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Objectives

Lung cancer is one of the most common cancers in Shandong Province, China. Projecting future cancer trend is crucial for planning cancer control. We aimed to examine the trend of lung cancer incidence and mortality from 2012 to 2023, and predict the lung cancer burden to 2030 in Shandong.





Methods

Data of lung cancer incidence and mortality from 2012 to 2023 were obtained from the Shandong Cancer Registries. The average annual percentage change (AAPC) was used to quantify the trend of the lung cancer age-standardised rate using Joinpoint software. Bayesian age-period-cohort model was used to predict lung cancer incidence and mortality from 2024 to 2030.





Results

The age-standardised incidence rate (ASIR) remained stable from 2012 to 2023. The ASIR in males decreased with an AAPC of -1.350%, while the ASIR in females increased with an AAPC of 2.429%. The age-standardised mortality rate (ASMR) decreased with an AAPC of -2.911%. This trend was also observed in males (AAPC=-2.513%), females (AAPC=-3.632%), urban areas (AAPC=-3.267%) and rural areas (AAPC=-2.603%). For our predictions, the ASIR will increase to 49.21 per 100,000 until 2030, with an AAPC of 1.873%. This upward trend is expected for females and urban areas, with an AAPC of 4.496% and 4.176%, while it is not observed for males and rural areas. The ASMR is expected to remain stable up to 2030, and this trend will maintain both in males and females. The ASMR will exhibit an upward trend (AAPC=1.100%) in urban areas and a downward trend (AAPC=-0.915%) in rural areas.





Conclusion

The ASIR of lung cancer will increase until 2030, while the ASMR of lung cancer is expected to remain stable in Shandong. It is necessary to take further preventive measures such as strengthening tobacco control, enhancing health education and expanding screening efforts.
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Introduction

Lung cancer has been the most commonly cancer and the leading cause of cancer death worldwide. According to the latest global cancer statistics estimates in 2022, there have been about 2.48 million new cases of lung cancer in the world, accounting for 12.4% of the total new cases, and about 1.82 million lung cancer deaths, accounting for 18.7% of the total cancer deaths (1). In China, lung cancer has always ranked first in terms of incidence and mortality, with 1.06 million new cases of lung cancer and 0.73 million lung cancer deaths based on the Chinese cancer registry data statistics in 2022 (2).

Since the 1960s, developed countries began to implement tobacco control measures in time to control the growth of lung cancer (3). In the United States, the incidence of lung cancer in men has been decreasing since its peak in 1980s, while the incidence of lung cancer in women has been decreasing since 2005 (4). Nevertheless, in China, the incidence and mortality of lung cancer have increased rapidly in the past 30 years, with an annual increase of 3.7% and 3.3%, respectively. Until in the last decade, the age-standardised incidence rate (ASIR) reached a plateau while the age-standardised mortality rate (ASMR) showed a slight downward trend (5). As the increasing ageing world population, the disease burden of lung cancer will be likely to continue to increase in developing countries especially in China.

Shandong is the second most populous province in China, with 102 million people, accounting for 7.2% of the Chinese population. The large population base leads to large numbers of lung cancer cases and deaths, and the disease burden of lung cancer in Shandong is very heavy. According to data from the Shandong Cancer Registries (6), in 2018, the ASIR and ASMR of lung cancer in Shandong were 42.56 per 100,000 and 29.77 per 100,000 respectively, which were higher than the ASIR and ASMR in China (38.23 per 100,000 and 27.18 per 100,000) (7). In addition, Shandong is one of the provinces with the fastest growth rate in lung cancer incidence and mortality in China (8, 9), and the disease burden of lung cancer was also significantly higher than other provinces in China, such as Henan Province (10), Jiangsu Province (11), Sichuan Province (12), Gansu Province (13) and Jiangxi Province (14). Therefore, understanding and predicting the epidemic trend of lung cancer in Shandong can provide an important basis for the study of lung cancer prevention and control strategies, so as to effectively reduce the burden of lung cancer in Shandong.

