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InTRoDUCTIon

With respect to the burden of cancer and other chronic diseases, the great pro-

blems facing low-resource countries into this century are the growth and ageing 

of the population, and the westernisation of their lifestyle, particularly tobacco 

use. Changes in lifestyle habits including changing nutritional practices, increase 

in sedentary lifestyle, weight gain and obesity and sociological changes—nota-

bly increasing age at fi rst birth and decreasing parity in women—are leading to 

large increases in breast and colorectal cancer in particular.
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Tobacco use has taken hold in populations in low- and medium-resource countries and substantial 

increases have taken place in smoking prevalence in recent years. Given the substantial delay 

(approaching 40 years) between big changes in smoking prevalence in populations and the 

reflection of these changes in disease rates, the peak of the tobacco-related cancer epidemic in 

low- and medium-resource countries has still to materialise. The Tobacco epidemic will be driving 

the Cancer epidemic in low- and medium-resource countries for years to come.

low-resource countries are arguably harder hit by cancer than the high-resource countries. These 

countries often have limited health budgets and high background levels of communicable dis-

ease. Cancer treatment facilities are not universally available and life-extending therapies are 

often unavailable, generally for economic reasons. Cancer and other chronic diseases, which 

are becoming more common, can cause devastating damage. 

The first big step towards cancer prevention and control worldwide is to understand the magni-

tude and nature of the cancer burden in different regions of the world and then move toward an 

understanding of avoidable causes. Recent increases in data availability in low-resource coun-

tries allow a better picture of the global cancer burden.

IaRC estimated that in 2000 there were 10.4 million incident cases of cancer, 6.5 million deaths 

from cancer and 25 million persons living with cancer (within five years of diagnosis). fifty-two 

percent (52%) of these incident cases and 56% of the cancer deaths arose in low- and medium-

resource countries. In 2000, the world population was estimated to be 6.0 billion and expected 

to rise to 8.1 billion by 2030. During this period it was estimated that the population of high-

resource countries would increase by 4% while the increase would be 41% in low- and medium-

resource countries. In addition, the proportion of the population in low- and medium-resource 

countries aged over 65 will increase by between 5.2% and 10%. Given the strong association 

between cancer rates and age, these will combine to increase the cancer burden by 2030, with 

low- and medium-resource countries being the most affected (boyle 2006).
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InTRoDUCTIon

WhaT neeDs To be Done?

for all countries worldwide, there is a simple menu regarding what needs to be done; sadly, in 

many low-resource countries this will be difficult to achieve. for individual countries, this menu is 

not one from which to take a single choice but represents a package where emphasis on the 

individual components may vary according to local situations and needs.

Prevent those cancers that can be prevented

Treat those cancers that can be treated

Cure those cancers that can be cured

Palliate whenever palliation is needed

pReVenT Those CanCeRs ThaT Can be pReVenTeD

Michael sporn, the pioneering figure in the science of chemoprevention, has argued that the criti-

cal obstacle to large reductions in mortality is a misplaced emphasis on treatment over prevention 

(sporn, 1996). philosophically there is truth in his argument although there is a duty to treat and 

cure patients who develop cancer. his message is that the area of prevention must acquire a 

greater priority in the whole field of cancer research.

primary prevention prospects exist with clearly identified causes of cancer in tobacco use (in all 

forms), alcohol consumption, overweight and obesity, lack of physical activity, specific chronic 

infections, inappropriate exposure to ultraviolet radiation, certain industrial chemicals and proc-

esses, exogenous oestrogen use and certain dietary and nutritional practices, among others. 

avoidance of such exposures, or limitation of them, will lead to reductions in the incidence of can-

cer. participation in organised population-based screening will reduce the incidence and mortal-

ity from cervix cancer and the mortality from breast and colorectal cancer (boyle et al, 2003).

The same diligent approach to reducing these exposures in low- and middle-income countries as 

is emerging in high-income countries is crucial to preventing a rapid increase in cancer risk and 

cancer burden in low-income countries in the coming decades.

