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Background: A milestone goal of the Healthy China Program (2019–2030) is to achieve 5-year cancer survival 

at 43.3% for all cancers combined by 2022. To assess the progress towards this target, we analyzed the updated 

survival for all cancers combined and 25 specific cancer types in China from 2019 to 2021. 

Methods: We conducted standardized data collection and quality control for cancer registries across 32 provincial- 

level regions in China, and included 6,410,940 newly diagnosed cancer patients from 281 cancer registries during 

2008–2019, with follow-up data on vital status available until December 2021. We estimated the age-standardized 

5-year relative survival overall and by site, age group, and period of diagnosis using the International Cancer 

Survival Standard Weights, and quantified the survival changes to assess the progress in cancer control. 

Results: In 2019–2021, the age-standardized 5-year relative survival for all cancers combined was 43.7% (95% 

confidence interval [CI], 43.6–43.7). The 5-year relative survival varied by cancer type, ranging from 8.5% (95% 

CI, 8.2–8.7) for pancreatic cancer to 92.9% (95% CI, 92.4–93.3) for thyroid cancer. Eight cancers had 5-year 

survival of over 60%, including cancers of the thyroid, breast, testis, bladder, prostate, kidney, uterus, and cervix. 

The 5-year relative survival was generally lower in males than in females. From 2008 to 2021, we observed 

significant survival improvements for cancers of the lung, prostate, bone, uterus, breast, cervix, nasopharynx, 

larynx, and bladder. The most significant improvement was in lung cancer. 

Conclusions: Progress in cancer control was evident in China. This highlights the importance of a comprehensive 

approach to control and prevent cancer. 
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. Introduction 

Cancer is the second leading cause of death in China and accounts

or more than 20% of national deaths. The prevention and control of

ancer is a key component of the Healthy China initiative. Population-

ased cancer survival is an indicator of the effectiveness of efforts in

ancer control at the population level. 1 Over the past decades, the State

ouncil of China has released a series of national health plans, including

he Medium-to-Long-Term Plan for Prevention and Control of Chronic

iseases in China (2017–2025), Healthy China 2030, and the Healthy

hina Program (2019–2030). 2–4 Improvement in cancer survival has

een among the most important national targets in the national health
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lan, stated as “achieving 5-year survival for all cancers combined at

3.3% by 2022 and 46.6% by 2030 through enhancing cancer pre-

ention and treatment system ” in the Healthy China Program (2019–

030). Especially following the publication of the Healthy China Pro-

ram (2019–2030), the Chinese Government released the correspond-

ng Cancer Prevention and Control Action Plan (2019–2022), 5 setting

athways to achieve the target. 

The Chinese Government has recognized that population-based can-

er registration data can provide essential policy tools to evaluate

he impact of cancer control strategies and the effectiveness of health

ystems. There has been an expansion and quality improvement in

opulation-based cancer registration in the country, allowing for more
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ccurate estimation of cancer survival statistics in the country. 6 Our pre-

ious studies have shown improvement in cancer survival during 2003–

015 in China using data from 17 population-based cancer registries. 7 , 8 

volving cancer control policies and progress need to be assessed by

pdated cancer survival statistics with expanded population coverage

nd improved data quality. Therefore, we leveraged the most up-to-

ate population-based cancer survival data to analyze the 5-year rel-

tive survival by sex, age, and calendar period for all cancers combined

nd 25 individual cancer types during 2019–2021. We further explored

he long-term changes in 5-year survival over time. 

. Material and methods 

.1. Study population and data collection 

We adhered to the strengthening the reporting of observational stud-

es in epidemiology (STROBE) statement guidelines to report our longi-

udinal, retrospective cohort study. Acting as the national bureau for the

anagement of cancer registration, the National Central Cancer Registry

f China regularly collects, investigates, and publishes cancer data from

opulation-based cancer registries across the country. Since 2008, the

ational Health Commission has provided sustainable funding to facili-

ate the ongoing expansion of population-based cancer registration and

urvival data collection. An increasing number of registries started col-

ecting follow-up information for surveillance of cancer survival (Sup-

lementary Fig. 1). 

Using a standardized study protocol, we systematically trained the

ancer registrars to collect information on vital status, death from any

ause, and date of death of cancer patients through a series of training

rograms. These programs employed a mix of passive and active follow-

p methods over the past decades. 9 , 10 For passive follow-up, the cancer

egistry staff routinely conducted data linkage with the local vital statis-

ics and medical records at medical centers using identifiable personal

nformation. 9 Furthermore, the cancer registrars also actively contacted

he cancer patients or their family members through telephone calls or

ace-to-face visits to gather follow-up information. We further linked the

ancer data with national vital statistics using the National Cancer Data

inkage Platform. 11 This comprehensive approach ensured the accuracy

nd completeness of the data collected for our study. 

