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Limited population-based cancer registry data available in China until now has hampered efforts to inform cancer control pol-

icy. Following extensive efforts to improve the systematic cancer surveillance in this country, we report on the largest pooled

analysis of cancer survival data in China to date. Of 21 population-based cancer registries, data from 17 registries

(n5138,852 cancer records) were included in the final analysis. Cases were diagnosed in 2003–2005 and followed until the

end of 2010. Age-standardized relative survival was calculated using region-specific life tables for all cancers combined and
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26 individual cancers. Estimates were further stratified by sex and geographical area. The age-standardized 5-year relative

survival for all cancers was 30.9% (95% confidence intervals: 30.6%-31.2%). Female breast cancer had high survival (73.0%)

followed by cancers of the colorectum (47.2%), stomach (27.4%), esophagus (20.9%), with lung and liver cancer having poor

survival (16.1% and 10.1%), respectively. Survival for women was generally higher than for men. Survival for rural patients

was about half that of their urban counterparts for all cancers combined (21.8% vs. 39.5%); the pattern was similar for indi-

vidual major cancers except esophageal cancer. The poor population survival rates in China emphasize the urgent need for

government policy changes and investment to improve health services. While the causes for the striking urban-rural dispar-

ities observed are not fully understood, increasing access of health service in rural areas and providing basic health-care to

the disadvantaged populations will be essential for reducing this disparity in the future.

Cancer has become a leading cause of death in urban China

and the second most common causes in rural China for

many years.1 The burden of cancer in China is expected to

increase as a result of population ageing, increased environ-

mental pollution, uncontrolled chronic infection, and adop-

tion of westernized lifestyles, including tobacco and harmful

alcohol use, unhealthy diets and physical inactivity.2 Informa-

tion on the overall effectiveness of cancer management is

thus increasingly important. Due to its large population, the

global burden of cancer is strongly influenced by the burden

of cancer in China.3

Population-based cancer registries have provided survival

statistics since the 1960s in developed regions such as Euro-

pean countries,4,5 while survival estimates have been routinely

reported in the United States, Canada and Australia for the

last 30 years.6–8 Collaborative studies including EUROCARE

and CONCORD have provided international comparisons of

cancer survival.9,10 In China, the low population coverage of

cancer registration has historically provided inadequate can-

cer information. To date, population-based survival statistics

have been reported in only a few cancer registries for specific

cancers, such as Beijing for breast cancer about 10 years

ago,11 while only three cancer registries in mainland China

were included in an international survival study (2010) initi-

ated by the International Agency for Research on Cancer.12

Some cancer registries have existed in China for more

than 50 years, but the development of standard cancer regis-

tration practice was very slow before the year 2000. This has

severely hampered efforts to inform health policy and medi-

cal practice to reduce the burden of cancer. In 2002, the

National Central Cancer Registry (NCCR) of China was

established by the Ministry of Health to enhance systematic

management of cancer surveillance. Since then, there has

been a noticeable improvement in the coverage and quality

of cancer registration. With increasing acknowledgement of

the importance of cancer surveillance, 21 cancer registries

began collecting the follow-up information required by

NCCR in 2011 for surveillance of cancer survival. China now

has the capacity to report on cancer survival, and to bench-

mark outcomes against other countries, thus informing

research and health policy priorities in China and

internationally.

This study was designed to examine the survival of Chi-

nese cancer patients diagnosed with a first primary cancer

during 2003–2005, using standardized quality control and

analytical methods. This is the first systematic examination of

cancer survival in China using population-based cancer regis-

try data from a wide range of geographical regions.

Material and Methods

Cancer cases and registries

A total of 21 cancer registries provided data. Twenty of these

registries provided full data sets for new cancer patients diag-

nosed during 2003–2005, while one registry (Donghai) only

submitted data for patients diagnosed in 2004–2005. All

registries had follow-up information for all registered patients

on vital status and death from any cause up to 31 December

2010. A mix of active and passive follow-up methods was

used to identify the vital status of patients from the date of

diagnosis. Passive reporting relies on periodical linkage of

cancer registration records with records of death from any

cause from the mortality surveillance system in local Centers

for Disease Control. Active reporting involves registry per-

sonnel examining the sources of data and abstracting the

required information on vital status onto special forms from

different types of hospital and health insurance systems.

