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Background: Population aging may substantially influence the burden of female-specific cancers in East Asia. This study assessed
temporal trends and model-based projections of breast, cervical, ovarian, and uterine cancer burden among women aged 55 years and
older in China, Japan, and South Korea using Global Burden of Disease Study 2023 estimates.

Methods: We analyzed age-standardized incidence, mortality, and disability-adjusted life-year rates from 1990 to 2023. Joinpoint
regression was used to evaluate historical temporal trends, and autoregressive integrated moving average models were applied to
generate model-based projections through 2040. Attributable risk factor patterns were described using the GBD comparative risk
assessment framework.

Results: Breast cancer accounted for the largest burden among the four cancer types across the three countries in 2023. Cervical
cancer generally showed declining trends, although the magnitude and timing of these changes varied by country. Ovarian and uterine
cancer burdens were relatively higher in Japan and South Korea than in China. Model-based projections suggested that the burden of
breast, ovarian, and uterine cancers may remain substantial through 2040, particularly in Japan and South Korea. In the GBD risk
attribution framework, high body mass index and metabolic risks showed increasing contributions to selected hormone-related cancers,
whereas unsafe sex remained the major attributable risk factor for cervical cancer.

Conclusion: Female-specific cancer burden among women aged 55 years and older in East Asia showed marked heterogeneity across
countries and cancer types. These findings should be interpreted as descriptive estimates and model-based projections rather than
causal evidence or deterministic predictions. Strengthening age-appropriate screening, HPV-related prevention, metabolic risk manage-
ment, and continued surveillance may help inform future cancer control strategies in aging East Asian populations.
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Introduction
Female-specific malignancies primarily encompass breast cancer and gynecological cancers. These include ovarian
cancer, cervical cancer, and uterine carcinoma. Collectively, these malignancies constitute a critical public health
challenge that threatens women’s health globally.' > The carcinogenesis of these tumors is influenced by complex
interactions. Key factors include physiological hormonal fluctuations, genetic susceptibility, and environmental
exposulres.é_9

Breast cancer currently ranks first in both incidence and mortality among women worldwide.'®!" Concurrently, the
burden of gynecological malignancies remains substantial. Ovarian cancer is characterized by high lethality. The
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incidence of uterine carcinoma has risen significantly over the past three decades due to metabolic changes. Furthermore,
cervical cancer maintains high incidence rates among specific elderly populations despite vaccine interventions.'* '

Global population aging is driving a profound transition in the epidemiological profile of female cancers. Previous
studies have predominantly focused on reproductive health in women of childbearing age. Consequently, there is
a paucity of comprehensive analyses concerning postmenopausal and older women.'> These demographic faces unique
health challenges. Factors such as cumulative environmental exposures and comorbidities become increasingly prevalent
with age. These conditions significantly elevate cancer risks and complicate treatment regimens.'®'® Therefore, an
updated assessment of disease burden in this population is urgent.

Most existing reports lack quantitative projections for the coming decades. This deficiency hinders the development
of long-term cancer control strategies for aging societies. China, Japan, and South Korea represent major East Asian
countries with shared regional characteristics but different stages of demographic aging, socioeconomic development,
cancer screening implementation, HPV vaccination history, and metabolic risk profiles. These differences provide an
opportunity to compare cancer burden patterns across distinct epidemiological contexts. However, the present study uses
aggregated GBD estimates and therefore aims to describe temporal trends and contextual differences rather than to
identify causal drivers.

In this study, socioeconomic transition refers to broad population-level changes that may influence cancer burden,
including population aging, changes in the Socio-demographic Index (SDI), reproductive patterns, metabolic risk
profiles, screening implementation, and HPV vaccination policies. These factors were considered as contextual elements
for interpreting cross-country differences rather than as formally tested causal determinants. Because this study was
based on aggregated GBD estimates, it was designed to describe temporal patterns and generate model-based projections,
rather than to establish causal relationships between socioeconomic factors and cancer outcomes.

