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1.  Summary

The aim of the present study was to estimate and project the cancer burden at the

national level in China in recent years, from both incidence and mortality profile, in

order to provide background information relevant to planning for cancer prevention and

for a control programme.

A first national survey on cancer registration practices in China was conducted to

identify all, or as many as possible, of the existing cancer registries in the country, to

describe the methods being used, and to identify future needs with respect to technical

support. A wide variation in practices between the 48 cancer registries in China was

found in the survey. Lack of qualified personnel, insufficient funding support and lack

of stability of the population were identified as the major problems in registration

practice in China. Several suggestions are made about ways to improve availability and

quality of incidence and survival data from cancer registries.

After reviewing all currently available data sources used in evaluating the cancer

burden in China, a comparison study for the validity and representativity of mortality

data from available sources in China was carried out. None of the most available

sources cover a random sample of the Chinese population, with respect to age group,

sex, and urban-rural residence. However, the sex and region (urban/rural) specific age-

standardised mortality rates from the dataset from the Center of Health Information and

Statistics (CHIS) of the Ministry of Health were closer to the results of the national

mortality survey in 1990–1992, than those calculated from the “Disease Surveillance

Points” (DSP) survey data.

Based on the CHIS mortality data, using the Joinpoint regression model, time

trends in the period 1987–1999 for nine major cancers were analysed. During the study

period, age-standardized mortality rates for cancers of the oesophagus, stomach, cervix

uteri, leukaemia (except for urban males after 1996), and nasopharynx declined, while

lung cancer and female breast cancer showed significant increasing trends in both urban

and rural areas and for both sexes. Cancers of the colon-rectum and liver had different

trends in mortality in urban and rural populations. Examining age-specific trends in

mortality rates reveals trends in younger generations that differ from the overall (all

age) trends which may presage future overall trends.

Starting from the national mortality data of 1991, following the annual rates of

change for major cancers, by age, sex and areas from the CHIS data during the period

1991–1999, based on a log-linear regression model with Poisson errors, the national
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cancer mortality in the years 2000 and 2005 were estimated and projected. Compared

with the second national mortality survey done in 1990–1992, age standardized

mortality rates for all cancers combined in 2005 are lightly changed (–0.8% in men and

+2.5% in women), but population growth and ageing will result in an increasing number

of deaths, from 1.2 million to 1.8 million a year. The largest predicted increases are for

the number of female breast cancers (+155.4%) and lung cancers (+112.1% in men,

+153.5% in women).

Using ratios of cancer incidence to mortality from those cancer registries matching

the quality criteria of Cancer Incidence in Five Continents, 8th version, together with the

above national mortality data for year 2000 and 2005, the cancer incidence at the

national level was evaluated. A total of 2.1 million cancer cases are estimated for the

year 2000 (1.3 million in men, 0.8 million in women), with the most common sites

being lung, liver and stomach in men, and breast, lung and stomach in women. The

rising rates of lung cancer incidence (in both sexes) and breast cancer mean that there

will be much greater increases in the numbers of cases at these two sites (27% for lung

cancer in men, 38% for lung and breast cancer in women). These two cancers are now

the priorities for cancer prevention, early detection and therapy in China.

Different statistical methods or models (Joinpoint, Poisson regression, log-linear

regression) were used and compared with other models shown in sensitivity analyses.

The interpretation of the changes of the mortality and incidence profile in China falls

into three aspects: demographic changes (population growth and ageing), changes in

cancer risks due to such factors as lifestyle, dietary, socioeconomic and environmental

change, and the effects of early detection and treatment mediated via governmental

health care programmes, policies and resource management. Along with the big

improvements in social and economic conditions, the environment, living conditions

and lifestyle characteristics are changing rapidly in China, as well as the impressive

improvements in the organisation and provision of health care, facilities and human

resources. The improvements in socioeconomic status, diet and nutrition may be

responsible for the declining risk of some cancers (oesophagus, stomach, nasopharynx),

while increasing the risk for others (breast, colon-rectum). Screening programmes

(especially for cervical cancer), and more widely available and better facilities for

cancer therapy may have helped to reduce mortality and incidence for several cancers.

However, tobacco smoking remains a major problem and influences many cancer

trends. The large increases in absolute number of new cancer cases and deaths resulting

from population increase and aging are much more important in determining the future

cancer burden than any other changes due to risk factors, emphasizing the increasing

importance of cancer as a health problem in 21st century in China.
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4.  Introduction

Noncommunicable diseases (NCD), especially cancer, cardiovascular diseases and

diabetes are major public health issues in almost all countries in the Asian Pacific

Region (WHO 2005a). Driven principally by world population growth and aging,

cancer is becoming a major health problem for most countries. According to the

estimation from the International Agency for Research on Cancer, in 1990, the

estimated global numbers were 8.1 million new cancer cases (Parkin et al. 1999) and 5.2

million deaths (Pisani et al. 1999), while in 2000, 6.2 million died from malignant

tumours, responsible for 12% of the nearly 56 million deaths worldwide from all causes.

The estimated number of new cases each year is expected rise from 10 million in 2000

(5.3 million men and 4.7 million women) to 15 million by 2020. Some 60% of all these

new cases will occur in the less developed parts of the world, and cancer is emerging as

a major public health problem in developing counties, matching its effect in

industrialized nations. (Parkin 2001, Stewart and Kleihues 2003)

With this increasing burden, understanding, preventing and controlling malignant

neoplasm is an urgent priority worldwide. In 2002, the World Health Organization

(WHO) published ‘National Cancer Control Programmes (NCCP), policy and

managerial guidelines’ which offers the most rational means of achieving a substantial

degree of cancer control, even where resources are severely limited (WHO 2002a).

NCCP is a public health programme aiming to reduce cancer incidence and mortality

and improve quality of life of cancer patients through the systematic and equitable

implementation of evidence-based strategies for prevention, early detection, diagnosis,

treatment, and palliation while making the best use of available resources. It is based on

current evidence suggesting that at least one-third of the new cases of cancer each year

throughout the world are preventable by modifying risk factors (such as controlling

tobacco and alcohol use, moderating diet, and immunizing against viral hepatitis B);

early detection and effective treatment would permit a further 1/3 of deaths to be

avoided where resources are available; while effective techniques permitting

comprehensive pain relief and palliative care for improving the quality of life of the one

third more advanced cases (and their families) (WHO 2002a). Establishing a

comprehensive NCCP requires competent management and the best use of available

resources for planning, implementing and evaluating disease control strategies, tailored

to the local socioeconomic and culture context, as well as scientific knowledge and
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experience ranging from the complexities of intracellular molecular regulation to

individual lifestyle choices.

First of all, when setting up an NCCP, a basic information platform is needed for

monitoring the programme processes and indicating specific changes related to cancer

occurrence and outcome. This information system can evaluate the cancer burden in the

country and identifying the major problems which, when combined with the social-

economic and health resources would define a NCCP’s development tailored to the

local context. The resources available are mainly from the health surveillance system

based on cancer registries or other statistical sources, and ad hoc surveys. The

estimation of national cancer burden and trends depends upon the availability of the

accurate cancer statistics, and this is an essential component of the planning and

monitoring the cancer control activities. Furthermore, at national level, accurate data are

important for planning cancer control activities (such as cancer prevention, screening

and treatment) and for monitoring the effects of such interventions.

In China, with one fifth of the world’s population, and one manifesting continuing

growth and aging, cancer is becoming a major health problem. Although China has an

exceptionally long history of civil registration, no national level mortality data are

available regarding the national cancer burden. According to the estimate by IARC,

which is based on information from vital statistics and cancer registries in the country, a

large fraction of the global cancer burden occurs in China (Parkin 2001). Therefore,

inferences about global cancer burden, trends and the overall effectiveness of cancer

control worldwide are heavily influenced by China, and accurate estimates of incidence

and mortality are therefore very important both in a global context and for national

cancer control programme setting, as well as providing epidemiological and etiological

clues for cancer research in a population with a huge variation in social, economic and

health status. It is also recommended that health statistics should be periodically

assessed to ensure that they meet the needs of the local health system.
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5.  Review of the Literature

5.1  Resources for cancer information

5.1.1  Health information system

One of the objectives of WHO is to support countries in their efforts to develop health

systems that ensure the delivery of effective health services and care for the entire

population, based on the primary health care approach. The production and

dissemination of health statistics for health action at country, regional and global levels

is a core WHO activity mandated to WHO by its member states in its constitution. The

multiple roles emphasized by the Organization, including advocacy for health issues,

monitoring and evaluation of health programmes, provision of technical assistance to

countries require the best possible health statistics from the countries covered.

Therefore, improving WHO’s work in health information becomes an emphasized

integrated project. (WHO 2000)

Five steps need to be taken as a problem-solving chain in the formation of health

strategies in populations: definition, identification and description of disease or other

health-related phenomenon, definition of target and target groups, setting of priorities,

decision and action, evaluation (Eylenbosch and Noah 1988). Information concerning

the health of the population is needed at all stages of the problem-solving process to

describe the burden, causes and consequences of the disease, and to establish the

necessary platform for priority setting concerning objective and for the choice of target

groups. For the decision-makers and planners, the surveillance and monitoring system

will be tools for controlling what happens to the population’s health.

A Health Information System (HIS), as defined by WHO, comprises interrelated

component parts for acquiring and analysing data and providing information

(management information, health statistics, health literature) for the management of a

health programme or system and for monitoring health activities (WHO 2000). An HIS

is made up of mechanisms and procedures for providing accurate information needed

by: all levels of health planners, managers for planning, programming, budgeting,

monitoring, assessment and coordination of health programmes and services, health

care personnel, health research workers and educators in support of their respective

activities, socioeconomic planners and the general public outside the health sector for
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intersectoral information linkage and national policy-makers for evidence-based policy

formulation. Several phases are involved in an HIS assessment activity: assessment set-

up, preparation, planning, data collection, data analysis and report preparation, follow-

up and HIS plan of action preparation.

Many subsystems are included in HIS, such as a health management information

system which is used to emphasise the use of the information for management of the

health system, the health surveillance system and vital registration devoted to health

statistics and system monitoring.

5.1.2  Health Surveillance System

The information about cancer occurrence and outcome is usually obtained from a health

surveillance system (HSS), providing health information in a timely manner so that

countries have the information that they need to fight epidemics in the present or plan

for the future.

Surveillance is defined as the systematic measurement of health and environ-

mental parameters, recording and transmission of data, comparison and interpretation of

data in order to detect possible changes in the health and environmental status of

populations, monitoring evaluates intervention, or action (Eylenbosch and Noah 1988).

Disease surveillance is a continuing scrutiny of all aspects of occurrence and spread of

disease to detect changes in trends or distribution in order to instigate control measures.

It is considered to be a fundamental tool of public health and plays a critical role in the

implementation of health care policy, both in formulating the disease control plan and in

monitoring its success. The systematic collection, analysis and interpretation of

information formed the basis for the description of the health dynamics of populations

health and disease. This in turn is the basis for setting priorities concerning health

improvement and disease control and prevention, through identifying high-risk

populations or areas, and by measuring the extent and limits of a disease in a population

at risk.

Three fundamental elements make up a surveillance programme: ongoing

collection, analysis and feedback or dissemination of data. An effective surveillance

system requires substantial and continuous effort. It should include a systematic and

consistent data collecting system, a reliable and unbiased data analysis and reporting

system with high validity and completeness, and also a regular, relevant and reliable

feedback system. All these components should be readily assimilable, and should be up-

to-date and relevant. (Eylenbosch and Noah 1988) A successful surveillance system

should also offer an information service for research studies and planning exercises.
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The basis for health surveillance is the acceptance of a continuing responsibility

for the health situation of a population. Benefit comes only from careful analysis of the

collected data, and it is therefore essential to allocate adequate resources for that

purpose when a surveillance system is planned. The principal sources of health indicator

data include: vital events registers, disease registers, routine health service data and

epidemiological surveillance data. Sample survey methods can also be used to

supplement this approach. (WHO 2005c)

A “risk factor” refers to any attribute, characteristic or exposure of an individual

that increases the likelihood of developing an NCD. Emphasis in surveillance, therefore,

should also be given to risk factors, especially to those amenable to intervention. Some

factors not amenable to intervention, such as sex and age, are also important for

estimating trends in NCDs, i.e. cancer. The WHO STEPwise approach to Surveillance

of NCD Risk Factors (STEPS) is the recommended surveillance tool for measuring key

risk factors for noncommunicable diseases (WHO 2003). The goal is to achieve

comparability of data over time and between countries, through providing standardized

materials and methods as part of technical collaboration with countries, especially those

that lack resources. It also encourages the development of an increasingly

comprehensive and complex surveillance system depending on local needs. In STEPS,

surveillance of just seven selected risk factors (tobacco use, alcohol consumption, low

fruit and vegetable intake, physical inactivity, blood pressure, cholesterol, body mass

index) that reflect a large part of the future burden of noncommunicable diseases can

provide a measure of the success of interventions. (WHO 2003, WHO 2005c) Three

steps of surveillance are: adopting standardized questionnaires and adding modules

regarding behaviour such as tobacco and alcohol use, providing physical measurements,

and collecting biochemical measurements, most often by blood samples. At each step

there is a core of information for each risk factor, an expanded core, and optional

information, with the information of greater complexity being added sequentially as

resources allow. At the country level, the implementation of this stepwise approach

provides basic strategic public health information that can serve as the basis for

planning and monitoring national prevention programmes as well as serving as an

international standard for comparison purposes. The stepwise sequential process builds

national capacity in a manner that is sustainable for the implementation of effective

disease prevention programmes. (WHO 2003, WHO 2005c)

5.1.3  Cancer Surveillance System

A comprehensive national cancer control programme requires a Cancer Surveillance

System providing data on a continuing basis on incidence, prevalence, mortality,
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diagnostic methods, stage distribution, treatment patterns, and survival, and also the

information about important risk factors and the prevalence of exposure to those factors

in the population (WHO 2002a).

The major roles of cancer surveillance as indicated by WHO in 2002 are:

• to assess the current magnitude of the cancer burden and its likely future evolution

• to provide a basis for research on cancer causes and prevention

• to provide information on prevalence and trends in risk factors

• to monitor the effects of prevention, early detection/screening, treatment, and

palliative care.

A surveillance system is a vital component of all cancer control programmes

(WHO 2002a). It is a useful resource in epidemiological research into the etiology of

disease, which is essential in the planning of prevention strategies. The establishment of

an effective surveillance system requires a continuing commitment of resources,

including personnel and technology, for communication, data collection and analysis.

In terms of their role in the planning and evaluation of health care, most cancer

surveillance systems have proved the importance of their existence. Provision of health-

care services should logically depend upon an indication of need, which can be regarded

as a measure of current cancer burden under particular conditions. Projections of past

cancer incidence (or mortality) trends to provide estimates of future rates of disease are

also important for planning the allocation of future health resources in the local context.

The use of routine cancer data to predict future need for services should, in theory at

least, be a useful planning tool for national cancer control programmes.

5.1.4  Major components of a cancer surveillance system

The sources of input to a cancer surveillance system usually come from a vital statistics

system, cancer registries, or an activity analysis of the health care system itself. With

the pressure for cost containment in health services and variety of practice among

different resources, information systems have come under scrutiny, and will

increasingly need to justify their role.

Normally, information on deaths from cancer in the population is collected by civil

registration systems recording vital events (births, marriages, deaths). The responsible

authority varies between countries, but usually the collation of national statistics is the

responsibility of the Ministry of Health of the country. Mortality data are derived from

death certificates, which include information about the person dying, and in which the

cause of death is certified by a medical practitioner. The International Classification of

Diseases (ICD) series provide a uniform system of nomenclature and coding, and a
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recommended format for the death certificate. Currently recommended by WHO is the

tenth revision of the ICD. Mortality statistics are produced according to the underlying

cause of death, which may not necessarily equate with the presence of a particular

tumour. Approximately 72% of the world population is covered by national vital

registration systems producing cancer mortality statistics. At the end of 2003, data on

death registration were available from 115 countries, although they were essentially

complete for only 64. (Mathers et al. 2005) This includes all of the developed countries,

but few developing countries. Even when national statistics are published, their data

quality varies, as indicated by e.g. completeness and coverage of registration, validity of

data, consistency over time and use of ill-defined categories. (Mathers et al. 2005, Rao

et al. 2005)

Several studies have investigated the validity of cause-of-death statements in vital

statistics data. These studies have compared the cause of death entered on the death

certificate with a reference diagnosis derived from autopsy reports (e.g. Heasman and

Lipworth 1966), detailed clinical records (e.g. Puffer and Wynne-Griffith 1967), or

cancer registry data (e.g. Percy et al. 1981). They have revealed that the degree of

accuracy of the stated cause of death declines as the degree of precision in the diagnosis

increases. Thus, although the total number of deaths from all cancer types may be only

slightly underestimated, the distribution by site of cancer may be incorrect. There is a

tendency to over-record non-specific diagnoses instead of the correct localization (e.g.,

recording the large intestine instead of the rectum as the site of cancer), and accuracy is

sometimes lower in those dying at older ages or at home. There are also quite marked

differences among different countries with respect to the selection of ICD code for a

given death certificate diagnosis. (Percy and Dolman 1978, Percy and Muir 1989)

Cancer registration is the continuing process of systematic collection of data on

the characteristics of all cancers and of the subjects with cancer. The cancer registry is

an organisation for the systematic collection, storage, analysis, interpretation and

reporting of data on subjects with cancer. The main objective of the cancer registry is to

collect and classify information on all cancer cases in order to produce statistics on the

occurrence of cancer in a defined population and to provide a framework for assessing

and controlling the impact of cancer on the community. (Jensen et al. 1991) From the

purely epidemiological point of view, the presence of high-risk areas for certain cancers

provides good resources and opportunities for cancer research and study, for testing

hypotheses about the etiology of disease and possibly for obtaining some entirely new

clues. This work will be enhanced by cancer register data, too.

There are two types of cancer registry: population-based and hospital-based. A

population-based cancer registry (PBCR) collects data on every subject with cancer in a

defined population (usually comprising people resident in a well-defined geographical
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region), designed to describe the extent and nature of the cancer burden in the

population and assist in the establishment of public health priorities. (Jensen et al. 1991)

The emphasis is on epidemiology and public health. The registry may be used as a

source of material for etiological studies and also for helping in monitoring and

assessing the effectiveness of cancer control activities. In the context of cancer burden

assessment, the population-based cancer registry relates the incident cancer cases to a

defined population-at-risk. The establishment of a population-based cancer registry is

highly desirable in the development of a national cancer control programme. Such

registries are useful in the context of documenting the cancer patterns in a given

region/country, in measuring cancer burden and in studying survival from cancer as

well as in evaluating trends in the incidence of cancers over time. (WHO 2002a)

Hospital-based cancer registries are concerned with the recording of information on the

cancer patients seen in a particular hospital. This information system provides valuable

sources of information regarding methods of diagnosis, stage distribution, treatment

methods, response to treatment, and survival, although accurate information on cancer

incidence is unobtainable because of case referral and population coverage issues.

(Jensen et al. 1991) Since these registries cannot provide measures of the occurrence of

cancer in a defined population where the case originates, the hospital-based cancer

registries information are not further considered in this thesis.

The main sources of information for a population-based registry include: (1)

information from treatment facilities, such as cancer centres, major hospitals, private

clinics, hospices, homes for the elderly and general practitioners, (2) information from

diagnostic services, especially pathology laboratories, but also haematology/

biochemical/immunological laboratories, X-ray and imaging clinics, (3) death

certificates from the death registration system are also a very important source of

information (if they are available). The information is collected from these sources in

two ways: (1) Active collection, (2) Passive reporting. (Jensen et al. 1991) The

cooperation of the medical profession and health care services is vital to the success of

cancer registration, especially in developing countries without legislation for cancer

registration.

Continuous cancer registration began in Europe in 1929, when the first

population-based cancer registry was set up in Hamburg, Germany, but it was not until

1942 that the first registry to cover a whole nation was began in Denmark. This is still

functioning. Since then, there has been a steady growth in the number of cancer

registries and in the population covered. In 1965, the International Agency for Research

on Cancer (IARC) was established as a specialized cancer research center of the WHO.

One year later, the International Association of Cancer Registries (IACR) was formed,

its main objective to develop and standardize collection methods across cancer registries
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in the world, so as to make their data as comparable as possible. This Association

collaborates closely with the IARC, compiling the ‘Cancer Incidence in Five

Continents’ series every five years. As published in the latest – the 8th version, the data

from 186 cancer registries in 57 countries in the world have been involved.

Nevertheless, it is obvious that more registries exist in the world, although many may

not reach the data quality requirement of the CI5 series, or are not represented in the

above organisations.

