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Background: Using Global Burden of Disease (GBD) 2021 data, we analyzed
incidence, mortality, disability-adjusted life years (DALYs), and risk factors for six
geriatric digestive system cancers (GDSC) in adults aged >60 years from 1990
to 2021; assessed Socio-demographic Index (SDI) impacts; and projected trends
to 2050.

Methods: The joinpoint regression model was used to analyze the age-
standardized data for temporal trends; the decomposition method was used
to assess the contributions of population growth, aging, and epidemiological
changes; and frontier analysis was used to evaluate opportunities for burden
reduction across countries.

Results: Globally, the incidence of GDSC increased from 1,876,969 [age-
standardized incidence rate (ASIR) 405.48/100,000] in 1990 to 3,854,209 (ASIR
360.89/100,000) in 2021, with a slight decrease in ASIR [-0.57% average annual
percentage change (AAPC)]. From 1990 to 2021, global GDSC deaths rose to
2,856,742, but age-standardized mortality rate (ASMR) declined to 270.14, with
an AAPC of —1.72%. Gastric cancer showed the largest decline in incidence
(=2.21% AAPC), whereas liver cancer increased (0.74% AAPC). Gender disparities
were evident, with higher rates in males. High-income Asia-Pacific and East
Asia had the highest ASIR and ASMR. Decomposition analysis showed that
population growth was the major factor in GDSC burden changes, especially in
high-SDI regions. By 2050, ASIR and ASMR are expected to continue declining,
particularly for esophageal and gastric cancers. Major risk factors include
smoking, alcohol, diet, and metabolic factors such as high body mass index
(BMI) and elevated fasting glucose.

Conclusion: Despite an overall decline in GDSC burden, health disparities
persist, particularly between high- and low-SDI regions. The study provides
valuable insights into risk factors and projections for disease burden and offers
guidance for targeted prevention efforts.

KEYWORDS

global burden of disease, age-standardized rate, geriatric digestive system cancers,
socio-demographic index, risk factors

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2025.1629101&domain=pdf&date_stamp=2025-10-21
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1629101/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1629101/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1629101/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1629101/full
mailto:xinwang678@126.com
https://doi.org/10.3389/fpubh.2025.1629101
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2025.1629101

Xu et al.

1 Background

With the accelerating global aging process, the health burden
among the older adults is increasingly severe, particularly as the
incidence and mortality rates of cancer continue to rise annually (1).
Among all types of cancer, geriatric digestive system cancers (GDSC),
including esophageal, gastric, colorectal, liver, pancreatic, and bile
duct cancers, hold a significant position in the population aged
>60 years. According to the Global Cancer Epidemiology Report
(GLOBOCAN) and other related studies, the disease burden of GDSC
is progressively intensifying (2), which has garnered widespread
attention in recent years concerning their epidemiology and etiology.
The latest study from GBD 2021 included 371 diseases and injuries in
204 countries and regions and 88 risk factors to offer insights for
developing public health strategies and effectively allocating resources
worldwide (3). Our research, based on GBD, indicated that from 1990
to 2021, the proportion of digestive system cancers among all cancer
types decreased in both the all-age group (27.96 to 22.30%) and the
older adults group (30.22 to 23.70%), with a smaller decline observed
in the older adults. This article conducts an epidemiological and risk
factor analysis of GDSC, further elucidating the characteristics of
gastrointestinal tumors in the older adults.

2 Methods
2.1 Data download and processing

Data for incidence, prevalence, mortality, disability-adjusted life
years (DALYs), and risk factors were downloaded from the Global
Health Data Exchange (GHDx),' an online health data resource
provided by the Institute for Health Metrics and Evaluation at the
University of Washington. DALY are defined as the sum of years of
life lost (YLLs) due to premature death and years lived with disability
(YLDs) (details in Supplementary material), from which a
comprehensive assessment of disease burden can be derived. This
study population included patients aged >60 years with six GDSC
across 21 regions and 204 countries from 1990 to 2021. The socio-
demographic index (SDI) was utilized as a composite measure to
evaluate country-level factors, including the education level (aged
>15 years), per capita income, and total fertility rate. With a scale
ranging from 0 to 1, higher SDI values indicate more advanced socio-
economic conditions. A total of 204 countries and territories were
categorized based on the SDI quintile into the following five groups:
low-SDI, low-middle-SDI, middle-SDI, high-middle-SDI, and
high-SDI regions.

1 http://ghdx.healthdata.org/

Abbreviations: GDSC, Geriatric digestive system cancers; GBTC, Gallbladder and
biliary tract cancer; SDI, The socio-demographic index; DALYs, Disability-adjusted
life years; YLLs, Premature death; YLDs, Years lived with disability; ASR,
Age-standardization rate; APC, Annual percent change; AAPC, Annual average
percent change; EAPC, Estimated annual percentage change; SlI, The slope index
of inequality; BAPC, Bayesian age-period-cohort model; PAF, The population

attributable fraction.
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2.2 Case definition

Our study population comprised patients aged >60 years
diagnosed with esophageal cancer (ICD-10 codes C15-Cl15.9),
stomach cancer (ICD-10 codes C16-C16.9), colon and rectum cancers
(ICD-10 codes C18, C19.0, C20, C21-C21.8), liver cancer (ICD-10
codes C22-C22.4, C22.7-C22.8), gallbladder and biliary tract cancer
(GBTC) (ICD-10 codes C23, C24-C24.9), or pancreatic cancer
(ICD-10 codes C25-C25.9). These diseases are classified under the
International Classification of Diseases version 10 (ICD-10) system
and represent major cancers of the gastrointestinal and hepato-
pancreato-biliary systems.

2.3 Statistical analysis

To ensure comparability across regions with different age
structures, the study data were age standardized using the GBD
standard population and calculated by employing the direct
age-standardization formula to obtain the age-standardized rate
(ASR) for each age group, as follows: ASR= (X (a;x w)/Z
w;) x 100,000 (g; is the disease-specific rate in the i-th age group, and
w; is the population weight for the i-th age group in the reference
standard population) (4). Annual percentage change (APC) and its
95% confidence intervals (Cls) were computed using the joinpoint
regression model to assess temporal trends over each independent
time period (5). Temporal trends were analyzed by calculating the
estimated annual percentage change (EAPC) for each ASR from 1990
to 2021 (6).