This study utilizes the latest data from the Global Burden of Disease Study 2023 (GBD 2023). We systematically
assessed the disease burden of four female-specific malignancies among women aged 55 years and older in these three
nations. Our methodology integrates Joinpoint regression to identify historical trends. We also employed Autoregressive
Integrated Moving Average (ARIMA) models to project future burdens through 2040. This analysis aims to elucidate the
spatiotemporal evolution of cancer burden in East Asia. Ultimately, these findings will provide a scientific basis for
regional public health policy formulation.

Methods
Study Design and Data Source

This study was conducted as a descriptive epidemiological analysis using estimates from the Global Burden of Disease
Study 2023 (GBD 2023), coordinated by the Institute for Health Metrics and Evaluation.'”*® Annual estimates of
incidence, mortality, disability-adjusted life years (DALYSs), and corresponding age-standardized rates were extracted for
China, Japan, and South Korea from 1990 to 2023.

The GBD 2023 data used in this study should be interpreted as model-based estimates rather than direct registry
counts. The GBD framework integrates multiple data sources, including cancer registries, vital registration systems,
hospital records, and published studies, and applies statistical modeling to adjust for incomplete reporting, inconsistent
coding, and systematic biases. Therefore, differences in data availability, diagnostic capacity, cancer registration cover-
age, and reporting quality across China, Japan, and South Korea may influence the estimates.

Case Definitions and Study Population

We analyzed four female-specific malignancies: breast cancer, cervical cancer, ovarian cancer, and uterine cancer. Case

definitions were based on the International Classification of Diseases, 10th Revision (ICD-10). The corresponding ICD-

10 codes were C50 for breast cancer, C53 for cervical cancer, C56 for ovarian cancer, and C54 for uterine cancer.
The study population consisted of women aged 55 years and older. This age cutoff was selected to capture women in

late midlife and older adulthood, during which menopause-related hormonal changes, cumulative exposures, and age-

related comorbidities may increasingly influence the burden of female-specific cancers. Because this cutoff differs from
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conventional definitions of older age, such as 60 or 65 years, the term “women aged 55 years and older” was used
throughout the manuscript rather than treating all participants as elderly in a strict demographic sense.

GBD Estimation Framework and Outcome Measures
Mortality estimates in GBD were generated using the Cause of Death Ensemble model (CODEm), which combines
information from multiple data sources and selects models based on predictive validity. Non-fatal outcome estimates
were generated using DisMod-MR 2.1, a Bayesian meta-regression framework designed to ensure internal consistency
among epidemiological parameters. The main outcome measures in this study were incidence, mortality, DALY's, and
their corresponding age-standardized rates.

All rates were age-standardized using the GBD global standard population. Where available, GBD estimates were
presented with 95% uncertainty intervals to reflect uncertainty arising from data sources, model assumptions, and
estimation procedures.

Socio-Demographic Index and Risk Factor Attribution
The Socio-demographic Index (SDI) was used as a descriptive indicator of socioeconomic development.?' It was not
used to infer causality, but rather to contextualize differences in cancer burden across countries and over time.
Attributable burden estimates for selected modifiable risk factors were obtained from the GBD comparative risk
assessment framework. We included only risk—outcome pairs available in GBD 2023 for the selected cancers. The
attributable fractions represent the proportion of deaths or DALY's estimated by GBD to be associated with specific risk
factors under its counterfactual exposure framework. These estimates were interpreted descriptively and were not used to
infer individual-level causal effects in the present study.

Joinpoint Regression Analysis

Temporal trends in age-standardized incidence, mortality, and DALY rates from 1990 to 2023 were assessed using
Joinpoint Regression Software, version 5.1.1. Joinpoint regression uses piecewise log-linear models to identify statisti-
cally significant changes in temporal trends. The annual percentage change (APC) was calculated for each time segment,
and the average annual percentage change (AAPC) was calculated to summarize the overall trend across the study period.
Statistical significance was assessed using two-sided tests, and a P value less than 0.05 was considered statistically
significant.