We obtained background all-cause mortality data for the general

opulation of each cancer registry, categorized by sex, age group, and

alendar year of death to construct abridged life tables. These data were

ourced from the Bureau of Vital Statistics in each registry territory. 12 

.2. Quality control and exclusions 

Registry staff at the provincial and national levels routinely checked

nd verified patient data using the CanReg4 software. 13 Invalid records

ere sent back to the registries for correction or clarification. We

hecked the resubmitted data using the same approach. Of the 323 can-

er registries from 32 provincial-level regions in China that submitted

ata to the National Central Cancer Registry of China up to April 2023,

ata from 42 cancer registries were considered incomplete in terms of

egistration or follow-up. Consequently, we included data from 281 can-

er registries from 31 provincial-level regions in China (Supplementary

able 1). All cancer patients aged 0–99 years with a diagnosis of first-

rimary, invasive neoplasms were included in our study. 

Our study included patients who were newly diagnosed with cancer

rom 2008 to 2019 and followed up until the end of 2021. We collected

atients’ demographic information, histology, morphology, and basis of

iagnosis. The cancer cases were coded according to the tenth revision

f the International Classification of Diseases (ICD-10). We included the

rst primary, invasive tumors (ICD-10 code: C00-C97, D32-D33, D42-

43, D45-D47, behavior code: 3), and classified these cancers into 25 in-

ividual cancer types (Supplementary Table 2), 14 Cases diagnosed solely
204
ased on death certificates or at autopsy, those with invalid or missing

ates, and those with second or higher-order cancers were excluded. 

.3. Statistical analysis 

Survival information was presented in terms of relative survival at

 years after diagnosis. Relative survival is the probability of survival

f cancer were the only possible cause of death, which adjusts for nor-

al life expectancy by comparing survival among patients with cancer

ersus that of the general population, controlling for age, sex, registry,

nd year. It is the survival measure enabling comparisons between pop-

lations and periods in which mortality hazards from other causes may

iffer. 14 We built life tables for each registry by calendar year, sex, and

ge, and used the Elandt-Johnson method to smooth the abridged life

ables to complete life tables. 16 We then estimated the relative survival

sing the Ederer II method, 15 and used the Greenwood formula to cal-

ulate the 95% confidence interval (CI) for relative survival. 17 Survival

stimates for all ages combined were age-standardized with the Interna-

ional Cancer Survival Standard Weights. 18 The detailed weights used

or each cancer type and all cancers combined are listed in Supplemen-

ary Table 3. 

Contemporary 5-year survival (diagnosis years 2008–2019) was

ased on data from 281 registries. We calculated survival estimates

verall, and by age group ( < 45, 45–54, 55–64, 65–74, 75–99 years),

eriod of diagnosis (2008–2010, 2011–2014, 2015–2018, and 2019–

021), and cancer site. The cohort approach was used for the periods

008–2010 and 2011–2014, while the period approach was used to cal-

ulate the relative survival for the period 2015–2018. 19 A hybrid ap-

roach was adopted to predict the 5-year survival for the period 2019–

021 so as to provide more up-to-date long-term survival estimates in

ituations where a prototypical cohort or period analysis was not feasi-

le due to the delayed recording of incident cases ( Fig. 1 ). 20 

Given that the included cancer registries varied in each diagnostic

eriod (Supplementary Fig. 1), to avoid the influence of varying cancer

egistries, we presented long-term changes in 5-year survival based on

ata from 47 cancer registries that provided full datasets continuously

ince 2008. Considering that 17 cancer registries have full datasets for

ew cancer patients diagnosed since 2003, 7 and many of these statis-

ics were originally published, we also presented changes in 5-year sur-

ival between 2003 and 2021. We quantified the improvement in cancer

urvival using the absolute average change between calendar periods

nd tested the differences for statistical significance by weighted least

quares regression, assuming a linear trend. 21–23 The slope of the linear

egression provides an estimate of the average change between succes-

ive periods of diagnosis, with 95% CIs. 

Considering that the index of the 5-year survival for all cancers com-

ined may be influenced by profiles of cancer types and age structures,

e further constructed an all-cancer survival index as a weighted av-

rage of the survival for every combination of age group at diagnosis,

ex, and type of cancer. 24 We used SAS (version 9.4) for descriptive and

rend analysis. The survival estimators were implemented in Stata 14

sing the “strs ” command. Figures were plotted using R 4.3.1 software

or Windows. 