Major challenges for many countries is finding sufficient funds to develop the capacity to treat 

the large numbers of cancers that will be diagnosed in the coming years and to develop health 

systems to meet these demands. effective prevention will reduce the risk of cancer and effective 
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screening will allow many others to be successfully treated for their disease. prevention actions 

can be implemented today to reduce the burden of major cancer killers: e.g. tobacco control 

against lung cancer and other forms of cancer and vaccination against cancers of the cervix and 

liver. Cancer control in developing nations must serve to de-stigmatize cancer and raise govern-

mental and public awareness and dispel the myth which equates cancer diagnosis with death.

The timing is now right to address the growing cancer burden. The Who Resolution on Cancer 

Control (Wha 58.22) provides a strong impetus for countries to develop programmes aimed 

at the reduction of cancer incidence and mortality. although this is a strong incentive, there is 

an overwhelming and urgent need for leadership and coordination in this area. Compared with 

other global health communities, the global cancer control community is diffuse and often ineffec-

tive. priorities need to be realistic and achievable, and include a focus on low-resource and medi-

um-resource countries and the identification, delivery, and assessment of effective cancer control 

measures. Without neglecting research activities in high-resource countries, IaRC is increasing its 

focus in conducting research on cancer prevention in low- and medium-resource countries.
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IaRC esTablIshInG ResolUTIon

ResolUTIon Wha18.44 of The eIGhTeenTh WoRlD healTh asseMblY

The eighteenth World health assembly, 

Cognizant of article 18 of the Constitution which provides, inter alia, that one of the functions of 

the health assembly shall be to establish such other institutions as it may consider desirable, with 

a view to promoting and carrying on research; 

Considering that the Governments of the federal Republic of Germany, france, Italy, the United 

Kingdom of Great britain and northern Ireland, and the United states of america have agreed to 

sponsor the creation and to participate in the functioning of an International agency for Research 

on Cancer in accordance with the provisions of its statute; 

Considering that many governments have expressed their interest in the creation of such an 

agency; and Considering resolution Wha17.49 of the seventeenth World health assembly, 

DeCIDes to establish an International agency for Research on Cancer which shall carry on its 

functions in accordance with the provisions of its statute (annexed).

Twelfth plenary meeting, 20 May 1965

article I - objective

The objective of the International agency for Research on Cancer shall be to promote inter-

national collaboration in cancer research. The agency shall serve as a means through which 

participating states and the World health organization, in liaison with the International Union 

against Cancer and other interested international organizations, may co-operate in the stimulation 

and support of all phases of research related to the problem of cancer.

InTRoDUCTIon
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article II - functions

In order to achieve its objectives, the agency shall have the following functions:

The agency shall make provision for planning, promoting and developing research in all 1. 

phases of the causation, treatment and prevention of cancer.

The agency shall carry out a programme of permanent activities. These activities 2. 

shall include:

a. the collection and dissemination of information on epidemiology of cancer, on cancer 

research and on the causation and prevention of cancer throughout the world;

b. the consideration of proposals and preparation of plans for projects in, or in support of, 

cancer research; such projects should be designed to make the best possible use of any 

scientific and financial resources and special opportunities for studies of the natural history 

of cancer which may arise;

c. the education and training of personnel for cancer research.



ChapTeR 1
Vitamin D and all-Cause Mortality
an IaRC study reveals that vitamin D supplementation 
may reduce all-cause mortality

In recent years, studies have found links between increased mortality from chro-

nic health conditions—including cancer, cardiovascular diseases and diabetes 

mellitus—and increase in latitude; that is, distance lived from the equator (Grant 