This study utilized the slope index of inequality (SII) and
concentration index, as defined by the WHO, to assess absolute and
relative inequality in disease burden (7). The SII was calculated by
regressing the DALYSs rate against the SDI, using the midpoint of the
cumulative population distribution sorted by SDI. To examine
changes in health inequality, we compared data from 204 countries
and territories from 1990 to 2021, employing a robust regression
model (rlm) to mitigate the effect of outliers and enhance accuracy.
Compared to traditional linear regression analysis, robust regression
reduces the effect of outliers on the regression results, making the
regression coefficients more reliable. The concentration index was
calculated by matching the cumulative DALY proportion with the
cumulative population distribution by SDI and numerically
integrating the area under the Lorenz curve (8).

The Das Gupta decomposition method was employed to partition
the changes in GDSC burden from 1990 to 2021 into contributions
from population aging, growth, and epidemiological shifts (9). This
approach enabled a detailed assessment of the independent
contributions of each factor to the overall change in disease burden.
The detailed found in the

Supplementary material.

statistical methods can be

To evaluate the relationship between GDSC burden and
sociodemographic development, frontier analysis was applied to
develop an age-standardized DALYs rate (ASDR)-based frontier
model using the SDI. This approach identifies the theoretical
minimum ASDR achievable by each country or territory based on its
current level of development and serves serving as a benchmark for
optimal performance (10). It quantifies the disparity between the
current burden and the potential minimum, highlighting areas for
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improvement. The absolute distance (effective difference) between
each country’s or territory’s 2021 ASDR and the frontier line was used
to assess its improvement potential.

Furthermore, by utilizing the Bayesian age-period-cohort (BAPC)
model, we predicted the future trends in incidence and mortality in
the near future (11). The BAPC model is a powerful tool for
understanding and forecasting disease trends by analyzing age, period,
and cohort effects using Bayesian methods.

The population attributable fraction (PAF) was applied to estimate
each risk factor’s contribution to the disease, which was calculated as
follows: PAF=P * (RR—1) / (1+P * (RR — 1)), where, P is the
exposure rate to the risk factor and RR is the relative risk (12). This
analysis provides information about disease prevention strategies
(GBD 2019 Risk Factors Collaborators, 2020).

In our research, the R program (version 4.1.3) was the main data
statistical analysis software, with p < 0.05 indicating that the result had
a statistical significance. The use of anonymized, publicly available
epidemiological data did not require ethical approval, nor were
patient-informed consent forms needed when accessing and
downloading data from the database.

3 Results
3.1 Global epidemiology of GDSC

In 1990, the global incidence of GDSC was 1,876,969 (95%
CI =1,718,381-2,019,022), with an ASIR of 405.48/100,000 (69.19-
436.45). In 2021, the incidence was 3,854,209 (3,376,252-4,272,039),
with an ASIR of 360.89/100,000 (315.27-400.05), and the AAPC was
—0.57 (95% CI = —0.80, —0.33). In 1990, the global mortality rate for
GDSC was 1,619,349 (1,471,918-1,758,646), with an ASMR of
356.79/100,000 (322.52-387.52). In 2021, the mortality rate was
2,856,742 (2,491,799-3,175,587), with an ASMR of 270.14/100,000
(234.96, 300.30), and the AAPC was —1.72 (—1.81, —1.63). Globally,
the burden of DALYs for GDSC showed a declining trend
(AAPC = —1.42), with a more gradual decline from 1990 to 2004
(APC = —0.74), accelerated declines from 2004 to 2006 (APC = —2.51)
and 2006 to 2015 (APC = —1.22), followed by a more gradual decline
again from 2015 to 2021 (APC = —0.87) (Supplementary Figure S1A).
Among the cancer types, gastric cancer exhibited the largest decrease
in incidence (AAPC = —2.21 [-2.36, —2.05]), whereas liver cancer
showed the most significant increase (AAPC = 0.74 [0.62, 0.87]). In
terms of DALYs, the largest reduction was observed in gastric cancer
(AAPC=-393 [-5.23, -2.62]), while pancreatic cancer
demonstrated the largest increase (AAPC =0.33 [—0.54, 1.20]).
Regarding mortality, gastric cancer declined (AAPC = —3.64 [-3.71,
—3.57]), and liver cancer increased the most (AAPC = 0.47 [0.34,
0.59]) (Table 1; Supplementary Figure S1).

We conducted an analysis of cancer types among patients aged
>60 years and found that GDSC ranks prominently in both incidence
and mortality. Globally, esophageal cancer ranks 9th in incidence and
6th in mortality; stomach cancer, 7th in incidence and 3rd in
mortality; colorectal cancer, 4th in incidence and 2nd in mortality;
liver cancer, 12th in incidence and 8th in mortality; pancreatic
cancer, 10th in incidence and 5th in mortality; and GBTC, 20th in
incidence and 13th in mortality (Supplementary Figure S2).
We further analyzed the proportions of GDSC, which indicates that
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colorectal cancer has the highest proportion in both incidence and
mortality (42, 29%), followed by gastric cancer (23.3, 25.6%),
esophageal cancer (10.9, 14.4%), pancreatic cancer (10.5, 14.4%),
liver cancer (8.9, 11.6%), and GBTC (4.5, 5.0%). The disease
proportion varies greatly across different regions and SDI levels
(Figure 1).

As shown in Figure 2, gender and age analysis reveals that the
incidence and mortality rates for males are higher than those for
females in GDSC. The male incidence and death peak shifted from
60-69 years in 1990 to 65-74 years in 2021. The female incidence and
death peak shifted from 65-79 years in 1990 to 70-74 years in 2021.
Comparing the changes in ASR, the ASIR and ASMR for those aged
80-84 years in 2021 are lower than the levels in 1990, while the ASIR
and ASMR for those aged >90 years are higher than the levels in 1990
(Figure 2).

We analyzed the age-gender distribution of six types of GDSC
and found that the highest number of incidences occurred in the
60-79 age group, while the highest number of deaths occurred in the
65-74 age group. In terms of gender distribution, the disease burden
was significantly higher in males for esophageal, gastric, and liver
cancers, whereas the gender distribution was more balanced for
colorectal and pancreatic cancers. Among individuals aged >80 years,
the incidence and mortality rates for pancreatic cancer were higher in
females than in males, and for GBTC, the disease burden in females
was also slightly higher than in males (Supplementary Figure S3).

