.050

Liver cancer 13.08 10.00 -2.41 (-3.21, -0.88) <0.001

Rural Esophageal cancer 15.20 10.79 -3.34 (-4.36, -1.82) <0.001

Gastric cancer 13.37 12.35 -1.02 (-3.13, 2.06) 0.297

Colon cancer 1.27 3.08 6.39 (5.01, 11.13) <0.001

Rectal cancer 2.48 3.42 2.88 (1.98, 4.86) <0.001

Liver cancer 16.43 11.19 -3.82 (-4.63, -2.82) <0.001
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contrast, the age-standardized incidence rates of colon and rectal

cancer increased, with AAPCs of 8.13% (95% CI: 6.93%, 10.23%) and

3.72% (95% CI: 2.87%, 5.42%), respectively (Table 1; Figure 2A).

Segment-specific APC estimates showed an initial increase

followed by a decline for esophageal, gastric, and liver cancer

incidence. Colon cancer incidence increased throughout the study

period, whereas rectal cancer incidence increased before leveling off

after 2012 (Supplementary Table 5).

From 2010 to 2021, the overall age-standardized mortality rates

of esophageal, gastric, and liver cancer decreased, with AAPCs of

-3.39% (95% CI: -4.04%, -2.45%), -2.08% (95% CI: -3.04%, -0.33%),

and -3.19% (95% CI: -3.86%, -2.05%), respectively. By contrast,

mortality from colon and rectal cancer increased, with AAPCs of

7.21% (95% CI: 5.12%, 10.33%) and 2.16% (95% CI: 1.18%, 3.87%),

respectively (Table 2; Figure 2B). Segment-specific APC trends

for mortality were broadly similar to those for incidence

(Supplementary Table 6).

Trends were generally similar between males and females. For

incidence, declines in gastric and liver cancer were steeper in males,

whereas the decline in esophageal cancer was steeper in females;

increases in colon and rectal cancer were greater in males. For

mortality, the decline in esophageal cancer was steeper in females,

whereas the decline in liver cancer was steeper in males. The increase in

colon cancer mortality was greater in females, whereas the increase in

rectal cancer mortality was greater in males (Tables 1, 2; Figures 2C–F).
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Residence-specific trends also differed by cancer type. For

incidence, the decline in gastric cancer was steeper in urban areas,

whereas the decline in liver cancer was steeper in rural areas;

increases in colon and rectal cancer were greater in rural areas.

For mortality, declines in esophageal and gastric cancer were

steeper in urban areas, whereas the decline in liver cancer was

steeper in rural areas. Increases in colon and rectal cancer mortality

were greater in rural areas (Tables 1, 2; Figures 2G–J).

3.5 Projected incidence and mortality of
five major digestive system cancers in
2030

Assuming continuation of the most recent Joinpoint segment,

by 2030 the overall age-standardized incidence rates of esophageal,

gastric, and liver cancer are projected to decline to 7.19, 11.41, and

6.73 per 100,000, respectively. Colon cancer incidence is projected

to increase to 15.50 per 100,000, whereas rectal cancer incidence is

projected to remain relatively stable at 8.24 per 100,000 (Figure 3A).

By 2030, the overall age-standardized mortality rates of esoph-

ageal, gastric, and liver cancer are projected to decline to 5.55, 7.97,

and 6.06 per 100,000, respectively. Colon cancer mortality is

projected to increase to 5.17 per 100,000, whereas rectal cancer

mortality is projected to remain relatively stable at 3.30 per

100,000 (Figure 3B).
FIGURE 1

Age-specific incidence and mortality pyramids by sex and residence for five major digestive system cancers in Jiangsu Province, 2021. (A) Incidence
by sex; (B) mortality by sex; (C) incidence by residence; and (D) mortality by residence. Female and rural rates are shown on the left, and male and
urban rates on the right.
frontiersin.org

https://doi.org/10.3389/fonc.2026.1902194
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zou et al. 10.3389/fonc.2026.1902194
Projected patterns were generally similar between males and

females, with lower incidence and mortality rates in females

throughout 2030. Notably, colon cancer mortality is projected to

increase in females but remain approximately stable in males.