Through mathematical models, future cancer burden can be predicted using past surveillance data, based on the assumption that recent incidence or mortality trends will continue to some extent in the future. In particular, Bayesian age-period-cohort model (BAPC) has demonstrated its efficacy as a tool for analysing and predicting incidence and mortality trends (15, 16). In the UK, this model was used to predict cancer incidence and mortality in the country in 2020, 2025, 2030 and 2035 (17–20). Scholars in our country have also used this model to predict the mortality of esophageal cancer and the incidence of lung cancer (21, 22). Currently, few studies were reported on predicting the burden of lung cancer based on population cancer registration data in Shandong Province and even in China. In view of this, our study aimed to provide an estimate of the burden of lung cancer through 2030, to provide the reference basis for formulating the accurate prevention and control policy of lung cancer.





Materials and methods




Data sources

The Shandong Center for Disease Control and Prevention takes on the crucial role of assembling, assessing, and examining cancer-related information from population-based registries. Data for cancer patients was comprehensively furnished by cancer registries in Shandong, which encompassed 13 urban and 22 rural registries in 2023. Lung cancer cases were defined, according to the tenth revision of the International Statistical Classification of Diseases (23), by code C33-C34. The final dataset included variables describing year, sex, age at diagnosis, death age, region (urban or rural area), diagnosis date, death date. Age was divided into 18 subgroups, including 0-4 years, 5-9 years, 10-14 years, and then in 5-year age groups up to 80-84 years, and finally 85 years or older. The population data by sex and age group came from the Census Register of Public Security and the Statistical Yearbook in Shandong. All lung cancer cases in Shandong between 2012 and 2023 were included.





Quality control

The quality of the cancer registration data was assessed according to the standards and requirements of “Guideline for Chinese Cancer Registration (2016)” and International Agency for Research on Cancer/International Association of Cancer Registries (IARC/IACR), including the validity, reliability, completeness and comparability (24, 25). The key indicators for quality control include the mortality to incidence ratio (M/I), the proportion of morphological verification (MV%), and the percentage of cases identified with death certification only (DCO%). Eligible data from cancer registries in 2023 covered 37.46 million people, accounting for 37.52% of the Shandong Province population.





Statistical analysis

Lung cancer data was summarised and analysed using SAS (version 9.4) and Excel (version 2013). We obtained statistics including incidence, age-specific incidence, mortality and age-specific mortality of lung cancer calculated by year, sex, urban and rural areas. The age-standardised rate was adjusted based on the age composition of Chinese standard population in 2000. To assess the overall trends across multiple periods comprehensively, the average annual percentage change (AAPC) was employed to measure the temporal progression of incidence and mortality rates (26). This method captured the rates from 2012 to 2023, reflecting past trends, and from 2024 to 2030, signifying future trends. The AAPC and 95% confidence intervals (CI) were estimated by Joinpoint (version 4.8.0.1). A positive AAPC indicates an upward trend in incidence (mortality) over this time period, whereas a downward trend if the AAPC is negative (27).

Age-period-cohort model can analyse the effect of age, period and cohort on cancer incidence and mortality, and predict the incidence and mortality according to the effect value of each factor. The classical age-period-cohort model is general linear model. When only age and period factors are included in the model, it is called an age-period model. When only age and cohort factors are included in the model, it is called an age-cohort model. The Epi package in R software can build age-period-cohort model and choose the best model by comparing the deviance of different models. After identifying the factors that need to be incorporated into the model, the model can be used for predictive analysis.