. Results 

During 2008–2019, there were 6,545,514 records of patients diag-

osed with invasive cancer. We excluded 89,661 (1.4%) records of all

atients with death certificates only, 34,845 non-first primary records

0.5%), and 9082 records (0.1%) with major errors. We therefore in-

luded 6,410,940 newly diagnosed cancer patients from 281 cancer reg-

stries in the overall analysis ( Table 1 ). The percentage of patients with

orphological verification was 70.1% (Supplementary Table 4). The

ve most common cancer types were lung cancer (20.8%), colorectal

ancer (10.4%), stomach cancer (9.9%), liver cancer (8.6%), and breast

ancer (7.7%), accounting for 57.4% of all cancer cases. 
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Fig. 1. Structure of cohort, period, and hybrid approaches to survival analysis for patients diagnosed during 2008–2019 and followed up to Dec 31, 2021. The 

column represents each year of diagnosis. The numbers within the cells indicate the years of follow-up since diagnosis. Four calendar periods of diagnosis were 

defined in the study: 2008–2010, 2011–2014, 2015–2018 and 2019–2021. Patients diagnosed during 2008–2010 and 2011–2014 had a potential follow-up of 5 

years by the end of 2021. Cohort analysis was used to estimate their survival. Period analysis was used to estimate the 5-year survival for the 2015–2018 period (the 

shaded blue area indicates the databases needed for deriving recent period estimates). For the prediction of the 5-year survival during 2019–2021, hybrid analysis 

was applied using the proportions of slash line areas in the database, because there were more recent follow-up data than incident data. 

Table 1 

Number of patients included in this analysis diagnosed from 2008 to 2019 and followed up to 2021, by sex and cancer type. 

Cancer site Total % Male % Female % 

Oral/Pharynx 77,315 1.2 52,199 1.5 25,116 0.9 

Nasopharynx 68,477 1.1 48,949 1.4 19,528 0.7 

Esophagus 362,187 5.6 262,658 7.5 99,529 3.4 

Stomach 635,540 9.9 439,665 12.6 195,875 6.7 

Colon-rectum 669,930 10.4 385,742 11.1 284,188 9.7 

Liver 550,893 8.6 404,144 11.6 146,749 5.0 

Gallbladder 98,432 1.5 45,907 1.3 52,525 1.8 

Pancreas 172,900 2.7 96,926 2.8 75,974 2.6 

Larynx 40,622 0.6 37,056 1.1 3566 0.1 

Lung 1,334,629 20.8 858,211 24.6 476,418 16.3 

Other thoracic organs 21,186 0.3 12,651 0.4 8535 0.3 

Bone 35,830 0.6 20,140 0.6 15,690 0.5 

Melanoma of skin 13,003 0.2 6574 0.2 6429 0.2 

Breast 492,389 7.7 4833 0.1 487,556 16.7 

Cervix 163,760 2.6 / / 163,760 5.6 

Uterus 109,538 1.7 / / 109,538 3.7 

Ovary 84,230 1.3 / / 84,230 2.9 

Prostate 147,484 2.3 147,484 4.2 / / 

Testis 5487 0.1 5487 0.2 / / 

Kidney 136,087 2.1 86,141 2.5 49,946 1.7 

Bladder 143,675 2.2 112,688 3.2 30,987 1.1 

Brain 117,717 1.8 59,133 1.7 58,584 2.0 

Thyroid 364,027 5.7 89,533 2.6 274,494 9.4 

Lymphoma 158,992 2.5 90,917 2.6 68,075 2.3 

Leukemia 139,873 2.2 79,686 2.3 60,187 2.1 

All others 266,737 4.2 137,974 4.0 128,763 4.4 

All 6,410,940 100.0 3,484,698 100.0 2,926,242 100.0 
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The age-standardized 5-year relative survival was 43.7% (95% CI,

3.6–43.7) for all cancers combined in 2019–2021 ( Table 2 and Fig. 2 ).