ARIMA-Based Projection Analysis

Future age-standardized rates from 2024 to 2040 were projected using autoregressive integrated moving average
(ARIMA) models based on annual estimates from 1990 to 2023. Before model fitting, stationarity was assessed, and
differencing was applied when necessary. Candidate ARIMA models were compared using information criteria, includ-
ing the Akaike information criterion and Bayesian information criterion. Model adequacy was evaluated using residual
diagnostics, including assessment of residual autocorrelation. Forecast uncertainty was expressed using 95% prediction
intervals where applicable.?*?*

Because ARIMA models extrapolate historical temporal patterns, the projected estimates should be interpreted as
model-based projections rather than deterministic predictions. These models assume that historical trends and temporal
dependencies will continue into the future and do not account for future changes in screening, HPV vaccination,

treatment availability, risk factor exposure, coding practices, health policy, or unexpected public health events.

Statistical Analysis

All statistical analyses and visualizations were performed using R software, version 4.3.3. Descriptive analyses were
conducted by country, cancer type, year, and outcome measure. Figures were generated to compare temporal trends,
cross-country differences, attributable risk factor patterns, and model-based projections. All hypothesis tests were two-
sided, and statistical significance was defined as P < 0.05.
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Results

Current Epidemiological Status of Disease Burden in 2023
The distribution of disease burden in 2023 is presented in Figure 1 and Supplementary Tables 1-4. Overall, breast cancer

accounted for the highest burden among the four female-specific malignancies across China, Japan, and South Korea,
ranking first in prevalence, incidence, mortality, and DALY in most comparisons. In contrast, ovarian cancer generally
showed the lowest estimates across the assessed burden indicators.

Marked cross-country differences were observed in age-standardized rates. For breast cancer, Japan showed the
highest age-standardized burden among the three countries, whereas China showed the lowest age-standardized rates.
However, China had a substantial absolute breast cancer burden, as reflected by the number of cases, deaths, and DALYSs.

For cervical cancer, China showed the highest burden estimates among the three countries, whereas Japan showed the
lowest corresponding rates. For ovarian cancer and uterine cancer, Japan generally had the highest age-standardized
burden. South Korea showed the lowest ovarian cancer burden. For uterine cancer, South Korea had the lowest age-
standardized incidence rate, while China had the lowest age-standardized mortality rate. Corresponding uncertainty

intervals are provided in Supplementary Tables 1-4.

Joinpoint Regression Analysis of Burden Trajectories
Temporal trends in age-standardized disease burden from 1990 to 2023 showed considerable heterogeneity across cancer
types and countries (Figure 2 and Supplementary Tables 4-7). For breast cancer, increasing trends were observed in all

three countries, although the magnitude and pattern of increase differed. South Korea showed the largest increase in age-
standardized incidence rate, with an AAPC of 3.52%, whereas Japan showed a sustained increase in age-standardized
mortality rate, with an AAPC of 2.72%. In China, breast cancer trends fluctuated over the study period. Although the
overall mortality trend declined, increases in both incidence and mortality estimates were observed during 2020-2023.

Figure | Spatial distribution of age-standardized disease burden for four female-specific malignancies among women aged 55 years and older in East Asia (2023). The
choropleth maps illustrate the comparative burden across China, Japan, and South Korea. The panels are stratified by cancer type: (A) Breast cancer, (B) Cervical cancer,
(€) Ovarian cancer, and (D) Uterine carcinoma.
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Figure 2 Temporal trends and Joinpoint regression analysis of age-standardized prevalence rates for four female-specific malignancies among women aged 55 years and older
in East Asia from 1990 to 2023. Rows represent countries: (A) China; (B) Japan; and (C) South Korea. Columns represent cancer types: breast cancer, cervical cancer,
ovarian cancer, and uterine cancer. Black points indicate observed annual prevalence rates per 100,000 population, and colored lines indicate fitted trends estimated by
Joinpoint regression. The segmented regression results are shown beside each panel, including the overall AAPC and APC for each Joinpoint segment. * indicates that the
corresponding APC or AAPC is statistically significantly different from zero (P < 0.05).

Abbreviations: APC, annual percentage change; AAPC, average annual percentage change.