3.2 GDSC by regions and countries

In terms of regional analysis, the top three ASIR regions of GDSC
in 2021 were high-income Asia-Pacific (656.57/100,000 [558.67-
732.23]), East Asia (515.88/100,000 [406.80-630.19]), and Western
Europe (427.21/100,000 [378.83, —462.98]). The top three ASMR
regions were East Asia (393.98/100,000 [310.53-481.13]), high-
income Asia-Pacific (368.79/100,000 [311.83-408.66]), and Central
Europe (314.74/100,000 [284.91-341.82]). The top three AAPC
regions for incidence were Southern Sub-Saharan Africa (1 [0.20,
1.80]), Southeast Asia (0.49 [—0.18, 1.16]), and the Caribbean (0.46
[-2.74, 3.66]). The top three AAPC regions for mortality were
Southern Sub-Saharan Africa (0.87 [—0.10, 1.84]), Western
Sub-Saharan Africa (0.14 [0.04, 0.25]), and South Asia (0.04 [—0.09,
0.18]). The countries with the highest ASIR were Mongolia, Japan, and
Monaco, and the countries with the highest ASMR were Mongolia,
Cabo  Verde, and State  of)
(Supplementary Table S1; Figure 3).

Bolivia  (Plurinational

In 2021, the regions with the highest ASIR for geriatric esophageal
cancer were East Asia, Eastern Sub-Saharan Africa, and Southern
Sub-Saharan Africa. For geriatric gastric cancer, East Asia had the
highest ASIR at 164.30/100,000 (125.74-203.94), followed by high-
income Asia-Pacific and Andean Latin America. The regions with the
highest ASIR for geriatric colorectal cancer were high-income Asia-
Pacific, Australasia, and Western Europe. The regions with the highest
ASIR for geriatric liver cancer were high-income Asia-Pacific, Western
Sub-Saharan Africa, and East Asia. For geriatric pancreatic cancer,
high-income Asia-Pacific had the highest ASIR, followed by high-
income North America and Western Europe. Finally, for geriatric
GBTC, the highest ASIR was seen in high-income Asia-Pacific,
Southern Latin America, and Andean Latin America.
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TABLE 1 Global incident, prevalent, DALYs and death cases for Geriatric Digestive System Cancers in 1990 and 2021 and percentage change of age-standardized rates.

Global burden

Digestive system
cancer

Number of cases, 1990
(95%UI)

Age-standardized
rate per 100,000

population, 1990
(95%U1)

Number of cases, 2021
(95%U1)

Age-standardized

rate per 100,000

population, 2021
(95%U1)

EAPC, 1990-
2021 (95%Cl)

AAPC (95%Cl)

Incidence Total 1,876,969 (1,718,381, 2,019,022) 405.48 (369.19, 436.45) 3,854,209 (3,376,252, 4,272,039) 360.89 (315.27, 400.05) —0.42 (—0.46,—0.38)  —0.57 (—0.80, —0.33)
Esophageal cancer 226,411 (198,851, 249,655) 47.16 (41.39, 51.94) 421,336 (365,896, 478,329) 39.08 (33.91, 44.36) —0.75 (—0.86, —0.63)  —0.95 (—1.07, —0.84)
Stomach cancer 630,551 (572,742, 691,697) 134.56 (121.86, 147.56) 896,397 (757,409, 1,025,419) 83.82 (70.74, 95.79) —1.55(=1.61,—-1.49) = —2.21 (~2.36, —2.05)
Colon and rectum cancer 655,024 (611,558, 683,892) 144.74 (133.81, 151.59) 1,617,011 (1,447,212, 1,754,348) 151.61 (135.19, 164.60) 0.09 (0.05, 0.14) 0.22 (—0.08, 0.53)
Liver cancer 130,055 (118,733, 143,308) 27.05 (24.62, 29.85) 341,395 (304,410, 378,506) 31.78 (28.26, 35.23) 0.40 (0.27, 0.54) 0.74 (0.62, 0.87)
Pancreatic cancer 152,251 (142,395, 159,736) 33.50 (31.05, 35.25) 403,853 (358,257, 437,883) 38.05 (33.61, 41.30) 0.49 (0.46, 0.53) 0.63 (0.57, 0.68)
GBTC 82,677 (74,102, 90,734) 18.47 (16.47, 20.26) 174,216 (143,068, 197,555) 16.55 (13.57, 18.78) —0.41 (—0.44,-037)  —0.58 (—0.60, —0.57)
Prevalence Total 4,449,183 (4,128,103, 4,763,134) 939.55 (867.41,1009.98) 11,282,396 (10,092,703, 12,349,565) | 1043.24 (931.55, 1142.11) 0.36 (0.30, 0.43) 0.54 (0.12, 0.95)
Esophageal cancer 299,849 (263,952, 329,805) 60.65 (53.37, 66.65) 655,313 (573,097, 740,831) 59.97 (52.42, 67.79) —0.09 (~0.22, 0.04) —0.06 (~0.20, 0.07)
Stomach cancer 939,500 (862,455, 1,015,822) 193.97 (177.66, 209.72) 1,568,205 (1,330,519, 1,797,897) 144.51 (122.53, 165.54) —0.91 (~1.00,-0.82)  —1.30 (~1.53,—1.07)
Colon and rectum cancer | 2,866,157 (2,684,899, 3,047,785) 612.23 (569.71, 655.33) 8,079,970 (7,332,761, 8,727,386) 747.36 (676.91, 807.55) 0.67 (0.62,0.73) 1.02 (0.85, 1.20)
Liver cancer 136,181 (125,309, 149,340) 27.74 (25.46, 30.44) 417,259 (372,090, 463,352) 38.63 (34.35, 42.92) 0.98 (0.78, 1.19) 1.48 (136, 1.60)
Pancreatic cancer 112,307 (105,377, 117,626) 24.18 (22.51,25.39) 319,701 (283,635, 346,991) 29.96 (26.46, 32.56) 0.84 (0.79, 0.90) 1.34(1.33,1.36)
GBTC 95,187 (86,111, 102,756) 20.79 (18.71, 22.45) 241,947 (200,600, 273,107) 22.80 (18.88, 25.74) 0.30 (0.25,0.35) 0.42 (0.39, 0.46)
DALYs Total 32,932,702 (30,031,872, 35,795,486)  6838.74 (6219.84, 7433.08) | 53,939,966 (47,584,531, 59,978,277) | 4980.95 (4386.30,5538.14) | —1.10 (~1.15,-1.05) | —1.42 (=12.79,9.95)
Esophageal cancer 5,123,634 (4,497,405, 5,665,726) 1036.26 (909.30, 1144.96) 8,059,156 (7,029,414, 9,163,785) 738.20 (643.58, 839.21) —1.25 (=1.37, -1.13) —1.64 (=4.22,0.94)
Stomach cancer 11,928,996 (10,784,197, 13,214,086) | 2456.62 (2218.72,2720.79) | 13,797,102 (11,753,648, 15,790,412) | 1272.06 (1082.71, 1454.91) = —2.19 (=2.27,-2.11) | —3.93 (=5.23, =2.62)
Colon and rectum cancer | 8,303,284 (7,773,030, 8,709,793) | 1777.10 (1652.18,1867.51) 15,347,705 (13,913,323, 16,592,781) | 1427.86 (1290.41,1544.63) = —0.79 (—0.82,-0.75) | —0.77 (—12.00, 10.47)
Liver cancer 2,925,891 (2,672,345, 3,229,636) 590.70 (538.50, 652.61) 6,538,211 (5,884,148, 7,257,231) 599.59 (538.71, 665.49) —0.06 (~0.19, 0.07) 0.21 (~2.95, 3.36)
Pancreatic cancer 3,157,368 (2,975,127, 3,308,708) 661.37 (619.76, 694.28) 7,643,080 (6,912,849, 8,256,300) 705.73 (636.52, 762.75) 0.27 (0.23,0.30) 0.33 (—0.54, 1.20)
GBTC 1,493,528 (1,329,769, 1,667,537) 316.69 (281.38, 352.94) 2,554,711 (2,091,149, 2,917,769) 237.51 (194.37, 271.15) —1.02(~1.05,-0.98) = —1.72(~1.81,—1.63)
Deaths Total 1,619,349 (1,471,918, 1,758,646) 356.79 (322.52, 387.52) 2,856,742 (2,491,799, 3,175,587) 270.14 (234.96, 300.30) —0.96 (—1.01,—0.91) = —1.26 (—1.75, =0.76)
Esophageal cancer 238,854 (209,539, 263,324) 50.43 (44.21, 55.53) 410,902 (356,634, 466,427) 38.37 (33.28, 43.55) —1.06 (—1.19,-092) = —1.35(—1.49, —1.21)
Stomach cancer 580,146 (524,548, 642,458) 126.09 (113.66, 139.54) 732,426 (620,849, 834,822) 69.10 (58.48, 78.69) —2.00 (—2.08,-1.92) = —3.64 (=3.71,—3.57)
Colon and rectum cancer 426,624 (395,396, 448,106) 98.31 (90.04, 103.60) 827,471 (736,233, 897,443) 79.10 (70.05, 85.87) —0.77 (—0.81,—-0.74)  —0.76 (—1.34, —0.18)
Liver cancer 135,915 (123,735, 150,355) 28.68 (26.01,31.77) 332,455 (296,105, 368,772) 31.12 (27.64, 34.52) 0.18 (0.06, 0.31) 0.47 (0.34, 0.59)
Pancreatic cancer 160,121 (149,585, 168,193) 35.70 (33.03, 37.62) 411,533 (365,890, 446,353) 38.91 (34.44, 42.24) 0.34 (0.31,0.37) 0.43 (0.38, 0.47)
GBTC 77,689 (69,116, 86,208) 17.58 (15.57, 19.48) 141,955 (116,087, 161,769) 13.55 (11.07, 15.44) —0.92 (~0.95,-0.89) = —1.56 (—1.56, —1.55)