2003, Zitterman 2005). Unrelated studies dating as far back as the 1980s have 

observed a relation between season of diagnosis of these types of conditions and 

mortality (Scragg 1981); specifi cally, patients diagnosed in summer had lower 

mortality than those diagnosed in winter. A common thread between these two 

interesting observations is exposure to sunlight. As exposure to sunlight, particularly 

its component ultraviolet B radiation, is necessary for the synthesis of vitamin D 

in the skin, it has been hypothesised that associations found between latitude or 

seasonality and mortality from several chronic conditions could be due to varia-

tions in vitamin D status.
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This vitamin D hypothesis is supported by several biological fi ndings: first, vitamin D receptors 

have been found in various organs, and activation of these receptors by the 1α,25 dihydroxy-

vitamin D3 (calcitriol), the physiologically active form of vitamin D, induces cell differentiation 

and inhibits proliferation, invasiveness, angiogenesis, and metastatic potential (ordonez-Moran 

2005; banerjee 2003). These biological phenomena are typical of cancer genesis, and some of 

them (e.g. differentiation, proliferation) are also involved in cardiovascular disease. second, many 

tissues express the 1α-hydroxylase enzyme; thus, after 25-hydroxylation of vitamin D in the liver, 

many cell types are able to convert the circulating 25-hydroxy-vitamin D into the 1α,25-dihydroxy-

vitamin D, and autocrine or paracrine production of 1α,25-dihydroxy-vitamin D would depend on 

serum concentration of 25-hydroxy-vitamin D. 

no individually-randomised controlled trial to date has attempted to directly quantify the effect of 

vitamin D on mortality, but in 2007 IaRC scientists published a meta-analysis further exploring the 

vitamin D hypothesis (*autier 2007).
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This analysis included data from 57 311 subjects participating in a total of 18 randomised trials of 

the effect of vitamin D supplementation on any health condition. There were 4777 deaths among 

this cohort, who received a mean daily vitamin D dose of 528 IU (range 400–1200 IU). The sum-

mary relative risk for mortality from any cause was 0.93 (95% confidence interval 0.87–0.99), 

representing a statistically significant decrease in mortality among those who were randomised to 

vitamin D (figure). no dose-related variation in relative risk was found, but in most of the trials the 

range of doses was fairly narrow (as most commercially available vitamin D supplements are in 

the 400–600 IU range), and differences in trial size and rates of compliance make it difficult to 

draw conclusions on whether there could be a true dose effect on mortality.

The mechanisms by which vitamin D would decrease all-cause mortality are not clear. The 1α,25 

dihydroxy-vitamin D has pleiotropic skeletal and extraskeletal effects on, among other things, 

calcium homeostasis, bone formation, cellular proliferation and differentiation, the immune system, 

bile acid transport, rennin production, the endothelium and vascular walls, and the endocrine 

system (bouillon 2006, ordonez-Moran 2005). some effects mediated through activation of the 

vitamin D receptor, like inhibition of cellular proliferation and activation of cellular differentiation 

(banerjee 2003, pendas-franco 2007), could reduce the aggressiveness of cancerous proc-

esses and the expansion of atheromatous lesions. Interestingly, the ability of the strong cholesterol-

reducing statin drugs to decrease all-cause mortality could partly be due to increases in vitamin 

D levels they provoke or though acting as vitamin D analogues on vitamin D receptors (Grimes 

2006). The biological mechanism by which vitamin D could prevent and possibly reduce the 

severity of type-2 diabetes mellitus (pittas 2006) remains unknown. 

IaRC has set up a Working Group of 20 international experts for reviewing the evidence on 

vitamin D and cancer. a final report should be available in the third quarter of 2008. The IaRC is 

also in the planning phases of organising randomised trials for testing the hypothesis that vitamin 

D supplements may decrease mortality and cancer risk.
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ChapTeR 2
Worldwide Variation 
in hepatocellular Carcinoma
liver cancer is highly preventable, but we must know where to attack

Hepatocellular carcinoma (HCC), a primary malignancy of the liver, is one of 

the world’s most common tumours, representing up to 6% of all new cancer 

cases, with more than half of these occurring in China alone (*Parkin 2005). 