What’s new?

Because it’s difficult to create good public-health policies without good population data, China has recently made efforts to

improve its systematic recording of cancer data. This paper reports the largest pooled analysis of survival data in China, the

first to include data from a wide range of geographical areas. They report the various survival rates for different cancers by

age, gender, and locality. The most striking finding was that those living in rural residents had far lower survival rates than

urban residents. This finding may prompt efforts to improve availability of cancer prevention and treatment in rural areas

of China.

E
p
id
em

io
lo
g
y

1922 Cancer survival in China

Int. J. Cancer: 136, 1921–1930 (2015) VC 2014 UICC



Home visits or telephone contacts with next of kin were used

for patients whose vital status could not be ascertained by

other methods. Nineteen registries used both passive and

active follow-up. Two registries (Dalian and Haining) used

only passive follow-up methods.

The quality and completeness of the cancer registration

data was assessed with IARC-crgTools13 to identify errors,

inconsistencies and unusual combinations of cancer site, mor-

phology, sex and age at diagnosis. Questionable records were

sent back to the cancer registry for verification and correction,

and records that could not be verified or corrected were

excluded. Cancer records were supplied with the anatomical

site coded to the tenth revision of the International Classifica-

tion of Disease (ICD-10). Only the first primary malignant

tumour (behavior code 3) in each patient was included.

Tumour records were excluded if they were based on a death

certificate only, or if the vital status was unknown.

Data from four registries (Donghai, Guanyun, Lianyun-

gang and Yangzhong) were withdrawn, mainly due to incom-

plete registration for 2003–2005 or incomplete follow-up

data. The other 17 cancer registries (shown in Table 1) sub-

mitted diagnostic and survival information for all cancer sites

and were included in the survival analyses.

Statistical analysis

We estimated relative survival, the ratio between the sur-

vival observed among the cancer patients and the survival

that would have been expected if they were only subject to

the mortality observed in the general population of the

registry’s territory. Survival was estimated with the classic

cohort approach, in that all patients had at least 5 years of

potential follow-up. Observed survival was computed by the

life-table method and expected survival was estimated by

the Ederer II14 method, using registry-specific life tables by

age, sex and single calendar year between 2003 and 2010.

All registries except Beijing provided abridged life tables or

raw data on deaths and populations to enable the construc-

tion of sex- and year-specific life tables from the local regis-

tries. Abridged life tables were smoothed to complete

(single-year-of-age) life tables and extended to the age of 99

using the Elandt-Johnson method.15 In Beijing and Taixing,

linear interpolation16 was used to create life tables for the

years in which data were missing. Standard errors of relative

survival estimates were obtained using Greenwood’s

formula.17

For some analyses we pooled data from urban and rural

registries separately. We estimated survival separately for 22

cancers in males and 24 in females. Cancers of the colon and

rectum were analyzed together, as were all oral and pharyn-

geal cancers. The remaining cancers were analyzed as a single

group.

To account for differences in the age profile of cancer

patients in different parts of China, overall relative survival

was adjusted for age with the International Cancer Survival

Standard weights.18 Five age groups were used for this

purpose: 0–44, 45–54, 55–64, 65–74 and 75–99 years. We

classified the areas covered by participating cancer registries

as urban or rural, based on standards set by the National

Bureau of Statistics in China.19 Urban areas (Beijing, Dalian

and Zhongshan) are predominately metropolitan cities with

high population density, and are more modernized, and tech-

nology- and business-driven. The remaining registries were

categorized as covering rural areas, which are much less

developed and have a more agricultural and farming focus

(Fig. 1). We used generalized linear models with a Poisson

error structure to calculate the excess hazard ratios (rural vs.

urban as reference category) of death within 5 years of diag-

nosis for each type of cancer, including sex and age as cova-

riates.20 Descriptive analyses were conducted using SAS

(version 9.2, SAS Institute, Cary NC) while survival analyses

were performed using strs21 in Stata (version 12.1, StataCorp

LP, College Station TX).