5.2  Sources of information about cancer statistics in the
 world

Estimation or prediction of global cancer statistics is one of the tasks of IARC/WHO,

where scientists have used the latest available cancer information from different

countries in the world to present statistics describing the global cancer burden. Updated

global and regional cancer statistics have been continuously released in various

scientific publications, and also in software packages. Nevertheless, Parkin et al. (2001)

indicated that it was natural that the accuracy of the estimates varied widely between the

world areas, depending on the nature and extent of the information on cancer occurrence

or outcome available in the component countries. There was also considerable

heterogeneity of cancer rates between countries within the same area or within the

larger countries.

5.2.1  The CancerMondial Project

The Cancer Mondial Project was developed by the Descriptive Epidemiology Group in

IARC/WHO and described on its website (IARC 2005). It is a joint initiative of IARC

and the European Union (EU). The aim of this project is provide online access to data

on the incidence, prevalence, survival and mortality of cancer held by IARC. The

strategy is to gradually increase the scope of the information available, while

developing an interface which will allow the user to make highly specified queries

based on combinations of populations (countries or regions), sex, age, types of cancer

and outcome (e.g. numbers of new cases, prevalence or mortality rates). Within this

project, there are major information resources about cancer statistics or burden

published on the world-wide, regional, country or registry levels with different formats:

electronic database, software, technical reports, or scientific publications (books and

papers). Estimates of the worldwide incidence of and mortality from major cancers have
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been prepared every 5 years since 1975. There is also an international incidence of

childhood cancer series, cancer occurrence and survival in developing countries, cancer

in Africa and some cancer statistics at the local country level such as in Portugal, Spain,

Thailand, France, Zimbabwe, Philippines and Costa Rica.

(http://www-dep.iarc.fr/publi/publica.htm).

(1) Cancer Incidence in Five Continents series: The aim of the Cancer Incidence in

Five Continents (CI5) series is to describe cancer incidence in a comparable fashion

for all the populations in the world for which good quality data are available. A

volume in the series of monographs has been published every five years. Cancer

incidence data in the CI5 series are derived from cancer registries around the world

that record the occurrence of cancer over a specified period, following common

guidelines about cancer registration methods. The data are subjected to quality

checks for comparability, completeness and validity (Parkin et al. 2002, IARC 2005)

before inclusion, and many submitted datasets fail to meet the standards. The CI5

series is widely used as a data source on international incidence of cancer. CI5 is the

result of the collaboration between the IARC and the network of cancer registries

worldwide, represented by the International Association of Cancer Registries

(IACR). So far, eight volumes have been published, covering a 40-year period, and

providing information on cancer patterns geographically, by ethnic group and over

time (Parkin et al. 2005b). There has been an improvement in the availability of high

quality cancer incidence data in the world during last 50 years. This is reflected in

the CI5 series, which has grown from the 32 cancer registries from 29 countries

represented in the first volume to 186 registries in 57 countries included in the latest

volume. The authors have drawn attention to the potential for understanding disease

etiology that can be derived from the study of disease frequency in different areas

and over time. (Doll et al. 1966, Doll et al. 1970, Waterhouse et al. 1976,

Waterhouse et al. 1982, Muir et al. 1987, Parkin et al. 1992, Parkin et al. 1997,

Parkin et al. 2002)

(2) GLOBOCAN database: Cancer Incidence, Mortality and Prevalence

Worldwide: The GLOBOCAN database is based on the most recently available data

on cancer mortality, incidence and survival worldwide. Two versions have been

developed: GLOBOCAN 2000 and a newly updated version – GLOBOCAN 2002,

which is now available on the IARC website: http://www-

dep.iarc.fr/dataava/globocan. GLOBOCAN 2002 presents estimates of the

incidence, prevalence of and mortality from 27 cancers by sex and age for year 2002

from all countries in the world. Different methods to estimate the sex-, age-, and

site-specific rates of cancer have been used according to the extent and accuracy of

locally available data in different countries, such as national mortality statistics and
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cancer registries. The methods are fully described in the GLOBOCAN 2002

package (Ferlay et al. 2004) and are summarized by Parkin et al. (2005a). To

estimate incidence, for example, national cancer registry data are the preferred

source, but, in their absence, mortality data are used, and incidence is estimated by

applying site-specific regression models of incidence as a function of mortality,

obtained from Poisson regression analyses of incidence and mortality data provided

by cancer registries in the same country or region, with adjustment for age and sex

(Bray et al. 2002). It should be noted that the mortality data from the registries must

be from the same source(s) as the national mortality data. National incidence data

can be converted into mortality rates using data on survival from the same country

or region. In the worst case, when no data are available on cancer incidence or

mortality (for some of the developing countries in Africa), a set of age/sex specific

incidence rates for all cancers (based on rates observed in countries in the same

region) is partitioned between different cancer sites using any available data on the

relative frequency of different cancers (by age and sex). The numbers of cases,

deaths and cancer survivors are computed by multiplying the estimated rates by the

population estimates for the corresponding country by the United Nations. Due to

the variable delays in collection of cancer data, compiling and reporting, the

estimated rates are not those for the year 2002, but from the most recent period

available, generally 2–5 years earlier. Due consideration should be given to the

variable degree of detail and quality of the data among the countries when

interpreting the estimated rates. (Parkin et al. 2001, Ferlay et al. 2001, Ferlay et al.

2004, Parkin et al. 2005a)

5.2.2  Other cancer statistics in regions, areas or countries

In 1981, Michael Alderson published a book, giving information about statistics on

mortality in the 20th century for European and other selected countries (total of 31

countries involved). He addresses the importance of considering the validity of the data

when handling mortality statistics and before attempting to interpret any trends in

disease. Comprehensive consideration of statistical methods, and the indicators used for

calculating mortality (both population estimates and the cause of death for individuals),

as well as various factors may influence the validity of data and interpretation of

statistics are discussed in detail in the book. Various indicators of the validity of

mortality statistics were stressed in that book: the proportion of doctors in a population,

the proportion of the population living in rural areas, the percentage of death certificates

issued by medical practitioners and the percentage of all certificates that are from ill-

defined causes of death. (Alderson 1981) It describes the uses of mortality statistics in
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descriptive studies, generation of hypothesis, hypothesis testing and evaluation of public

health measures. It also points out that the mortality statistics should facilitate specific

studies of the impact upon mortality of national programmes to control particular

diseases.

The national cancer mortality data used in GLOBOCAN were derived from the

WHO Mortality Database (WHO 2005b), extracted from the WHO databank through

the WHO Statistical Information System (WHOSIS) (WHO 2005b). This mortality

database contains mortality data officially reported by WHO member states and

includes cause-of-death statistics coded according to the 9th and 10th revision of the

ICD. The data represent official national statistics that have been transmitted to the

WHO by the authorities of the countries concerned. The 2002 revision of world

population prepared by the UN Population Division (UN-PD 2003) is currently used for

national population estimates. Death rates by age and sex are applied to the national

population data to obtain total estimated deaths. Nevertheless, some information on the

likely accuracy of the data is a prerequisite to their appropriate use. The publication by

national and international authorities is not a guarantee of data quality. In some

countries or time periods, population coverage is manifestly incomplete, and the

reported mortality rates produced are implausibly low. The WHO Statistical Information

System publishes tables of estimated coverage and completeness of mortality statistics

in their database. Due to these deficiencies, quality of cause of death information may

be poor. This is obvious when a substantial proportion of certificates is completed by

non-medical staff. WHO formerly published quality indices for some countries in the

World Health Statistics Annual (WHO 1998). Otherwise, quality of data must be judged

from indicators such as the proportion of deaths coded to “senility and ill-defined

conditions,” and the proportion of cancer deaths without specification of the primary

site, or for which site is specified in only vague terms. Mathers et al. (2005) recently

reviewed the availability and quality of worldwide data on death registration, with

respect to data timeliness, completeness and coverage of registration, the coding system

used for causes of death, and the proportion of deaths coded to various ill-defined

categories. Relatively few countries were found to have good-quality data on mortality

that can be used to adequately support policy development and implementation

(Mathers et al. 2005).

A five-year Global Burden of Disease Study (GBD) was initiated in 1992 by the

World Bank, in collaboration with the WHO, aimed at providing estimates of non-fatal

health outcomes, to give unbiased epidemiological assessments for major disorders, and

to quantify the burden of disease with a measure that could also be used for cost-

effectiveness analysis. Two GBD studies have been conducted so far: in 1990 and 2000.

In the GBD 1990 study, the basic units of analysis were the eight World Bank Regions
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defined for the 1993 World Development Report (World Bank 1993). After a literature

review, disease experts developed first-round estimates, which could then be critically

reviewed. The internal consistency was ascertained with a computer program (DisMod).

Major inconsistencies were identified and estimates revised to correct them. Three

groups of causes of mortality were classified in the study – communicable diseases,

non-communicable diseases and all injuries. The primary indicator used to summarize

the burden of premature mortality and disability was the disability-adjusted life year

(DALY). The burden of 107 disorders was compared with the burden attributable to ten

major risk factors and to selected diseases as risk factors for other conditions. One

major finding from this study was the importance of non-communicable diseases in all

regions of the world. (Murray et al. 1994, Murray and Lopez 1996, Murray and Lopez

1997, Lopez and Murray 1998) In the GBD 2000 study, health state valuations were

determined (population-based data rather than expert opinion as used in the 1990 study)

and an approach for modelling the relationship between the level of mortality and the

disease structure in populations, based on proportions rather than rates, was used. The

GBD 2000 project classified WHO's 6 regions into 17 sub-regions according to the

levels of child and adult mortality. Estimates of disease and injury burden were first

developed for each individual Member State of WHO, using different methods for

countries at different stages of health development, often largely determined by the

availability of data. The regional site-specific cancer mortality was obtained by

disaggregating the regional cancer mortality for all cancers in the region, based on the

mortality distribution by site estimated from vital records or cancer survival models. For

regions with high coverage and ICD-coding vital registration system, such as most

countries in Europe, America, Australia, Japan and New Zealand, direct estimates of the

site-specific distributions of cancer mortality were used from their registration. For

other regions of the world, a site-specific model for relative interval survival adjusted

for each region was developed and applied to the regional incidence from GLOBOCAN

2000 to calculate the site-specific mortality distribution in 2000. The National Cancer

Institute Surveillance, Epidemiology, and End Results (SEER) statistical program

(SEER*Stat version 4.2) was used for developing the cancer survival model in the GBD

2000 study. (Mathers et al. 2002, Shibuya et al. 2002, Lopez 2005, WHO 2005e)

In Europe, the European Network of Cancer Registries (ENCR) was launched in

1989 within the framework of the ‘Europe Against Cancer’ programme of the European

Community. The objectives of this Network is to improve the quality, comparability and

availability of cancer incidence data, create a solid basis for continuous monitoring of

the cancer incidence and mortality in the European Union, provide regular information

on the burden of cancer in Europe and to promote the use of cancer registries in cancer

control, health-care planning and research. (ENCR 2005) The European Cancer
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Incidence and Mortality Database (EUROCIM) is shared among only eighty-four cancer

registries within the network, describing the cancer incidence, mortality statistics,

covering approximately 40% of the population of the Community. Complete

information is available for some countries but, for others, some form of estimation is

required. (ENCR 1995) The latest version of EUROCIM database includes a time trends

analysis module. This new feature allows the user to fit age-period-cohort models to the

registry incidence and mortality data. (ENCR 2001) Various publications estimating

cancer incidence and mortality in different populations have been released in recent

decades (Estève et al. 1993, Black et al. 1997, Ménégoz et al. 1997, Miñarro et al. 2000,

Bray et al. 2002, Pinheiro et al. 2002). There is an additional collaborative project

shared out with the Network – CaMon project (Comprehensive Cancer Monitoring in

Europe) extending the role of the ENCR (The European Commission Health Promoting

Progamme 2005). It aims to develop a cancer surveillance system for cancer occurrence

and outcome, permitting situation analysis and monitoring of cancer burden in the

Member States of the European Union and applicant states, to disseminate such

information within the European Union and world-wide, and to make it available for

incorporation into the health monitoring system of the European Union Public Health

Programme. Three major cancer databases present the cancer statistics in Europe

generated by this project: EUCAN, EUROPE 95 and EUROCARE.

Besides the cancer statistics shown on the ENCR website, various resources for

cancer information exist for individual countries or regional groupings. A good example

is the Association of the Nordic Cancer Registries (ANCR), which is the cooperative

organisation for the national cancer registries of Denmark, Finland, Iceland, Norway

and Sweden. In cooperation with IARC/WHO, this Association developed NORDCAN

software, a unique source of the information on cancer incidence and mortality in the

Nordic countries, using incidence and mortality data provided by cancer registries in the

Nordic countries. (Storm et al. 2003) NORDCAN includes data on 41 major cancer sites

that can be presented as a variety of tables and graphs, and that can be easily exported or

printed. NORDCAN allows regions and cancer sites to be grouped and compared as

desired. Furthermore, each cancer registry has its own website to show the cancer

statistics in its country.

In North America, the North American Association of Central Cancer Registries

(NAACCR) (2005) was established in 1987. It is a collaborative umbrella organisation

for cancer registries, governmental agencies, professional associations, and private

groups in North America interested in enhancing the quality and use of cancer registry

data. All central cancer registries in the United States and Canada are members. Cancer

reporting is mandated through state or provincial laws. Registries from each state or

province voluntarily submit their non-identified data for evaluation and publication to
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NAACCR. After NAACCR receives the data, Cancer in North America (CINA), a

monograph containing most publications about cancer incidence rates and supporting

data from participating states and provinces in USA and Canada, is published, and an

interactive query system called CINA+ Online has also been developed – NAACCR

STATISTICS & REPORTS. (NAACCR 2005)

Cancer statistics in the United States can be found from several different sources.

The authoritative source of information on cancer incidence and survival in US is the

Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer

Institute (NCI) which routinely collects data on patient demographics, primary tumour

site, morphology, stage at diagnosis, first course of treatment, and follow-up for vital

status (NCI-USA 2005). SEER began collecting data on cancer cases from 1973 in 5

States and 2 metropolitan areas, and currently collects and publishes cancer incidence

and survival data from 14 population-based cancer registries and three supplemental

registries covering approximately 26 percent of the US population. Information on more

than 3 million in situ and invasive cancer cases is included in the SEER database, and

approximately 170,000 new cases are added each year. Computer applications have

been developed to unify cancer registration systems and to analyse and disseminate

population-based data in the US and also in the world. The Annual Cancer Statistics

Review (CSR) reports the most recent cancer incidence, mortality, survival, and

prevalence statistics from the SEER registries. The most recent report is SEER CSR

1975–2002, which includes incidence, mortality, survival, and prevalence statistics

from 1975 through 2002, and can be download from the web –

http://seer.cancer.gov/csr/1975_2002 (Ries et al. 2005). Cancer mortality information

for the United States and for individual states is based on causes of death reported by

the certifying physicians on death certificates filed in state vital statistics offices. The

mortality information is processed and consolidated into a national database – Mortality

Data through the National Vital Statistics System (NVSS) developed by the National

Center for Health Statistics (NCHS) in the Centers for Disease Control and Prevention

in US (CDC) (CDC-USA 2005). NVSS results from an inter-governmental

collaboration between NCHS and the 50 states, two cities, and five territories where

vital events – births, deaths, marriages, divorces, and fetal deaths are registered by the

legal authority. Shared relationships, standards, and procedures between these

organisations form the mechanism by which NCHS collects and disseminates mortality

statistical information about the nation's official vital statistics from death certificates.

These jurisdictions are responsible for maintaining registries of vital events and for

issuing copies of birth, marriage, divorce and death certificates. US cancer mortality can

be directly analysed with the NCI’s SEER*Stat software. (NCHS-USA 2005) Besides

NCI/NIH, an annually published Cancer Facts & Figures by the American Cancer
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Society (ACS)’s Epidemiology and Surveillance Research Department are also

available online, in which data on cancer incidence, mortality, survival, and also the risk

factors are presented and the numbers of new cases and deaths estimated (ACS 2005).

All these cancer statistics estimates, as Greenlee et al. (2000) indicated, due to the

delays inherent in the release of incidence and mortality data and no comprehensive

national cancer registry available in the United States, provides a useful way to evaluate

the current burden of cancer on the US and individual state populations. But caution

should be exercised when interpreting the estimates of the expected numbers of new

cancer cases and cancer deaths tracking trends over time since the estimates may vary

considerably from year to year and may not really represent the current burden of

cancer, data normally based on information several years ago. Cancer incidence

statistics in the US are usually based on incidence rates for the geographic location that

participate in the SEER program and therefore, may not be entirely representative of the

US as a whole.

The major source of cancer statistics in Australia is the National Cancer Statistics

Clearing House (NCSCH) at the Australian Institute of Health and Welfare, a national

agency for health and welfare statistics and information which was established in 1987

(NCSCH 2005). The main objective of NCSCH is to foster the development and

dissemination of national cancer statistics for Australia and specifically to enable

computation and publication of national statistics on cancer and facilitate cancer

research both nationally and internationally. The NCSCH receives data from individual

State and Territory cancer registries on cancer diagnosed in residents of Australia,

which enable a national dataset to the established following record linkage of cancer by

site and behaviour. This commenced with cases first diagnosed in 1982. NCSCH

produces reports of national incidence and mortality and periodic analyses of specific

cancer sites, cancer histology, differentials in cancer rates by country of birth,

geographical variation, trends over time and survival. Information about cancer

incidence data for Australia for 1983–2000 has been released on the interactive cancer

data page - http://www.aihw.gov.au/cancer/ncsch/index.cfm. On a state basis, a range of

statistics is available from state and territory cancer councils, including the Cancer

Council Victoria and the Cancer Council Australia. Cancer mortality data can be

extracted through the National Death Index database in the Australian Institute of

Health and Welfare, which contains records of all deaths occurring in Australia since

1980.

The official cancer statistics information in Japan – "Cancer Statistics in Japan" is

published biennially by the Foundation for Promotion of Cancer Research. Data for the

period 1997–2003 can be found through the website of the National Cancer Center in

Japan by utilising the results of the two comprehensive 10-Year Strategy for Cancer
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Control during 1984 and 2003. (NCC-Japan 2004) In South Korea, Cancer Statistics in

Korea is published by the Cancer Registration & Biostatistics Branch in National

Cancer Center in Korea. The data include the cancer mortality statistics based on annual

reports from vital registration, and incidence information from both central and regional

cancer registries. (NCC-Korea 2005)

In most other countries in Asia, cancer incidence information is available from

fewer cancer registries’ usually covering only a fraction of the national population, and

often with lower quality or less information than data coming from the developed

countries. Nevertheless, as shown in Cancer Mondial Projects in IARC, with the help of

IARC, the cancer statistics in some countries have been published in various scientific

papers or technique reports, mainly based on the regional cancer registry data, such as in

Thailand, India, Vietnam and Pakistan (Quoc et al. 1998, Deerasamee et al. 1999,

Bhurgri et al. 2000, Sen et al. 2002). The sources of cancer statistics in China are

described separately under Section 5.3.

Knowledge of cancer pattern in Africa is family limited due to the lack of valid

mortality statistics, wide diversity of genetic population, social-economic status and

environmental factors. Cancer in Africa compiled by Parkin et al. (2003), includes a

description of all cancer registration activity ongoing in Africa today, as well as in the

past. All of the currently available data on the profile of cancer and a review of the

published literature are provided for every country (52 countries in total) in Africa,

notably from cancer registries where data have not hitherto been published or have

appeared only as journal articles or in local reports. Furthermore, there is a

comprehensive review of the epidemiology and prevention of 20 major cancers of

importance on the African continent, together with chapters on cancer in children, and

cancers related to AIDS. (Parkin et al. 2003)

5.3  Sources of information on cancer statistics in China

China has a long history of medical care, and data about cancer incidence and mortality

have been collected for several decades. These data, however, has mainly been

published in Chinese, and often covered a rather small population (Tu 1985, Wang et al.

1995, Gao 1991, Chen 2000). The vital information (birth and death, with legal

provision for registration) is collected by a national civil registration system – the

National Household Registration System established in 1954 and run by the Public

Security Department. However, currently a qualified report on the cause of death is

available for only about one tenth of the Chinese population (Yang et al. 2005). The

National Office for Cancer Prevention and Control (NOCPC) was established in Beijing
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in 1969, aiming to promote cancer prevention and control in the whole country through

support from both technical and administrative aspects. In recent decades, the NOCPC

has made major efforts to promote the development of a cancer information system in

China, both for cancer mortality and incidence registration.

The sources of information on cancer in China fall into three broad groups: (i)

mortality data from national retrospective surveys, (ii) mortality data obtained through

routine reporting systems or special research projects on the causes of death, and (iii)

incidence and mortality data from cancer registries (Yang et al. 2003b). These data have

been used, at different levels, to estimate the pattern or burden of cancer in China

(World Bank 1993, WHO 1997, Parkin et al. 1999, Pisani et al. 1999, Ferlay et al. 2001,

Pisani et al. 2002, Ferlay et al. 2004).