Urban and rural areas showed generally similar patterns overall

(Figures 3C–J).
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In the sensitivity analysis, all 50 outcome-stratum-cancer com-

binations showed less than 10% difference in the 2026 projected

rates, with a median absolute relative difference of 0.73% and mean

absolute relative difference of 1.94%. These results suggest that the

main findings were robust to the handling of the combined 2011–

2013 interval (Supplementary Table 7).
FIGURE 2

Joinpoint trends in incidence and mortality of five major digestive system cancers across population subgroups in Jiangsu Province, 2010-2021. (A)
Overall incidence; (B) overall mortality; (C) female incidence; (D) female mortality; (E) male incidence; (F) male mortality; (G) urban incidence; (H)
urban mortality; (I) rural incidence; and (J) rural mortality. Solid lines indicate observed age-standardized rates and dashed lines indicate Joinpoint-
fitted trends.
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4 Discussion

Population-based cancer registry data provide an essential

foundation for understanding the distribution and evolution of

cancer burden across time, place, and population subgroups, and

for translating epidemiologic evidence into prevention and control

strategies. Using cancer registry data from Jiangsu Province, this
Frontiers in Oncology 07
study described the incidence and mortality patterns of five major

digestive system cancers from 2010 to 2021, compared trends by sex

and residence, and projected the burden to 2030. Overall, the

findings suggest that Jiangsu is undergoing a clear transition in

digestive cancer burden: esophageal cancer, gastric cancer, and liver

cancer are declining, whereas colon cancer and, to a lesser extent,

rectal cancer are increasing.
FIGURE 3

Forecasts of incidence and mortality of five major digestive system cancers across population subgroups in Jiangsu Province. (A) Overall incidence;
(B) overall mortality; (C) female incidence; (D) female mortality; (E) male incidence; (F) male mortality; (G) urban incidence; (H) urban mortality; (I)
rural incidence; and (J) rural mortality. Solid lines indicate observed age-standardized rates through 2021, dashed lines indicate projected trends, and
shaded bands indicate 95% confidence intervals.
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The first notable finding is the sustained decline in age-stan-

dardized incidence and mortality for esophageal, gastric, and liver

cancers. In the overall population, the AAPCs for incidence were

-4.50% for esophageal cancer, -2.13% for gastric cancer, and -2.95%

for liver cancer, while the corresponding AAPCs for mortality were

-3.39%, -2.08%, and -3.19%, respectively. These patterns are broadly

consistent with national data showing long-term declines in the

burden of upper digestive system cancers and liver cancer in China

(18–21). This decline may be related to reduced exposure to

traditional risk factors, improvements in living conditions and

food storage, hepatitis B vaccination and liver disease control, and

the gradual expansion of screening and early diagnosis in high-risk

populations (20–23). However, despite these favorable trends,

gastric cancer remained the most prominent cancer in Jiangsu in

2021, with the highest age-standardized incidence (17.81/100,000)

and mortality (12.45/100,000) among the five cancers examined.

This suggests that Jiangsu still retains a substantial residual burden

of upper gastrointestinal cancer, even as the overall pattern shifts.

In contrast, colon cancer emerged as a growing future burden. In

the overall population, colon cancer showed the steepest increase in

both incidence and mortality, with AAPCs of 8.13% and 7.21%,

respectively, and the projected age-standardized incidence and mor-

tality are expected to rise further to 15.50/100,000 and 5.17/100,000 by

2030. Rectal cancer also increased during 2010-2021, although the

magnitude of change was smaller and the 2030 projection appeared

comparatively stable. This pattern is consistent with the broader

transition reported in China, where colorectal cancer has become a

growing component of digestive cancer burden as the incidence of

esophageal, gastric, and liver cancers declines (18, 24, 25). It is also

compatible with local evidence fromWuxi (a city in Jiangsu) showing

a substantial colorectal cancer mortality burden, suggesting that the

growing colorectal cancer burden is already relevant within Jiangsu

(26). Because individual-level risk factors were not assessed in this

registry-based study, the drivers of the increasing colon and rectal

cancer burden cannot be determined directly. However, previous

studies suggest that population aging, westernized dietary patterns,

higher consumption of red and processed meat, obesity, physical

inactivity, and other metabolic risk factors may have contributed to

the increasing colorectal cancer burden in China (24, 25, 27). The

stronger and more sustained rise in colon cancer than in rectal cancer

in our study suggests that colorectal prevention strategies in Jiangsu

should not focus only on colorectal cancer as a combined entity, but

should pay particular attention to the growing burden of colon cancer.

Another important finding is the marked age and sex disparity

in burden. Across all five cancers, incidence and mortality increased

substantially after the age of 50, and the burden was concentrated in

older adults. This pattern is consistent with the biology of digestive

system cancers, which often result from long-term cumulative

exposure to carcinogenic factors and the progressive accumulation

of molecular damage over the life course (28, 29). It is also

consistent with previous Chinese studies showing that colorectal

and upper gastrointestinal cancer burdens are concentrated in

middle-aged and older populations (18, 24). In addition, males

consistently had higher incidence and mortality than females for all

five cancers. The sex gap was especially apparent for esophageal,

gastric, and liver cancers, but was also present for colon and rectal
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cancers. Although this study did not directly assess behavioral or

occupational exposures, previous evidence suggests that the male

excess in digestive cancer burden may be partly related to higher

exposure to smoking and alcohol consumption, more frequent

occupational and behavioral risk exposures, and a greater preva-

lence of chronic liver disease and metabolic risk factors among men

(18, 27, 30, 31). National analyses have similarly shown that

smoking and alcohol remain major contributors to digestive

cancer-related mortality in Chinese men (18). These findings

indicate that older adults, especially men aged 50 years and

above, should continue to be priority populations for digestive

cancer prevention, risk-factor modification, and screening.