This model was implemented using the Bayesian Age-Period-Cohort Modelling and Prediction package (BAMP) of R (version 4.2.3) (28). Bayesian method can use not only the information of the sample, but also other known information outside the sample, that is, the prior information. The Bayesian method provides a way to calculate the probability of a hypothesis by combining prior information about an unknown parameter with sample information according to a Bayesian formula, then the unknown parameters are inferred according to the posterior information (29). BAMP describes the effect of age, period, and cohort by random walk (RW) priors of different orders (30). The RW-1 prior assumes a constant trend over the time scale, whereas the RW-2 prior assumes a linear time trend (31, 32). The results of the iterations were used to estimate the parameter values for age, period, and cohort effects based on different RW choices through Markov chain Monte Carlo (MCMC) method iterations. The more iterations, the higher the accuracy of the model. This method can smooth the effect of age, period and cohort, and avoid the large fluctuation between the two groups, so that the estimation result is more stable and reliable (33).

In this study, we first observed the change trend of period and cohort factors of lung cancer incidence and mortality using the function of apc.fit and apc.frame in Epi package, and selected the suitable RW combination incorporating the BAMP model. MCMC simulations were run for 1,010,000 iterations with the initial 10,000 iterations used as burn-in to minimize the effect of initial values. The median iterative values and 95% CI (using 2.5% and 97.5% of the 1,000,000 iterated results, respectively) were obtained by the MCMC simulations in the models. Finally, we obtained the predictions of lung cancer incidence and mortality in 2024-2030. The posterior deviance and predictive deviance of the model were used as a measure of the goodness of fit.






Result




Lung cancer incidence and mortality in Shandong, 2012-2023

Table 1 showed the lung cancer incidence in Shandong from 2012 to 2023. The crude incidence rate of lung cancer showed a significant upward trend, increasing from 66.96 per 100,000 to 85.34 per 100,000 (AAPC=2.295%, P<0.01). The ASIR remained stable for the 12-year period. For both males and females, the crude incidence rate displayed an increasing trend, with an AAPC of 1.254% (P=0.01) in males and an AAPC of 4.078% (P<0.01) in females. The ASIR in males decreased from 58.59 per 100,000 to 51.34 per 100,000 (AAPC=-1.350%, P<0.01), while the ASIR in females increased from 28.61 per 100,000 to 35.71 100,000 (AAPC=2.429%, P<0.01). The crude incidence rate showed an increasing trend in rural areas (AAPC=3.549%, P<0.01) but no significant change in urban areas. The ASIR remained stable both in urban and rural areas.


Table 1 | Incidence of lung cancer from 2012 to 2023 in Shandong (per 100,000).



As shown in Table 2, the crude mortality rate of lung cancer in Shandong has been stable from 2012 to 2023. After adjusting the age structure, there was an obvious declined trend exhibited both in males and females, urban and rural areas. The overall ASMR reduced by 2.911% per year (AAPC=-2.911%, P<0.01). In addition, the ASMR in males decreased from 44.75 per 100,000 to 35.09 per 100,000 (AAPC=-2.513%, P<0.01), while the ASMR in females decreased from 20.41 per 100,000 to 14.54 per 100,000 (AAPC=-3.632%, P<0.01). The ASMR in urban and rural areas reduced from 28.17 per 100,000 and 35.69 per 100,000 to 21.41 per 100,000 and 27.14 per 100,000, respectively (Urban AAPC=-3.267%, P<0.01; Rural AAPC=-2.603%, P<0.01).


Table 2 | Mortality of lung cancer from 2012 to 2023 in Shandong (per 100,000).







Age-period-cohort analysis of the lung cancer incidence and mortality

We compared the residual deviance of different sub-models after including age, period and cohort factors, and then selected the best model to predict the future incidence and mortality of lung cancer. Tables 3, 4 showed the change in deviance in the sequential building of the models. Results showed that the deviance value of the age-period-cohort model (APC) for lung cancer incidence was 1217.01, indicating a good fit of the model compared with the age-cohort model (1817.48 for AC) and age-period model (1880.92 for AP). The APC model was also fitted to male, female, urban and rural populations. The deviance value of the APC model (827.12) for mortality was significantly better than the AC model (1084.97) and the AP model (1578.57). Therefore, our subsequent estimations were based on the APC model.


Table 3 | Comparison of age-period-cohort sub-models for lung cancer incidence.