5.3.1  Mortality data from two national retrospective death surveys

After the establishment of the NOCPC, two national retrospective surveys of the cause

of death were organised and conducted by this office, providing a clear picture of the

distribution of mortality rates for the principal diseases affecting the Chinese people and

a sound basis for establishing priorities for research in basic and clinical sciences both

for Chinese and global cancer researchers.

The first national mortality survey was conducted in 1976, and covered about 850

million people (96.7% of the Chinese population). It involved identification of about 20

million deaths during the years 1973–1975, retrospective diagnosis of their causes. It

provided for the first time an indication of the sex- and age-specific mortality rates for

the principal diseases affecting the Chinese population. Using a uniform questionnaire,

nearly one million health workers obtained information from various levels of the

medical system. The accuracy of data varied between regions and source of information.

Checking and rechecking based on samples was carried out to guarantee data

completeness and reliability. The demographic information was provided through the

vital statistical system, while a uniform questionnaire for cause of death was used to

obtain the death information from different levels of the medical system (village,

commune, county, district in prefecture/city, and province). The causes of death were

classified into 20 categories for 56 diseases with 15 subgroups malignant tumours:

nasopharynx, oesophagus, stomach, liver, lung, breast, cervix uteri, leukemia,

colon/rectum, bladder, penis, lymphoma, choriocarcinoma, brain tumour and other

malignant tumour. (NOCPC 1979) Of disease deaths, 70.5% had an ante mortem

diagnosis based on either pathology, cytology, bone marrow examination or a clinical

investigation (including exploratory laparotomy without biopsy, x-ray, ultrasound,

isotope scans, and biochemical and immunological laboratory tests). During those three
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years, cancer was the second leading cause of death, following respiratory disease for

males, and in third place for females, after respiratory, heart diseases other than

coronary heart disease and cerebrovascular disease. The five most common cancers in

men were cancers of the stomach, esophagus, liver, lung and colon/rectum, while in

women they were stomach, cervix uteri, oesophagus, liver and lung. The geographic

distribution of mortality for common cancers was published in an atlas (Editorial

Committee for the Atlas of Cancer Mortality 1979). According to Doll and Greenwald –

“Few medical projects can ever have been successfully carried through that compare in

scale with the national survey of the causes of death undertaken in China in 1976”

(Chen et al. 1990). A map of the distribution of mortality from nasopharyngeal cancer in

1973–1975 is shown in Fig. 1 (Editorial Committee for the Atlas of Cancer Mortality

1979).

The second retrospective mortality survey was conducted in 1993, and comprised

the causes of death during the period 1990 to 1992. Instead of a nationwide survey, a

10% sample survey was conducted, using a two-stage randomized stratified cluster

sampling method. The first stage sampling was done on provincial/municipality level,

then the second stage on the county/town level. In each stage, three strata (high,

Fig 1. Map of nasopharynx cancer mortality in men in China, 1973–75, from the Atlas
of Cancer Mortality in the People’s Republic of China, 1979



28

medium and low mortality) were defined based on the mortality rates in the survey of

1973–1975. A total of 263 sample units (74 cities and 189 counties) among 27

provinces finally was selected, covering 10% of the total Chinese population. Quality

control included training programmes at different levels before the survey, data

checking according to the indicators listed in a questionnaire related to the data

completeness, validity and reliability developed by NOCPC, throughout the whole

survey. Further 2% sampling re-checking was based on the household re-interview after

the data collection in each sample unit (county or town). The data completeness,

representativeness and reliability have been found acceptable (Li et al. 1996). Of the

deaths, 31.8% had a diagnosis based on pathology evaluation, and about 60% of others

had a cause of death based on autopsy, surgery, clinical investigations, and clinical

chemistry estimation. Cancer still ranked second among all causes of death in this

survey, after respiratory disease. The geographic distribution of cancers in China was

similar to that observed in the 1973–1975 survey. Based on the results of this survey, the

cancer mortality in the early 1990s and changes in the cancer mortality pattern since the

first survey in the 1970s have been analysed in several publications. (Li et al. 1996, Li

et al. 1997a, Li et al. 1997b, Zhou et al. 1997, Sun et al. 2002, Chen et al. 2003, Yang et

al. 2003a, Sun et al. 2004)

The differences in the age standardized mortality rates (using the Chinese census

data in 1982 as the standard population) for eight common cancers between the two

surveys are shown in Fig. 2. The mortality rates for all cancers increased by 11.6%

(from 84.6 per 100,000 to 94.4 per 100,000). With respect to the different cancer sites,

the most common cancers increased during the two decades, especially lung cancer

(from 7.2 per 100,000 to 15.2 per 100,000, an increase of 90%, for both sexes), while a

dramatic decrease was observed for cervical cancer (from 10.3 per 100,000 to 3.3 per

100,000, decreased by 68%).

The age sex-specific mortality rates for all cancers combined in the two surveys

are shown in Fig. 3, on a logarithmic scale. Mortality in middle-aged women was lower

in 1990–1992 than in 1973–1975, probably reflecting the dramatic decline in mortality

from cervical cancer. But the most obvious change is the increase in mortality rates in

the older age groups (after age 55 in men and 60 in women).
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Fig.2 Differences of the age-standardized mortality rates for cancer in year 1973–75 and
year 1990–92, by sex, in China
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Fig. 3 Age-sex-specific Mortality Rates for Cancer in China (two national mortality
surveys in 1973–75 and 1990–92)

Nevertheless, the cancer mortality profiles among urban and rural populations are

quite different (Fig. 4). The mortality from lung cancer was much higher in urban than

in rural areas for both sexes. In 1990–1992, it was the most common cause of death

from cancer in urban areas. In rural areas, cancers in the stomach, liver and oesophagus

were the most common cause of cancer death for both sexes. In addition there was very

high mortality from cervical cancer in the 1970s. During the two decades, the age-

standardized mortality rate (adjusted by the Chinese population census in 1982) for all

cancers combined remained stable in urban areas (90.9 per 100,000 in the 1970s and

89.9 per 100,000 in the 1990s). However, in rural areas, the rates were considerably

higher in the later period (81.7 per 100,000 in 1970s vs. 96.5 per 100,000 in 1990s). As

for mortality changes for specific cancer sites, dramatic increases were seen for cancers

in lung and liver, as well as leukemia for both sexes in both urban and rural areas, while

changes were more remarkable in rural than in urban areas. Decreases were found for

cancer in nasopharynx for both sexes and in cancer of the cervix in women (sharper

changes for urban women). Better diagnostic facilities and changes in coding practices

contributed to an increasing proportion of cancers of the gastro-oesophageal junction

being coded to stomach (cardia), rather than oesophagus (as in the 1970s), which makes

interpretation of the differences in mortality rates for these two cancers between the

series problematic. However, declines were observed in mortality rates from both of

these cancer types in urban areas, for both sexes. Changes in the socio-economic and

health situation, life-style, and environmental factors between urban and rural areas

during those two decades are most likely responsible for the differences observed

between these two surveys. (Li et al. 1997a)
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Fig. 4 Age-standardized mortality rates for cancer 1973–75 and 1990–92 in urban and
rural areas by sex in China

5.3.2  Mortality data from routine reporting systems or special projects

There are two large ongoing routine reporting systems for the cause of death in China

(Yang et al. 2003). One is the mortality data from the Center of Health Information and

Statistics (CHIS) in the Ministry of Health, which was set up in 1973 and is based on a

10% sample of the population (between 100 and 120 million persons). The CHIS

sample population comprises 15 big cities, 21 middle-sized or small cities and 85

counties (WHO 1994, NCHIS 1999, SSBC 1999, CHIS-MOH 2002, Yang et al. 2003).

Many geographical areas are voluntarily participating in the data collection exercise,

resulting in many sample sites located on the eastern seaboard, where population

density is high (Rao et al. 1992, WHO 1994, NOCPC and NCHIS 2001).

The reporting procedure for mortality information is as follows: After a person

dies, the family member reports the death to the registration office to obtain a death

certificate, which is a document necessary for deregistering a permanent resident in the

police station, and to obtain a permit for burial. Based on the description from a family

member and available medical records or documents, the death certificate is filled out
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by the staff of the local vital registration office. One copy of the certificate is kept in the

registration office, and another is sent to the county Center for Disease Control (CDC),

where the cause of death is coded. The county CDC then submit monthly reports of

deaths, in a prescribed summary tabulation format, by age, sex and cause to the Center

of Health Information and Statistics. (Yang et al. 2005) A Chinese Classification of

Diseases List consisting of more than 500 diseases or injuries was formerly used at the

beginning in the 1980s. However, it can be converted into the ICD coding system. Since

1990, ICD-9 has been used. Soon after 2000, the MOH required that ICD-10 be used for

coding a disease in the country.

CHIS data are submitted to the WHO Mortality Database, in which cancer

mortality from years 1987 to 1999 are available (WHO 2005b). The sample population

is not representative of the national population with respect to socio-economic status.

Rao et al. (1989) divided health status in China into 4 classes; the 85 sample counties

included no counties from the lowest class.

The other routine mortality reporting system, Disease Surveillance Points (DSP)

has been run by the Chinese Academy of Preventive Medicine (CAPM, currently the

Chinese Center of Disease Control) since 1980. It includes 145 surveillance points at

present, almost 1% of the population in China. This system was initially intended for

reporting acute infectious disease. Most sites were located in the big cities, or in

counties with high socio-economic status (the first stage). In 1989, a second stage of the

national DSP was introduced, using a multistage stratified sampling method in an

attempt to obtain a more representative sample at the national level (NOCPC and

NCHIS 2001, Yang 1992). Geographic, administrative and various health indicators

(GNP, literacy rate, birth rate, infant death rate, crude death rate, proportion of the

population in age-group 0–14, proportion of the population over 65) were used as

factors when selecting the sampling population. The information on mortality is based

on the death certificates. An estimate was made for testing the degree of under-

reporting, which was used to adjust the observed mortality rates. (Yang 1992, Yang et

al. 1996, DCD-MOH and CAPM 1999) The mortality data from the DSP system have

been used in a World Bank report (World Bank 1993).

Besides the two routine mortality reporting systems described above, some

extensive research projects have provided useful cancer mortality information on the

Chinese population, for example, the two national tobacco hazard studies in China

around 1989–1991 (one is retrospective, the other is prospective), to monitor the

evolving epidemic of mortality from tobacco in China, conducted by CAPM, the

Chinese Academy of Medical Sciences (CAMS) and the Clinical Trial Service Unit

(CTSU) in UK (Liu et al. 1998, Niu et al. 1998). The retrospective study was carried out

during 1989 and 1991 in 98 areas in China (24 cities and 74 rural counties). The cause
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of death and smoking habits of one million people who died during 1986–1988 was

recorded by interviewing the surviving family members (or sometimes, in rural areas,

other informants). In the prospective study, the mortality information was monitored

through local residential records and the causes of death recorded from the death

certificates.

5.3.3  Incidence and mortality data from cancer registries

The development of cancer registration in China has been slow and laborious, although

there has been great progress during last decade. In 1963, the first cancer registry in

China was established in Shanghai. From the 1970s, more registries were set up with

the support of NOCPC. In 1995, a ‘Chinese cancer incidence, mortality and risk factor

surveillance programme’ was conducted in eleven cities/counties by NOCPC and CHIS,

including 5 big cities (Beijing, Tianjin, Shanghai, Wuhan and Haerbin) and 6 high-risk

areas for certain cancers (Cixian, Linzhou, Changle, Qidong, Jiashan, Fusui). This

programme was approved, and dramatically improved cancer registration work in the

areas. (Li et al. 2000) Three monographs have been published (NOCPC and NCHIS

2001, NOCPC and NCHIS 2002, NCHIS and NOCPC 2003) which provide a good

reference for other cancer registries’ practice. In the 8th edition of Cancer Incidence in

Five Continents (Parkin et al. 2002), data from eight cancer registries involved in that

programme (Beijing, Shanghai, Tianjin, Wuhan, Qidong County, Jiashan County,

Changle County, Cixian County) were published. The cancer registry data from China

that have been published in successive volumes of CI-5 series are shown in Table 1

(Waterhouse et al. 1982, Muir et al. 1987, Parkin et al. 1992, Parkin et al. 1997). The

distribution of cancer registries where data published in the 8th version of CI-5 is shown

on the map in Fig. 5. The ‘Cancer Registry and Surveillance Association’ and the

‘National Center of Cancer Registries” (NCCR) were established separately in 2001 and

2003, to set up a national cancer registry network. Referring to the principle and

methods of cancer registration provided by IACR, the experience in other countries,

combined with the local context in China, based on a probative norm for cancer

registration developed in 1988 (NOCPC 1988), a ‘Guideline for Chinese Cancer

Registration’ was published by NOCPC, NCHIS and NCCR (2004), as an official

handbook for the cancer registries in China. However, it is known that there are many

registries established by local institutions in China that are not included in the NOCPC’s

registry network, and therefore receive no central technical or financial support, and the

quality of the data collected has not been evaluated. (NOCPC and NCHIS 2001, Yang et

al. 2003b)
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Despite all the sources of information on cancer incidence and mortality for

subsets of the Chinese population, and the two national mortality surveys, little previous

research effort has been devoted to systematically comparing the quality of these

information resources before our study. However, one very recent study (Rao et al.

2005) has done so, based on a criteria-based evaluation for the quality of both CHIS and

DSP datasets. The criteria used in that study were related to the data generalizability

(coverage and completeness), reliability, validity and also the policy relevance of the

data. It was concluded that mortality registration is incomplete in both (CHIS and DSP

datasets). No statistics were available for geographical subdivisions of the country to

inform resource allocation or for the monitoring of health programmes, although the

study did find that both datasets showed consistency of mortality data with time. (Rao et

al. 2005)

Table 1. Cancer registries included in different volumes of Cancer Incidence in Five
Continents series (Waterhouse et al. 1982, Muir et al. 1987, Parkin et al. 1992, Parkin et
al. 1997).
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Fig. 5 Map of Chinese Cancer Registries included in Cancer Incidence in Five
Continents Vol. VIII

5.4  Statistical indices and methods used in cancer
 statistics

5.4.1  Measurements of cancer burden

Information on cancer patterns and trends provides the basis for evaluating priorities for

cancer control in different regions and worldwide. Cancer surveillance needs an

accurate evaluation of cancer burden based on the ability to quantify the occurrence and

outcome of disease and other cancer-related events in population. Data on cancer

occurrence and outcome and the distribution of cancer between different populations

and over time are essential to form health policy, quantifying health problems, helping

to define priorities for preventive and curative programmes, evaluating their outcome in

relation to resource inputs, and establishing causal hypotheses. (Parkin 2001)

Quantification of the occurrence and outcome of disease and other health-related events
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in population requires a clear definition of the cases or the event of interest (numerator),

the population from which the events originate (denominator) and the time frame to

which the data refer (time period) (dos Santos Silva 1999). Validity, completeness and

reliability are major characteristics required for measurement of health-related events.

Since the emphasis of a cancer control programme is on prevention, the number of

new cancer cases each year is the primary measure of interest. In addition to providing

insight into the burden on society and on health-care systems, the occurrence and

outcome of cancer at various sites are also the basis for estimating the potential for

prevention. (Jensen et al. 1991) Various statistical measures are used for assessing the

burden of cancer in the population (Jensen et al. 1991, Estève et al. 1994).

Incidence

The single most useful measure for cancer surveillance is the incidence rate, which is an

indicator of the risk of disease and can be used to estimate the need for medical

attention and treatment facilities. It is the key measure when considering cancer

prevention, which aims to reduce incidence, and is of fundamental importance in

epidemiological studies. Incidence refers to the number of new cases of cancer

occurring in a defined population of disease-free individuals, and the incidence rate is

the density of such events in a specified period of time divided by the population’s

person-time exposure. There are two separate aspects to the calculation of incidence

rates: the population estimates which are required as denominators for the rates, and the

disease for the individuals. Measurement of incidence requires the identification of all

new cancer cases in a defined population through some kind of case-finding

mechanism, with record-linkage to ensure that individuals are not confused with events.

Cancer registries gather information about the size, nature and distribution of cancer in

the community. The major concern of population-based cancer registries is to express

the facts about cancer in a standardized way through the calculation of cancer incidence

rates for their population, according to histological subtype of cancer, or stage of

disease at diagnosis. These rates are used to study the risk of individual cancer in the

registry area compared to elsewhere or to compare different subgroups of the population

within the registry area itself. Cancer incidence rates are used in addition in planning

priorities for cancer control measures such as prevention and early detection

programmes, in developing an understanding of the causes and impact of cancer, and in

evaluating the effects of control measures. The information on case numbers can also be

used for the planning of cancer treatment and care facilities. Using mathematical models

of cancer incidence rates for substantive analysis can be useful for hypothesis

generation in cancer epidemiology as it allows the investigator to summarize the trends

and patterns of cancer incidence through model parameters, which then may then be
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tested statistically for the purpose of identifying significant effects of independent

variables. Therefore, the accuracy and validity of incidence statistics should be taken

into account. Population-based cancer incidence statistics are usually collected by

cancer registries, which, unfortunately, are mainly located in developed countries.

Furthermore, any data collection system may be inaccurate due to the stage of

development of medical and technical knowledge, the availability of diagnostic

facilities and also the skill of the investigators. The problem of inaccuracy is best

discussed by first considering the separate steps in the chain leading to the production of

statistics. (Percy et al. 1981)

Mortality

Mortality indicates only one aspect of cancer burden, although the most serious, or

important one. It does not directly reflect the number of persons with disease or volume

of health care services, although it is often used as a proxy measure of incidence. For

surveillance purposes, mortality statistics have been more widely used than incidence,

due to the advantage of more comprehensive coverage and availability. Mortality is the

appropriate measure of disease burden in certain circumstances, particularly when the

objective of surveillance is to estimate the effectiveness of early detection and treatment

programmes. Mortality statistics systems provide basic information on the levels and

causes of mortality in populations and can be used to guide decisions regarding health

policy and research. Comprehensive mortality statistics require good diagnostic data to

be available on deaths that is transferred in a logical, standardized fashion to death

certificates which are then accurately and consistently coded, compiled and analyzed.

(Percy et al. 1981) However, reliable data on age, sex and cause specific mortality are

currently lacking in more than half of all countries (Setel et al. 2005). Major concerns

about the quality of mortality data focus on their validity, accuracy, coverage,

completeness and also their policy relevance. The validity of mortality statistics is an

essential consideration before attempting to interpret any mortality trends in cancer.

Several items in the mortality statistics processing chain should be considered when

evaluating the validity of mortality: the process of death certification, the classification

of disease, and the coding of the cause of death (Alderson 1981). Three criteria, as

recently suggested by Rao et al. (2005) could be used for evaluating the validity of the

data: content validity, use of ill-defined categories and codes, incorrect or improbable

age or sex dependency. The accuracy of mortality statistics depends on the precision of

diagnosis, correct completion of the death certificate, validity of the classification of

diseases, careful compilation of the tabulations and the consistency of the data with

respect to epidemiological expectations (reliability). The characteristics and underlying

reasons for under-registration of death vary greatly among countries and also within
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each country. Within countries, the completeness of civil registration is known to vary

by geographical area and age group. The quality of cause-specific mortality data is

affected by limitations of medical knowledge, diagnostic errors, deficiencies of

certification, and also coding and other processing errors. The validity of the cancer

mortality is also affected by under-registration of deaths. Lack of training in proper

certification and insufficient understanding of the uses made of the information

provided on the death certificate may cause low quality of death certification. Another

frequently encountered problem is physician preferences for certain diagnoses, which

may vary from country to country and over time. In many developing countries, a

sizable segment of the population lack access to medical care. The situation results in

death certificates completed by non-attending physicians, who often have insufficient

information to ascertain a diagnosis, and in reports of deaths provided by non-medical

witnesses. Furthermore, there are several sources of bias in the study of time trends in

mortality. A community-based system – Sample Vital Registration (SVR) – was

introduced recently for measuring and monitoring vital statistics that is especially suited

to countries lacking comprehensive mortality statistics. A verbal autopsy (VA) method

was recommended as one of the techniques of SVR. In VA, a questionnaire is

administered to the caregivers or family members of deceased persons to elicit signs and

symptoms and their duration, and other pertinent information about the deceased in the

period before death. (Setel et al. 2005) As an alternative index of incidence, the

accuracy of mortality information collection would also be improved over time, but the

improvement has occurred more in the precision of diagnosis than in the number of

registered deaths. However, mortality data are frequently of uneven quality and

inadequate for the descriptive study of site-specific cancer occurrence. This was

considered to be acceptable when a diagnosis of cancer was almost invariably followed

by death from the disease. However, improved patient survival for some forms of cancer

has led to a divergence of incidence and mortality rates, and an increased risk of

multiple primary cancers. In these circumstances, mortality may not be a reliable

indicator of cancer incidence. Therefore, cancer mortality is only an indirect (and

possibly biased) measure of cancer occurrence. (Percy et al. 1981, Estève et al. 1994,

PAHO and WHO 1995, dos Santos Silva 1999)

Survival

Survival statistics deal with the time from diagnosis of cancer to death. They estimate

the probability of survival, expressed as time elapsed since diagnosis for individuals

within groups. Survival can be used as a means of quantifying the effectiveness of early

detection and treatment at the population level, and is thus an important component in

monitoring cancer control activities and estimating how many cancer survivors are alive
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at any one time. Computation of survival depends upon follow-up information for each

individual cancer patient in the group under study, and the calculation of the proportion

surviving after different intervals of time. Two related approaches are used to estimate

cancer patient survival, usually from randomized clinical trials, observational studies or

hospital-based study: the Kaplan-Meier and the life-table method (Estève et al. 1994). In

population-based studies of cancer survival comparing survival in groups which are

heterogeneous in terms of the risk of death from causes other than a particular cancer of

interest, relative survival is often used. Relative survival is generally estimated using

life tables, and expressed as the ratio of the observed survival of the patients (where all

deaths are considered events) to the expected survival of a comparable group from the

general population. The comparison group is matched to the patients with respect to the

main factors affecting patient survival, and is assumed to be practically free of the

cancer of interest; it is common practically to use nationwide population life-table

information. (Dickman et al. 2004) Nevertheless, limitations exist in interpreting

survival data: survival from trials or special studies is often biased by patient selection,

while population-based survival often lacks detail of stage and treatment information

(Sankaranarayanan et al. 1998). The age-structure of the populations studied and

reasons for censoring data (loss to follow-up) typically need to be taken into account

when comparing survival in different groups, particularly when analysing long-term

survival.