urvival varied by cancer type, ranging from 8.5% (95% CI, 8.2–8.7)

or pancreatic cancer to 92.9% (95% CI, 92.4–93.3) for thyroid cancer

 Fig. 2 ). Eight cancers had a 5-year survival of over 60%, namely can-

ers of the kidney, cervix, uterus, prostate, bladder, testis, breast, and

hyroid. The 5-year relative survival was less than 30% for pancreatic

ancer, liver cancer, gallbladder cancer, esophageal cancer, and lung

ancer. And these five lethal cancers accounted for 39.3% of all cancer

ases. The 5-year relative survival for all cancers combined was lower

n males than in females (36.4% vs 51.6%). The sex disparity was espe-

ially striking for oropharyngeal cancer, esophageal cancer, lung cancer,

nd brain cancer, with an absolute survival gap of more than 10% be-

ween males and females. Regarding cancers of sex-specific sites, the

-year survival for cancers of testis and prostate was 80.7% and 71.1%,

espectively, and that for cancers of the ovary, uterus, and cervix was

9.6%, 68.1%, and 66.9%, respectively. 

We further analyzed the 5-year survival by age and sex for all cancers

ombined and 25 individual cancers ( Fig. 3 ). For all cancers combined
205
nd most cancer types, the 5-year relative survival decreased with age,

ith the worst survival found for those aged 75 years and above. For

xample, the 5-year relative survival was 76.8% for those who were

nder 45 years, but the rate decreased to 24.1% for those aged 75

ears and above. However, the 5-year relative survival for those diag-

osed under 45 years old was worse than that for those aged 45–54

ears for prostate cancer, stomach cancer, colorectal cancer, and larynx

ancer. 

Trends for all cancers combined in 5-year survival diagnosed dur-

ng the four consecutive periods from 2008 to 2019 are shown

n Fig. 4 . Using continuous cancer registries with high-quality data, we

bserved consistent increasing trends in both the 47 registries and the

7 registries. The survival gap between the 47 and 17 longer-established

egistries widened over time. Considering that the cancer profile may be

ifferent across time, we further adjusted for age, sex and cancer type

nd found the trends in the 5-year survival still showed a significant

ncrease in the 47 cancer registries ( P for trend = 0.015). 

We further estimated the trends of the age-standardized 5-year

elative survival by cancer type. During 2008–2021, improvement
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Fig. 2. Age-standardized 5-year relative survival of cancer patients in China in 2019-2021 overall, and by sex. (A) Age-standardized 5-year relative survival of cancer 

patients in China in 2019–2021. 
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Fig. 2. Continued. (B) Age-standardized 5-year relative survival of cancer patients in China by sex in 2019–2021. 

Table 2 

Age-standardized 5-year relative survival overall, and by sex and cancer type in 2019–2021. 

Cancer site Total, % (95% CI) Male, % (95% CI) Female, % (95% CI) 

Oral/Pharynx 47.0 (46.3, 47.7) 41.7 (40.9, 42.6) 59.3 (58.2, 60.5) 

Nasopharynx 56.2 (55.6, 56.9) 53.9 (53.1, 54.7) 62.1 (60.9, 63.2) 

Esophagus 27.9 (27.5, 28.2) 25.2 (24.8, 25.6) 38.3 (37.6, 39.1) 

Stomach 35.2 (35.0, 35.4) 35.1 (34.8, 35.3) 36.1 (35.7, 36.5) 

Colon-rectum 55.7 (55.4, 55.9) 54.9 (54.6, 55.3) 56.8 (56.5, 57.2) 

Liver 14.4 (14.2, 14.5) 14.1 (13.9, 14.3) 16.4 (16.0, 16.7) 

Gallbladder 17.8 (17.4, 18.3) 16.6 (15.9, 17.3) 19.2 (18.5, 19.9) 

Pancreas 8.5 (8.2, 8.7) 7.2 (6.9, 7.5) 10.4 (10.0, 10.9) 

Larynx 52.9 (51.8, 53.9) 53.3 (52.2, 54.4) 50.7 (47.7, 53.6) 

Lung 28.7 (28.6, 28.9) 22.2 (22.0, 22.4) 39.3 (39.0, 39.5) 

Other thoracic organs 40.1 (38.9, 41.4) 35.3 (33.7, 36.9) 47.5 (45.4, 49.5) 

Bone 39.5 (38.6, 40.4) 35.7 (34.5, 36.9) 44.4 (43.0, 45.8) 

Melanoma of skin 50.3 (48.6, 52.1) 45.9 (43.4, 48.5) 54.7 (52.3, 57.1) 

Breast 80.9 (80.5, 81.3) 72.7 (69.5, 75.9) 81.0 (80.6, 81.4) 

Cervix 66.9 (66.5, 67.4) – 66.9 (66.5, 67.4) 

Uterus 68.1 (67.2, 68.9) – 68.1 (67.2, 68.9) 