DALYs, disability-adjusted life year; ASR, age standardized rate; ASIR, age-standardized incidence rate; ASDR, age-standardized DALY rate; ASMR, age-standardized death rate; ASPR, age-standardized prevalence rate; EAPC, estimated annual percentage change; CI,

confidence interval; Ul, uncertainty interval; AAPC, Average Annual Percent Change; GBTC, Gallbladder and biliary tract cancer.
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3.3 Decomposition and frontier analysis of
incidence, mortality, and DALYs rates

Decomposition analysis indicates that over the past 30 years, the
global burden of GDSC has undergone significant changes, with the
most notable shifts observed in the high-middle- and high-SDI
quintile regions (Figure 4). On a global scale, population growth was
the primary factor driving changes in deaths (64.65%), DALYs
(67.32%), prevalence (49.01%), and incidence (56.69%). This trend
was evident across all SDI quintile regions, with particularly
pronounced changes in incidence and prevalence in the high-middle-
and high-SDI regions. In contrast to population growth, aging
contributed less to the changes in deaths and DALYs globally,
accounting for —0.89 and —2.48%, respectively. Unlike deaths and
DALYs, changes in prevalence and incidence were more influenced by
epidemiological changes, which were the dominant factor in all
regions, particularly in the high-SDI and high-middle-SDI regions.
Epidemiological change accounted for 50.81 and 59.53% of the
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changes in prevalence, and 43.22 and 47.56% of the changes in
incidence, respectively (Figure 4; Supplementary Table S2).

We observed significant absolute and relative inequalities for
GDSC associated with the SDI, with countries and territories having
higher SDI disproportionately bearing a greater burden. As shown by
the SII, the gap in the DALY rate between the highest and lowest SDI
countries and territories decreased from 1956.10/100,000 (1247.89-
2664.32) in 1990 to 658.41/100,000 (136.08-1180.74) in 2021. The
concentration index was 0.21 (—0.03 to 0.54) in 1990 but increased to
0.25 (0.10 to 0.44) in 2021. These results suggest that while absolute
health inequalities in GDSC burden decreased from 1990 to 2021,
relative inequalities have increased (Figure 5).

From 1990 to 2021, global GDSC burden trends showed significant
changes in absolute and relative inequalities. For esophageal cancer, the
DALYs gap between high- and low-SDI regions increased from
—266.24/100,000 (—425.79, —106.69) to —374.34/100,000 (—498.35,
—250.34) as well as relative inequality (concentration index from —0.02
to 0.16). Gastric cancer showed a narrowing absolute gap from
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FIGURE 5 (Continued)

integrating the area under the Lorenz curve, aligning DALYs distribution with population distribution by SDI. Blue represents data from 1990, and red
represents data from 2021. DALYs, disability-adjusted life-years; GDSC, Geriatric Digestive System Cancers; GBTC, gallbladder and biliary tract cancer;

SDI, sociodemographic index.