Results

The 21 registries, covering a population of over 26.1 million,

submitted records for 154,178 cancer patients diagnosed dur-

ing 2003–2005 (Table 1). Less than 5% of records were

excluded because of major errors (0.1%), multiple primary

(0.1%), death certificate only (0.6%), or unknown vital status

(3.9%) and eight records of cases aged 100 years or older.

After exclusions, 138,852 patients from 17 registries were

included in survival analyses (95.3% of those eligible). The

overall percentage of microscopically verified cases was

65.9%, ranging from 75–81% in Jintan, Linzhou, Dalian and

Zhongshan to 40% in Sihui.

The four most common cancers (lung, stomach, liver and

oesophagus) comprised over half (56.7%) the 138,852 cases

included in the survival analyses (Table 2). Five-year relative

survival is below 30% for each of these cancers, which largely

explains the low overall survival for all cancers combined:

age-standardized 5-year relative survival 30.9% [95% confi-

dence interval (CI) 30.6–31.2%) for males and females com-

bined, 26.6% (95% CI 26.2–27.0%) for males and 36.6% (95%

CI 36.1–37.1%) for females.

Five-year survival for the six most common cancers

ranged from 10.1% (95% CI 9.5–10.7%) for liver cancer up

to 73.0% (95% CI 71.2–74.9%) for breast cancer in women.

Age-standardized 5-year relative survival for cancers of the

lung, stomach, oesophagus and colorectum (in reducing

order of incidence), pooled for all 17 registries, was 16.1,

27.4, 20.9 and 47.2%, respectively.

Age-standardized 5-year relative survival, pooled for all 17

registries, is presented for 22 cancers in males and 24 in

females, and for all cancers combined, in Figure 2. Five-year

relative survival was highest for cancers of the breast

(females: 73.0%) and thyroid (67.5%), and lowest for cancers

of the liver (10.1%) and pancreas (11.7%). Cancers with rela-

tively good prognosis (five-year relative survival 60% or

higher) included cancers of the breast, thyroid, bladder and

kidney, comprising about one in eight (12.2%) of all cancers.
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Table 1. Summary of characteristics of cancer patients diagnosed during 2003–2005 in China: 21 cancer registries

Percentage of patients excluded
from analysis (%)

Registry

Location
15 urban
25 rural Follow-up

Population
coverage

Incidence rate
per 100,000

Total no.
of patients

Major
errors1

Death
certificate
only

Unknown
vital
status

Multiple
primary

Patients
included
in analyses

Microscopically
verified (%)