Cervical cancer generally showed declining long-term trends compared with the other three malignancies. South
Korea showed the largest reductions in both age-standardized incidence and mortality rates. In China, cervical cancer
burden showed an overall declining trend, although upward changes were observed in some recent Joinpoint segments,
including periods after 2013 and 2020. In Japan, incidence initially declined but became relatively stable in later years,
while mortality increased during the most recent segment, with an APC of 3.43%.

For uterine cancer, temporal patterns differed across the three countries. China showed declining trends in both age-
standardized incidence and mortality rates over the study period. In contrast, Japan and South Korea showed increasing
trends in selected burden indicators. In Japan, the age-standardized incidence rate of uterine cancer increased consis-
tently, with an AAPC of 2.15%. For ovarian cancer, long-term increasing trends were observed in Japan and South
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Korea. In all three countries, increases in ovarian and uterine cancer burden estimates were observed after 2020. APCs
and AAPCs with corresponding 95% confidence intervals are provided in Supplementary Tables 4-7.

Temporal Evolution and Age-Specific Patterns of Disease Burden
Temporal patterns in absolute numbers and age-standardized rates differed across countries and cancer types
(Supplementary Figure 1). For breast cancer, increasing trends were observed in all three countries. China had the

largest absolute burden during most of the study period, whereas its age-standardized mortality rate remained relatively
stable Japan showed the highest age-standardized breast cancer burden, with increasing incidence and mortality rates
over time. South Korea showed a marked increase in age-standardized incidence, particularly after 2000.

Cervical cancer showed different temporal patterns across the three countries. In South Korea, both age-standardized
incidence and mortality rates declined substantially over the study period. In China, age-standardized rates generally
decreased, while the absolute burden remained relatively high. In Japan, cervical cancer incidence declined during the
early study period and then remained relatively stable in later years, whereas mortality showed an increasing pattern in
the most recent period.

For ovarian and uterine cancers, country-specific differences were observed in both absolute burden and age-
standardized rates. Japan and South Korea generally showed higher ovarian cancer burden than China. For uterine
cancer, Japan changed from having relatively low incidence in 1990 to the highest age-standardized incidence among the
three countries in 2023, whereas China showed a long-term declining pattern. Age-specific analyses showed that cancer
burden in China tended to be higher in the younger-old age groups, whereas Japan and South Korea showed relatively
higher burden in the oldest age groups (Supplementary Figure 2).

Association Between Socio-Demographic Index and Disease Burden
The relationship between Socio-demographic Index (SDI) and cancer burden showed distinct patterns across cancer types
and countries (Supplementary Figure 3). For breast cancer, the age-standardized burden remained relatively stable at

lower SDI levels but increased more prominently at higher SDI levels, particularly when SDI exceeded approximately
0.7. Japan and South Korea showed higher breast cancer burden at high SDI levels, while China showed an upward trend
across the observed SDI range.

Ovarian cancer showed a generally positive pattern with increasing SDI. In China and South Korea, ovarian cancer
mortality increased with rising SDI, whereas Japan showed a more moderate increase over the study period. For cervical
cancer, an inverse pattern with SDI was observed in China and South Korea, with higher burden estimates at lower SDI
levels and lower burden estimates at higher SDI levels. Japan maintained relatively low cervical cancer mortality across
the observed SDI range.

For uterine cancer, age-standardized incidence and mortality generally increased with rising SDI in China and South
Korea, whereas Japan remained at a relatively high burden level during the later study period. These SDI-related patterns
should be interpreted as descriptive ecological associations and should not be considered evidence of causal relationships
between socioeconomic development and cancer burden.

Burden Attributable to Modifiable Risk Factors

The GBD comparative risk attribution analysis showed distinct patterns of modifiable risk factors across cancer types and
countries (Figure 3). For breast cancer, a diet high in red meat remained one of the leading attributable risk factors in
2023. Metabolic risk factors also contributed to the estimated burden, with high fasting plasma glucose accounting for
7.33%—8.60% of the attributable burden across the three countries. The attributable fraction related to high body mass
index (BMI) increased in China and South Korea during the study period.