30.10/100,000 (12.26, 47.94) to —22.18/100,000 (—32.87, —11.48) but
an increase in relative inequality (concentration index from 0.13 to
0.18). Colorectal cancer showed a decrease in both absolute disparity
from 1692.24/100,000 (1426.65, 1957.82) to 1164.77/100,000 (969.39,
1360.14) and relative inequality from 0.41 to 0.32. Liver cancer had a
reduced absolute gap from —442.80/100,000 (—610.05, —275.55) to
—208.23/100,000 (—337.51, —78.95), but its relative inequality worsened
(from 0.10 to 0.21). Pancreatic cancer exhibited an increase in the
absolute gap from 815.48/100,000 (708.17, 922.80) to 839.84/100,000
(740.40, 939.27), although its relative inequality decreased (from 0.46
to 0.40). For GBTC, the absolute gap shrank from 233.50/100,000
(178.26, 288.75) to 106.30/100,000 (68.63, 143.97) as well as the relative
inequality (from 0.33 to 0.22). Overall, while absolute disparities in
cancer burden narrowed in some areas, relative inequalities persisted
or increased, particularly in low-SDI countries (Figure 5).

The frontier analysis provides an insight into which countries are
closest to or furthest from the ideal situation in managing the burden
of GDSC (specifically DALYs). The 15 countries and territories with
the largest actual differences in potential improvement (effective
difference range: 16924.82-5162.23) include Mongolia, Cabo Verde,
Greenland, Zimbabwe, Bolivia, Eswatini, Uruguay, China, Lesotho,
Monaco, Afghanistan, Slovakia, North Macedonia, Japan, and
Bulgaria. Considering their development level, high-SDI countries
with relatively high improvement potential include Greenland,
Monaco, Slovak, and Japan. The analysis indicates that low-SDI
countries, such as Niger, Cote d’Ivoire, Bangladesh, Nepal, and
Bhutan, have managed to control disease burden relatively well
despite their limited resources (Figure 6). Using the same analysis,
we identified the high-SDI countries that have the highest
improvement potential for DALYs in different GDSC: colorectal
cancer (Slovakia, Monaco, Poland, Greenland, Netherlands, Czechia,
and Taiwan [Province of Chinal), liver cancer (Qatar), pancreatic
cancer (Greenland, United Arab Emirates, Czechia, Finland,
Germany, Denmark, Latvia, Estonia, and Austria), and GBTC
(Republic of Korea, United Arab Emirates, Japan, Slovakia, and
Czechia) (Supplementary Figure S4; Supplementary Table S3).

3.4 GDSC projection to 2050

Bayesian age-period-cohort models were used to predict ASIR
and ASMR from 2020 to 2050. Both ASIR and ASMR are projected to
decline, with ASMR decreasing faster than ASIR for GDSC. By 2050,
ASIR  will be (241.02 +47.79)/100,000, and ASMR will
be (148.97 £26.71)/100,000. The predicted incidence is
5,183,288 + 1,026,932, and mortality is 3,203,769 + 574,377. The
incidence for pancreatic and colorectal cancers will remain stable, but
ASMR for colorectal cancer will decline faster than its incidence.
Mortality and ASMR for pancreatic cancer will show minimal change.
Both ASIR and ASMR of liver cancer and GBTC will decline slowly,
while esophageal and gastric cancers will continue to decrease
(Figure 7).
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3.5 Risk factors

Based on analysis of the global burden of disease (DALYs)
attributable to risk factors in individuals aged over 60, key contributors
to GDSC have been identified. Significant risk factors for esophageal
cancer include tobacco use (42.9%), alcohol use (13.7%), and dietary
risks (low vegetable intake, 9.92%). In stomach cancer, tobacco use
accounts for 12.1% and high sodium intake, 7.96%. Liver cancer shows
a strong association with alcohol use (21.7%), drug use (15.1%),
metabolic risks (high fasting plasma glucose, 3.75%; high BMI,
9.43%), low physical activity (7.38%), and tobacco use (9.96%). For
colon and rectum cancer, tobacco use contributes 4.58% and alcohol
use, 5.24%, and includes metabolic risks (high fasting plasma glucose,
8.74%, and high BMI, 9.56%) and the dietary risks (38.8%) of low
whole-grain intake (17.9%), low milk consumption (14.8%), high red
meat (14.8%) and processed meat intake (5.58%), and low fiber
(1.14%) and inadequate calcium intake (8.15%), all of which highlight
the multifaceted nature of their etiology. For GBTC, metabolic risks
(high BMI) contribute 11.7%. Pancreatic cancer is associated with
metabolic risks (high fasting plasma glucose, 28.7%, and high BMI,
1.83%) and tobacco use (13.6%). This comprehensive assessment
underscores the complex interplay between behavioral, metabolic, and
dietary factors in driving the disease burden of GDSC globally.
Additionally, we analyzed the effect of risk factors on GDSC across
different regions and genders, which provides valuable insights into
how regional and gender-based variations influence GDSC, thereby
informing targeted prevention and treatment strategies (Figure 8).

4 Discussion

Older adults tend to be more affected by risk factors for developing
cancer compared to younger individuals. The causes include long-
term inflammation at a severe level, aging cells, genetic predisposition,
weakened immune system function, and alterations in the
environment where cancers develop, which, collectively, contribute to
the development and progression of GDSC.

Our research indicated that the rates of incidences and deaths
related to GDSC have decreased from 1990 to 2021, along with a
reduction in the burden of DALYs. However, analysis of the data
revealed variations in trends among six types of GDSC with differences
in how they are changing over time. Specifically, ASIR and ASMR of
stomach cancer have seen the most significant drop, whereas liver
cancer has notably increased. This information is consistent with
previous research findings, where the reduction in gastric cancer
burden may be related to improvements in dietary habits, a decrease
in Helicobacter pylori infection, and the enhancement of early
screening methods that increase early diagnosis rates. Contrarily, the
number of liver cancer cases has notably increased, with an annual
percentage change (AAPC) of 0. 74. This increase is likely tied to
hepatitis B and C infections, high levels of alcohol consumption and
a rising occurrence of non-alcoholic fatty liver disease due to
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metabolic syndrome and obesity. The rise of pancreatic cancer stands
out with the highest increase in DALY rates at 0.33, indicating the
challenges in detecting and treating this aggressive form of cancer. It
continues to pose significant obstacles with a grim outlook
underscoring the necessity, for improved therapies and early detection
techniques. Colorectal cancer accounts for a significant share of GDSC
cases and deaths at 42 and 29%, respectively, underscoring its
importance among older individuals. Its substantial effect is likely
associated with dietary patterns, changes in gut bacteria composition,
genetic factors and delayed detection in the older adults community.