Beijing 1 Passive1 active 7,883,138 239.1 50,240 0.3 0.2 9.5 0.2 45,079 73.5

Changle 2 Passive1 active 690,183 196.0 3,881 0.0 0.2 0.0 0.1 3,868 60.1

Cixian 2 Passive1 active 639,336 272.9 4,952 0.0 2.5 0.7 0.5 4,763 79.1

Dafeng 2 Passive1 active 725,274 148.4 3,255 0.0 0.2 0.0 0.0 3,247 58.2

Dalian 1 Passive 2,301,743 281.8 17,676 0.0 0.0 0.0 0.1 17,664 75.0

Feicheng 2 Passive1 active 711,518 229.2 5,063 0.0 2.5 0.6 0.0 4,902 67.0

Ganyu 2 Passive1 active 1,121,696 96.5 3,032 0.0 0.0 1.3 0.0 2,992 41.9

Haimen 2 Passive1 active 1,010,119 299.5 9,247 0.0 2.1 0.2 0.0 9,031 45.7

Haining 2 Passive 663,038 190.0 3,669 0.0 2.2 0.0 0.0 3,587 65.8

Jiashan 2 Passive1 active 384,689 274.5 3,129 0.0 1.0 0.0 0.2 3,092 71.4

Jianhu 2 Passive1 active 804,856 249.1 5,962 0.0 0.0 0.3 0.0 5,942 52.8

Jintan 2 Passive1 active 551,991 200.9 3,386 0.0 0.0 6.7 0.1 3,154 80.5

Linzhou 2 Passive1 active 1,062,743 190.3 5,667 0.0 1.2 0.8 0.0 5,550 76.2

Qidong 2 Passive1 active 1,122,322 265.1 9,062 0.0 0.3 3.8 0.0 8,689 45.1

Sihui 2 Passive1 active 418,092 138.7 1,675 0.0 2.9 7.9 0.1 1,492 40.3

Taixing 2 Passive1 active 1,146,670 215.3 7,718 0.0 0.0 0.0 0.0 7,716 43.8

Zhongshan 1 Passive1 active 1,496,359 195.0 8,107 0.0 0.2 0.1 0.0 8,084 74.6

Total for 17 registries 22,733,767 227.0 145,721 0.1 0.6 3.9 0.1 138,852 65.9

Donghai2 2 Passive1 active 1,150,999 80.0 2,738 0.2 0.3 4.9 0.0 2,589 49.3

Guanyun2 2 Passive1 active 1,018,190 53.1 1,128 0.0 0.1 1.5 0.0 1,110 43.0

Lianyungang2 1 Passive1 active 955,324 75.2 1,523 0.0 6.3 9.7 0.0 1,272 61.9

Yangzhong2 2 Passive1 active 278,619 376.0 3,068 0.0 0.0 1.3 0.0 3,028 64.7

Total for 21 registries 26,136,899 212.4 154,178 0.1 0.6 3.9 0.1 146,851 65.3

1Major errors, inconsistencies, or unusual combinations of cancer site, morphology, sex, age at diagnosis and last vital status
2Registries not included in the final analyses
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Cancers with poor survival (below 30%) included cancers of

the liver, pancreas, lung, bone, brain, oesophagus, leukaemia,

gallbladder and stomach, which collectively account for

nearly two-thirds (64.9%) of all cancer cases.

Survival was markedly lower in rural areas than urban

areas, both for all cancers combined and for most individual

cancers (Figs. 3 and 4). For all cancers combined, 5-year age-

standardized relative survival was 39.5% (95% CI 39.1–

39.9%) in urban areas and 21.8% (95% CI 21.4–22.2%) in

rural areas, equating to an excess hazard ratio of 1.39 (95%

CI 1.38–1.41). The rural deficit in 5-year survival varied by

cancer type, with the highest excess hazard ratios in rural

areas (vs. urban areas) for cancers of the breast, uterus, kid-

ney and larynx. The excess hazard ratio was significantly

greater than unity for 21 of the 27 cancers considered in

either sex. The exceptions were other thoracic cancers, can-

cers of the testis, gallbladder, pancreas and oesophagus—the

only cancer for which survival for rural patients was higher

than for urban patients (Figs. 3 and 4).

Discussion

This is the first systematic analysis exploring the overall pro-

file of population-based cancer survival in the Chinese popu-

lation, with a standardized protocol for data collection,

quality control and analysis. The population covered was

only about 2% of the Chinese national population, but this

still represents a base population of 26.1 million people. Reli-

able information on cancer survival in the whole population

is critical to measure the overall effectiveness of the diagnosis

and management of cancer, including access to efficient treat-

ment, which can then be used by health care planners and

professionals. Five-year relative survival in China was gener-

ally low compared with that reported from developed coun-

tries7,10,22,23 and even lower in rural China.

Interpretation of the survival estimates should take into

account differences in data quality between the registries. Dif-

ferences in health awareness and early detection, and the

availability, development of and accessibility to cancer treat-

ment within the population should also be considered.24,25 In

our study, the age-standardized 5-year survival for all cancers

combined in China was 30.9%, much lower than has been

reported for developed countries. In the United States, for

example, five-year relative survival for all cancers combined

was 67.2% for adults in 2004,23 and the corresponding

Australian estimate (2006–2010) was 66%.22 One reason for

the differences in cancer survival for all cancers combined

between developed countries and China relates to the differ-

ences in cancer profile. In China the four most common can-

cers (lung, stomach, liver, oesophagus), all with 5-year

relative survival below 30%, account for 57% of all cancers,

while the corresponding proportion was 18% in the United

States,23 and 13% in Australia.22

However, relative survival for most individual cancers was

also substantially lower in China than in Australia, Europe

and the United States, with the exception of lung cancer, for

which survival is similar. Minor differences exist in the

estimation methods between the various studies cited, but

this is unlikely to explain such substantial differences in sur-

vival. For breast cancer, the most common cancer in women

both in China and developed countries, 5-year survival (73%)