Table 4 | Comparison of age-period-cohort sub-models for lung cancer mortality.



We plotted the crude incidence and mortality rates of lung cancer by age, period and cohort effects. Figures 1, 2 illustrated the observed crude rates in 1-year period and 5-year age group, excluding the age group under 30 years old because of the rare cases. The incidence rates increased with age in every period, rising substantially after aged 55 years, peaking at aged 80 years, and decreasing slightly aged 85 years (Figure 1A). During the period of 2012-2023, the incidence rates remained relatively stable among age groups under 75 years, while it decreased with the period among age groups above 75 years (Figure 1B). Cohort trends suggested that the cohort effect increased across age groups but diminished sharply within each period (Figures 1C, D). From 2012 to 2023, the mortality rates increased with age in every period, and displayed a fluctuating downward trend for each age group (Figures 2A, B). The cohort effect increased across age groups and decreased sharply within each period (Figures 2C, D).




Figure 1 | Incidence of lung cancer per 100,000 by age, period and cohort effect [(A) age trend by period; (B) period trend by age; (C) cohort trend by age; (D) cohort trend by period].






Figure 2 | Mortality of lung cancer per 100,000 by age, period and cohort effect [(A) age trend by period; (B) period trend by age; (C) cohort trend by age; (D) cohort trend by period].







Predicted lung cancer incidence and mortality in Shandong, 2024-2030

We predicted the ASIR and ASMR from 2024 to 2030 using the BAPC model, stratified by sexes and regions. The ASIR of lung cancer will increase from 43.38 per 100,000 in 2024 to 49.21 per 100,000 in 2030 (AAPC=1.873%, P=0.02) (Table 5). An upward trend is expected for females and urban areas, with the AAPC of 4.496% (P<0.01) and 4.176% (P<0.01), respectively. No significant change is observed for males and rural areas (Table 5; Figure 3). The ASMR of lung cancer in the overall population, encompassing both males and females, are expected to maintain stability up to the year 2030 (Table 6). An upward trend is expected for urban areas with the AAPC of 1.100% (P=0.03). However, for rural areas, the ASMR showed a slightly downward trend with the AAPC of -0.915% (P<0.01) (Table 6; Figure 4).


Table 5 | Incidence of lung cancer from 2024 to 2030 in Shandong predicted by BAMP (per 100,000).






Figure 3 | Predicted lung cancer incidence of Shandong from 2024 to 2030, by sexes and regions.




Table 6 | Mortality of lung cancer from 2024 to 2030 in Shandong predicted by BAMP (per 100,000).






Figure 4 | Predicted lung cancer mortality of Shandong from 2024 to 2030, by sexes and regions.








Discussion

In 2023, China has launched the plan of “Healthy China Cancer Prevention and Control Action Implementation (2023-2030)”. The plan states that by 2030, the rising incidence and mortality of cancer in China will be curbed, and the disease burden of patients will be effectively controlled. Only by understanding the future development trend of different cancers, we can evaluate the effect of current prevention and control measures and adjust the future prevention and control policies. Shandong is the second most populous province in China, with 102 million people. Lung cancer has the highest incidence and mortality rates of all cancers, in both China and Shandong province. Therefore, our study aimed to analyze and predict the development trend of lung cancer in Shandong, providing data reference for realizing the goal of “Healthy China 2030” to curb the incidence and mortality of lung cancer and optimizing the prevention and control strategy of lung cancer in the future.