However, in North America and Western Europe, HCC is infrequent and 

generally occurs in people with pre-existing liver conditions caused by high 

alcohol intake. The reason for this disparity lies in the causes of HCC, the 

most important of which are chronic infection with hepatitis B virus (HBV) and 

hepatitis C virus (HCV). 
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Understanding how hbV and hCV contribute to liver cancer is critical to hCC control efforts 

because hCC is one of the forms of cancer than can be prevented with some success; for exam-

ple, a vaccine against hbV has been available for decades, and when it can be administered 

via a thorough, sustained childhood immunization programme it is an effective tool for cancer 

prevention in those areas where hbV is a major contributor to liver cancer.

While the Who estimates that worldwide 350 million people are chronically infected with hbV 

and 170 million with hCV, studies have suggested wide international variation on the importance of 

hbV and hCV in causing hCC (parkin 2006; lu 2006). a new IaRC study studied the frequency 

of specific biomarkers for infection among hCC cases—the seroprevalence of hepatitis b surface 

antigen (hbsag) and anti-hCV antibodies—to address this variation and provide an update on 

which cancer prevention strategies should be applied in which parts of the world (Raza 2007).

IaRC scientists analysed data from 90 studies including 27 881 cases of hCC in 36 countries. 

by extracting data on geographic location, gender distribution, hbsag prevalence, anti-hCV 

prevalence, and the presence of both markers, they were able to create the most precise profile to 

date of the distribution of hbV- and hCV-related cancer. as expected, there was significant vari-

ation: hbV infection was substantially more common than hCV infection in the majority of asian 

and african countries (figure 1), while the reverse was true in europe (figure 2), the United states 

and Japan. hCV infection predominated also in pakistan and egypt, however. some countries 

(i.e. China and Mongolia) had large proportions coinfected with both viruses. figure 3, showing 

seroprevalence in the americas and africa, is especially illustrative of the differences that exist 

even within the same continent. 

The lack of data from many countries of the world, particularly in eastern europe, Central asia 

and latin america, made it impossible to draw conclusions about those areas, and the studies 

available provide no way of knowing just how representative of the greater population their sub-

jects are. a more important consideration is the long latency period of hCC, which means that 

the viral infection frequency among these cases do not reflect the importance of the two viruses in 

today’s population, but that of perhaps 20 or 30 years ago.

It has been estimated that the percentages of hCC attributable to hbV and hCV are 23% 

and 20%, respectively, in high-resource countries and 59% and 33% in low-resource countries 

(parkin 2006). The IaRC findings appear to show that the relative contribution of hCV infection 

to hCC in the higher-resource countries—and some of the lower-resource countries as well—

may be higher still. 
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In regions where hbV infection is a more prevalent contributing factor to liver cancer, for example 

in parts of africa, the need for systematic and sustained childhood vaccination against hbV is 

apparent. In The Gambia, where 60 000 children were vaccinated against hbV in 1986–1991, 

this type of program was shown to be effective in protecting against chronic hbV infection; the 

size of its effect on liver cancer rates in The Gambia remains to be seen and is the focus of an 

ongoing IaRC study.

hCV infection is reaching worrying levels in many low-resource countries and the problem does 

not seem to have received sufficient attention as yet. In the absence of a vaccine against hCV, 

its prevention is more challenging than the prevention of hbV and requires an integrated strategy 

involving screening of blood donations, safe injection practices, and systematic avoidance of 

unnecessary injections. The misperception that many treatments that can be give orally are “bet-

ter” if injected is unfortunately still widespread among patients and even health workers in low-

resource countries, and represents an obstacle to attempts to slow the spread of any blood-borne 

infection, including hIV.
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ChapTeR 3
averting a liver Cancer epidemic in africa
Measures to prevent millions of cancer cases in africa are within our reach

Primary liver cancer, with hepatocellular carcinoma being the predominant form, is 

a major cause of death in sub-Saharan Africa, where it accounts for an estimated 

200 000 deaths every year (Parkin 2006). Given the insuffi cient cancer iden-

tifi cation and treatment infrastructure in this region, this number may signifi cantly 

understate the case—and given the increase in cancer that will result from conti-

nued growth and ageing of the population in lower-resource countries, the African 

continent is facing a liver cancer epidemic.
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Figure :
Hepatitis B