in China was much lower than the corresponding estimates

in the United States (90%)23 and Australia (89%),22 and to a

lesser degree than that of Europe (82%).10 For prostate can-

cer, the most common cancer in men in most western coun-

tries, five-year relative survival ranged from nearly 100% in

the United States (2004),23 92% in Australia (2002–2006)22 to

83% in Europe (2000–2007),10 while the corresponding figure

in China for 2003–2005 was 54%. It is likely that at least part

of these differences are due to differences in screening prac-

tices, particularly mammography screening for breast can-

cer26 and prostate-specific antigen testing for prostate cancer,

which are more widely used in Western countries than in

China. Although one impact of differential screening and

diagnostic practices would be to artificially inflate survival

estimates through overdiagnosis, it is impossible to quantify

1. Map of the 21 contributing cancer registries and geographic

regions in China (The dots are location of the cancer registries).

Geographic regions and their socioeconomic development level in
China (mainland)

Geographic
region GDP

# of Dr &
nurses per 1,000

# of hospital
beds per 1,000

Eastern China US$5,464 5.22 3.96

Central China $2,630 3.30 3.30

Western China $2,354 3.76 3.35

Figure based on data from the China Health Statistics Yearbook

(2011) and (Jian W, Chan KY, Reidpath DD, Xu L. China’s rural-

urban care gap shrank for chronic disease patients, but inequities

persist. Health Aff (Millwood) 2010;29:2189–96.) GDP5 gross

domestic product
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the extent by which this could explain the survival differences

without stage-specific survival estimates. Country-specific dif-

ferences in management, including initial treatment, surveil-

lance and support networks are other likely explanations of

these survival disparities.

A recent commentary2 highlighted the substantial barriers

to healthcare faced by the Chinese population, relating to

access to care, fatalism about cancer, and traditional medi-

cine, each of which is likely to provide additional explana-

tions for the survival disparities between China and more

developed countries.

We found regional differences in survival for all the com-

mon cancers between urban and rural areas, as in a previous

study.12 The excess hazard of death within 5 years of diagno-

sis in rural areas was almost 40%, even after correction for

the higher background mortality in rural areas. The causes

for this marked rural-urban disparity in cancer survival are

not fully understood, but the poor quality of cancer care and

limited access to health care for patients living in rural China

are both likely to be important contributors. In rural China,

health service delivery has a three-tier network: village doc-

tors, township health centres and county hospitals. The vil-

lage doctor acts as a gatekeeper, in that people go to their

village doctor when they feel ill, and are either treated or

referred to the township health centre or county hospital.

Therefore, the level of education of the village doctors is an

important determinant of the quality of diagnosis and care

provided. In China, only 13% of rural doctors had a medical

qualification at bachelor degree or higher, while the great

majority (79%) only had a secondary technical school qualifi-

cation.27 The situation was even worse in western provinces:

70% of village doctors did not have any formal medical train-

ing, and had received an average of only 20 months of medi-

cal training.28 Added to this lower skill level of village doctors,

or maybe because of, residents in rural areas were less likely

to seek medical advice when they felt ill than those in urban

areas,29 thus limiting the potential for earlier diagnosis and

treatment if cancer was suspected. These results provide a

strong justification for providing more government-funded

health resources and services for cancer in rural areas.