The research also discovered that the highest incidence of GDSC was
seen in individuals aged 60-79 years old and the highest mortality was
noted in the 65 to 74 age group. Data from GLOBOCAN indicates a rising
trend in the occurrence and mortality rates of gastric cancers among
individuals aged >80 years compared to their incidence and mortality in
1990, where it was shown that both the occurrence and death rates have
decreased. Such a decrease could be attributed to longer life expectancies
in the population and better access to early medical care along with
improvements in living standards and medical advancements that are
easing the effect of gastrointestinal cancers to some degree. In this study,
we also identified gender differences in the disease burden. The incidence
in gastric and liver cancers in males is generally higher than that in females,
a fact that is often associated with consistent exposure to high-risk factors
among males. Additionally, it is noted that in the age group >80 years,
pancreatic cancer tends to affect women more than men, which could
be attributed to biological traits unique to older women along with
hormonal shifts and the hidden progression of pancreatic cancer (13).
GBTC s often associated with chronic biliary diseases and lifestyle factors
such as high-fat diets, and females may face a greater disease burden due
to physiological factors, such as a higher incidence of cholelithiasis.

We conducted a decomposition analysis of the changes in the
global burden of GDSC over the past 30 years. The results indicate that
the changes in burden in high-middle and high SDI regions were
particularly significant. In these regions, incidence, prevalence,
mortality, and DALYs experienced substantial fluctuations. The
changes in global GDSC mortality, prevalence, incidence, and DALY's
were primarily driven by population growth, with contributing
proportions of 64.65, 67.32, 49.01, and 56.69%, respectively. This
phenomenon was observed across all SDI regions, especially in high-
middle and high SDI regions.

Compared to population growth, epidemiological changes had
a more significant effect on prevalence and incidence. In all
regions, particularly in high-middle and high SDI regions, changes
in epidemiological factors dominated the changes in prevalence
and incidence. In high SDI regions, the incidence and prevalence
of gastrointestinal cancers significantly increased due to the higher
consumption of meat and high-fat foods in the diet, as well as a
lack of sufficient physical activity. The results of this study indicate
that, although the absolute health inequality of GDSC decreased
between 1990 and 2021, relative health inequality showed an
upward trend, which suggests that in low SDI countries, despite
improvements in public health policies, cancer prevention and
control have advanced, but the extent of disease burden reduction
remains limited due to resource constraints and medical
capabilities. This indicates that, despite some progress in global
gastrointestinal cancer prevention and control, socioeconomic
disparities remain a key factor contributing to health inequality.
We further analyzed different types of GDSC and found that,
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although, globally, absolute health inequality in some cancer types
has narrowed, relative health inequality has worsened in certain
cancers (such as esophageal cancer, gastric cancer and liver cancer).

Frontier analysis reveals the gaps and potential for improvement
in GDSC burden management across countries. Low-SDI countries
can still achieve certain control effects through effective public health
measures and rational resource allocation. In contrast, high-SDI
countries, despite having abundant medical resources, still have room
for improvement, particularly in early screening, treatment equity, and
the management of high-risk populations. Future public health
strategies should focus on improving early diagnosis in low-SDI
regions as well as further optimizing prevention and control measures
in high-SDI countries to reduce cancer burden inequality.

This study explored the risk factors contributing to various types of
GDSC using the GBD database. Key contributors to esophageal cancer
include smoking, alcohol consumption, and insufficient vegetable
intake, which may reduce antioxidant levels and increase cancer risk.
For stomach cancer, tobacco use and high sodium consumption,
particularly in regions with high salt intake like Asia, are significant risk
factors. Prolonged salt consumption can damage the stomach lining and
promote Helicobacter pylori growth, increasing stomach cancer risk (14).
Liver cancer is influenced by alcohol consumption, substance abuse,
metabolic issues (e.g., high fasting blood sugar and BMI) (15), and lack
of physical activity (16). Persistent hepatitis B or C infections and heavy
drinking are strongly linked to liver cancer, while rising obesity rates
contribute to its increasing prevalence (17). Colorectal cancer is
associated with smoking, alcohol consumption, and poor dietary habits,
including low intake of whole grains and dairy, excessive consumption
of red and processed meats, and insufficient fiber and calcium. The
global dietary shift over the past 30 years, especially increased red and
processed meat consumption, has contributed to a rise in colorectal
cancer (18). For pancreatic cancer, metabolic risk factors such as high
fasting blood sugar and elevated BMI are important, while obesity and
diabetes also exacerbate the malignancy. The activation of the Insulin/
IGF-1 pathway promotes pancreatic cancer cell growth (19). Smoking
remains a significant risk factor for this disease as well. For GBTC, the
main risk factor is metabolic related (high BMI), which is associated
with the global obesity epidemic. Obesity increases GBTC risk, likely
linked to gallstones and chronic bile duct inflammation. Studies suggest
that the relationship between obesity and GBTC involves mechanisms
such as chronic inflammation and abnormal immune responses (20).
Emerging risks such as obesity and high fasting glucose have become
increasingly important in the development of GDSC, highlighting the
need for targeted prevention and treatment strategies.

Over the past three decades, early screening technologies have
continuously evolved, with gastroscopy, colonoscopy, and liver
ultrasonography becoming routine screening tools. Molecular
biomarkers and genetic testing have also provided new perspectives
for early diagnosis (21). Personalized and non-invasive screening
methods have been widely adopted among the older adults. Future
research should focus on early diagnostic markers, personalized
screening, and novel preventive strategies to enhance the survival rates
and quality of life for older patients.

Over the past 30 years, significant progress has been made in the
treatment of gastrointestinal cancers in older patients. The innovation
and application of various treatment methods have significantly
improved treatment outcomes and survival rates for patients. Advances
in surgical techniques, particularly the widespread use of minimally
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FIGURE 7