Prevalence

Prevalence of cancer is often advanced as a useful measure in cancer surveillance. It

describes the number of persons alive at a particular point in time with the disease of

interest, and the relative proportion of the population affected by a disease requiring

some form of medical attention. Prevalence is intrinsically related to the above three

measures, and gives a comprehensive view of the simultaneous effect of incidence,

mortality and survival patterns on the cancer burden in a population. In addition, it is

claimed that prevalence provides relevant information for planning health services,

allocating health resources, administering medical care facilities, designating

appropriate research expenditures and assessing the relative burden of cancer with

respect to mortality and life quality deprivation. As a measure of cancer burden, it might

be more useful to consider as “alive with cancer” those persons still receiving some

forms of treatment or being followed up medically,  rather than all persons ever

diagnosed with cancer at some time in the past, many of whom will be cured and

without sequelae. However, the extent and duration of treatment for a given cancer will

certainly vary between different populations. It would also be difficult, in practice, to

enumerate such patients.  For comparison purposes, therefore, prevalence is often
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presented as the number of persons still alive after a given number of years following

diagnosis. Prevalence is often presented, at least for statistical purposes, only regarding

patients alive who have had cancer diagnosed within the last 5 years, which

approximates to the period of active treatment and follow-up (Parkin et al. 2005a).

Prevalence data derived directly from cancer registries may be biased, since the patients

that were diagnosed before the starting of the registry’s activity cannot be included in

the statistics. The degree of this bias depends on the length of the observation period.

Furthermore, differences in prevalence between regions maybe due to the variation in

risks, health facilities and demographic patterns in local context. For example,

populations with long-life expectancy in high-income countries determine a higher

prevalence in the areas even for relatively rare chronic disease like cervical cancer

(Pisani et al. 2002).

Other indicators

The analysis of the impact of cancer on a population is a complex problem. The above

four measures are the most relevant to use for this purpose. However, these variables are

seldom analysed jointly in the epidemiological literature, probably owing to their

varying availability and reliability, and to the various data sources and collection

methods. While mortality data are widely available from official statistics, incidence

can be obtained only from specific disease registries or epidemiological surveys,

sometimes these also provide prevalence statistics. Survival data are provided by

follow-up studies of incidence cases based on clinical records, or on disease registries.

Nevertheless, routine registry data is a useful planning tool especially in contexts where

with a centralized public provision of health care based on estimated need, rather than

private commercial provision of services based on demand and willingness to pay.

In addition to the four measures of disease occurrence and outcome described

above, other indices expressing the demand for care are also used in health services

planning to develop strategies for service provision. Person-years of life lost (PYLLs)

have been widely used in health services planning. PYLL quantifies how many years of

the normal lifespan are lost due to deaths from cancer. It refines traditional mortality

rates by providing a weighting for deaths at different ages. In burden of disease

measurement, health problems of different degrees of severity can be assigned

numerical scores on a scale from zero to one. The scores are used to weight life years in

calculations of Quality Adjusted Life Years (QALYs) and Disability Adjusted Life

Years (DALYs), which quantify the spectrum of morbidity in terms of its duration and

severity between onset of a disease and death or recovery. A QALY is an outcome

measure that takes into account both the quantity and the quality of the extra life

provided by a healthcare intervention –  it is the arithmetic product of the life
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expectancy and the quality of the remaining years. The more burdensome a disease is to

the individual concerned, the lower is its score on the scale. This scoring idea was also

adopted in Burden of Disease measurement (World Bank 1993), but using a severity

scale where zero represented ‘no health problem’. Life years adjusted for health

problems are called DALYs. DALYs are the sum of life years lost due to premature

mortality and years lived with disability adjusted for severity. The potential value of

QALYs and DALYs lies in helping decision makers to compare the severity of different

health problems, and thereby to set priorities in prevention and treatment of disease.

DALYS has been used as a time-based composite measure of disease burden in both the

GBD 1990 and 2000 studies. (Murray et al. 1994, Murray and Lopez 1996, Murray and

Lopez 1997, Lopez and Murray 1998, Mathers et al. 2002, Shibuya et al. 2002, Lopez

2005)

5.4.2  Comparing cancer burden between different populations

When comparing measures of cancer risk, outcome, or burden between different

regions, population groups or time periods, the effects of differences in age structure of

the groups being compared must be taken into account. Comparison of simple crude

rates, with no account for the differences in population age-structure may give a false

picture. Standardization methods are used for this purpose. Age-standardization, taking

a weighted average of category specific rates, can be used to obtain summary measures

that are adjusted for differences in age structure. According to the data available, two

methods are usually used for calculating the standardized rate. One is direct

standardization in which the observed category-specific rates of each population

multiple the corresponding category population in the standard population. The other

one is indirect standardization for the expected number of cases if the category specific

rates were the same as in the standard population. The statistical significance between

two rates can be estimated through different methods, such as by roughly testing two

age-standardized rates – standardized rate ratio (SRR), using the Mantel-Haenszel test

when age-specific rates are available, or through modelling the log-linear function of

the relevant covariables. Alternatively, the cumulative rate may be calculated as the sum

of age-specific incidence rates multiplied by the widths of the age groups. The

cumulative rate provides an estimate of cumulative risk, i.e. the risk that an individual

would develop the disease over a defined life span in the absence of any other cause of

death. (dos Santos Silva 1999) Furthermore, it is important to know whether the

difference between standardized rates, as a summary measure taking a weighted average

of category specific rates is due to random variability.
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From an epidemiological view, cancer statistics are used to explore the etiological

factors and to assess the importance of differences in environment, individual behaviour

or variables such as ethnic group, social status, religion, and occupation in cancer

causation (Estève et al. 1994). Geographic comparisons are very important in the

generation of etiological clues when matching the distribution of certain risk factors.

There are often sufficient interesting leads to prompt further study at a local level. A

widely used technique is to correlate disease rates and various socio-economic,

demographic, or environmental variables, using for analysis small geographic units of

aggregates with similar characteristics.

5.4.3  Estimation of cancer statistics based on limited data

5.4.3.1  Methodological approaches for estimating cancer statistics

When estimating and projecting the cancer profile, chronological patterns in incidence

or mortality rates depend not only upon the number of cases or deaths but also on the

quality of the denominators over time (Alderson 1981). A continuous modification of

the population actually at risk throughout the duration of the study must be considered.

By definition, except for multiple-primary diseases, a subject is no longer at risk after

the occurrence of the event or after the censoring time. A given period of observation of

a subject will contribute to the person years in the denominator only if this subject

would have been counted in the numerator had he/she experienced the event being

studied over that period of time (Estève et al. 1994). However, the population-time at

risk is not usually directly measured; it is estimated from the population at the mid-point

of the calendar period of interest, multiplied by the length of the period (usually years).

In terms of denominator - measures of numbers of cancer occurrences, since they

were usually obtained from the cancer registries, the completeness and validity of the

case collecting, coding and reporting directly influenced the accuracy of the cancer

statistics estimation. Measures can be calculated for the whole population, as crude

measures, or separately for certain subgroups of the population, as stratum-specific

measures. The Poisson assumption for the number of cancer cases has been shown to be

superior to methods that assume a normal distribution for the cancer rates, using a

Finnish example (Dyba and Hakulinen 2000). A common assumption, therefore, is to

treat the numbers of cases or deaths of cancer in strata formed by age and period as

independent Poisson-distributed observations.

With differences of data availability and quality, the methods used and the

accuracy of estimates of cancer burden will vary between populations. For countries

with only regional cancer registration or lower quality of registration data, different
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methods have to be considered, according to the local information set, exploiting the

empirical relationship between different statistical indices in cross-sectional data and

applying different models for selected cancer registry areas extrapolated to the national

profile.

If sufficiently detailed survival data are available from a population-based cancer

registry, it is technically possible to estimate the empirical relation which links

incidence, mortality and survival, and then to use this observed relation to estimate

cancer incidence or mortality. For a given cancer site and age group, mortality (M) is the

product of incidence (I) and the probability of dying from the disease

M = I × [ k - Sj ]

where Sj is the relative survival at year j of follow-up and k is a constant depending on j.

When 5-year relative survival probabilities are used, the constant k tends to be very

close to 1. (Estève et al. 1994, Pisani et al. 1999) Similar mortality prediction

technology, which is based on the prediction of incidence and on those made for cancer

patients’ survival has also been used when estimating of the cancer mortality burden in

five Nordic countries, where dependable and complete cancer incidence registration

systems have been established for decades, from the 1940s in Denmark and the 1950s in

the other Nordic countries (England et al. 1995), also been successfully and more

detailed used in certain particular settings such as in estimating breast cancer statistics

in Italy (Capocaccia et al. 1990).

Nevertheless, population-based survival is only available for a few populations or

certain ad hoc studies on cancer. Furthermore, with genuine differences in patient

survival due to stage at diagnosis, access to care and quality of treatment, possibly

artifacts of data collection and death certificate only (DCO) cases included in

registration data while excluded from survival analysis, published survival data may not

be suitable for direct use in populations other than those from which they came.

Therefore, simpler but not less reliable methods have often been used, such as an

empirical approach based on a regression equation estimated from similar countries or

geographical regions where both incidence rates and mortality data are known. One

such method is based on incidence-mortality ratios when evaluating national cancer

profile from regional cancer registration data, from mortality to estimate incidence, or

vice versa. It was first used by Doll (1960) when estimating incidence rates for cancer

of certain sites in populations of a variety of countries. Similar methods for estimating

national cancer statistics have also been used to estimate national incidence or mortality

in GLOBOCAN and in Europe for those countries without full coverage by cancer

registration schemes (Parkin et al. 1988, Jensen et al. 1990, Estève et al. 1993, Ferlay et

al. 1999, Parkin et al. 1999, Ferlay et al. 2001, Ferlay et al. 2004).
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The underlying assumption involved in the above method is that the ratio of

incidence to mortality (I/M) is the same in the cancer registry populations used to

estimate the model parameters (IR /MR) as in the larger national populations (IN /MN). It

is important that the source of the mortality data is the same for MR and MN , with only

the geographic scope differing. The national incidence (IN) can then be estimated by

applying a set of age, sex and site-specific incidence mortality ratios (IR /MR) obtained

from the aggregation of representative cancer registry data, to the corresponding

country’s national mortality (MN):

RRNN MIMI /×=

Estimates of the IR /MR were usually obtained from log-linear models with Poisson

error for the numbers of incident cases in the pooled regional registries offset by the

numbers of deaths in the same registries with terms for sex and age. Such terms for sex

and the polynomials of age up to the low degree were introduced on the basis of

statistically significant changes in the goodness-of-fit of the models. Successive

polynomial terms for age were included until two consecutive terms failed to provide a

significantly improved fit to the data, or the maximum of five was reached. In general,

this approach worked well, but practical problems were encountered when trying to fit

models for cancer sites for which incident cases were associated with few deaths. To

achieve a greater degree of stability in the resulting estimates, Bray et al. (2002) used

average mortality estimates for the latest 3 years available and weighted aggregation

relative to population size.

The accuracy of the original incidence and mortality data has been considered by

Black et al. (1997) when using this method to estimate the cancer incidence and

mortality in the European Union in 1990. Inaccuracy of the mortality rates (for example,

due to incomplete ascertainment, or miscoding) is, in theory, not important in the use of

the model to accurately predict incidence, providing that the accuracy is the same in the

area included in the model (‘equation area’) and the area for which the estimation is

being made (‘estimation area’). Thus, although the I/M ratios themselves may not be an

accurate reflection of reality (of cancer survival, in fact), this is not necessarily of any

consequence to the model prediction of incidence. It is therefore important that both sets

of mortality data are derived from the same source. However, any systematic differences

in completeness or accuracy of death classification between the areas would distort the

results. If the I/M ratio is higher in the ‘estimation area’ than in the ‘equation area’, a

spuriously low number of incidence cases will be obtained. Such a situation may arise if

survival following a given cancer is better in the estimation area. A similar situation

may arise if more deaths in the ‘estimation area’ are classified to unknown and

unspecified causes or cancer categories. On the other hand, an overestimation of the

cancer incidence for the population in the ‘estimation area’ will occur if the I/M ratio in



45

the ‘equation area’ higher. This may happen if survival is poorer in the ‘estimation

area’, or if the mortality rate is spuriously high – for example as a result of

misclassification of metastases as primary cancers. Differences in the age-specific I/M

ratios would lead to unpredictable distortions of the incidence estimates. In addition to

such systematic differences, random fluctuations are likely to affect numbers based on

few observations, although the smoothing effect of the regression models used for the

age-specific I/M ratios would tend to reduce the variations in the statistics’ accuracy.

Furthermore, by model fitting, if the actual variance of the observed number of

cases or deaths is larger than expected under the Poisson assumption, the model is said

to have over-dispersion or extra-Poisson variation. This is not uncommon when counts

are large, for instance when data at national level are studied. One way to cope with this

problem is to modify the fixed relationship between the mean and the variance in the

Poisson distribution by including a proportionality constant, called the ‘heterogeneity

factor’. The factor can be estimated from the deviance of the most complex model

prepared to consider, provided that it contains all appropriate explanatory variables.

From a theoretical point of view, the considerable extra-Poisson variation existing in the

above estimation model would generally make the results conservative. However, a

careful inspection of the age-specific fitted values indicated that the overdispersion has

no practical influence, and is also theoretically true, on the validity of the average

relation obtained. The extra-Poisson variation does not bias the estimates of the

coefficients of the regression equation. Nevertheless, with all the above potential errors

or bias, the estimation of cancer incidence to determine the burden of cancer in a

population is only a surrogate for measuring incidence by means of systematic cancer

registration.

5.4.3.2  Cancer estimation in practice

Different methods have been used in the latest released GLOBOCAN2002 database,

depending on the degree of detail and accuracy of the cancer information available in

each country. For estimating the sex, age-specific incidence rates of cancer for a

country, six different approaches were used, depending on the availability of data:

national incidence data available, estimating from national mortality data (assuming that

the logarithm of the incidence rate of a given cancer can be expressed as a linear

function of the logarithm of mortality in each sex-age group and projecting the

incidence-mortality ratios from qualified registries (data of those cancer registries

accepted in CI5-VIII) or sample data to national level), estimates derived from local

registries’ data in a country, using any available data on the relative frequency data of

different cancers or directly using other countries’ data if there are no data available in
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the country. (Parkin et al. 1999, Parkin 2001) Cancer mortality statistics by cause were

derived from one of three possible sources: WHO Mortality Database (containing

national or representative mortality data), the mortality data from cancer registries, or ad

hoc publications of mortality data from a local source. For countries with no mortality

data or data known to be of poor quality, mortality was estimated from country or

region-specific incidence and survival data (Pisani et al. 1999). Sources of population-

based survival, shown as relative survival, used for the developing countries were from

the ‘Cancer Survival in Developing Countries’ project (Sankaranarayanan et al. 1998)

or local research projects.

Mortality data are available for all countries of the EU, but nationwide cancer

incidence rates are recorded only for a few of them. Jensen et al. (1990) used methods

similar to those of GLOBOCAN to estimate the number of incident cases in 1978–1982
at a given age from the number of deaths at the same age in 1980–1984 for the EU and

its member countries. A generalized log-linear model with Poisson error was used and

the age included in a polynomial of low degree determined by significance testing. The

latest estimation of cancer incidence and mortality for the whole of Europe in 1995 was

made by Bray et al. (2002), using a similar methodology, incorporating the many local

and national cancer data sources available.

Different measures are used in the SEER*Stat program to describe the cancer

statistics in USA, shown in different sessions in the programme (Case-Listing,

Frequency, Rate, Survival, Limited-Duration Prevalence and MP-SIR) with numerous

statistical methods as a means to logically organize these statistics (Testa and Meigs

1980, Wingo et al. 1998, Kim et al. 2000). An incidence-based mortality (IBM) rate is

used based on the high quality of population-based cancer registries data (including

follow-up information) that allows the mortality event linked to factors identified with

the disease at the time of diagnosis (e.g. tumour stage and grade). Nevertheless, it is

noted that factors like lead-time bias can influence the IBM analyzing result, cautions

need to be taken when interpreting the results. Companion software with different

statistical models are provided by the SEER programme, such as Joinpoint Regression

Program (using joinpoint models for calculating the population-based cancer trends in

USA), DevCan (computing the probability of developing or dying of cancer from birth

or conditional on a certain age through calculating incidence and mortality rates in the

standard areas of SEER).

5.4.4  Trends in incidence and mortality

The occurrence and outcome of cancer may vary over time. Information on the

historical evolution of trends in incidence or mortality can generate etiological
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hypotheses or confirm suspected associations between risk factors and disease. The

observation of time series can also be seen as an instrument for epidemiological

surveillance of the population with the aim of detecting new risk factors. The study of

time trends is of particular interest in the evaluation of primary prevention (involving

reduction in exposure to risk factors) and of secondary prevention (screening) (aiming at

reducing mortality). From the public health viewpoint the observation of changes in risk

in the recent past leads naturally to a desire to predict the future development, in order

to determine budget priorities and plan necessary services.

Ideally, although deaths and years of life lost through cancer have been used

widely in the context of prevention, from an etiological point of view, up-to-date

information on cancer incidence is clearly the most relevant parameter when studying

the historical evolution of cancer. Time series of incidence partially reflect progressive

improvements in the registration rate, whether resulting from the development of

diagnostic techniques or improved reporting systems for the registry. The newer the

registry, the stronger this effect is likely to be. Unfortunately, trends in incidence can be

only studied in a few countries, such as the Nordic countries, where there are complete

registers of newly diagnosed cases. In addition, in many counties, results can rarely be

generalized because registries often cover subpopulations chosen by circumstance. As

indicated before, mortality is often used as an alternative measurement due to its wider

availability.

Changes over time in cancer incidence or mortality represent effects occurring on

three different scales (effects): age effects, calendar time (period effects) and date of

birth (cohort effects). These can be examined separately in an age-by-calendar period

two-way Lexis-diagram in which the diagonals represent successive birth cohorts

(Estève et al. 1994). Age is obviously the most powerful determinant of cancer risk, and

cancer incidence rates usually increase with age. The rates may also differ over calendar

time and between birth cohorts; however, often their relative contribution cannot be

measured directly. Period effects are influenced by an immediate or fixed-delayed

change in the incidence rates for all age groups, due to changes in classification criteria,

the availability of new diagnostic tests or the introduction of a powerful carcinogen or a

screening intervention. Cohort effects imply changes in incidence rates from one

generation to another that is consistent across age groups.

Observed time trends should be evaluated in the context of the problem under

study. Sometimes it is sufficient to describe long-term trends, while more often interest

is focused on variation over a more limited time period, in particular the recent past,

when the goal is to predict new directions of the phenomenon. New techniques, mainly

based on mathematical modelling have been developed to distinguish between the

different effects or factors that underlie changes in rates. Apart from the simple
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description of changes in cancer rates over time, the study of trends should involve the

search for models that can describe observed data via plausible hypotheses about the

causes of observed changes. In such approaches, the relevant components of the time

trend can effectively be separated from the random or systematic, allowing a more

complete interpretation of the observed data. But, the difficulty of separating

meaningful variations (random fluctuations) and the cohort and period effects has

restricted the use of models. Nevertheless, various descriptive methods and

mathematical models have been widely used during last decades, including graphical

displays, the overall or mean annual percentage rate of change in the logarithms of age-

standardized or age-specific rates, as well as modelling of age, period and cohort

effects.