Ovary 39.6 (38.9, 40.3) – 39.6 (38.9, 40.3) 

Prostate 71.1 (70.2, 71.9) 71.1 (70.2, 71.9) –

Testis 80.7 (78.7, 82.6) 80.7 (78.7, 82.6) –

Kidney 65.2 (64.6, 65.7) 64.5 (63.8, 65.2) 66.6 (65.8, 67.4) 

Bladder 71.5 (71.0, 72.0) 72.0 (71.5, 72.6) 69.6 (68.6, 70.6) 

Brain 37.7 (37.3, 38.2) 30.3 (29.6, 30.9) 45.4 (44.7, 46.1) 

Thyroid 92.9 (92.4, 93.3) 90.9 (90.1, 91.8) 93.5 (93.0, 94.0) 

Lymphoma 40.8 (40.4, 41.3) 38.2 (37.6, 38.8) 44.2 (43.5, 44.8) 

Leukemia 30.6 (30.2, 31.1) 29.3 (28.7, 29.9) 32.4 (31.7, 33.1) 

All others 52.2 (51.8, 52.6) 48.7 (48.2, 49.3) 55.9 (55.3, 56.4) 

All 43.7 (43.6, 43.7) 36.4 (36.3, 36.5) 51.6 (51.5, 51.7) 

i  

b  

t  

i  

s  
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w  
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n survival was especially notable for cancers of the lung, prostate,

one, uterus, breast, cervix, nasopharynx, larynx, and bladder, with

he largest absolute improvement of 4.5% per calendar period seen

n lung cancer ( Fig. 5 and Table 3 ). However, we did not ob-

erve survival improvement for pancreatic cancer and gallbladder

ancer. 
207
To evaluate the survival trends over 18 years during 2003–2021,

e used data from 17 cancer registries (Supplementary Table 5). We

ound that 19 individual cancer types had significant survival gains

uring 2003–2021, with absolute average change per period ranging

rom 1.4% to 5.0%. The most notable improvement was seen in prostate

ancer. 
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Fig. 3. Five-year relative survival for all cancers combined and 25 cancer types by age and sex in China during 2019–2021. 

208
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Fig. 4. Trends in age-standardized 5-year relative survival for all cancers combined in 2008–2021 in China. 

Table 3 

Trends in age-standardized 5-year relative survival by cancer type in 2008–2021 using data from 47 continuous registries. 

Cancer site Age-standardized 5-year relative survival, % (95% CI) Average change per calendar 

period, % (95% CI) 

P for trend 

2008–2010 2011–2014 2015–2018 2019–2021 

Oral/Pharynx 50.9 (49.4, 52.4) 50.5 (49.4, 51.6) 48.8 (47.8, 49.8) 48.8 (47.8, 49.9) − 0.8 (− 1.9, 0.3) 0.094 

Nasopharynx 52.8 (51.2, 54.3) 54.4 (53.1, 55.6) 55.7 (54.5, 56.9) 56.1 (54.7, 57.5) 1.1 (0.2, 2.0) 0.035 

Esophagus 25.9 (25.4, 26.4) 27.9 (27.5, 28.3) 28.3 (27.9, 28.7) 28.8 (28.2, 29.4) 0.9 (− 0.4, 2.3) 0.097 

Stomach 33.4 (33.1, 33.8) 35.3 (35.0, 35.6) 35.3 (35.0, 35.6) 35.7 (35.4, 36.1) 0.6 (− 0.6, 1.9) 0.159 

Colon-rectum 54.0 (53.6, 54.4) 55.3 (55.0, 55.6) 56.1 (55.7, 56.4) 56.2 (55.9, 56.6) 0.7 (− 0.1, 1.5) 0.063 

Liver 14.3 (14.0, 14.6) 14.6 (14.4, 14.9) 14.0 (13.7, 14.2) 15.1 (14.9, 15.4) 0.2 (− 1.1, 1.4) 0.630 

Gallbladder 18.1 (17.3, 19.0) 17.4 (16.7, 18.0) 17.1 (16.5, 17.7) 16.9 (16.2, 17.6) − 0.4 (− 0.8, 0.0) 0.054 

Pancreas 9.9 (9.4, 10.4) 8.6 (8.2, 8.9) 7.8 (7.5, 8.1) 7.7 (7.4, 8.1) − 0.7 (− 1.6, 0.3) 0.088 

Larynx 55.4 (53.6, 57.3) 55.8 (54.3, 57.2) 57.2 (55.7, 58.6) 58.0 (56.4, 59.7) 1.0 (0.3, 1.6) 0.026 