The urban-rural comparison also deserves attention. Our results

suggest that the growth rate of colon and rectal cancer burden was

higher in rural than in urban residents. For incidence, the AAPC for

colon cancer was 9.63% in rural areas versus 6.13% in urban areas,

and for rectal cancer it was 4.59% versus 3.12%; for mortality, the

corresponding AAPCs were 6.39% versus 5.70% for colon cancer and

2.88% versus 1.38% for rectal cancer. Although the absolute incidence

and mortality rates of colon and rectal cancer were still higher in

urban residents in 2021, the findings indicate that rural areas are

catching up more rapidly, which may gradually narrow or even

reverse historical urban-rural differences. This interpretation is sup-

ported by previous studies from China and local analyses from

Jiangsu, which show substantial urban-rural disparities in cancer

incidence (26, 32, 33). Based on previous evidence, possible expla-

nations for this pattern include a faster shift toward high-fat and low-

fiber diets, increasing obesity and sedentary behavior, less equitable

access to colonoscopy and early diagnosis, and weaker continuity of

screening and treatment services in rural settings (27, 32, 34).

Therefore, colorectal cancer prevention in Jiangsu should place

special emphasis on strengthening rural screening capacity, referral

pathways, and timely treatment.

The projection analysis further highlights the urgency of differ-

entiated prevention strategies. If recent trends continue, the burden of

esophageal cancer, gastric cancer, and liver cancer in Jiangsu is likely

to keep declining through 2030, while colon cancer will continue to

rise. These projections are compatible with previous Chinese fore-

casting studies, especially for liver cancer and colorectal cancer (18,

21, 24, 25). From a public health perspective, this means Jiangsu faces

a dual task: it must consolidate the gains already achieved in upper

gastrointestinal and liver cancer control, while simultaneously ad-

dressing the growing challenge of colorectal cancer. In particular, the

projected rise in colon cancer suggests that without stronger inter-

ventions on modifiable risk factors, the burden may continue to

expand even if other digestive system cancers decline.

This study has several strengths. First, it was based on real-

world, population-based cancer registry data from Jiangsu Province,

which provides a valuable picture of the province-level burden of

digestive system cancers. Second, the study compared patterns

across sex and urban-rural residence groups, which helps identify

high-risk populations and emerging inequalities. Third, the projec-

tion to 2030 offers forward-looking evidence to inform priority

setting in cancer prevention and control.

Several limitations should also be acknowledged. First, the

number of qualified cancer registries increased substantially from
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2010 to 2021, and the covered population in 2021 was about 2.6 times

that in 2010. Although the main analyses were based on age-

standardized rates rather than crude case counts, which should

reduce the direct influence of changes in population size and age

structure, registry expansion may still have affected temporal com-

parability. Second, the original data for 2011–2013 were reported as a

combined period, and annual values for those years were imputed for

trend analysis. Although this approach allowed a continuous time-

series analysis, some information loss and uncertainty are unavoid-

able. Third, the available data only covered 2010-2021, and more

recent registry data have not yet been released. Longer observation

periods and updated data will be needed to validate whether the

projected trends persist in subsequent years. Fourth, the projection

intervals should be interpreted as uncertainty intervals based on the

95% CI of the most recent APC rather than full prediction intervals.

They do not account for other sources of uncertainty, including

registry expansion, reconstruction of the 2011–2013 annual data,

model assumptions, or future changes in screening, diagnosis, treat-

ment, and risk-factor prevalence. Finally, the forecasts should be

interpreted as short-term scenario projections rather than full demo-

graphic predictions. Nordpred or full Age-Period-Cohort forecasting

models were not applied because the observation window was

relatively short and the original registry data reported 2011–2013 as

a combined interval, which limited the construction of consecutive,

equally spaced calendar periods.

In conclusion, this study indicates that the burden of digestive

system cancers in Jiangsu Province is changing from a pattern

dominated by esophageal, gastric, and liver cancers toward one in

which colorectal cancer, especially colon cancer, is becoming

increasingly prominent. While the continued decline in esophageal,

gastric, and liver cancer is encouraging, gastric cancer still repre-

sented the highest burden among the five cancers in 2021, and the

rapid increase in colon cancer deserves particular concern. Future

prevention strategies in Jiangsu should prioritize adults aged 50

years and older, strengthen male-focused risk reduction, expand

colorectal cancer screening and early diagnosis, improve rural

prevention and treatment access, and continue consolidating exist-

ing gains in upper gastrointestinal and liver cancer control. Future

studies should update these findings when newer registry data

become available and further evaluate the effectiveness of targeted

interventions in different population subgroups.
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