A good graphical display of time trends is invaluable as the sole means for

comparing trends between many countries or regions. It relies on the visual inspection

of plots of rates to describe the changes in the patterns, and to analyse temporal trends,

especially through calculating a constant average annual percent change over time.

Devesa et al. (1995) indicated that a graph should be designed and studied with care,

clearly reflect the truth, convey information, and make a point without

overemphasising. Graphical presentations can be improved by choosing an arithmetic or

logarithmic scale according to the research question being addressed, by selecting

scaling ratios of the axes that allow one to detect specific rates of change, and by using

uniform scaling ratios to facilitate comparisons between graphs.

The annual percentage change in age-standardized or age-specific rates is often

used combined with graphical display. Such annual changes in age-standardized rates,

however, are strictly interpretable only when the effect of calendar time on cancer risk is

multiplicative, i.e. when the age-specific incidence or mortality curves for successive

calendar periods are parallel on a logarithmic scale. Trends observed in age-

standardized rates may be misleading when the time trends in different age groups are

significantly different from one another. Examination of age-specific rates alone may

suggest the existence of a cohort effect, for example with a rapid increase in risk of

younger ages and progressively smaller rates of increase, or even decline in

successively older age groups.

Nevertheless, a graphical display, even with an annual change described, is

inadequate for presenting the quantitative changes of rates. Quantitative and comparable

estimates of trends can be obtained via statistical models based on objective criteria for

selecting the best description of the data, and including significance tests of whether the

observed trends are real or random. Modelling of age, period and cohort effects has

been used increasingly as a widely accepted method providing a succinct and

interpretable summary of the data. Three separate models are often used based on the



49

data available and usually fitted by weighted least-squares or by Poisson maximum

likelihood methods. (Clayton and Schifflers 1987a, Clayton and Schifflers 1987b,

Coleman et al. 1993)

1. The linear age-period model for the logarithmic of the expected value of the rate

E[Mit] is presented as

tME iit βα +=][ln ,

where β is the (constant) change in log-rates from one period to the next, αi is the

fitted age-specific rates in age i in the reference period coded zero. In this model, the

age-specific curves in successive calendar periods are according to the model

parallel on a logarithmic scale.

2. The corresponding age-cohort model is similarly formulated by

cME ciic βα +′=][ln ,

where βc is the (constant) change in log-rates from one cohort to the next and ′
iα is

the fitted age-specific rates in age i in the reference cohort coded zero. The age-

specific curves for successive birth cohorts are according to the model parallel on a

logarithmic scale.

3. The corresponding age-period-cohort model depends on age, calendar period and

year of birth:

ctME ciitc ββγ ++=][ln .

However, it cannot be uniquely estimated from empirical data (Clayton and

Schifflers 1987b). In order to overcome this so-called non-identifiability problem, a

special single parameter, the ‘drift’ has been introduced for a variation over time which

not specifically attributable either to period or cohort effects. It is the sum of the linear

components of increase in the logarithm of the rate due to period and cohort effects

combined, it is identifiable and may be estimated. For data sets best fitted by a model

including only linear terms for period or cohort, thus for which the incidence or

mortality rate is changing at a constant rate over time, the ‘drift’ is the same as the slope

of the line plotted in a graph of the logarithm of the incidence or mortality rate against

time (calendar period or birth-year interval). According to the relationship birth year

+age=period (c + i = t), the same drift models can be introduced, for example, either as

an age+period-drift model: tiME cciit )(][ln βββγ ++−= ,

or as an age+cohort-drift model: ciME cciic )(][ln βββγ +++=

with net or total drift parameter cββ +  held constant in any (age+period-drift+cohort-

drift) model. (Clayton and Schifflers 1987a, Clayton and Schifflers 1987b, Coleman et

al. 1993)

Non-linear terms tP  and cC  may be added also for period and cohort giving for

instance for the age+period-drift model:

ctiit CPiME +++= βα][ln
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Data used in above models are often arranged in a two-way table by age group and

calendar period, which are mostly subdivided into 5- or 10-year intervals. It is indicated

that one of the disadvantages of those models is the loss of information by data

aggregation and with problems of estimating interactions in the two-way layout without

replications. Heuer (1997) showed that using restricted regression splines for yearly

data is a more accurate method for curve estimation for the nonlinear trend changes

compared with the traditional approach for aggregated data and a simple way of

modelling interactions between the time variables.

The method used by Coleman et al. (1993) for analysing the trends in cancer

incidence and mortality was based on polynomial age-period-cohort models, fitted as

generalized linear models with Poisson-distributed errors and logarithmic link.

Polynomial functions were used to obtain effective smoothing of the age, period and

cohort effects. In order to avoid producing spurious results when the data are markedly

irregular, the degree of the polynomial used in each model was kept low unless there
was a strong argument to the contrary, and extrapolation beyond the range of the

observed data was kept to a minimum. It was indicated that efficient smoothing is

especially important for the study of cohort effects since the calculation of the

cumulative risk for the older and younger generations represented in the data implies a

considerable degree of extrapolation. Coleman et al. (1993) did not extrapolate any non-

linear period effects (on the logarithmic scale used).
If the interest is in identifying and describing the occurrence of changes in recent

trends in distinct periods of time, a newly developed method – the joinpoint regression

model - can be used. For the observations (x1, y1), … , (xn, yn), where x1≤…≤xn without

loss of generality, this model is written as
++ −++−++= )(...)()/( 1110 kk xxxxyE τδτδββ

where the kτ 's are the unknown joinpoints and a+=a for a>0 and otherwise 0. For a

model with k joinpoints, the ith response yi is formulated as:
)()()(

1110 )()( k
i

k
i

k
ikikiii xxxy εµετδτδββ +=+−++−++= ++ L

where )(k
iε  is the error and )(k

iµ  is defined implicitly. The program starts with the

minimum number of joinpoint (e.g. 0 joinpoints, which is a straight line) and tests

whether more joinpoints are statistically significant, which must then be added to the

model (up to a user defined maximum number). The tests of significance use a Monte

Carlo permutation method. In the final model, with the best fitting joinpoints where the

rate changes significantly, each joinpoint informs of a statistically significant change

and an estimated annual percent change (EAPC) is computed along with its 95%

confidence intervals. The model expresses the logarithm of the expected number of

cases or deaths as a linear function of the factors and follows a Poisson distribution.

Significant changes include changes in direction or in the rate of increase or decrease.

(Kim et al. 2000, NCI – SRAB 2005)
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5.4.5  Projection of cancer statistics

Projection of the occurrence and outcome of cancer are essential for both administrative

and scientific purposes. For administrative planning, an accurate future prediction

would allow finite resources be optimally allocated to the core elements of cancer

control, such as primary prevention, screening and early diagnosis, treatment,

rehabilitation and palliative care. In a scientific context, predictions are made for

evaluating the success of intervention or early detection programmes. (Hakulinen and

Dyba 1994) Estimations and projections can be used as a baseline in monitoring the

changes of cancer incidence or mortality rates over time.

A projection that estimates the future demand for health services may be based on

previous trends, and therefore is a composite of numerous factors related to past

progress. It is clearly important that the expected trends or numbers be as accurate as

possible or close to the current or future observations. Nevertheless, predictions, as with

temporal analyses, involve difficulties at the data collection, data presentation and data

interpretation stages of a study and with the lengthy and variable latency period between

carcinogenic exposure and development of some cancers (Hakulinen 1996), predictions

obtained from simple extrapolations may be inaccurate. A clear and true picture of the

cancer situation in the country can best be achieved with a complete nationwide or

otherwise representative cancer registration system. Nevertheless, it is hard work with

lack of qualified cancer registration data in many countries, especially in developing

areas.

Ideally, if both the prevalence of an exposure and its effect on a specific cancer

can be quantified, information on etiological factors can be used as a basis for making

predictions. Although hypothetical rates of lung cancer in future periods have been

predicted by taking into account the uptake and cessation of smoking at the population

level (Hakulinen and Pukkala 1981, Brown and Kessler 1988, Yamaguchi et al. 1992),

unfortunately, a precise understanding of the factors that drive most cancer trends is

currently lacking. Further, data are seldom routinely available at the requisite level of

detail – by sex, age group and time period – and in any case, few associations between a

single risk factor and the onset of cancer are strong enough to be modelled directly. In

addition, the definitions, diagnostic criteria and facilities change over time, making or

masking trends in the occurrence or outcome of cancer. Therefore, in most instances, for

better or worse, predictions are based on the extrapolations of past time trends.

Numerous discussions have focused on the sensitivity of the predictions based on

model extrapolations into the future. Hakulinen (1996) pointed out that if the model is

not correct, the error would rapidly increase in the extrapolation. Nevertheless, even

when an appropriate prediction model has been chosen, the extrapolated results will still
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have random errors from both historical and future observations. Model assumptions

that held true with historical data may not necessary hold true in the future.

Furthermore, a good fit does not automatically guarantee a good prediction. This is

particularly true for more complicated models containing several parameters. It would

not be good to include higher order terms, which, although possibly improving fit,

increase the uncertainty of the predictions in a dramatic way. The principle of

parsimony is crucial in the context of prediction.

Various modelling strategies are used for predicting future cancer patterns based

upon past trends. The reliability of prediction depends directly on the choice of model

and the variables included in it. In estimating the numbers of future cases or deaths for

public health purposes, it is very important to make a distinction between changes due

to the demography of the population under study (population size and age structure),

and changes due to an evolving risk pattern over time. The evolution of the risk of

cancer should ideally, as mentioned above, take into account changes in the prevalence

of exposure to etiological factors. In practice, when information of risk factors is not

sufficient for prediction modeling, they are represented by surrogate variables such as

age, period of observation and year of birth (cohort).

The choice of statistical model for extrapolating disease burden into the future is a

crucial part in the process of prediction. The predictions depend not only on the type of

model, but also on the method of extrapolating the model components. Many complex

models, such as polynomial age-period-cohort models of complicated mathematical

form or with many parameters, may fit the data within the range of observations. For

prediction purposes, the age-period-cohort model usually involves estimating the

underlying age- period- and cohort specific trends and projecting them into the future

using a Poisson regression model. These multiplicative models may yield rates that

grow exponentially with time since the predictions are calculated based on the

assumption that current trends will continue similarly in the future. For the prediction

period, it is not realistic to assume that the effect of current trends will continue to the

same extent throughout a long period, such as 25 years, already far beyond anything

that has realistic practical meaning.

The simplest way of making a prediction is to extrapolate a linear model, which

assumes no change of underlying trends in the basis of prediction. Hakulinen and Dyba

(1994) suggested that a constant absolute increase in incidence (in a population age

stratum) would be chosen for cancers with an increase in the incidence, and a constant

proportional decrease in incidence for cancers with a decrease in incidence. These

simple linear models on an arithmetic or logarithmic scale seem reasonable and avoid

exponential growth in rates and linear decrease, leading to implausibly low or negative

predicted incidence rates (Hakulinen and Dyba 1994, Dyba et al. 1997, Dyba and
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Hakulinen 2000). Following models are often used to predict the expected rates of the

cancer, ][ itME , in age group i and year t, is, using of the Poisson-distributed counts, in

strata defined by sex, age and time period:

1. assuming the same constant proportional (percentage) change for all age groups in a

log-linear model:

tME iit βα +=][ln

(same as the age-period model considered above).

2. assuming different proportional changes for different age groups in a log-linear

model:

tME iiit βα +=][ln

3. assuming different linear changes on the absolute (arithmetic) scale:

tME iiit βα +=][

4. assuming proportional effects for different age groups, but with the constraint that

each age-specific absolute change of incidence is proportional to the corresponding

age-specific baseline rate (αi) which gives a smoother set of prediction and narrower

age-specific prediction and confidence intervals:

)1(][ tME iit βα +=

where α, αi , β and βi are unknown parameters.

In practice, because of the long history of efficient population-based cancer

registry systems, the prerequisites for predicting cancer incidence statistics are most

favourable in the Nordic countries (Denmark, Finland, Iceland, Norway and Sweden).

Wiklund et al. (1992) provided a rough prediction of cancer mortality in the Nordic

countries in 2005. It was based on existing and easily accessible data concerning

population, cancer incidence and mortality, and performed with the American software

CAN*TROL, using a mathematical model to calculate the effect of various

interventions on future cancer incidence, prevalence and mortality. In France, Remontet

et al. (2002) recently provided the estimates of national cancer incidence and mortality

trends from 1978 up to 2000. An age cohort model was used for modelling the observed

incidence and mortality data in the population covered by cancer registries. Then an

estimation of the incidence/mortality ratio was obtained from these models, and applied

to the mortality rates estimated from an age-cohort model for the entire French

population. The person-years of observation were calculated cohort-wise from census

data provided by the national institute of statistics. The age-cohort model has also been

used to estimate future lung cancer incidence trends in 2015 in United Kingdom

(Parsons and Somerville 2000).

The Association of the Nordic Cancer Registries (ANCR) was also requested to

conduct a complete description and analysis of cancer patterns in the Nordic region of

Europe. A series of publications using more advanced and complex methods to achieve
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this goal was started with Engeland et al. (1993) predicting cancer incidence up to the

year 2012 based on observed cancer incidence rates from 1958-1987. The predictions

are based on age-period-cohort models, but a power transformation (link) was used

instead of the l o g  link for Denmark, Finland, Norway and Sweden:

ctiit CPtAME +++= βρ][ ,

where E[Mit] is the incidence rate in age group i in calendar period t, ρ  is a constant

power between 0 and 1, β is the drift parameter, Ai is the age effect for age group i, Pt is

the non-linear period effect of period t and Cc is the non-linear cohort effect of cohort c.

The predictions were based on the assumption that cohort-specific patterns would

continue to hold during the prediction periods, with some reduction in the drift in the

last periods. A model with 2.0=ρ  was chosen, empirically, which was close enough to

the multiplicative model to give a good fit to the observed data, and at the same time the

exponential growth in the predictions was levelled off.

This power prediction model was also used by Møller et al. (2002) for predicting

cancer incidence in Nordic countries up to the year 2022, based on observed cancer

incident cases in 1968–1997. Instead of using average drift to analyse trends, they used

the trend from the ten most recent years if there was significant curvature in the rates

over the last 20–30 years. The numbers of new cancer cases in five periods from 1998

to 2022 were predicted. When predicting incidences of cancers in breast and prostate,

the effects from mammographic and PSA screening have also been taken into

consideration.
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6.  Aims of the Study

The aim of this study was to estimate the current cancer burden (incidence and

mortality) at the national level in China, using the most accurate available cancer

information on both incidence and mortality, to give reference values for the cancer

prevention programme in China. In order to achieve this, several studies are

summarized in this thesis:

1. An investigation of the cancer registration situation in China through a national

survey;

2. An investigation of the quality of the different cancer mortality data sets, and in

particular, how representative they are of the overall Chinese population;

3. A review of cancer mortality time trends, including differences in trends by sex,

age group, site, and in urban and rural populations, and speculating on the

possible reasons;

4. The estimation of national rates of cancer mortality, for the major cancers

5. Using the time trends to project cancer mortality and incidence in 2000 and

2005, as a guide to priorities for cancer control in China.
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7.  Materials and Methods

7.1  Data sources

1) Data on the Chinese population by age, sex and area (urban and rural residences)

for 1990 and 2000 were obtained from two national censuses (PCO-NBSC 1993,

PCO-NBSC 2002); Projections of the population by age and sex in 2005 were

obtained from the UN Population Division – world population the 2002 version

(UN-PD 2003); the estimated ratios for urban to rural of the total population in

1995, 1998, 1999 was also from UN released data (UN-SD 2002; UN-PD 2002);

2) Cancer mortality information, by sex, age, area and sites, was derived from the

second national retrospective survey of deaths in 1990–1992 (Li et al. 1996, Li et

al. 1997b, Zhou et al. 1997); the data submitted from the Center for Health

Information and Statistics (CHIS) during 1991 to 1999 (WHO 2005b); the Disease

Surveillance Point (DSP) mortality system during 1992 to 1998 (NDSPS 2002);

3) Cancer incidence and mortality information for the period 1993–1997 was

extracted from seven population-based cancer registries in China whose data had

been published in Cancer Incidence in Five Continents, volume VIII (Parkin et al.

2002).

7.2  Methods used in the study

(1) Population estimation and projection: (Paper III)

The only available comprehensive data on the Chinese population are derived

from censuses, which taken in 1964, 1982, 1990 and most recently, in 2000,

detailing the sizes of the population by age, sex and area (urban and rural

residences). In this study, the national population data were derived from the

censuses in 1990 and 2000 (PCO-NBSC 1993, PCO-NBSC 2002). Age-sex

specific population data for year 2005 was obtained from the UN estimation (UN-

PD 2003), however, the data were not specified by area (rural / urban). The annual

rate of change of the proportion of the total population classified as rural during

1995 to 1999 was then calculated from the UN estimates (UN-SD 2002) and 2000

census data (PCO-NBSC 2002). The exponential of this change was applied to
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estimate the proportion of the rural population in 2005 (and, by subtraction, the

urban population). This proportion (all ages by sex in rural area) was used to

obtain the proportion in individual age groups, by multiplying the ratio of %rural

in the age group concerned to the %rural of all ages, based on the corresponding

population distribution of the 2000 census. These proportions were then applied to

predict the numbers of the age-sex-area specified Chinese population in 2005,

based on the UN estimation.

(2) To investigate the cancer registration practice in China: (Paper V)

A two-stage survey was conducted in 2002 in China – at provincial and cancer

registry level. At the provincial level, a contact person was identified in the Health

Department of each province, who was responsible for identifying all existing

cancer registries in the province, and for the administration of the registry level

questionnaire. At the registry level, each cancer registry was asked to fill in a

questionnaire about its cancer registration practices. Five major aspects were

included in the questionnaire: background; sources of data (incidence and

mortality); information recorded (data items, coding, follow-up, data checking

and/or linkage); data management (data entry, processing of data, checking,

linkage, quality control) and output (reports and research). An overall profile of

current cancer registration practices in China was then established, based on the

information in the questionnaires.

(3) To compare the validity of mortality data from available data sources in

China: (Paper II)

The distributions of the population at risk, by age, sex, and urban/rural ratio from

the second national mortality survey 1990–1992, and from CHIS and DSP

mortality datasets in 1992 were compared, using the 1990 census population as a

standard. Standardized rate ratios (SRR),

SRR=ASR1/ASR2,

were used to show the differences between the area-specific age standardized rates

(ASR), referring to the world standard population, in the DSP and CHIS mortality

data, and those recorded in the second mortality survey 1990–1992. Estimates of

the national age-standardized mortality rates (rural and urban areas combined) by

sex, for 9 cancers and all cancers combined, were prepared, based on the

population distribution of the 1990 census population. Comparison of changes in

age standardized cancer mortality between 1992 and 1998, using the DSP and

CHIS datasets, was performed for four cancer sites (stomach, lung, breast, cervix).

The estimated annual percentage changes (EAPC) for each sub-population were

calculated by linear regression of the log (mortality rate) for both datasets.
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(4) To investigate time trends in cancer mortality during 1987–1999: (Paper I)

Using the cancer mortality dataset that had proved to be most representative of the

national mortality profile from the comparison in step (3), age-adjusted annual

mortality rates over the 13 years (1987–1999) were calculated by the direct

method, standardized to the national census population in 1990, and trends by site,

sex, age group (15–34, 35–44, 45–54, 55–64, 65–74, 75+ (plus, for leukaemia, age

groups 0–4 and 5–14)) and area (urban, rural) plotted on a logarithmic scale

against year. The joinpoint regression model was used to estimate the changes in

the age-standardized mortality rate, shown as EAPCs with its 95% confidence

intervals, through expressing the logarithm of the expected number of deaths as a

linear function of the factors and following a Poisson distribution (Kim et al.

2000; Fernandez et al. 2000). Age effects were analysed based on the Poisson

regression model for the age specific mortality rates by cancer, sex and area. The

annual percent change in the trend for each age group was also evaluated.

(Breslow 1984, Coleman et al. 1993, Estève et al. 1994)

(5) To estimate and project the national cancer mortality in 2000 and 2005:

(Paper III)

Based on the Poisson regression model, the EAPCs in the mortality rates for

common cancers, as well as all other cancers combined, by area (rural/urban), sex

and age group from 1991 to 1999 were estimated for the same cancer mortality

dataset as the one used in step (4). The changes were then applied to the mortality

rates observed in the second national mortality survey in 1990-1992, to estimate

the age-specific mortality rate at the national level for the corresponding cancers

from 1991 to 2005 based on a log-linear model

tME iiit βα +=][log .