For cervical cancer, unsafe sex accounted for the largest attributable fraction of DALYs and mortality in the GBD
framework. The attributable fraction associated with smoking decreased over time, although smoking continued to
contribute to the estimated cervical cancer burden in 2023. These estimates should be interpreted within the GBD
comparative risk assessment framework and do not represent individual-level causal effects.
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Figure 3 Comparative attribution of modifiable risk factors to the disease burden of four female-specific malignancies among women aged 55 years and older in East Asia
(1990 vs. 2023). The bar charts illustrate the percentage of DALYs and mortality attributable to specific risk factors in China (red), Japan (dark blue), and South Korea (light
blue). The panels are stratified by cancer type: (A) Breast cancer, (B) Cervical cancer, (C) Ovarian cancer, and (D) Uterine carcinoma.

For ovarian and uterine cancers, high BMI and selected occupational exposures contributed to the estimated
attributable burden. For ovarian cancer, the contribution of high BMI increased in China and reached 5.32% in 2023.
In Japan, occupational carcinogens accounted for 3.19% of ovarian cancer DALYs. For uterine cancer, high BMI
represented the largest attributable risk factor among those assessed, contributing to more than 20% of mortality in all
three countries by 2023. Corresponding estimates and uncertainty intervals are provided in Figure 3.

Projected Disease Burden and Future Trends Through 2040

ARIMA-based projections suggested that cross-country differences in cancer burden may persist through 2040
(Figure 4). For breast cancer, Japan showed projected increases in both age-standardized incidence and mortality rates.
In China and South Korea, age-standardized incidence rates were projected to increase, whereas mortality rates were
projected to decline in China and remain relatively stable in South Korea. These projected patterns should be interpreted
as model-based extrapolations of historical trends rather than deterministic predictions.

For cervical cancer, projected trends varied across the three countries. China and South Korea showed projected declines
in most burden indicators through 2040. In contrast, Japan showed relatively stable or slightly increasing projected mortality
rates in the later projection period. The projected mortality rate in Japan was estimated to approach or exceed that in South
Korea by the mid-2030s. However, this finding should be interpreted cautiously because ARIMA models do not account for
future changes in screening, HPV vaccination coverage, treatment access, or reporting practices.

For ovarian and uterine cancers, Japan and South Korea generally showed higher projected age-standardized rates
than China. Uterine cancer incidence and mortality rates in Japan were projected to increase, whereas China showed
projected declines in corresponding burden indicators. For ovarian cancer, Japan and South Korea were projected to
maintain relatively higher burden levels through 2040 compared with China. All projected estimates should be inter-
preted together with their prediction intervals, where available, given the uncertainty inherent in both GBD estimates and
ARIMA-based projections.

Discussion

Using GBD 2023 estimates, this study described temporal trends and model-based projections of breast, cervical,
ovarian, and uterine cancer burden among women aged 55 years and older in China, Japan, and South Korea. The
findings showed substantial heterogeneity across countries and cancer types. Breast cancer accounted for the largest
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Figure 4 Observed and projected temporal trends of age-standardized disease burden for four female-specific malignancies among women aged 55 years and older in East
Asia (1990-2040). The figure displays the historical data (1990-2023) and future projections (2024-2040) based on ARIMA models. The panels are stratified by cancer type:
(A) Breast cancer, (B) Cervical cancer, (C) Ovarian cancer, and (D) Uterine carcinoma.

burden, cervical cancer generally declined with country-specific differences, and ovarian and uterine cancer burdens were
relatively higher in Japan and South Korea than in China. These findings should be interpreted as descriptive epidemio-
logical patterns and model-based projections rather than evidence of causal relationships. Potential biological, behavioral,
and policy-related explanations are discussed below as contextual interpretations.