In this study, we examined the lung cancer incidence and mortality trend from 2012 to 2023 in Shandong Province. We observed the crude incidence rate of lung cancer displayed an obvious upward trend but the crude mortality rate of lung cancer did not change significantly. However, after adjusting the age structure, the incidence rate remained stable while the mortality rate reduced by 2.911% per year during the 12-year period. These results were in consistent with the outcomes of a nationwide study (5). Other provinces have followed a similar trend. In developed Shanghai, the ASIR of lung cancer increased significantly with an APC of 5.12% from 2010 to 2016, while the ASMR decreased with an APC of 0.87% (34). From 2006 to 2015, the incidence and mortality of lung cancer in Jiangsu Province showed an obvious upward trend, with an average annual increase rate of 4.06% and 3.95% respectively. However, after adjusting the age structure, they tend to be stable (11). In Henan Province, the ASIR and ASMR of lung cancer showed a stable trend during 2010-2019 (10). These results could be attributed to several advancements. With the implementation of anti-smoking policies and environmental pollution control, the ASIR has been effectively controlled and is gradually becoming stable. Improvements in lung cancer treatment, the establishment of early diagnosis and treatment programs, and advancements in lung cancer screening technology have likely contributed to better patient survival rates and a reduction in mortality. In 2009, lung cancer was included in the “Rural Cancer Early Diagnosis and Early Treatment Project”, which initiated the screening of high-risk population of lung cancer in China (35). The urban cancer early diagnosis and treatment program, launched in 2012, also encompasses lung cancer screening initiatives (36). These programs have utilized low-dose spiral CT scans for lung cancer screen. Studies indicates that low-dose spiral CT has been effective in enhancing the early diagnosis rate of lung cancer, subsequently leading to a decrease in mortality rates (37).

Most developed countries, including the UK, the United States, Australia and Canada, male lung cancer incidence showed a stable or even continuous decline. These countries have a smoking epidemic earliest, so the incidence of lung cancer had been high for a long time. They adopted the tobacco control measures relatively early, and as smoking rates fell, so did lung cancer mortality (38). The United States is the most typical country, where smoking rates among men have fallen from 42% in 1990 to 13.7% in 2018 over the past 25 years, resulting in a 45% reduction in male lung cancer mortality (39). However, due to the increasing and aging population, the incidence of lung cancer will continue to increase in the near future, which is a major public health challenge. China is one of the countries with the fastest aging population growth in the world, therefore, lung cancer prevention in our country faces more challenges (40). The successful progress in the prevention and treatment of lung cancer in developed countries such as the United States can be used as a reference for the formulation of lung cancer prevention and treatment strategies in our country (41).

A marked gender disparity was found in the disease burden of lung cancer in Shandong, with men experiencing much higher incidence and mortality rates than female. Additionally, the ASIR in males decreased by 1.35% during the past 12 years, while the ASIR in females increased by 2.43%. The ASMR for both males and females have exhibited a decline, with women experiencing a more pronounced reduction of 3.63% compared to men at 2.51%. These findings corresponded with worldwide observations and our country’s data. In global, the world-standard incidence rate of lung cancer was higher in males compared to females over the period from 1990 to 2019. However, the gender gap is progressively diminishing, with a 12.5% reduction for males and a 22.3% increase for females (42). In China, the world-standard incidence rate for lung cancer among men has remained stable or slightly decreased after 2000, while it has increased by approximately 1.0% per year for women (5). It is probable that the gender difference in smoking prevalence accounts for the higher incidence and mortality in males. The persistence of smoking over time is identified as the most influential factor in determining the risk of lung cancer for smokers (43). According to the China Smoking Hazards Report 2020, approximately 296 million are men among the 308 million smokers, while the smoking prevalence for women has consistently been lower (44). In Shandong, the smoking prevalence among men (58.07%) was obviously higher than that among women (1.53%) (45). Therefore, the decline in lung cancer rates among men is largely attributed to effective tobacco control measures. Yet, the increased incidence rate in women is associated with certain specific risk factors, including exposure to secondhand smoke and cooking oil fumes (46, 47). Moreover, advancements in early detection and treatment have intensified the decrease in lung cancer mortality, contributing to prolonged survival rates.

Our results showed that the lung cancer incidence and mortality were higher in rural areas than in urban areas after adjusting the age structure. The higher incidence rate in rural areas may be associated to the lifestyle and environmental factors, particularly the urban-rural divide in the utilization of solid fuels and domestic water resources (48). In addition, the age-standardised mortality rates were on the downward trend both in urban and rural areas in our study, which was largely due to the implementation of effective tobacco control strategies and the inclusion of lung cancer screening in early diagnosis and treatment program.