For those cancers where there are limited effective treat-

ment options, an emphasis on primary prevention is

required. This is particularly relevant for the four most com-

mon cancers in China; lung, liver, oesophagus and stomach.30

As tobacco smoking is a well-known cause of these fatal can-

cers,31 strengthening the current tobacco control measures in

China should be considered a high priority in any national

cancer control plan.30 In addition, the link between hepatitis

B and liver cancer32 has implications for vaccination and

other prevention methods for hepatitis B. The time-lag

between reduction in smoking prevalence and reduction in

lung cancer incidence is more than 20 years, so this strategy

clearly has a long term focus, but it is nevertheless crucial to

reduce the burden of cancer for future generations. Even

Table 2. Age-standardized 5-year relative survival (RS, %): China, 17 registries, patients diagnosed 2003–2005

All Urban Rural

Cancer (sex) No. of patients RS (95 % CI) No. of patients RS (95 % CI) No. of patients RS (95 % CI)

All cancers 138,852 30.9 (30.6–31.2) 70,827 39.5 (39.1–39.9) 68,025 21.8 (21.4–22.2)

Males 81,798 26.6 (26.2–27.0) 38,845 33.9 (33.3–34.4) 42,953 19.6 (19.1–20.1)

Females 57,054 36.6 (36.1–37.1) 31,982 45.3 (44.7–46.0) 25,072 25.6 (25.0–26.2)

Lung 25,468 16.1 (15.6–16.6) 15,328 19.5 (18.8–20.3) 10,140 11.2 (10.5–11.9)

Males 16,847 15.4 (14.8–16.0) 9,639 19.0 (18.1–19.9) 7,208 10.9 (10.0–11.8)

Females 8621 17.4 (16.5–18.3) 5,689 20.5 (19.4–21.8) 2,932 11.8 (10.6–13.2)

Stomach 20,362 27.4 (26.7–28.1) 6,081 32.5 (31.2–33.9) 14,281 24.9 (24.1–25.8)

Males 14,170 27.9 (27.0–28.8) 4,222 31.8 (30.2–33.4) 9,948 26.0 (24.9–27.1)

Females 6,192 26.5 (25.3–27.7) 1,859 34.3 (32.0–36.9) 4,333 22.9 (21.6–24.4)

Liver 16,816 10.1 (9.5–10.7) 6,041 16.1 (15.0–17.2) 10,775 6.3 (5.7–7.0)

Males 12,690 10.2 (9.5–11.0) 4,595 16.1 (14.8–17.6) 8,095 6.3 (5.5–7.3)

Females 4,126 10.3 (9.4–11.4) 1,446 16.8 (14.9–19.1) 2,680 6.8 (5.8–8.0)

Oesophagus 16,019 20.9 (20.2–21.7) 2,596 19.1 (17.4–20.9) 13,423 21.2 (20.3–22.0)

Males 10,879 19.9 (19.0–20.8) 2,073 18.9 (17.0–20.9) 8,806 20.1 (19.0–21.2)

Females 5,140 23.6 (22.3–25.0) 523 23.6 (19.5–28.7) 4,617 23.6 (22.2–25.1)

Colorectum 11,711 47.2 (46.2–48.3) 7,940 51.2 (49.9–52.6) 3,771 38.4 (36.5–40.3)

Males 6,407 48.1 (46.6–49.6) 4,388 51.8 (50.0–53.7) 2,019 39.3 (36.7–42.1)

Females 5,304 46.2 (44.7–47.8) 3,552 50.5 (48.6–52.4) 1,752 37.5 (35.0–40.2)

Female Breast 9,161 73.0 (71.2–74.9) 6,805 77.8 (75.7–79.9) 2,356 55.9 (51.9–60.3)
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when such preventive strategies have attained maximal

impact, the need for adequate access to effective treatment,

including palliative care, will remain.30

The optimal level of care for cancer patients is provided

by large tertiary hospitals, including pathology, imaging, sur-

gery, radiotherapy, chemotherapy and hormonal therapy.2

While cancer patients in China are able to choose their care

provider, the vast majority of these tertiary hospitals/centres

are located in urban areas, limiting the opportunity for peo-

ple living in rural communities to obtain appropriate cancer

care. In addition, the high cost related with cancer care keeps

most rural patients to stay away from such hospitals.29 Thus,

establishment of an effective primary health care system in

rural China, including township health centres and village

clinics, and creation of an effective referral network, are both

urgently needed33 to improve the efficiency and quality of

cancer care and to increase the survival of cancer patients

who live in rural China.

Previous studies have reported relative survival estimates

from four well-established, long-standing cancer registries in

China12,34,35 (Table 3), three of them urban and one rural.