Lung 18.7 (18.4, 18.9) 21.2 (21.0, 21.4) 25.1 (24.9, 25.3) 32.1 (31.9, 32.3) 4.5 (1.3, 7.7) 0.027 

Other thoracic organs 36.0 (33.6, 38.5) 38.6 (36.8, 40.5) 38.6 (37.0, 40.2) 39.9 (38.1, 41.6) 1.0 (− 0.6, 2.6) 0.107 

Bone 33.1 (31.5, 34.6) 34.5 (33.3, 35.8) 35.9 (34.7, 37.2) 38.9 (37.4, 40.4) 1.9 (0.6, 3.1) 0.023 

Melanoma of skin 45.8 (42.3, 49.4) 54.3 (51.9, 56.8) 55.8 (53.4, 58.1) 53.2 (50.6, 55.8) 1.7 (− 6.3, 9.7) 0.454 

Breast 78.5 (77.8, 79.2) 79.3 (78.8, 79.8) 80.8 (80.4, 81.3) 82.4 (81.9, 82.9) 1.4 (0.8, 1.9) 0.009 

Cervix 63.8 (62.6, 64.9) 64.9 (64.2, 65.7) 66.0 (65.3, 66.7) 67.7 (67.0, 68.4) 1.3 (0.8, 1.8) 0.009 

Uterus 66.0 (64.5, 67.5) 68.6 (67.5, 69.7) 70.3 (69.3, 71.4) 70.8 (69.7, 72.0) 1.5 (0.0, 3.1) 0.050 

Ovary 40.5 (39.1, 41.9) 38.5 (37.5, 39.5) 38.5 (37.6, 39.4) 38.8 (37.8, 39.7) − 0.4 (− 2.0, 1.2) 0.404 

Prostate 64.6 (62.9, 66.3) 69.0 (67.7, 70.4) 71.5 (70.2, 72.8) 73.9 (72.6, 75.2) 2.9 (1.5, 4.4) 0.013 

Testis 79.9 (76.2, 83.5) 79.5 (76.7, 82.3) 81.8 (78.9, 84.6) 82.7 (80.0, 85.5) 1.2 (− 0.4, 2.7) 0.083 

Kidney 65.8 (64.9, 66.8) 67.3 (66.6, 68.0) 67.1 (66.4, 67.7) 67.5 (66.8, 68.2) 0.4 (− 0.7, 1.5) 0.236 

Bladder 71.9 (71.0, 72.7) 72.2 (71.5, 72.8) 73.0 (72.4, 73.6) 74.1 (73.4, 74.7) 0.8 (0.2, 1.3) 0.027 

Brain 39.8 (38.9, 40.7) 37.5 (36.8, 38.2) 35.5 (34.8, 36.2) 33.8 (33.0, 34.6) − 2.0 (− 2.4, − 1.6) 0.002 

Thyroid 86.8 (85.9, 87.7) 92.1 (91.6, 92.7) 93.2 (92.7, 93.8) 93.6 (93.1, 94.2) 1.7 (− 1.9, 5.3) 0.176 

Lymphoma 36.6 (35.7, 37.4) 38.4 (37.7, 39.0) 38.4 (37.8, 39.0) 40.6 (40.0, 41.3) 1.2 (− 0.3, 2.7) 0.073 

Leukemia 27.4 (26.5, 28.3) 32.2 (31.5, 32.9) 31.3 (30.7, 31.9) 32.4 (31.7, 33.0) 1.2 (− 2.3, 4.6) 0.285 

All others 44.1 (43.4, 44.7) 49.6 (49.1, 50.1) 50.8 (50.2, 51.3) 52.2 (51.6, 52.7) 2.4 (− 0.9, 5.7) 0.087 

All 38.2 (38.1, 38.3) 41.2 (41.1, 41.3) 43.2 (43.1, 43.3) 45.9 (45.8, 46.0) 2.5 (1.9, 3.1) 0.004 
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. Discussion 