Here αi is the baseline age-specific mortality rate (when t = 0 e.g. year 1991) and

βi is the observed EAPC in the dataset for age group i.

The validity of choosing above prediction model was tested in a sensitivity

analysis, by comparing the results with those obtained using three other prediction

models:

tME iit βα +=][log

tME iiit βα +=][

)1(][ tME iit βα += .

To validate the choice of prediction model, each of the four models was fitted to

compare observed and expected numbers of deaths, age-specific and age-

standardised rates of cancers of the lung (in rural females), breast (in rural

females), oesophagus (in urban females) and cervical cancer (in urban females) in

the actual data from the dataset chosen in step 2 in 1999. The differences between
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observed and expected numbers of deaths, age-specific and age-standardized rates

were compared.

It was assumed, due to sparse numbers of cancer deaths, except for leukaemia, that

mortality remained constant in the youngest age group (less than 15 years old).

Combined with the population in the corresponding year, the age sex area-specific

expected numbers of deaths, for each cancer were calculated. ASRs were

calculated for 1991, 2000, and 2005, adjusted by the weights of the world standard

population.

The two components of the change in the number of deaths between 1991, and

2000 or 2005, were presented separately: changes due to risk calculated as the

difference between the estimated future deaths and the number that would have

occurred if the mortality rates had remained the same as in 1991; and changes due

to population growth and ageing which obtained as the difference between this

latter figure, and the original number of deaths (in 1991). (Engeland et al. 1993)

(6) To estimate and project the national cancer incidence in 2000 and 2005:

(Paper IV)

The numbers of national cancer incident cases (INij), where N refers to the national

data, i to age group and j to sex, were estimated for ten common cancers

(nasopharynx, oesophagus, stomach, colon-rectum, liver, lung, female breast,

cervix, leukaemia and bladder), using the estimated and projected national cancer

mortality rates in 2000 and 2005, derived from step (5), together with cancer

incidence and mortality information for 1993–1997 from seven population-based

cancer registries in China whose data were published in CI5-VIII (Parkin et al.

2002): Beijing, Shanghai, Wuhan, Qidong, Jiashan, Cixian and Changle (the latter

two were only used for estimating the incidence for cancers in the oesophagus and

stomach). Based on the methods used in earlier publications by Jensen et al.

(1990) and Bray et al. (2000), the estimates were as the product of the estimated

national mortality (the age-sex-specific numbers of deaths) (MNij) and the

incidence-mortality ratios from the aggregated cases and deaths from above cancer

registries (IRij /MRij), here R refers to registry data, weighted by the reciprocal of

the square root of the average population at risk and fitted by a generalized log-

linear model with Poisson error.

ijRijRijNijN MIMI /×= .

The GLIM programme (Francis et al. 1993) was used to fit the models including

explanatory terms for sex and age. For the category ‘all cancer sites’, estimates

were obtained by summing the number of the ten common cancer cases and the

‘all other cancers’ category.
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The validity of using the aggregated cancer registries’ ratio of incidence to

mortality ijRijR MI /  was examined in a sensitivity analysis. This used the

estimates for oesophageal and stomach cancer incidence (which had data from 4

rural registries (Cixian, Changle, Jiashan and Qidong (Rural (4)), while for all

other sites, only 2 rural registries (Jiashan and Qidong alone (Rural (2)) were

available), and compared the resulting estimates with those from two stratified

analyses. The latter used three datasets of ijRijR MI / : one based on three urban

registries in Beijing, Shanghai and Wuhan (Urban), one from Rural (4), and one

only from Rural (2). The combinations of urban with above two rural strata

aggregated ijRijR MI /  were compared for the validity of the estimation. It was

assumed that Urban + Rural (4) would be the best, while at the same time, seeing

if Pooled (7) was very different or not. For the national incidence profile

estimating, since these data were only available to estimate two cancer sites –

oesophagus and stomach, for most other sites, Urban + Rural (2) or Pooled (5)

were used, so the interest was in which would produce the most valid estimate.

The “all other cancers” category was partitioned according to the proportions from

the registries’ data. Combined with population data, the estimated or projected age-

specific incidence rates in 2000 and 2005 were obtained. Cumulative risks (up to

age 74) were used as the net risk

))]10101045(exp(1[100(%). 746564555445440 ×+×+×+×−−×= −−−− rrrrRiskCum

(where ri = age group (i) specific incidence rate). The difference in the numbers of

incident cases between 2000 and 2005 was also divided into two components as in

step (4): changes due to cancer risk or the population changes.
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8.  Results

8.1  Estimated population by area for year 2005 in China

The population pyramids by sex, age and area for 1990 and 2000, and the estimate

prepared for 2005 are shown in Fig. 6. Urbanization and ageing (with 10.8% population

age over 60) are the two major characteristics of the current population structure of

China. (Paper III)

Fig. 6. Population pyramids for the years 1990, 2000, and 2005 by area, sex and age
group in China.
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8.2  Cancer registration practice in China

Forty-eight cancer registries currently exist in China, covering 73 million people (5.7%

of the total population of China in 2000) (Paper V). The distribution of these registries

is shown on the map in Fig. 7. The population size and the years of registered data for

the registries with more than 15 years of incidence or mortality data held as hard copy,

or more than 10 years in electronic form are shown in Table 2. The three oldest

registries are in Linzhou county, Shanghai city and Qidong county. Most registries are

 Fig. 7 Distribution of cancer registries in China, 2002
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Table 2. Cancer registries with more than 15 years of incidence or mortality data held as
hard copy, or more than 10 years in electronic form.

Province Cancer Registry Population
Inc-C
(Yrs)

Inc-E
(Yrs)

Mor-C
(Yrs)

Mor-E
(Yrs)

Beijing Beijing 2430000 25 14 25 14
Shanghai Shanghai 13155350 31 31 31 31
Tianjin Tianjin 3694846 22 22 22 22
Liaoning Dalian 5517191 16 16 21 12

Anshan 1458963 17 10 20 10
Hubei Wuhan 4299624 22 10 22 10
Guangdong Zhongshan 1348300 32 32 32 32

Sihui 396917 15 6 29 28
Jiangsu Huaian 1232270 15 4 30 8

Qidong 1161922 30 30 30 30
Dafeng 740000 3 3 18 18
Yangzhong 273177 12 12 20 10

Gansu Wuwei 1000000 11 . 8 .
Henan Linzhou 982254 43 43 43 43
Heilongjiang Haerbin 884469 12 12 12 12

Jiamusi 527854 11 0 17 0
Boli 317151 16 0 16 0

Shangdong Linju 786530 13 10 23 10
Fujian Changle 680000 15 15 15 15
Zhejiang Haining 640319 25 20 25 20

Jiashan 380581 15 15 16 16
Jiaxing 294999 11 11 11 2

Hebei Cixian 625147 27 12 27 12
Shexian 379961 10 10 20 10
Chicheng 282051 15 0 15 0
Zanghuang 230550 15 0 17 0

Sichuan Yanting 608452 15 7 34 8
Yunnan Gejiu 450000 32 20 32 20

Yunnan Tin Mine 50000 28 10 28 10
Guangxi Fusui 411225 17 10 17 10
Shanxi Yangcheng 391836 3 0 30 0
Shaanxi Jiaxian 240000 15 . 15 .

Lueyang 201960 17 . 8 .

Note: Inc-C (Yrs): years for incidence data in hard copy; Inc-E (Yrs): years for
incidence data in electronic file; Mor-C (Yrs): years for mortality data in hard copy;
Mor-E (Yrs): years for mortality data in electronic file



64

in urban areas and located in the relatively more economically developed areas with

good facilities for diagnosis and treatment, while those at county level are usually in

high-risk areas for specific cancers, and supported by various cancer research

programmes. Remarkable variations in practice between registries, with respect to data

collection, data management and coding were found in the survey. Differences also

existed in administrative aspects and sources of financial support. Both active and

passive data collection methods were used in the registries. Population data were

obtained mostly from the local security departments, which take responsibility for

registration of vital events. Almost all registries collected the basic registration

information (name, sex, date of birth, address, ethnicity, incidence date, most valid basis

of diagnosis, topography, the date and cause of death). 57.0% case records were

abstracted and 87.8% coded by registry personnel. 28 registries (58.3%) define ‘cancer

incidence date’ as the date of first diagnosis of the cancer by a physician, 10 (20.8%) as

the date of the notification report, and the rest use the date of first symptom or date of

pathology report. 75% of registries collected information on all diagnostic methods,

55% registries coded the most valid basis of diagnosis. ICD-9 and ICD-10 were the

most often used coding systems in registries; few registries use ICD-O to code

topography. With respect to follow-up procedures, most cancer registries actively

follow-up cases to ascertain vital status, and used death certificate information to obtain

information on missed cases and to check or update registered data, but only half of the

registries trace back death notifications before registering a case as a “death certificate

only” (DCO) case. Various methods were used among registries for estimating the

completeness and validity of registered data. Most registries published an annual report,

as basic information for local cancer control and research activities.

8.3  Validity of cancer mortality data from available data
 sources in China

Neither of the ongoing data collection systems for mortality – CHIS and DSP – covers a

representative sample of the Chinese population, with respect to age group, sex, and

urban-rural residence (Paper II). The CHIS population has rather more individuals in the

middle and old age groups (ages 30–65), and fewer children and adolescents. There is

more urban population in the CHIS sample with rural/urban ratios close to 1 in all age

groups, while the DSP sample has an excess of individuals living in rural areas,

especially in younger and older age groups.

In terms of cancer mortality rates, using the second mortality survey as a

reference, differences of 10% or more from the rates obtained in the second national
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mortality survey (1990–1992) were more common with the DSP data than with the

CHIS material. For most sites, the estimated national rates obtained using the CHIS data

were closer to those from the national survey rates than are the DSP-based estimates

(shown in Table 3) The corresponding annual percentage changes, fitted by log-linear

models showed the trends obtained with the CHIS dataset to be more stable and reliable,

while the DSP dataset showed some extreme trends (such as declines of 7% per year for

stomach cancer in men, and falls of 16% a year for cervical cancer, both in urban areas;

trends shown in Fig. 8). Furthermore, the CHIS within-stratum estimates are more

stable than those of DSP, partially due to its larger sample size. Therefore, although the

DSP population maybe more representative of the national population, the CHIS data is

the preferred source for estimation of national cancer mortality and study of time trends,

although further appropriate weighting might still be required.

Table 3. Estimated national age-standardized mortality from cancer, by sex, for year
1992, based on the datasets from the survey, DSP and CHIS in 1992 and the age
standardized mortality rates from the second national mortality survey in 1990–1992
(rates for per 100 000)
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Fig. 8 The age-standardized mortality rates (per 100,000) for stomach (in male) and
cervical cancer in urban areas, during year 1992 and 1998 between CHIS and DSP
datasets

8.4  Cancer mortality and trends during 1987–1999 in
 China

Age-standardized mortality rates, trends and estimated annual percentage change

(EAPCs) obtained by joinpoint analysis for specific common cancers were calculated by

sex and area (urban and rural) during 1987–1999 (Fig. 9 and Table 4). Table 4 also

shows the age-specific EAPCs from Poisson regression models. Generally, the mortality

rates were higher in men than in women. Comparing rural and urban populations, many

cancers had higher mortality rates in rural than in urban people, such as cancers of the

oesophagus, stomach, liver and cervix uteri, while there were no major differences

between the two areas for cancers of the nasopharynx and leukaemia. (Paper I)

Between 1987 and 1999 the age-standardized mortality rates for all cancers

combined declined slightly in rural areas for both sexes (–0.1% per year in males and

–0.4% in females), while in urban areas rates increased until 1989 (annual increase

4.6%), followed by a significant steady decrease of –1.6% until 1996 and then increased

again at 1.3% per year in males; in females, mortality rates dropped significantly

(–1.5% per year) until 1996 and then increased 2.2% annually. For the age-specific

mortality rates there is a significant decline for age groups 0-4 and 55–64 in both sexes



67

and areas (Table 4). The mortality rates for cancers of the oesophagus, stomach and

cervix uteri significantly decreased during the study period (except for stomach cancer

before 1994 in urban males) and declined among all age groups over age 55. In lung

cancer, the rates, however, dramatically increased throughout the study period in both

urban and rural populations, more obviously in rural, and among all age groups in both

sexes (except for males aged 55–64, females aged 45–54 and the youngest age group in

urban population). Similar dramatically increasing trends were present for female breast

cancer: the EAPC in rural areas was +0.9% until 1996, with a significant increase

(11.6% per year) thereafter, while a steady, slight but significant increasing trend (0.9%

annually) was present in urban females during the 13 years. Mortality from cancers of

the colon-rectum and liver had different trends in different time periods, sub-

populations and age groups (Fig. 9 and Table 4). Steadily declining trends were also

present for leukaemia (except for urban males after 1996), and nasopharynx, although

the mortality rates were much lower than for the above cancers (Table 4). The trends in

age-specific mortality rates suggested some different trends in younger population,

which may presage future overall trends – for example, increasing mortality from

cancer of the cervix (for urban women aged 35–44, with a statistically significant

increase of 4.1% per year).
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Fig. 9 Time trends for mortality rates for certain common cancers during 1987–1999 in
China, using age-standardized rate (ASR) by area
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8.5  Cancer mortality and incidence estimates and
 projection for 2000 and 2005

8.5.1  Sensitivity analysis

The results of the sensitivity analysis of the methods used for estimating the mortality

for four cancers using CHIS data in 1999 are shown in Table 5, comparing the observed

and estimated number of deaths and age-standard mortality rates (with 95% estimated

intervals) produced by different models. The mortality rates estimated for 1999 by the

log-linear model (which assumes different proportional changes for different age

groups) were much closer to the observed values with the narrowest confidence

intervals, both for numbers of deaths and for the age-standardised rates, compared with

the other three prediction models (Table 5). The non-fitted values for lung and breast

cancer from the simple non-linear model (the 4th model shown in sensitivity analysis)

may be due to iterations not leading to likelihood maximum. (Paper III)

According to the sensitivity analysis for the cancer incidence prediction (shown in

Table 6), the national incidence estimates based on the ratios of incidence to mortality

from seven aggregated registries data (Pooled (7)) were slightly greater than those based

on the full stratified model (Urban + Rural(4)). The estimates based on a stratified

analysis with only Jiashan and Qidong contributing to the rural model (Rural (2)),

however, was very different, Even the aggregated model with only these two registries

data contributing to the rural area (Pooled(5)) provided results closer to the full

stratified model (Urban + Rural(4)) than did the Urban + Rural(2) model based on the

stratified analysis. (Paper IV)
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Table 5. Observed and estimated number of deaths, age-standard mortality rates with
95% estimated intervals produced by different models for four cancers in CHIS data for
1999

8.5.2  Estimation and projection of cancer patterns in 2000 and 2005

The estimated and projected number of deaths and cases for 10 common cancers and all

other cancer combined in China for the years 2000 and 2005 are summarized in Figs. 10

and 11. The corresponding age-specific (above age 44) and age-standardized rates

adjusted by the world population, are shown in Table 7.

Compared with age-standardized mortality rates in 1991, based on the national

mortality survey in 1990–1992, it was predicted that mortality rates for all cancers

combined would change little between 1991 and 2005 (–0.8% in men and +2.5% in

women), but population growth and ageing would result in an increasing absolute

number of deaths. The total numbers of deaths from all cancers will increase from 1.2

million in 1991 (752,000 in males, 422,000 in females) to 1.5 million in 2000 (993,000

in males, 550,000 in females), and 1.8 million in 2005 (1.1 million in males and

649,000 in females), the largest increase is in female breast cancer (from 19000 deaths

in 1991 to 48,000 in 2005, an increase of +155.4%), followed by lung cancer (+112.1%

in men, +153.5% in women), and liver cancer (+58.4% in men, +72.2% in women) (Fig

10). Increases in numbers were observed in almost all age groups and the dramatic

increases in the rates in populations younger than age 55 imply that there will further

increases in risk from these cancers in the future (Table 7). (Paper III)
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A total of 2.1 million incident cancer cases were estimated for the year 2000 (1.3

million in men, 0.8 million in women) and these numbers were expected to increase by

14.6% by 2005. Only cancers of the oesophagus (for both sexes) and stomach (in men)

showed declines in numbers of cases during these five years (Fig. 11). The five leading

cancers in the year 2000, in terms of incidence, were cancers of the lung, stomach, liver,

oesophagus and colon-rectum for men, and cancers of the breast, stomach, lung, liver

and oesophagus for women. During 2000 and 2005, increasing incidence rates are

anticipated for cancers of the lung, liver, colon-rectum, prostate and leukaemia in men,

and for breast, lung, liver, colon-rectum, and cervix in women while decreases are

shown for cancers of stomach, oesophagus and nasopharynx in men, and for

oesophagus, stomach, nasopharynx and leukaemia in women. In addition, the increasing

incidence rates of lung cancer (in both sexes) and female breast cancer indicated there

would be much greater increases in the numbers of cases at these two sites (26.9% for

lung cancer in men, 38.4% for lung and breast cancer in women (+38.5%)) (Fig. 11).

According to the estimates, 120,000 more new lung cancer cases would occur in 2005

than in 2000 in China (0.38 million in 2000 and 0.50 million cases in 2005), and the

total number of lung cancer cases would increase 26.9% in men and 28.4% in women

(Fig. 11). Overall cancer incidence rates (all sites combined) were predicted to increase

slightly from 2000 to 2005 in both sexes, from 209.2 to 210.8 per 100,000 in men and

from 133.6 to 140.6 per 100,000 in women. The increases were more significant in the

older age groups (over age 65) (Table 7). (Paper IV)

For both incidence and mortality, the largest increases are in cancers of female

breast and lung cancer for both sexes. For female breast cancer, with increasing trends

among all age groups, more marked increases are shown for age group 45–64 which

was responsible for a 27.5% increase in the number of incident cases for that disease,

while population growth and ageing are expected to contribute a further 11% increase.

For lung cancer, increases are also shown among all age groups (except for the age

group 55–64) in both sexes, the oldest age group (over age 75) has the highest rates for

both incidence and mortality.
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Fig. 10. Estimated and projected numbers of deaths from some common cancers in
1991, 2000 and 2005, by sex, in China

Fig. 11. Estimated and projected numbers of new cases of common cancers in year 2000
and 2005 by sex in China
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Table 7. Cancer incidence and mortality rates in China for year 2000 and 2005, by sex

Mortality Incidence
Cancer site Sex

45-54 55-64 65-74 75+ ASR 45-54 55-64 65-74 75+ ASR

Year 2000

Stomach Female 20.5 46.6 104.6 133.3 15.0 31.6 62.1 120.5 133.0 19.5

Oesophagus Female 11.0 32.1 69.1 99.1 9.5 18.0 44.1 79.5 95.3 12.1

Lung Female 24.8 52.1 107.7 142.4 16.1 32.6 62.7 118.9 144.0 19.1

Liver Female 24.5 43.6 73.8 85.8 13.3 27.1 46.6 76.3 85.8 14.5

Colorectal Female 7.1 13.9 34.8 52.8 5.2 15.6 25.6 53.9 68.8 9.5

Breast Female 15.2 17.9 18.3 20.2 5.5 59.6 50.6 37.3 29.7 19.9

Cervix Female 10.0 9.4 14.0 15.4 3.4 22.8 16.1 17.9 14.6 6.8

Bladder Female 0.7 1.5 3.3 7.5 0.6 2.6 4.1 6.0 9.5 1.4

Nasopharynx Female 2.7 3.2 5.4 5.7 1.1 4.9 4.6 6.3 5.3 1.8

Leukaemia Female 4.1 4.6 5.8 6.1 3.0 5.6 5.7 6.5 6.2 4.2

All sites Female 141.4 263.0 515.8 673.9 86.3 265.6 388.3 632.6 709.4 133.6

Stomach Male 45.5 109.4 229.4 289.6 32.7 70.0 145.7 264.3 288.8 41.9

Oesophagus Male 27.0 66.9 167.8 210.0 21.6 44.4 92.0 193.0 202.0 27.6

Lung Male 46.8 108.5 277.7 347.0 36.7 61.5 130.6 306.4 350.9 43.0

Liver Male 79.5 108.3 175.2 187.8 35.3 88.0 115.8 181.2 187.8 38.9

Colorectal Male 9.0 19.9 56.3 90.3 7.9 19.7 36.7 87.1 117.7 14.0

Bladder Male 1.3 3.9 14.0 34.4 1.9 5.0 10.2 25.6 43.6 3.9

Nasopharynx Male 5.7 7.8 11.4 11.3 2.4 10.4 11.4 13.2 10.5 4.0

Leukaemia Male 5.0 6.7 11.5 13.8 4.2 6.8 8.2 12.9 14.0 5.7

All sites Male 243.0 477.0 1048.9 1353.9 160.2 355.9 629.6 1230.3 1403.5 209.2

Year 2005

Stomach Female 19.0 40.1 91.3 116.3 13.3 29.3 53.4 105.2 116.0 17.4

Oesophagus Female 8.5 25.6 55.7 86.6 7.7 13.9 35.2 64.1 83.3 9.7

Lung Female 30.9 58.6 128.9 183.4 19.3 40.6 70.5 142.3 185.5 22.9

Liver Female 26.2 44.5 76.4 89.4 13.9 29.0 47.6 79.0 89.4 15.3

Colorectal Female 7.7 13.6 37.3 55.3 5.4 16.8 25.0 57.7 72.0 9.7

Breast Female 20.1 21.8 20.8 20.5 6.7 78.7 61.4 42.4 30.2 24.8

Cervix Female 11.3 7.5 9.7 10.9 3.2 25.8 12.9 12.4 10.3 7.0

Bladder Female 0.8 1.7 2.9 7.6 0.6 3.2 4.4 5.4 9.6 1.5

Nasopharynx Female 2.8 2.8 5.4 5.4 1.1 5.2 4.1 6.3 5.1 1.8

Leukaemia Female 4.2 4.3 5.7 6.7 2.8 5.7 5.3 6.4 6.8 4.0

All sites Female 154.0 257.8 522.4 701.0 88.8 296.9 384.7 643.5 740.1 140.6

Stomach Male 43.3 89.4 198.3 261.9 28.8 66.7 119.0 228.5 261.2 37.1

Oesophagus Male 25.0 52.0 147.8 188.5 18.8 41.1 71.4 170.0 181.3 24.0

Lung Male 55.7 106.5 321.8 430.2 41.8 73.2 128.2 355.0 435.0 49.0
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Liver Male 84.3 101.2 183.0 200.9 36.2 93.2 108.2 189.3 200.9 40.0

Colorectal Male 10.2 19.7 63.1 98.6 8.6 22.3 36.1 97.6 128.4 15.0

Bladder Male 1.5 3.6 14.1 35.1 1.9 5.7 9.6 25.8 44.4 4.0

Nasopharynx Male 5.5 6.8 11.4 11.2 2.3 10.0 9.9 13.3 10.4 3.8

Leukaemia Male 5.5 6.7 13.3 17.8 4.4 7.5 8.2 14.9 18.0 5.9

All sites Male 256.6 430.4 1066.4 1433.8 161.1 375.1 568.1 1252.0 1490.1 210.8

* ASR: Age Standardized Rate using world standard population as a reference; rates for per 100,000
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9.  Discussion

Although there have been earlier studies of cancer patterns in China, most of them have

focused on specific cancer sites or on the populations of certain regions (Gao et al.