Natural Course

hepatocellular carcinoma is one of the least curable cancers even in the most favourable treat-

ment circumstances, as chemotherapy and radiotherapy are not generally effective against it 

except to shrink a tumour somewhat, and only smaller or slow-growing tumours treated with 

aggressive surgery or liver transplantation have a prognosis that is not very poor. Thus in sub-

saharan africa where these types of treatment options are not typically available, the number 

of incident cancers roughly equals the number of deaths. however, there is a scientifi c rationale 

for addressing liver cancer by attacking its principal causes: chronic infection with hepatitis b 

virus (hbV)(Kao 2002) and hepatitis C virus (hCV)(*Raza 2007), compounded by widespread 

exposure to afl atoxin, a carcinogenic mycotoxin that contaminates cereal grains and other staple 

foods in many african countries. safe, effi cient hbV vaccines have been available for years, and 

there exist numerous tested means to reduce afl atoxin exposure. Thus, with coordinated, sustained 

efforts from scientists, governments and nongovernmental agencies, much of the threat of an 

increased liver cancer epidemic can be averted.

With this in mind, in July 2007 IaRC convened a multidisciplinary meeting of international liver 

carcinogenesis experts, where it became clear that an action plan for blunting the increase of 

liver cancer in africa should include: a sustainable childhood hbV vaccination strategy through-

out the continent; a reduction in dietary exposure to afl atoxin; monitoring and understanding the 

spread of hCV and its interactions with hIV/aIDs; and registration and early detection of cases 

of cancer (Table).
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for example, a nationwide childhood vaccination programme begun in The Gambia in 1986 

showed that the inclusion of the hbV vaccine in the Who’s expanded programme on Immunization 

produced long-term protection against chronic hbV even without a booster. however, despite 

many countries in sub-saharan africa adopting formal policies calling for vaccination against 

hbV, overall vaccination coverage remains low, mainly due to economic constraints. even though 

hbV vaccine is relatively inexpensive per dose, a comprehensive program remains expensive 

and would require international support.

likewise, despite successful interventions to reduce aflatoxin exposure in rural Guinea in a single 

harvest cycle (Turner 2005), aflatoxin contamination remains widespread. educational efforts 

aimed at limiting aflatoxin exposure must be established for the long term, and monitoring of crops 

for aflatoxin must be continuous rather than sporadic.

although more research remains to be done to understand the causes and pathogenesis of liver 

cancer, it is clear that with our current knowledge we can begin to prevent a significant propor-

tion of the burden of this disease. a cohesive liver cancer control program in accordance with 

the principles identified at the IaRC meeting has the potential to save thousands of lives—and the 

sooner this work can begin, the more lives can be saved.
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Table. 
Actions required to curb deaths due to liver cancer in Africa

1) Development of sustainable childhood vaccination strategies
bring current vaccination trials to final assessment on the basis of their disease endpoints
Monitor the long-term protection (vaccine effectiveness) of people vaccinated in childhood and assess 
need for booster vaccines
Monitor breakthrough infections, detect new mutants in vaccinated individuals
study interactions with other infections (eg, hbV, hepatitis delta virus, hIV) and their effect on vaccine 
protection
establish whether vaccine efficacy varies according to viral genotype
Work out sustainable vaccination regimens applicable in areas with poor coverage by vaccination teams 
Inform and educate stakeholders, obtain participation in vaccination programmes
assess the effect of occult (seronegative) infections
Develop infrastructure for both vaccine storage and distribution
Work out and implement economically sustainable programmes for permanent inclusion of hbV 
vaccination in state-sponsored vaccination programmes
assess the effects of individual genetic susceptibility on risk of hbV carriage and on responses to vaccination