Through an age-period-cohort model, we were able to determine the effects of age, period, and cohort on cancer incidence and mortality, representing an essential initial step in understanding the disease’s causal mechanisms. The extent of exposure to the vast majority of risk factors increases with age, so that almost all cancer incidence and mortality are positively associated with age (49). The period effect comprises a range of factors that concurrently affect all individuals during a particular time in history such as pollution or healthcare interventions (50). The cohort effect derives from a population-specific experience or exposure in a birth cohort, such as child malnutrition or changing habits during wartime (51, 52). The results showed that age was the key factor of lung cancer incidence and mortality, and the risk of lung cancer and death increased with age, this may be due to body’s cumulative exposure to carcinogens and increased mutations over time (53, 54). We also found the age effect was predominantly observed in the elderly population, which could be associated with the increased aging population in China. The period effect in our study showed that the risk of death from lung cancer decreased over time in all age groups. It may be attributed to the enforcement of various cancer prevention and control policies. The cohort effect could be related to an elevated educational level and a greater awareness of the disease prevention and control within the more recent birth cohorts (55). Additionally, after the establishment of the People’s Republic of China, the national economy developed steadily, the living environment of the residents improved significantly, and the medical resources continued to expand, leading to a reduction in the risks of lung cancer occurrence and mortality.

The BAPC model offered reliable and stable estimations for disease prediction (33). We predicted the incidence and mortality of lung cancer in Shandong Province from 2024 to 2030 using the BAPC model. Our results show that the ASIR of lung cancer will increase to 49.21 per 100,000 until 2030, with the AAPC of 1.873%. This upward trend is expected for females and urban areas, with the AAPC of 4.496% and 4.176%, while it is not observed for males and rural areas. The ASMR of lung cancer is expected to remain stable up to 2030, and this trend will maintain both in males and females. For urban areas, the ASMR will exhibit an increasing trend with the AAPC of 1.100%, and in contrast, it will show a slightly decreasing trend with the AAPC of -0.915% for rural areas. With the escalation of the aging population, a steady growth in lung cancer incidence is anticipated throughout the population. It is necessary to take further preventive measures such as strengthening tobacco control, enhancing health education and expanding screening efforts. Additionally, the stabilisation of lung cancer mortality after 2024 year may be mainly influenced by the incidence and survival rate of lung cancer. An increase in incidence may lead to an increase in mortality, while an increase in survival may lead to a decrease in mortality. The results of this study predicts that it shows an upward trend in the ASIR of lung cancer after 2024 year, which may be associated with increased exposure to risk factors, whereas our previous study showed that (56), the relative survival rate of lung cancer increased from 17.6% in 2012-2014 to 24.4% in 2018-2020, mainly due to the improvement of treatment level and the implementation of early diagnosis and treatment program. Therefore, the ASMR of lung cancer tends to be stable with the increase of the ASIR and survival rate.

For the prediction of outcomes in this study we need to be aware that underreporting or diagnostic errors may occur during cancer registration, and therefore part of the results may be underestimated (57). Furthermore, as this study is based on historical data over a short period of time, estimates of future rates should not be overinterpreted. The prediction of cancer burden is the basis of many epidemiological studies, which can provide scientific guidance for cancer prevention and control. Therefore, it is urgent to carry out the research of cancer burden prediction based on the more extensive coverage, more representative data, longer and more complete historical data.

In summary, the age-standardised incidence rate of lung cancer will increase until 2030 in Shandong, while the age-standardised mortality rate of lung cancer is expected to remain stable. The findings will offer valuable insights for a comprehensive understanding of the prevailing lung cancer landscape in Shandong, supplying vital information for healthcare professionals in disease surveillance and control initiatives.
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ASIR, age-standardised incidence rate; AAPC, average annual percentage change.
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