1981, Lu et al. 1985, Lu et al. 1988, Jin et al. 1999, He et al. 2001). Using information

from a national mortality survey, a routine mortality surveillance system and cancer

registries, and fitting different statistical models, national mortality trends for the years

1987-1999, and estimation and projection of both incidence of and mortality from

cancer in China for year 2000 and 2005 at the national level were done in this thesis. It

demonstrates the current cancer burden in China, thereby providing directions for

cancer research, while the short-term predictions of cancer statistics, based on past

trends, and a useful baseline or target for evaluating the success or failure of cancer

control interventions in the country. Nevertheless, several considerations should be

taken carefully into account when interpreting the results, in terms of data sources,

methodological and different factors (both demographic and cancer risk factors)

influencing the cancer occurrence in China.

9.1  Considerations of information sources

When no national incidence and mortality statistics are available in a region or country,

as in China, the surveillance of cancer patterns from a representative sample of the

population can provide a second best solution. The global cancer burden estimates,

developed by IARC (Parkin et al. 1999, Pisani et al. 1999, Ferlay et al. 2001, Parkin

2001) and the GBD studies of WHO (Murray et al. 1994, Murray and Lopez 1996,

Murray and Lopez 1997, Mathers et al. 2002, Shibuya et al. 2002, WHO 2005e), both

represent previous attempts to explore the national cancer incidence and mortality

profile in China. When estimating the worldwide incidence and mortality of 25 major

cancers in 1990, Parkin et al. (1999) used the DSP dataset for the cancer mortality in

China, and obtained incidence rates by using relative survival information derived from

local cancer registries, as published by Sankaranarayanan et al. in 1998 (Parkin et al.

1999, Pisani et al. 1999). In GLOBOCAN 2000, CHIS data from 1998, by age, sex and

area, was used as national ‘representative’ mortality data, and the incidence to mortality

ratio method was used to estimate the incidence of cancer in China. The cancer
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registries included in the model were Beijing, Cixian, Qidong, Shanghai and Wuhan.

The final estimates (both for incidence and mortality) were then calculated by weighting

the age, sex and site-specific rates in urban and rural areas according to the urban: rural

population distribution in DSP population sample of 1997. (Ferlay et al. 2001, Parkin

2001). In the GBD 1990 study, DSP data for year 1991 was used for preliminary

estimates of disease burden in China. To allow for under-registration and population

distribution, a correction was applied, using the following equation:

where D referred to the number of deaths, a to age group, k to sex, j for special cause

studied, i for all causes, N to national mortality estimates, DSPURBAN and DSPRURAL

referred to the urban and rural data in DSP system respectively. (Murray et al. 1994,

Murray and Lopez 1996, Murray and Lopez 1997) In the GBD 2000 study, both DSP

and CHIS datasets were used to evaluate the cancer patterns of mortality, GLOBOCAN

2000 was the source of the cancer incidence information in China. (Mathers et al. 2002,

Shibuyal et al. 2002, WHO 2005e)

Both estimates used the routine reported mortality data sources available in China

– the CHIS and DSP datasets. However, neither of these is entirely satisfactory as a

representative sample for estimating national cancer patterns, as shown by the

comparison in this study, and also in a recent review according to a set of criteria for

evaluating the quality of national mortality statistics. (Rao et al. 2005) Although the

DSP population is more representative of the national population distribution, the CHIS

dataset has the advantage over the DSP data of apparently more stable cancer mortality

changes (with fewer large and implausible changes), and a much larger sample size

ensuring precision of estimated rates within the strata. Better estimation of cancer

mortality rates at the national level requires adjustment to take account of the biased age

and urban/rural composition.

Neither of the GLOBOCAN and GBD projects made use of the mortality

information from the second national mortality survey in China, although this represents

the most recent representative national sample of deaths. The new estimates of mortality

on national level described in this thesis, however, are based on the second national

mortality survey in 1990–1992, following the time trends in cancer mortality derived

from the CHIS dataset. In other words, only time trends from the sample registration

system – CHIS data – were used for the national mortality estimation. The less

representative CHIS data would not practically influence the results. From our

comparison and also a recently published paper (Rao et al. 2005), the mortality rates

)
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from CHIS data have been considered consistent over time, and are more stable than

DSP dataset due to the larger sample size.

In order to estimate incidence, the cancer registry data used in this thesis were

derived from seven population-based registries for which results were published in the

8th edition of CI5 (Parkin et al. 2002), rather than the five registries involved in the

GLOBOCAN 2000 estimates. Three of them are located in large, modern cities

(Beijing, Shanghai, Wuhan) while the four others are from rural areas with high

incidence rates for certain cancers (Qidong for liver cancer, Jiashan for colorectal

cancer, Changle and Cixian for oesophagus and stomach cancers). These seven cancer

registries take account of only a very small and, obviously, non-representative sample of

the national population in China. Therefore, they are quite inadequate to evaluate

national patterns of cancer incidence and survival. Instead, they are used solely for the

purpose of estimating the ratio of mortality to incidence (by site, sex and age group) at

the national level. Although the results were weighted when estimating the national

cancer incidence to reduce the influence of larger urban registries on the pooled

incidence/mortality ratios, it seems possible that the health care system and health

facilities in these areas are likely to be superior to the national average; the estimation

may therefore overestimate the national cancer incidence profile. Besides the above

registries, more registries currently exist in China, as shown in the first survey for

cancer registration practice. Unfortunately, their data were at present not ready to be

used to estimate the national cancer pattern, either due to their being newly established

or because of the poor data quality for various reasons as shown in the survey.

The information on population size and age structure was derived from the

national census data, which, however, gives results by sex, age and area only for 1990

and 2000, while the population in 2005 was an estimate prepared by the UN Population

Division (2003) and not broken down by urban/rural areas. Comparing the estimated

2003 UN population with the 2000 census data, some big discrepancies in the childhood

age ranges were found, for example, there was 27 million more children aged 5–9 in

2005 than children aged 0-4 in 2000, presumably due to erroneous projections of

fertility. Nevertheless, this bias would have only very little effect on cancer projections,

since the great majority of cancers occur in the older age groups.

The national mortality and incidence estimates described in this thesis were

published in the accompanying papers (Paper III and Paper IV) and were used by IARC

in its new version of GLOBOCAN 2002 (Ferlay et al. 2004).
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9.2  Methodological considerations

The reliability of estimation or prediction of disease occurrence depends directly on the

choice of model and the explanatory variables fitted. Several statistical models were

tested in this thesis. For the time trends analysis, only 13 years’ cancer mortality data

were available for study, so that separate period and cohort effects could not be

identified. The joinpoint model, however, can provide a useful summary of the direction

and size of the trend in recent years and detect when a significant change in trend occurs

and has, therefore, been used to analyse cancer mortality trends.

The Poisson assumption for the number of cancer cases has been shown to be

superior to methods that assume a normal distribution for the rates, experience from

Finnish study (Dyba and Hakulinen, 2000). Therefore, the prediction models we chose

in the thesis specified Poisson errors for the age, sex and period-specific numbers of

deaths or incident cases, giving the assumption that the observed rates of change within

age groups would be continued into the near future. However, as discussed by Jensen et

al. (1990), considerable extra-Poisson variation may exist, which makes the estimation

conservative. In the case of the predictions in this thesis, as shown in previous studies in

Europe (Jensen et al. 1990, Black et al. 1997, Bray et al. 2002), overdispersion may

have no practical influence on the validity of the average relation obtained and the

extra-Poisson variations do not bias the regression coefficients.

In terms of the prediction period for cancer incidence and mortality, extrapolations

of past trends beyond a decade or two are likely to be quite meaningless. For China, in

particular, the huge changes in the socio-economic situation, diet, lifestyle and

environmental factors mean that all but the most short-term predictions based upon past

trends are likely to be unrealistic. Therefore, it would not be successful for a long-term

projection in China, especially if there were strong cohort effects present in a disease.

Nevertheless, even with the short projected period (6 years, from 1999 to 2005) in this

thesis, some changes that were unexpected and difficult to explain were found: for

example, there was an implausible declining mortality trend of colorectal cancer in rural

females, and a much more rapidly increasing mortality trend for breast cancer in rural

than in urban females.

Various models have been developed for predicting future cancer patterns based

upon past trends (Teppo et al. 1974, Osmond 1985, Clayton and Schifflers 1987a,

Clayton and Schifflers 1987b, Hakulinen and Dyba 1994, Hakulinen 1996, Dyba and

Hakulinen 2000). To replicate as closely as possible the changes observed in the CHIS

mortality data set 1991–1999, the sensitivity analysis showed that a log-linear model

with age-specific proportion changes gave results closest to the observed values and
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with the narrowest confidence intervals. Therefore it was used to predict national

mortality in 2000 and 2005 in the thesis. Although a markedly increasing trend might

lead to an ‘explosive’ forecast when using a logarithm scale (Teppo et al. 1974), with

the short 6 years projection period in our study (1999–2005) this probability would be

quite small, and in fact the results show that the final age-specific patterns of mortality

appeared to be reasonable for the most part. Nevertheless, some strange patterns still

emerged. For instance, the mortality rates for cervical cancer in 2005 would be highest

in the age group 45–54 (11.3 per 105), decrease at ages 55–64 (to 7.5 per 105), and then

rise again (to 10.9 per 105 at ages 75+). This was the consequence of large rates of

change in the CHIS data between 1991 and 1999 that differ by age. Large increases in

mortality rates for cervical cancer in younger women quite likely indicate a set of birth-

cohort specific changes in the risk of this disease.

With only sparse information on population-based survival in China, it is

impossible to estimate incidence from mortality and survival (Verdecchia et al. 2001).

National mortality estimates combined with the aggregates of cancer registries’

incidence and mortality data were used instead, to achieve stable incidence estimates at

the national level. This method has widely been used, and is considered accurate for the

purpose (Jensen 1990, Parkin et al. 1999, ENCR 2001, Bray et al. 2002). Nevertheless,

the non-representative nature of the registries data needs to be taken into account.

Technically, it should be reduced by stratifying urban and rural populations estimates

separately. The sensitivity analysis proposed in the study for two sites – oesophagus and

stomach – suggested that a pooled model (with 3 urban and 4 rural cancer registries) did

indeed slightly (0.5–3%) overestimate incidence. However, for most sites, the small

sample size of the data from the only two rural cancer registries (Jiashan and Qidong)

was no more likely to be representative of rural populations than the pooled (crude)

analysis. A pooled set of ratios from all cancer registries was, therefore, chosen to

estimate incidence from national mortality, as being more reasonable and having higher

validity than the stratified analysis. In addition, technically, the systematic errors from

the method itself needed to be considered, as discussed in earlier publications (Jensen

1990, Bray et al. 2002). Ideally, if reporting of cause of death were completely accurate,

the ratio of mortality to incidence would equal (1-survival probability) in a steady state,

with constant incidence and survival. As indicated before, cancer incidence rates and

survival are, however, changing in China, and furthermore, no information on the

validity of the cause of death is available for the routine mortality data used in the study.

If there were systematic differences in classifying the causes of death between the areas

covered by the cancer registries included in the model “equation area”, and the national-

level (“estimation area”), the predictions would be distorted. The equation area in the

thesis was based on data from seven cancer registries in which three urban registries all
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located in large, modern conurbations (Beijing, Shanghai, Wuhan), with probably

superior health care systems and health facilities than the national average level

“estimation area”. As a result, the method might overestimate the national cancer

incidence profile.

9.3  Determinants of changing cancer burden in China

Projected values come true to the extent that they are not modified by a variety of

factors that affect the risk of cancer, or its outcome, in the population concerned.

Growing knowledge concerning systematic and dynamic variations in cancer mortality

and incidence according to environmental exposures, socio-economic status, life-style,

health care interventions and other factors, not only offers the opportunity for setting

goals and targets in health questions about cancer, but can also potentially improve the

accuracy and reliability of estimations and projections of disease statistics.

Theoretically, projections of cancer incidence or mortality rates based on past trends are

not necessarily meant to predict what will actually happen in the future (Hakulinen

1996). With a dramatically improved economic and health care situation (with respect to

primary health care, health services and education, public hygiene, medical diagnostic

methods and treatment techniques, the quality of registration and classification of the

causes of death) during the last three decades, profound changes are occurring with

respect to environment and lifestyle in China. These will result in dynamic changes of

the cancer pattern in China, both in incidence and mortality.

The difference between urban and rural areas shown in the patterns and time

trends of cancer mortality, such as urban populations with significantly higher mortality

rates for lung, colon-rectum and female breast cancers than rural populations, and lower

rates for oesophageal, stomach, liver and cervix cancers, provide clues to the likely

importance of differences in socio-economic circumstances, lifestyle, diet and health

service provision between two areas, as well as the substantial migration of populations

within China. According to official statistics, the percentage of the population living in

urban areas increased from 19.4% in 1980 to 30.4% in 1998 (SSBC 1999) and was

estimated to be 36.2% in 2000 (UN-SD 2002). Three factors were concluded by Heilig

(1999) as driving the increasing urbanization in China: the huge “excess population” in

agriculture, the income gap between rural and urban employment, and the growing

labour demand of urban industries and service sectors. Furthermore, it should be noted

that besides the above cited official statistics, there is a large number of temporary

laborers and a certain amount of “illegal” rural-urban migration that is not registered or

may have been tolerated; for example, Beijing and Shanghai each have a “floating”
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population of 2–3 million people (Heilig 1999). This substantial migration of

populations within China is likely to result in significant changes in cancer mortality

and incidence patterns within rural and urban areas.

The remarkable changes in mortality and incidence during recent decades in China

involve most of the major cancers, and the reasons for the changes in rates are largely

based on the dramatic changes in the socio-economic, environmental, lifestyle,

nutrition, and health care situation following the economic reforms started two decades

ago. During 1990 and 2000, the per capita gross domestic product increased from

US$339 to US$853, the percentage of GDP devoted to health care increased from 4.1%

to 5.3% and per capita health care costs increased from 76.6 to 376.4 Chinese Yuan

(UN-SD 2005, CHIS-MOH 2005). Along with the improving socio-economic status,

marked changes in the organisation and provision of health care facilities and human

resources also occurred in China during the last decade, which allowed more extensive

and effective early detection, diagnosis, and treatment for cancer, and thus may have

contributed to decreasing mortality and improved prognosis (Sankaranarayanan et al.

1998).

The very large improvements in socio-economic circumstances, educational level,

sanitary conditions of housing and daily life may be responsible for declines in cancers

associated with infection such as non-cardia gastric cancer related to Helicobacter pylori

infections (Ma et al. 1998, You et al. 2000, Limburg et al. 2001, Wang et al. 2001,

Brown et al. 2002, Wang et al. 2002, Cai et al. 2003, Wong et al. 2004), cervical cancer

with Human Papillomavirus (HPV) (Zhang et al. 1989, Peng et al. 1991, IARC 1995)

and liver cancer due to Hepatitis B Virus (HBV), Hepatitis C Virus (HCV) and dietary

aflatoxin exposure (Chen 1993, Qian et al. 1994, Ma et al. 1998, Campbell and Chen

1999, Wang et al. 2001, Brown et al. 2002, Evans et al. 2002). The increased

availability and consumption of a more diversified diet (eating considerably more fruit,

vegetables and all sorts of animal products) (FAO-UN 2005), the substantially better

food storage and transport, which increases the availability of fresh food and reduces the

need for pickled, salted or nitrified food preservation, may have contributed to the

statistically significant decline in cancers due to nutritional deficiency, such as cancers

in the oesophagus, stomach and nasopharynx (Gao et al. 1994, Guo et al. 1994, Blot et

al. 1995, Lu and Shi 1996, Ji et al. 1998, Kumagai et al. 1998, Yokokawa et al. 1999,

Wu et al. 2000, Yang 2000, Setiawan et al. 2001, Munoz et al. 2002, Mahady et al.

2003). On the other hand, these lifestyle changes, including an increasing intake of a

nutritionally richer diet (and alcohol consumption), reduction in physical activity, and

overweight (especially among the young), especially in urban areas, are probably

responsible for the increasing incidence and mortality of cancers of the colon-rectum,

breast and prostate (Chow et al. 1993, Campbell and Chen 1999, Zhuo and Watanabe



84

1999, Matthews et al. 2001, Popkin 2001, Shu et al. 2001, Hao et al. 2002, Luo and Hu

2002, You et al. 2002, Zhang et al. 2002). The increasing trends for female breast cancer

may also be caused by earlier menarche, which is indirectly related to greater

consumption of dietary fat, high blood cholesterol (Campbell and Chen 1999), delay in

the age at first childbirth, and the decline in the number of births (Hesketh and Zhu

1997, UN-SD 2002). Although cervical cancer has decreased dramatically in recent

decades, it is notable that the mortality declines mainly occurred in older generations of

women (Jin et al. 1999) and ceased or even reversed among younger women, trends that

are more obvious in urban rather than rural areas. From a study in Shangdong Province,

Li et al. (2000) proposed that the decreasing mortality from cervix uteri cancer was

largely a cohort phenomenon and the increased rates among younger women reflect

rapid changes in sexual mores, with increasing high-risk sexual behaviour, and greater

prevalence of infection with HPV and other sexually transmitted agents (Liu et al. 1998,

NSTDSCG 1998, Wang and Gao 2000).

Cigarette smoking is a major risk factor for several cancers, including lung,

bladder, oesophagus, stomach, liver and cervix (IARC 2004) and the hazards of tobacco

are similar for both sexes. At present, China consumes more cigarettes than any other

country in the world. While comprising 20% of the world’s population, China hosts

30% of the world’s smokers. According to the report from the Chinese Academy of

Medical Sciences, of the 1.3 billion people who live in China, 66.9% of adult men and

3.2% of adult women were smokers; in total 0.35 billion smokers over age 15 and an

increasing trends appeared among young women (Yang 2004). During the last two

decades, the annual consumption of cigarettes in China increased from 500 billion in

1980 to 1,800 billion in 1996; two thirds of men now become smokers before age 25.

The average daily cigarette consumption by males was 1 in 1952, 4 in 1972 and 10 in

1992 (Liu et al. 1998, CTSU 1998). Of the many concerns about tobacco use in China,

one of the most striking is reports that so few people understand the health

consequences of smoking. In a 1996 Chinese national survey, 61% of those questioned

responded that cigarette consumption posed no harm to their health (Yang 2004).