Projections of age-standardized incidence and mortality rates (ASIR and ASMR) for GDSC from 1990 to 2050. This figure illustrates the trends and future
projections of ASIR and age-standardized mortality rates ASMR per 100,000 population for GDSC globally, from 1990 to 2050. The shaded ribbons
represent the 95% confidence intervals (Cls) of the projections, providing an estimate of uncertainty. The projections demonstrate distinct trends for each
disease, ASIR projections (1A-1G): GDSC (1A), Geriatric Esophageal Cancer (1B), Geriatric Gastric Cancer (1C), Geriatric Colorectal Cancer (1D), Geriatric Liver
Cancer (1E), Geriatric Pancreatic Cancer (1F) and Geriatric GBTC (1G); ASMR projections (2A-2G): GDSC (2A), Geriatric Esophageal Cancer (2B), Geriatric
Gastric Cancer (2C), Geriatric Colorectal Cancer (2D), Geriatric Liver Cancer (2E), Geriatric Pancreatic Cancer (2F), and Geriatric GBTC (2G).
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invasive techniques such as laparoscopy and robot-assisted surgery,  improved quality of life. Furthermore, advancements in radiotherapy
have greatly improved patient prognosis. For example, laparoscopic  technology, such as intensity-modulated radiotherapy (IMRT) and
surgery for gastric cancer has reduced surgical trauma and recovery  stereotactic body radiotherapy (SBRT), have increased treatment
time, thus improving postoperative quality of life. Robotic surgery for ~ precision while reducing side effects. Immunotherapy have been
colorectal cancer has enhanced the accuracy of tumor resection and ~ demonstrated significant efficacy in gastrointestinal cancers in multiple
reduced postoperative complications. Significant advancements have  clinical trials, including the KEYNOTE-177 (23), CheckMate-648 (24),
also been made in the field of radiotherapy for digestive system and ~ and GEMSTONE-303 (25) trials. Finally, the progress in comprehensive
related cancers (GDSC). For older patients who cannot tolerate surgery ~ treatment and the adoption of the multidisciplinary team (MDT)
or those with systemic comorbidities, radical radiotherapy providesan ~ approach have enabled more effective combinations of different
important alternative treatment option. Preoperative or postoperative  treatment modalities.

radiotherapy for esophageal cancer has become a standard treatment, In this study, we predicted the epidemiological trends of GDSC
significantly improving local control rates (22). Radiotherapy for  over the next 30 years based on BAPC. It is important to note that
gastric cancer, colorectal cancer, and liver cancer has also played a  these forecasts are based on current trends and assumptions. However,
crucial role in conversion therapy, transforming inoperable into  they do not account for potential future changes in healthcare systems
operable cases, with some patients achieving organ preservation and  and policies, or unexpected shifts in environmental or behavioral

Frontiers in Public Health 13 frontiersin.org


https://doi.org/10.3389/fpubh.2025.1629101
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Xu et al.

factors that could influence cancer incidence and mortality rates.
Therefore, while these projections offer valuable insights, they should
be interpreted with caution, and regular updates to models may
be necessary as new data becomes available.

In the future, to reduce the burden of GDSC, targeted preventive
measures should be focused on controlling major risk factors such as
tobacco use, alcohol consumption, unhealthy diets, and metabolic
conditions such as obesity and diabetes. As indicated in our study, for
the older adults in the high-income Asia Pacific region, there is a
continued need to strengthen prevention and screening efforts for
colorectal cancer, liver cancer, pancreatic cancer and GBTC. In
contrast, esophageal cancer and gastric cancer remain key targets for
prevention and control in East Asia. In high-SDI regions, efforts
should be concentrated on lifestyle interventions and improving
access to early diagnosis and treatment, while low-SDI regions require
strengthening healthcare infrastructure and increasing cancer
awareness. Additionally, public health campaigns promoting healthier
diets and physical activity can significantly reduce the incidence of
major GDSC types.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found here: https://ghdx healthdata.org/gbd-2021, GBD 2021.

Author contributions

CX: Writing - original draft, Formal analysis, Supervision,
Writing - review & editing, Methodology, Conceptualization. JC:
Writing - review & editing, Validation, Data curation, Investigation.
QW: Writing - review & editing, Conceptualization, Visualization.
Z7Z: Data curation, Visualization, Writing - review & editing. CF: Data
curation, Writing - review & editing. HY: Writing - review & editing,
Investigation, Validation. QL: Data curation, Writing — review &
editing, Formal analysis. XW: Project administration, Funding
acquisition, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported

References

1. Loh KP, Liposits G, Arora SP, Neuendorff NR, Gomes F, Krok-Schoen JL, et al.
Adequate assessment yields appropriate care-the role of geriatric assessment and
management in older adults with cancer: a position paper from the ESMO/SIOG Cancer
in the Elderly Working Group. ESMO Open. (2024) 9:103657. doi:
10.1016/j.esmoop.2024.103657

2. Wang S, Zheng R, Li ], Zeng H, Li L, Chen R, et al. Global, regional, and national
lifetime risks of developing and dying from gastrointestinal cancers in 185 countries: a
population-based systematic analysis of GLOBOCAN. Lancet Gastroenterol Hepatol.
(2024) 9:229-37. doi: 10.1016/S2468-1253(23)00366-7

3. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence,
years lived with disability (YLDs), disability-adjusted life-years (DALYs), and healthy
life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories
and 811 subnational locations, 1990-2021: a systematic analysis for the Global

Frontiers in Public Health

10.3389/fpubh.2025.1629101

by National Natural Science Foundation of China (82473243) and
Beijing  Xisike Clinical
(Y-Young2023-0114).

Oncology Research  Foundation

Acknowledgments

The GBD 2021 study was supported by the Bill & Melinda Gates
Foundation. We appreciate the comprehensive and systematic work of
the Global Burden of Disease Study 2021 members.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1629101/
full#supplementary-material

Burden of Disease Study 2021. 403:2133-61.  doi:

10.1016/S0140-6736(24)00757-8

Lancet. (2024)

4. Yasui Y, Whitton J. Problems in using age-stratum-specific reference rates for indirect
standardization. J Clin Epidemiol. (1999) 52:393-8. doi: 10.1016/S0895-4356(99)00012-8

5. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression
with applications to cancer rates. Stat Med. (2000) 19:335-51. doi:
10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.c0;2-z

6. Clegg LX, Hankey BE, Tiwari R, Feuer E]J, Edwards BK. Estimating average annual
per cent change in trend analysis. Stat Med. (2009) 28:3670-82. doi: 10.1002/sim.3733

7. Cao E Xu Z, Li XX, Fu ZY, Han RY, Zhang JL, et al. Trends and cross-country
inequalities in the global burden of osteoarthritis, 1990-2019: A population-based study.
Ageing Res Rev. (2024) 99:102382. doi: 10.1016/j.arr.2024.102382

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1629101
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://ghdx.healthdata.org/gbd-2021
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1629101/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1629101/full#supplementary-material
https://doi.org/10.1016/j.esmoop.2024.103657
https://doi.org/10.1016/S2468-1253(23)00366-7
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0895-4356(99)00012-8
https://doi.org/10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z
https://doi.org/10.1002/sim.3733
https://doi.org/10.1016/j.arr.2024.102382

Xu et al.