2) Reduction of exposure to aflatoxin
Develop and communicate recommendations on behavioural methods to reduce exposure
Understand the mechanisms of the synergistic effects between hbV and aflatoxin
assess the effect of genetic susceptibility to the mutagenic effects of aflatoxin
Develop ready-to-use field biomarkers to monitor individual exposures
Develop monitoring methods to assess the contamination of crops and foodstuff
assess the mutagenicity of aflatoxin in childhood, in relation to acquisition of chronic hbV infection 
stimulate research on substitute crops with less contamination by aflatoxin
Work out economically sustainable models to phase out the most contaminated food supplies

3) Understanding the spread of HCV
Understand the mechanisms of transmission of hCV in africa
assess the interactions between hbV and hCV
assess the interactions between hCV and aflatoxin
Monitor the effect of hCV in a population vaccinated against hbV
promote safe injections and develop awareness of possible hCV transmission mechanisms

4. Developing registration, early detection, and treatment of hepatocellular carcinoma
Develop an operational definition of disease on the basis of simple and robust biomarkers
Identify new biomarkers useful as prediagnostic and diagnostic markers for screening
study the natural history of early disease, and its association with other chronic liver diseases
Understand the environmental or genetic basis, or both, for familial clustering of disease
support training, teaching and education of health fieldworkers to better detect and assess liver diseases
support the dissemination of simple and robust imaging technologies 
Develop a central pathology resource to assess the variability of cancer presentation throughout the 
continent; develop biobanking 
Improve population-based cancer registration
Develop and coordinate a network of chronic liver disease registries
Develop experimental model systems to assess novel pharmacological targets on the basis of  molecular 
hallmarks of disease in africa
assess the effects of antiviral treatment
assess the efficacy of therapeutic vaccination against hbV
Develop appropriate infrastructures for therapeutic clinical trials
Develop awareness of liver disease and support patients and families
Develop and provide palliative and pain control intervention
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ChapTeR 4
new and expanded european Guidelines 
for Cervical Cancer screening
screening has the potential to substantially reduce 
cervical cancer in the european Union

Screening for cytological abnormalities and treatment of precursor lesions has 

contributed signifi cantly to the substantial decline in cervical cancer incidence 

and mortality rates in Europe over recent decades. Improvements in the control 

of cervical cancer have been particularly discernible in those countries which 

have implemented population-based screening programmes with high accep-

tance of personal invitation (*IARC 2005). Despite these successes, there is 

no room for complacency in the ongoing effort for cervical cancer control in 

Europe. Currently, about 34 000 new cases and over 16 000 deaths due to 

cervical cancer are reported annually in the European Union. The burden of 

cervical cancer is particularly high in the newer EU Member States, and rea-

ches levels approximately fi vefold greater than the lowest incidence and tenfold 

greater than the lowest mortality observed elsewhere in the EU (Fig. 1 a and b). 

This disparity could be substantially reduced by implementing effective, cervical 

cancer screening programmes.
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Continuously improved quality assurance guidelines based on scientifically sound and applica-

ble screening standards are essential to assuring that programmes of appropriate quality and 

effectiveness are available to all women who may benefit from cervical cancer screening. The 

first edition of the european Guidelines for Quality assurance in Cervical Cancer screening 

emphasised the principles of organised, population-based screening and was instrumental in 

initiating pilot projects in europe (Coleman 1993). More than a decade has passed since pub-

lication of the first guideline edition, and in 2003 the european Council recommended imple-

mentation of population-based cervical cancer screening programmes based on the european 

Guidelines (Council of the european Union, 2003). In recent years, the International agency for 

Research on Cancer (IaRC) has provided scientific and technical support for development of the 

second edition of the european Guidelines for Quality assurance in Cervical Cancer screening 

(fig.  2, european Commission, in press). These activities have been supported by a grant from 

the european Union through the eU public health programme.

experts from most of the eU Member states have collaborated to prepare the updated recommen-

dations and standards for designing, implementing and monitoring the performance of cervical 

cancer screening programmes. The second guideline edition emphasises that quality assurance 

of the screening process requires a robust system of programme management and coordination, 

assuring that all aspects of the service are performing adequately. population-based screening 

policy and organisation conforming to evidence-based standards and procedures provide the 

overall framework essential to implementation of quality assurance and are therefore crucial to 

the success of any cervical cancer screening programme. establishment of screening registries 

and linkage of individual screening data with cancer registry data, taking into account appropri-

ate data protection standards and methods, are essential tools of monitoring and evaluation. 