Tobacco-related disease and death is an obvious consequence of China’s high smoking

prevalence and lack of understanding about the health effects of smoking. This

epidemic of cigarette smoking in China is certainly of major importance in determining

past and future trends in cancer incidence and mortality (Gao et al. 1994, Ji et al. 1996,

Ji et al. 1997, Chen et al. 1997, Niu et al. 1998, Liu et al. 1998; CTSU 1998). The study

conducted in 24 cities and 74 rural counties by Dr Liu and his colleagues (1998)

suggested that tobacco-related deaths, estimated to be 1 million in the year 2000, would

increase to 2 million/year by 2035, and 3 million/year by 2050. Smoking currently

causes 12% of adult male deaths (0.6 million deaths in 1990 and 0.8 million in 2,000).
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Among the tobacco-related deaths, 45% were from chronic lung disease, 15% from lung

cancer and 5–8% from each of cancers in oesophagus, stomach and liver, stroke, heart

disease and tuberculosis. Furthermore, current incidence rates in China reflect smokers

who began their habit in the 1970s. Therefore, the increasing trends of incidence and

mortality for most tobacco-related cancers will continue during next decades.

Chinese women have a high incidence of lung cancer despite a low smoking

prevalence (Gao et al. 1987). According to the 1996 national prevalence survey for

smoking in China: smoking remains more common among men (63% current smokers)

than women (4%) (Yang et al. 1999). Most female lung cancer patients, particularly

with adenocarcinoma, were life-long non-smokers. Of nonsmoking Chinese women,

more than 50% were exposed to environmental tobacco smoke (ETS) at least 15

minutes per day on more than 1 day per week (Yang et al. 1999). The association

between ETS and lung cancer risk in non-smoking women, and with a significant trend

as increasing exposure has been confirmed in other studies conducted in urban and rural

areas (Zheng et al. 1997, Zhong et al. 1999b and Wang et al. 2000). As cigarette

smoking only accounted for about one-fourth of all newly diagnosed cases of lung

cancer, investigations have addressed the influence of various risk factors on the

incidence and mortality of lung cancer in nonsmoking Chinese women. Many studies

have successfully demonstrated indoor air pollution from Chinese-style cooking,

especially cooking unrefined rapeseed oil at high temperatures in woks (Gao 1996,

Wang et al. 1996, Zhong et al. 1999a, Zhou et al. 2000, Matayer et al. 2002). Indoor air

pollution from the solid fuel combustion, biomass fuel has been also considered as a

risk for the lung cancer occurrence in many developing countries (Smith and Mahta

2003, Zheng and Smith 2003). In rural areas, an increased risk for lung cancer may also

relate to the percentage of time that coal was used indoors over the past 30 years

(Kleinerman et al. 2002). Several studies conducted in the cities of north-eastern China,

where heavy industry is concentrated, showed increased risks of lung cancer associated

with occupational exposures, such as the manufacture of transportation equipment,

metal smelting, treatment and manual spinning of asbestos operation (Wu-Williams et

al. 1990, Wu-Williams et al. 1993, Xu et al. 1996, Sun et al. 2003). All these findings

suggested that factors other than smoking are responsible for the high risk of lung

cancer among Chinese women, and it is changes in such exposures which must be

evoked to explain the rising mortality and incidence trends.

Effective vaccines are available against hepatitis B infection and the protective

efficacy against the development of disease or the carrier state is often 95% to 99% in

cohorts of immunized infants (WHO 2002b). Two trials of vaccination against hepatitis

B were set up – one in Africa (GHIS 1987) and one in Qidong County, Jiangsu Province

(Sun et al. 1991) – to quantify the effectiveness in preventing liver cancer. So far they
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have shown that vaccination effectively prevents the chronic carrier state. A reduction

of the incidence of hepatocellular carcinoma in children was observed in Taiwan 8 years

after the introduction of mass vaccination of newborns against HBV (Chang et al.

1997). Vaccines against other viral infections are currently under development. Phase II

studies of vaccines against the oncogenic HPV types 16 and 18 have demonstrated a

high degree of efficacy in preventing infection with these viruses, and the development

of cervical neoplasia (Koutsky et al. 2002, Harper et al. 2004, Villa et al. 2005). Large

phase III efficacy trials are ongoing and may confirm and extend the preliminary results.

Since HPV 16 and 18 are the dominant types involved in cervical cancer etiology in all

parts of the world, including China, a vaccine against these two types should, in theory,

be able to prevent some 70% of cases of cancer (Muñoz et al. 2004).

Those programmes of early detection, screening and the associated effective

treatment which offer the most realistic approach to reducing mortality, however, have

been introduced and implemented by local health departments and are mostly confined

to special occupational groups in urban areas, due to the high costs involved (Wu 1997).

The efficacy and cost-effectiveness of different approaches to early diagnosis of breast

cancer is of major importance. Screening programmes based on Pap smear cytology

may have contributed to the declining trends of cervical cancer, along with more

effective and available treatments that improved survival. Screening based on breast

self-examination, according to a randomized trial in textile mills in Shanghai was shown

to be ineffective in reducing mortality (Thomas et al. 2002). A major multi-centre breast

cancer screening trial is now being carried out for 1 million women in China from year

2005, by the Chinese Anti-cancer Society collaborating with the America Cancer

Society. Screening methods based on balloon cytology (Liu et al. 1994, Yokokawa et al.

1999) and endoscopic examination (Dawsey et al. 1998) for oesophageal cancer

remained an essentially experimental approach. Other screening programmes for

colorectal cancer, prostate cancer, lung cancer, and stomach cancer are even less

feasible at present because of doubtful cost-effectiveness and lack of appropriate

resources.

During the last decade, population growth and ageing were responsible for the

biggest component of changes in the number of both cases and deaths for most cancers.

In the last 50 years, the Chinese population has increased dramatically, from 550 million

in 1950 to 1.24 billion in 2000, and is projected rise to 1.43 billion in 2020 (UN-PD

2003). The proportion of elderly (aged 65 or over) in the population has increased

steadily: from 7.5% in 1950 to 8.6% in 1990 and to 10.1% in 2000, and is projected to

be 19.5% in 2025 and 29.9% in 2050. This dramatic increase in the size and age of the

population is responsible for the continuing increase in the number of cancer cases and

deaths, even for cancers with decreasing trends in incidence rates, such as stomach
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cancer. And with the huge population base in China, even those cancers with declining

incidence and mortality, like cancers of the stomach and oesophagus, will remain a

significant burden; stomach cancer will be the third most common malignancy and

oesophageal cancer the fourth in 2005.

9.4  Challenges for cancer registration in China

For developing prevention strategies and monitoring the impact of control programmes,

establishment of a surveillance system for cancer and its risk factors is essential and

fundamental. Accurate health information would help to making better policy and to

monitor change in response to cancer prevention and control, and there the cancer

registry plays a very important role (Ghaffar et al. 2004). Through the result of the first

national survey on cancer registry practice presented in this thesis, the enormous

problems to be faced to population-based cancer registries in China are shown – related

to technical, economic and other external factors. The survey suggested that lack of

qualified personnel and insufficient funding support are major problems in carrying out

registration work. Problems in registration methodology are also apparent from the

survey, with problems in using personal identifiers, unifying the definition for the date

of incidence and most valid basis of diagnosis, recording morphology and behaviour

information, ICD-O coding system, and using and collecting high qualified follow-up

information. The other remarkable challenge confronting cancer registries in China is

the lack of stability of the population due to the huge increasing ‘floating population’

which makes registration more difficult when allocating place of residence, carrying out

follow-up, and obtaining accurate denominator data, especially in urban areas.

In order to improve the quality of cancer registry data, and to compare the data

between different registries in China and with other countries, several suggestions are

proposed according to the results of the survey. They include recruiting more personnel,

providing more systematic training about the principles and methods of cancer

registration, standardizing procedures for quality control, enhancing government

awareness to obtain more policy and financial support, and getting more technical

support from domestic and international organisations. A directive from central or local

government declaring cancer to be a notifiable disease would be a valuable contribution

to cancer registration in China, but it would involve several political, financial and other

administrative considerations. The network of cancer registration in China should

improve the monitoring of two important components of the Chinese cancer control

programme, the influence of preventive measures on the incidence trend and the cure

rate from cancer measured by population-based survival, which reflects the average
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prognosis of cancer in China. Some of the most successful and productive registries in

the world collect only a limited amount of data for each patient (Jensen et al. 1990,

Jensen et al. 1991). Therefore, the emphasis of a newly established cancer registry in

China should be on the quality of the data collected, rather than on the quantity. It was

suggested that most registries in China should collect only the basic information

common to all registries which including subject identification (e.g. age and sex),

ethnicity, incidence date, site and histology of the tumour, and the most valid basis of

diagnosis. Other very useful items, such as the extent of disease (stage) and disease

outcome for survival could also be considered. A unified norm or manual operation for

cancer registration was suggested to be provided by the national cancer registries centre,

more frequent training in coding, data management and quality control procedures, and

registration software (using CanReg package developed by IARC/WHO) were also

suggested.

9.5  Prospects for cancer control in China

Enormous progress in the fight against cancer has been made during the last century,

much of which was directly contributed by epidemiologists, who provided the evidence

for contemporary prevention strategies, through different researches or methods. A

comprehensive national cancer programme (NCCP), as described by WHO (2002)

evaluates the various ways to control disease and implements those that are the most

cost-effective and beneficial for the largest part of the population. At the core of this

cancer control strategy, the essential package includes cost-effective interventions for

the following components: tobacco control, infection control, healthy eating, a curable

cancer programme and palliative care. But the NCCP must also provide for information

on planning, implementation, management and evaluation to help policy-makers and

programme managers make the most efficient use of available resources.

In China, awareness of the importance of cancer prevention and control, especially

the development of a basic information system such as cancer registration, has been

increasingly addressed by government. It was emphasised by the government that the

cancer registration network should be standardized and expanded in order to enhance

the availability of accurate data for estimating cancer burden in China and distributing

health resources efficiently. In 1990, NOCPC set up the Chinese Cancer Registry

Coordination Committee, which has developed national norms and a manual for cancer

registration in China, and aims to establish a national cancer registry network. The

National Center for Cancer Registries was then set up in 2002, to work together with

NOCPC. At the end of 2003, the Ministry of Health in China approved and circulated
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an official document about the ‘Framework of Cancer Prevention and Control in China

(2004–2010)’ (MOH-China 2003). This framework aims to enhance the prevention and

control of cancer in China so as to minimize the threat to the Chinese people from

cancers, improve public health conditions in general, and to promote the people’s

welfare in accordance with their socio-economic development. A detailed

implementation project was further developed, covering four major tasks: anti-cancer

education, comprehensive and pertinent cancer information system establishment,

cancer risk factors surveillance, and cancer diagnosis and treatment improvement

(including a cancer screening programme).

A comprehensive vital registration system plays an import role in monitoring

cancer prevention and control programmes. To date, there has been no national vital

registration system in China. The CHIS vital registration system covers the largest

population, and is the source of mortality data for the WHO statistical information

system (WHOSIS), but more effort is needed to improve completeness, coverage,

validity and accuracy to get a representative profile of national mortality. The DSP

system, as shown in this study, and in a recent assessment completed by China CDC

(Setel et al. 2005, Yang et al. 2005), has weaknesses when used to estimate national

mortality. In consequence, in 2004 a systematic adjustment of DSP was conducted by

China CDC, to improve the representativeness. A revised DSP system will include 150

sample points, expanded to cover 6% of whole population, with about 1/3 of the sites

being newly selected. The DSP system was initially designed as a mortality registry for

surveillance of the major infectious diseases, but this function has become redundant

since a national infectious disease notification system was established in China in 2004.

Currently, the DSP system focuses on non-communicable disease surveillance. (Yang et

al. 2005, Wang et al. 2005) Based on the experiences from the two former national

mortality surveys in the 1970s and the 1990s, the MOH in China has recently launched

the third national mortality survey in 2005. Coordinated by the MOH, NOCPC and

CDC are collaborating to conduct the whole survey during the next two years. It is a

10% sample survey, based mainly on the sample units used in the second mortality

survey. However, both DSP and CHIS data sample units will be considered for inclusion

in the survey. Information on deaths occurring in the sample populations during the

years 2003–2005 will be collected retrospectively. The aim is to establish the current

mortality profile in the county, and the changes that have occurred during last 30 years

will be evaluated by comparisons with the earlier two national mortality surveys. The

third survey will also, it is hoped, provide the foundations for a comprehensive and

representative vital registration system based upon the different ongoing death reporting

systems in the country.
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One proposal for enhancing Chinese cancer registration work was to set up a

stratified cancer registry network according to local conditions, aiming to cover 10% of

the national population, and to develop a Chinese cancer incidence database. Different

cancer registration training classes would be held in the country, focusing on cancer

registration principles, methods, coding systems, software, data analysis and

application. For establishing a systematic surveillance of the prevalence for major risk

factors for cancer and other NCD’s, WHO SuRF Reports (WHO 2005d) has already

summarized the major risk factor profiles for NCD in China, based on national

sampling or local level surveys in the country, such as the DSP system. In recent

decades, some other large scale studies were carried out focusing on cancer risk factor

surveillance, such as the big retrospective study about tobacco hazards organized by

CAMS, CAPMS and CTSU in the UK during 1989–1991 (Liu et al. 1998, CTSU 1998);

the big sample surveys done in the context of a large research project organised by

CAPMS in collaboration with Cornell and Oxford Universities in 65 Chinese counties

about ‘diet, lifestyle and mortality in China’ from the late 1980s (Chen et al. 1990).

Future work will likely be focused on ongoing risk factor surveillance in selected

populations, based upon the methodology of WHO STEPwise approach for Surveillance

of noncommunicable diseases (STEPS). This involves three sequential steps in

surveillance for cancer risk: questionnaire data, objective physical measurements and

then biochemical measurements. (WHO 2005c) The initial sample places could either

focus on some big cities (such as Beijing, Tianjin, Shanghai) or continue with the sites

used in previous studies. A cancer risk factor information database could be set up.

Tobacco control remains the most important strategy for preventing cancers. The

Framework Convention on Tobacco Control that the member states of WHO agreed to

submit to the World Health Assembly in May 2003 represented a powerful tool to

ensure that such strategies are implemented. The Ministry of Health (MOH) in China

will follow this framework and the anti-smoking campaign was advocated in more

areas. WHO is also engaged in preparing a Global Strategy on Diet, Physical Activity

and Health, due to the growing global burden of chronic diseases such as cancer,

cardiovascular disease, diabetes and obesity. More consumption of locally produced

vegetables, fruit and agricultural products will be encouraged, while high fat and high

cholesterol consumption should be avoided.

Vaccination against HBV was introduced nationwide into routine infant

immunization from April 2002 (MOH-China 2005), but will not impact on incidence

and mortality rates for many years. As great progress shown in Phase II trials (Koutsky

et al. 2002, Harper et al. 2004, Villa et al. 2005), vaccination against cervical cancer

will, undoubtedly, be the chosen prevent method for cervix cancer in the long term.

Nevertheless, the impact on the rates of cervical cancer would appear even later.
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So far, no mass screening programme exists in China, although there has been

research on the efficacy or cost-effectiveness of screening programmes for certain

cancers. Recently, the MOH in China organized some experts to develop guidelines for

screening programmes for certain common cancers in China. However, to date the

major focus remains upon opportunistic screening, early detection of cancer, and

research into methodology. It is obvious that, with the demand request for early

detection or screening for cancer, it is not feasible to expect nation-wide policy

implementation. Nevertheless, national recommendations are needed, analogous to

those prepared by the US Preventive Services Task Force (USPSTF 1996), while

continuing research into the most appropriate methods for early detection in the Chinese

context. A Task Force could be a forum for reviewing the results of screening projects

specific to the Chinese situation, and a screening committee would be a useful approach

to review and supervise ongoing projects on screening in China. This committee intends

to make national level recommendations for screening policy and research and be a

definite advice centre in China – providing suggestions to the MOH in China. As results

from Swedish randomized controlled trials on mammography screening (Nystrom et al.

2002), a significant 21% reduction in breast cancer mortality (RR=0.79, 95% CI

0.70–0.89) was found between screening and non-screening women aged 40–74 and

after long-term follow-up (20 years) in two counties, the screening decreased breast

cancer mortality by 32% in screened women aged 40–69. Some anti-cancer strategies

have been proposed, such as Taihang Anti-Cancer Campaign for esophageal cancer

control in the high-risk area along Taihang Mountains, and 1 million women breast

cancer screening programme in China (Qiao et al. 2001, Dong et al. 2002).

Nevertheless, it is necessary to have estimation on cost-effectiveness of such

interventions before proposing widespread implementation.

Although the NOCPC has played an important role in prevention strategies, the

increasing cancer burden facing China and the multidisciplinary cooperation in a

complicated and integrated cancer prevention and control programme, it is obviously

too small for the big tasks it was given. Currently, a National Cancer Center (NCC) is

proposed to be established in Beijing, which would cover all of the work currently done

by NOCPC, plus some extra functions, such as cancer screening, surveillance and

education about cancer prevention and control.
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10.  Conclusions

Implementing a programme of cancer prevention and control requires resources and

processes, all of which have to be well managed, and based on an accurate knowledge

of the cancer burden in the country. Currently there is no well-established disease

surveillance mechanism providing precise or representative estimation for the whole

Chinese population. However, based on the most recently available representative

national mortality survey (1990–1992), following the time trends from the routine

mortality reporting system (CHIS data) and the relationship between incidence and

mortality as observed in cancer registration data (7 registries data from CI5 the 8th

version), this thesis reports the results of an analysis of current cancer incidence and

mortality pattern on a national scale.

The size and direction of change is clear – the cancer burden is rising in China.

There are large increases in the absolute number of cancer cases and deaths, not only

because of the overall increases in risk of the disease, but even more importantly,

because of huge population growth and aging in the country. The leading cancers in

China in 2000 were cancers in lung, stomach, liver, oesophagus and large bowel in men,

and stomach, breast, lung, liver, oesophagus, large bowel and uterine cervix in women.

There are wide variations between urban and rural areas, so the most common cancers

differ between different populations. Steady increases in rates of cancers in lung and

female breast and decreases in cancers of the stomach and oesophagus are seen in the

whole country, and these trends are expected to continue in the future. A large part of

the dramatic increase in cancer incidence and mortality is due to a rise in lung cancer,

attributable to the increasing prevalence of cigarette smoking for both sexes and

projected to become increasingly common over the next decades, even if anti-smoking

campaigns succeed in promoting smoking cessation, as experience has shown in the

western world (Storm et al. 2003, NCI-SRAB 2005). Controlling the tobacco epidemic

is the greatest long-term challenge for public health in China at the beginning of the 21st

century (Liu et al. 1998, Niu et al. 1998).

To reduce cancer incidence and mortality, and to improve the quality of life of

people with cancer, a comprehensive prevention and control programme (i.e. NCCP),

which includes strengthened surveillance and management programmes, needs to be

developed and effectively carried out in China, according to the local context in the

country, with reference to experiences and lessons from other countries. Establishing a

national cancer risk factor surveillance system would provide a sound platform for

monitoring and controlling the major risk factors related to cancer. Risk factor
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surveillance would help to focus the appropriate emphasis to be placed on different

primary prevention strategies for cancer, such as anti-smoking campaigns, proposing

healthy diet, controlling infections, such as HBV and HPV, increasing physical activity,

eliminating occupational exposures and so on. As for the secondary prevention strategy,

it is suggested that national recommendations for cancer screening, early diagnosis and

treatment programmes be developed based on the various studies on the feasibility and

cost-effectiveness, related to the local context in the country, and also the successful

experiences from other countries.

Estimation and projection of the cancer burden is clearly an essential step in

planning and allocation of resources, but the methods used in our study must be

considered as only a surrogate for measuring cancer pattern by means of the systematic

mortality surveillance and registration of cancer cases arising in the population. A

surveillance and monitoring system is the basis for any rational programme of cancer

control. This should include improvement and extension of the existing system of death

registration, to improve its quality, and representativeness of the national population. A

national representative cancer registration network will provide accurate information

and increase the validity of the estimates on the burden and pattern of cancer in the

community as evidence-based setting priorities for the NCCP, including the planning of

cancer-related health care services, as well as promoting a solid basis for research on

cancer etiology, prevention and monitoring the effects of early detection/screening and

treatment. Registration of cancer incidence and mortality in China should and would be

standardized and expanded, as the progress shown in the country. Nevertheless, for the

moment, with various barriers due to technical, financial or political reasons in the

region, the national representative network remains a long-term aspiration. In the

meantime, we believe that the estimates based on the results of the current mortality

surveillance programme and the few existing registries with high-quality data provide a

fair overview of the problem, and indicate the priorities for cancer control at the

national level in China.
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