8. Hosseinpoor AR, Bergen N, Schlotheuber A. Promoting health equity: WHO
health inequality monitoring at global and national levels. Glob Health Action. (2015)
8:29034. doi: 10.3402/gha.v8.29034

9. Wang ], Rahman A, Siegal HA, Fisher JH. Standardization and decomposition of
rates: useful analytic techniques for behavior and health studies. Behav Res Methods
Instrum Comput. (2000) 32:357-66. doi: 10.3758/BF03207806

10. Borkowski W. Evidence based medicine (EBM) in health care system and
treatment of individual patient. Part III. Teaching of epidemiological methodology and
statistics. Przegl Epidemiol. (2009) 63:419-24.

11. Knorr-Held L, Rainer E. Projections of lung cancer mortality in West Germany: a
case study in Bayesian prediction. Biostatistics. (2001) 2:109-29. doi:
10.1093/biostatistics/2.1.109

12. Steenland K, Armstrong B. An overview of methods for calculating the burden of
disease due to specific risk factors. Epidemiology. (2006) 17:512-9. doi:
10.1097/01.ede.0000229155.05644.43

13.Choi J, Oh TG, Jung HW, Park KY, Shin H, Jo T, et al. Estrogen-related
receptor gamma maintains pancreatic acinar cell function and identity by
regulating cellular metabolism. Gastroenterology. (2022) 163:239-56. doi:
10.1053/j.gastro.2022.04.013

14. Fox JG, Dangler CA, Taylor NS, King A, Koh TJ, Wang TC. High-salt diet induces
gastric epithelial hyperplasia and parietal cell loss, and enhances Helicobacter pylori
colonization in C57BL/6 mice. Cancer Res. (1999) 59:4823-8.

15. Arnold M, Pandeya N, Byrnes G, Renehan AG, Stevens GA, Ezzati M, et al. Global
burden of cancer attributable to high body-mass index in 2012: a population-based
study. Lancet Oncol. (2015) 16:36-46. doi: 10.1016/S1470-2045(14)71123-4

16. Kim SY, Kang HJ, Kim KH, Kim DU, Nam §J, Yang JK, et al. Cardiovascular disease
risk and associated physical activity factors in gastrointestinal cancer survivors. BMC
Public Health. (2024) 24:1656. doi: 10.1186/s12889-024-19097-2

Frontiers in Public Health

15

10.3389/fpubh.2025.1629101

17. Sohn W, Lee HW, Lee S, Lim JH, Lee MW, Park CH, et al. Obesity and the risk of
primary liver cancer: A systematic review and meta-analysis. Clin Mol Hepatol. (2021)
27:157-74. doi: 10.3350/cmh.2020.0176

18. Collaborators GBDD. Health effects of dietary risks in 195 countries, 1990-2017:
a systematic analysis for the global burden of disease study 2017. Lancet. (2019)
393:1958-72. doi: 10.1016/S0140-6736(19)30041-8

19. Rozengurt E. Mechanistic target of rapamycin (mTOR): a point of convergence in
the action of insulin/IGF-1 and G protein-coupled receptor agonists in pancreatic cancer
cells. Front Physiol. (2014) 5:357. doi: 10.3389/fphys.2014.00357

20. Lazcano-Ponce EC, Miquel JE, Munoz N, Herrero R, Ferrecio C, Wistuba II, et al.
Epidemiology and molecular pathology of gallbladder cancer. CA Cancer J Clin. (2001)
51:349-64. doi: 10.3322/canjclin.51.6.349

21. Konda V], Cherkezyan L, Subramanian H, Wroblewski K, Damania D, Becker V,
et al. Nanoscale markers of esophageal field carcinogenesis: potential implications for
esophageal cancer screening. Endoscopy. (2013) 45:983-8. doi: 10.1055/s-0033-1344617

22.ZengY, SuX, Zhou T, Jia ], Liu J, Yu W, et al. Propensity-matched study on locally
advanced esophageal cancer: surgery versus post-operative radiotherapy. Radiat Oncol.
(2024) 19:130. doi: 10.1186/s13014-024-02528-0

23. Bomze D, Mutti L, Goldman A, Markel G, Meirson T. Crossing survival curves of
KEYNOTE-177 illustrate the rationale behind combining immune checkpoint inhibition
with chemotherapy. Lancet Oncol. (2022) 23:¢245. doi: 10.1016/S1470-2045(22)00258-3

24.Kato K, Doki Y, Chau I, Xu J, Wyrwicz L, Motoyama S, et al. Nivolumab plus
chemotherapy or ipilimumab versus chemotherapy in patients with advanced esophageal
squamous cell carcinoma (CheckMate 648): 29-month follow-up from a randomized,
open-label, phase III trial. Cancer Med. (2024) 13:€7235. doi: 10.1002/cam4.7235

25. Zhang X, Wang ], Wang G, Zhang Y, Fan Q, Lu C, et al. First-Line Sugemalimab
Plus Chemotherapy for Advanced Gastric Cancer: The GEMSTONE-303 Randomized
Clinical Trial. JAMA. (2025) 333:1305-14. doi: 10.1001/jama.2024.28463

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1629101
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3402/gha.v8.29034
https://doi.org/10.3758/BF03207806
https://doi.org/10.1093/biostatistics/2.1.109
https://doi.org/10.1097/01.ede.0000229155.05644.43
https://doi.org/10.1053/j.gastro.2022.04.013
https://doi.org/10.1016/S1470-2045(14)71123-4
https://doi.org/10.1186/s12889-024-19097-2
https://doi.org/10.3350/cmh.2020.0176
https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.3389/fphys.2014.00357
https://doi.org/10.3322/canjclin.51.6.349
https://doi.org/10.1055/s-0033-1344617
https://doi.org/10.1186/s13014-024-02528-0
https://doi.org/10.1016/S1470-2045(22)00258-3
https://doi.org/10.1002/cam4.7235
https://doi.org/10.1001/jama.2024.28463

	Global, regional, and national epidemiology and risk factors of geriatric digestive system cancers from 1990 to 2021
	1 Background
	2 Methods
	2.1 Data download and processing
	2.2 Case definition
	2.3 Statistical analysis

	3 Results
	3.1 Global epidemiology of GDSC
	3.2 GDSC by regions and countries
	3.3 Decomposition and frontier analysis of incidence, mortality, and DALYs rates
	3.4 GDSC projection to 2050
	3.5 Risk factors

	4 Discussion

	References