Breast cancer remained the leading contributor to disease burden among the four female-specific malignancies in
China, Japan, and South Korea. The increasing incidence trends observed in this study are broadly consistent with
patterns reported in Western high-income countries and other rapidly developed settings.***> Several population-level
factors may help contextualize these trends, including changes in reproductive patterns, population aging, screening
practices, and metabolic risk profiles. In the GBD comparative risk attribution framework, metabolic factors, including
high body mass index and high fasting plasma glucose, accounted for an increasing proportion of breast cancer burden in
selected countries.’*?® These findings are biologically plausible, as excess adiposity has been linked to altered estrogen
metabolism, insulin resistance, and chronic inflammation. Nevertheless, because the present study was based on
aggregated GBD estimates, it could not formally quantify the independent contribution of these factors, and the observed
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risk attribution patterns should not be interpreted as direct evidence of individual-level causality. Japan showed
concurrent increases in breast cancer incidence and mortality during the study period, which may be related to its
older population structure, comorbidity burden, differences in diagnostic intensity, and treatment patterns among older
women. Previous studies have suggested that undertreatment and comorbidities may adversely affect cancer outcomes in
older patients.’*** However, these factors were not directly evaluated in the present analysis and should therefore be
regarded as contextual explanations rather than confirmed causal mechanisms.

Cervical cancer generally showed declining long-term trends, although the magnitude and timing of decline differed
across countries. South Korea showed sustained decreases in both incidence and mortality, which may be partly related to
long-standing national screening efforts and HPV-related prevention strategies.”’ In Japan, cervical cancer incidence
declined during the early study period but became relatively stable in later years, while mortality showed an increasing
pattern in the most recent period. Japan’s historical interruption of proactive HPV vaccine recommendation may provide
an important policy context for interpreting these trends.”*>> In China, cervical cancer burden generally declined but
remained substantial, suggesting the continued need to strengthen organized screening and HPV-related prevention.
Overall, these findings support the importance of age-appropriate cervical cancer screening, improved HPV vaccination
coverage in eligible cohorts, and continued surveillance. Nevertheless, policy-related explanations should be interpreted
cautiously because screening coverage, vaccination uptake, healthcare access, and birth-cohort effects were not directly
modeled in this study.

Ovarian cancer remained an important contributor to female-specific cancer burden in East Asia, particularly in Japan
and South Korea, where age-standardized burdens were generally higher than those in China. The relatively high burden
observed in these two countries may be related to differences in population aging, reproductive patterns, diagnostic
intensity, and treatment contexts; however, these factors were not directly evaluated in the present study. Although
advances in ovarian cancer treatment may have improved outcomes for selected patients, their population-level impact
could not be assessed using aggregated GBD estimates. The persistently high mortality burden is consistent with the
known clinical challenges of ovarian cancer, including late-stage diagnosis, lack of effective population-based screening,
and high case fatality.**>® In the GBD comparative risk attribution framework, high BMI and selected occupational
carcinogens contributed to the estimated ovarian cancer burden in some countries, including Japan. Nevertheless, these
attribution estimates should be interpreted cautiously and should not be considered evidence of direct individual-level
causality. Future control strategies may benefit from improved risk stratification, earlier diagnostic approaches, equitable
access to evidence-based treatment, and continued monitoring of population-level trends.

For uterine cancer, Japan changed from having a relatively low incidence rate in 1990 to showing the highest age-
standardized incidence rate among the three countries by 2023. This pattern may be partly related to differences in
population aging, reproductive history, diagnostic intensity, and metabolic risk profiles.>’=® In the GBD comparative risk
attribution framework, high BMI represented the largest attributable risk factor for uterine cancer among those assessed
and contributed to more than 20% of mortality in all three countries by 2023. This finding is biologically plausible, as
excess adiposity has been linked to increased estrogen exposure, insulin resistance, and chronic inflammation.*”*
However, the present study could not determine whether changes in BMI directly caused the observed national trends.
China showed a long-term declining pattern in uterine cancer burden, which may reflect cohort effects, differences in
diagnostic practices, or other unmeasured factors. Because these explanations were not directly tested, they should be
interpreted as hypotheses rather than confirmed mechanisms.