For several cancers for which early diagnosis and treatment

makes a difference (Table 3), the magnitude and direction of

urban-rural disparities in survival was consistent with what

Figure 2. Age-standardised 5-year relative survival by cancer site in China, (a) persons and (b) males and females 2003–2005. [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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we have reported, with survival being markedly lower in the

rural area of Qidong than in urban areas of Shanghai, Tianjin

and Hong Kong. These studies also provide some evidence of

improvement in survival between the 1980s and 1990s, but

the magnitude of improvement seemed to be greater within

the urban registry (Shanghai) than the rural registry

(Qidong). This is also consistent with the marked rural:urban

differential in survival that we report here. These previous

studies, in conjunction with our later survival estimates, are

consistent with the suggestion that the causes of the rural:ur-

ban survival differentials in China are long-established. It will

therefore take a concerted effort on the part of policy-makers

and clinicians to change the cultural, medical and social fac-

tors that impact on these differences.

Population-based studies require cancer registries to

record suitable information for all cancer patients living in

the territory they cover, and can arrange for the survival of

those patients to be monitored over time. Incomplete follow-

up and failure to capture all incident cancer cases can bias

survival estimates, particularly for cancers with poor progno-

sis.36 To minimize this problem, we excluded data from four

cancer registries after investigation of data quality. Under-

registration of deaths may lead to over-estimation of long-

term survival.37 In developing countries such as China, the

Figure 3. Comparison of age-standardized relative survival curves between urban and rural areas in China for all cancers and six major can-

cers, persons, 2003–2005. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 4. Excess hazard ratios of death within five years in rural

versus urban (reference) areas by cancer type in China, cases diag-

nosed 2003–2005. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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death certificates for cancer patients are often inaccurate as

to the cause of death. The relative survival approach uses the

excess hazard of death, rather than the cause of death for

cancer-specific survival. More importantly, however, not all

deaths may be reported.38 This means that passive follow-up

alone may not be sufficient to ascertain all death records in

China. This is reflected by the fact that populations covered

by the Dalian and Haining registries, with passive follow-up

only, had consistently higher survival than in registries that

also used active follow-up. To reduce the impact of this,

most registries in our study used both passive and active

follow-up to provide more accurate survival estimates. In Bei-

jing, where the death surveillance system is much more

advanced than in most other regions in China, active follow-

up detected an additional 7.4% of deaths compared to passive

follow-up alone during 2002–2005.39 However, if anything,

biased under-registration of deaths would result in over-

estimation (not under-estimation) of the true survival for

Chinese cancer patients, so the wide disparity in survival

between China and developed countries may well be even

greater than reported here.

Most cancer registries in our study are located in areas

with relatively high socioeconomic level. In addition, those

regions with formal cancer registration systems generally

have better health care facilities and general awareness and

skills of doctors in relation to cancer (Fig. 1). Therefore,

the survival estimates reported here may not be fully repre-

sentative of the whole Chinese population, and may actually

over-estimate the true overall national survival. A parallel

would be registries in the US SEER programme, which until

recently covered a somewhat more affluent segment of the

US population, and have higher survival than in other

areas.9,40 On the other hand, the urban-rural survival gap

in China could well be even greater than we have reported

here, because survival in many regions and provinces

(Gansu, Guizhou) that are not covered by this study is

likely to be lower.

In spite of this, the survival estimates reported in this

study reflect a critical first step in obtaining and reporting

accurate and reliable estimates of survival in China. Consid-

erable efforts have been made to improve data quality in

each registry, and these results will serve as a baseline for

future comparisons and assessment to understand better the

overall effectiveness of cancer health care in China, and to

provide insights into the areas of greatest need. Clearly, the

outcomes for Chinese people diagnosed with cancer are cur-

rently poor, especially for people who live in more rural com-

munities. It remains an urgent priority to understand better

the reasons why, and to intervene to reduce these internal

and international disparities in cancer outcome. More

detailed studies of survival, including information on stage at

diagnosis and other clinical characteristics, will assist in better

understanding of these disparities.41,42 Much more research is

needed.
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