This study represents the most comprehensive and up-to-date

opulation-based research available for estimating the survival for all

ancers combined and 25 individual cancers in China. We utilized a

ore comprehensive dataset, which includes information on long-term

ecular trends, and found the 5-year relative survival had increased to

3.7% during 2019–2021. Our study showed that the age-standardized

-year relative survival for all cancers combined has improved steadily
209
n China, implying the overall progress in cancer management and the

ffectiveness of cancer health service in China. The updated nation-

ide estimates of cancer survival and trends are critical for under-

tanding the effectiveness of early detection or improvement in treat-

ent and care. Cancer has been included in the quantitative target:

by 2022 improve 5-year survival up to 43.3% ” in the Healthy China

rogram (2019–2030). 3 Our study results contribute to the evidence

hat the interim goal of improving cancer outcomes in this national

ealth plan has been achieved. Our study results may further serve as
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Fig. 5. Increasing trends of cancer types in age-standardized 5-year relative survival by cancer site in 2008–2021 by using data from 47 continuous registries. 
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f  
 benchmark for future assessment of the effectiveness of cancer con-

rol efforts in China and provide insights into the population with the

reatest need for prioritization. These statistics from China are vital

or updating the global trends and the global burden of disease due to

ancer. 

Cancer control and management rely on population-based cancer

urvival data as an incentive both to act and to assess the effectiveness

f current interventions or policies. 25 The coverage, completeness, and

uality of cancer registration data may influence the evaluation of can-

er survival improvement. 26 Previously, we provided the first pooled

nalysis on Chinese population-based cancer survival statistics using

ata from 17 cancer registries, covering less than 2% of the population.

he Chinese Government has recognized the public health importance

f cancer by developing a more comprehensive surveillance network

or the country. The Cancer Prevention and Control Action Plan (2019–

022) also recommended improving the quality of cancer data to sup-
210
ort monitoring improvement in survival. Systematic policy strength-

ning, funding support, infrastructure, and continuous training conse-

uently led to increased coverage of cancer registration at the county

evel and improved cancer surveillance. 6 

As a result, the datasets assembled in this study are unique in several

ays. First, our study has enlarged population coverage, including

ncreasing registries from the middle and western regions of China, to

mprove the representativeness of cancer surveillance data in China. 6 

ew registries tended to cover areas with a less favorable cancer profile

nd/or less developed cancer services, as evidenced by the overall

urvival gap between all registries combined (43.7%), 47 registries

45.9%), and 17 longer-established registries (47.7%). Second, we

onducted a stringent protocol for data collection and processing. We

mployed the same protocol, standardized quality control measures,

nd centralized analysis for each individual record in our study. We

urther developed a web-based National Cancer Data Linkage Platform
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hat supports an automated approach to retrieve the vital status of

ancer patients at the national level, 11 which subsequently drops the

roportion of incomplete follow-up. The survival statistics presented

ere offer a clearer picture of the impact of cancer control programs

n the quantitative goal of improving survival in the country. We

elieve our findings represent the best that can be achieved with the

vailable coverage and quality of cancer registration systems. China’s

xperience in strengthening cancer survival surveillance framework

ight be useful for other countries, especially in those in low-income

ettings. 

Our study demonstrates significant variability in the 5-year rela-

ive survival among different types of cancer, with pancreatic cancer

howing the lowest survival and thyroid cancer the highest. The in-

asiveness of cancer, stage at diagnosis and treatment options avail-

ble may partly explain the huge variation in survival among cancer

ypes. These findings highlight the diverse challenges in cancer prog-

osis and the need for tailored approaches to improve cancer out-

omes. The fact that men had worse survival suggests the importance

f sex-specific considerations in cancer awareness, screening, early de-

ection, and treatment. We observed that the elderly population gen-

rally had a poorer outcome than those diagnosed at a young age.

o minimize survival disparities, improving cancer care through geri-

tric assessment and establishing multidisciplinary care systems for the

lderly population is especially important. However, our findings re-

eal that for prostate cancer, stomach cancer, colorectal cancer, and

arynx cancer, the 5-year relative survival rates were lower for those

iagnosed under 45 years old compared to those aged 45–54 years.

arly-onset cancer can sometimes be more aggressive and invasive

ue to biological factors, delayed diagnosis, and immune response.

ence, there is a crucial need for public awareness and education

egarding the signs, symptoms, and risk factors of cancer across all

opulations. 