An apparently counterintuitive finding was that Japan showed relatively high burdens of breast, ovarian, and uterine
cancers despite having a smaller increase in BMI than China and South Korea. This pattern suggests that BMI alone
cannot fully explain cross-country differences in female-specific cancer burden. Several factors may help contextualize
this observation, including Japan’s older population structure, reproductive and cohort effects, diagnostic intensity,
screening practices, treatment patterns, and comorbidity burden among older women. Moreover, BMI is an imperfect
proxy for metabolic risk and does not fully capture central adiposity, body fat distribution, sarcopenic obesity, insulin
resistance, or cumulative lifetime exposure to metabolic abnormalities. This interpretation is consistent with the broader
epidemiological understanding that female-specific cancer burden in midlife and older women is shaped by multiple
demographic, reproductive, metabolic, and healthcare-related factors rather than by BMI alone. Therefore, BMI-related
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findings in this study should be interpreted within the GBD comparative risk attribution framework and should not be
considered direct evidence that BMI changes alone determined national cancer trends.

Taken together, the findings suggest that East Asia may face a continuing burden from both cervical cancer and
hormone- or metabolism-related female cancers among women aged 55 years and older. ARIMA-based projections
suggested that some of these patterns may persist through 2040 if historical trends continue; however, these projections
should not be interpreted as deterministic predictions. Future cancer control strategies may benefit from strengthening
organized cervical cancer screening, improving HPV vaccination coverage in eligible cohorts, integrating metabolic health
promotion into community-based prevention programs, and optimizing age-appropriate screening and treatment pathways
for older women. Regional collaboration and continued surveillance may also help monitor changing cancer burden and
inform more tailored public health responses. Some short-term increases observed after 2020 should also be interpreted
cautiously. During this period, cancer estimates may have been influenced by healthcare disruptions, delayed diagnosis,
changes in screening participation, and reporting practices. Therefore, post-2020 increases should not be interpreted as
definitive evidence of sustained epidemiological shifts without confirmation from updated registry data.

This study has several limitations. First, the analysis relied on GBD 2023 estimates, which are model-based rather
than direct registry counts. Although the GBD framework uses standardized methods to harmonize data sources and
correct for systematic biases, the estimates remain subject to uncertainty related to data availability, cancer registration
coverage, diagnostic capacity, mortality reporting, and coding practices across countries. Therefore, cross-country
differences should be interpreted cautiously, particularly where source data quality or completeness may vary. Second,
this study used aggregated national-level data and could not assess within-country heterogeneity, such as differences by
region, socioeconomic status, urban—rural residence, screening participation, treatment access, or individual-level
comorbidities. Because individual-level data were unavailable, the observed associations with SDI and attributable risk
factors should be interpreted as descriptive ecological patterns rather than causal relationships. Third, we did not
incorporate competing risk analyses. This limitation is particularly relevant for women aged 55 years and older,
among whom cardiovascular disease and other age-related conditions may influence cancer mortality patterns and
survival estimates. Future studies using individual-level cohort or registry data may help clarify the role of competing
risks in older women. Finally, the ARIMA-based projections were derived from historical temporal trends and therefore
should not be interpreted as deterministic predictions. These models do not account for future changes in screening
programs, HPV vaccination coverage, treatment advances, risk factor distributions, health policy, diagnostic practices,
coding systems, or unexpected public health events. Accordingly, projected estimates should be interpreted together with
their prediction intervals and used primarily for cautious public health planning and hypothesis generation.

This GBD 2023-based analysis described heterogeneous temporal trends and model-based projections of breast,
cervical, ovarian, and uterine cancer burden among women aged 55 years and older in China, Japan, and South Korea.
Breast cancer remained the largest contributor to disease burden, cervical cancer generally declined with country-specific
differences, and ovarian and uterine cancer burdens were relatively higher in Japan and South Korea. ARIMA-based
projections suggested that some patterns may persist through 2040 if historical trends continue, but these estimates
should not be interpreted as deterministic predictions. Continued surveillance, age-appropriate screening, HPV-related
prevention in eligible cohorts, metabolic risk management, and optimized care pathways may help inform cancer control
strategies in aging East Asian populations.
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