Cancer survival are generally increasing for all cancers combined

nd most cancer types. The improvement in cancer survival is probably

he direct consequence of major healthcare reforms and technological

dvances that enabled earlier diagnosis, more effective treatment, and

etter cancer care management. In the Framework of Cancer Preven-

ion and Control Action Plan (2019–2022), China has established seven

pecific actions to achieve the target, guiding the population to enhance

ealth literacy, emphasize healthy lifestyles, and promote early disease

etection. By promoting affordable anticancer treatment and enhanc-

ng qualitative treatment, accessibility to cancer treatment has been en-

anced. The quality of cancer management is markedly influenced by

ealth-related investments. 27 After the policy implementation, the Chi-

ese Government invested in increasing funding and support in overall

ancer control. Strengthening cancer awareness and promoting healthy

ifestyle practices may also be factors driving the survival gains in can-

er patients. According to an existing report, the national rate of cancer

iteracy was 70% through public health campaigns and health promo-

ion. 28 Previous research from the United States showed that expanded

nsurance had positive impact on practice patterns in cancer manage-

ent, particularly in reducing inequity. 29 Similarly, China has embraced

niversal health coverage as a national policy priority, resulting in re-

arkable progress towards this goal. This may contribute to improved

ancer survival across populations, especially those in rural areas of

hina. 29 , 30 

The survival differences across time may be explained by variations

n cancer early detection and cancer care. 31 We observed a notable in-

rease in the survival for lung cancer. Considering the increasing trends

n lung cancer incidence and the decreasing trends in lung cancer mor-

ality, 32 the marked survival increase in lung cancer likely reflects a

eal improvement in early detection and treatment. Real-world evidence

uggests that improved cancer survival in Chinese Taiwan was driven

y stage shift. 33 A high-resolution study from a metropolitan city in

hina, with comprehensive lung cancer early-detection promotion, also

emonstrated a higher proportion of stage I lung cancer and better stage-
211
pecific survival among early-stage lung cancer patients. This has con-

ributed to a better prognosis compared to lung cancer patients in the

SA. 34 The publication of national screening and treatment guidelines

ay also have improved the level of diagnosis and treatment in the

ountry to some extent. 35 

Lead-time bias and overdiagnosis could also result in increases in in-

idence and survival gains in cases of thyroid cancer and prostate can-

er, particularly in the detection of indolent forms of these diseases. 36 

imilar to other countries, we did not observe significant survival im-

rovement for pancreatic cancer and gallbladder cancer. 1 , 37 , 38 These

re very invasive cancers without available early detection methods.

onsidering the increasing trends in pancreatic cancer incidence and

ortality and no improvement in survival gains, an emphasis on pri-

ary prevention is required. Further efforts are required to understand

isk factors, promote earlier diagnosis, and better treatment for these

ancers. 

Although we observed survival improvement for breast cancer and

olorectal cancer in Chinese patients, survival gaps still existed between

hinese patients and those from developed countries such as the USA,

he UK, and Korea. 39–41 Cancer screening has the potential to decrease

ortality and increase survival from several common cancer types such

s cervical cancer, breast cancer, and colorectal cancer. Lung cancer

creening with low-dose CT has been proven effective in early detec-

ion and mortality reduction. 42 Funded by the Central Government of

hina, four ongoing national screening programs have targeted eight

ancer types including cancers of the cervix, breast, colon-rectum, lung,

sophagus, stomach, liver, and nasopharynx, with expanding popula-

ion coverage. 43 Increasing participation rates in screenings for these

ancers, which can be treated with curative intent at an early stage,

ay lead to earlier diagnosis and improve outcomes. 

Our study has several limitations. First, even though our study in-

luded 281 registries from 31 provincial regions of China, the popula-

ion coverage of cancer registries located in western areas is still lim-

ted. Further studies are needed using a more nationally representative

ample. Second, a systematic and in-depth comparison of cancer sur-

ival, including stage at diagnosis and treatment options may further

lucidate the impact of diagnosis and treatment on cancer survival dis-

arities across periods and populations. However, such high-resolution

nformation is not routinely collected by cancer registries. Since 2016,

 multi-center, hospital-based cancer registration program has been ini-

iated in China National Central Cancer Registry. 44 Future studies using

igh-resolution information may enable the exploration of the causes

f survival disparities to better inform cancer policies in the country.

hird, incomplete follow-up can bias survival estimates. In some reg-

stries, the death surveillance system was not comprehensive enough

o capture all deaths, leading to potential overestimation of survival,

specially for more lethal cancers such as pancreatic and gallbladder

ancers in the early study periods. This issue may at least partially ex-

lain the observed decreasing trend in survival for some of these lethal

ancers. 

In summary, our population-based study enables a comparative eval-

ation of the effectiveness of health systems in providing cancer care

cross time. The improved overall prognosis for cancer patients reflects

he positive impact of national cancer strategies. Our study emphasizes

he crucial role of a comprehensive control and prevention framework in

he battle against cancer. Continuous surveillance of population-based

urvival with high-resolution data is needed to monitor the impact of

ancer control strategies. 
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