The current, expanded edition therefore also includes extensive updates on technical details and 

documentation, as well as assessment of new technologies, e.g. liquid-based cytology, auto-

mated interpretation of pap smears and testing for human papillomaviruses. The scope of the 

current guideline has also been extended to include comprehensive instructions prepared by a 

multi-disciplinary team of experts for general practitioners, gynaecologists and cytopathologists. 

Much more extensive recommendations on follow-up, diagnosis and management of women 

with positive cervical cytology have been added. a separate chapter deals with techniques and 

quality assurance in histopathology; detailed guidance is provided in management of abnormal 

cytology, including management according to the severity of cytological abnormalities and man-

agement of histologically confirmed cervical epithelial neoplasia.
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ChapTeR 4

The updated and expanded guidelines also include uniform indicators for monitoring programme 

performance and for identifying and reacting to potential problems at an early time. standard 

tables have been provided for documenting screening policies, and for tabulating the person-

based data used to generate the uniform performance indicators. The availability of these 

standardised tools will improve data comparability and the exchange of experience and results 

between screening programmes. such exchange, in turn, is essential to effective international col-

laboration in implementing and continuously improving the quality and effectiveness of cervical 

cancer screening programmes.

Cervical cytology is still the cornerstone of cervical cancer prevention programmes in europe, 

although new perspectives for other screening technologies are developing rapidly. The principles 

of quality assurance, performance monitoring and evaluation, and many of the procedures and 

methodological standards laid down in the current guideline edition, are of equal relevance to 

cervical cancer screening based on other conceivable methods. The publication of the updated 

and revised second guideline edition is also expected to promote rigorous standards in the evalu-

ation and application of new screening technologies, thereby improving the future effectiveness 

of cervical cancer prevention.

The fundamental principles of quality assurance of cervical cancer screening elucidated in the eU 

guidelines also apply to settings in which limited resources demand different test procedures, or a 

significantly lower number of screening tests per woman, such as once-in-a-lifetime screening with 

visual inspection (sankaranarayanan 2007). publication of the updated second edition of the 

eU guidelines is therefore also an important part of the efforts of the agency to provide scientific 

support for regions of the world in which the burden of cervical cancer is still substantially higher 

than in europe.

The prevalence of oncogenic human papillomavirus (hpV) types in a number of eU Member 

states and in other regions of the world underlines the priority of increasing efforts to imple-

ment and improve cervical cancer screening programmes (franceschi 2006; de sanjosé 2007). 

Despite the urgency in dealing with the burden of cervical cancer, the current guideline edition 

rightly emphasises the need for planning prior to screening programme implementation in order 

maximise effectiveness and to permit evaluation. 
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The new second edition of the european guidelines appears at a time in which vaccination 

against oncogenic hpV types has the potential to supplement, but not replace, the important role 

played by screening in effective cervical cancer control (ault 2007). Vaccination of young girls 

may lead to substantial reduction in the burden of cervical cancer in future generations of women. 

for many years, however, most cervical cancer cases and deaths will occur in women who have 

not been vaccinated. Vaccination is not an alternative to screening for the coming years.

Development of comprehensive european guidelines on cervical cancer prevention that take both 

primary and secondary prevention into account is an important aim of IaRC activities which will 

also be pursued in the framework of the recently initiated Guideline updating project coordinated 

by the agency and supported by the eU public health programme. IaRC is also extending its 

activities in this area by expanding the geographical coverage of its guidelines to include many 

other parts of the world.
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ChapTeR 5
Visual screening prevents Cervical Cancer
a new breakthrough in cervical screening

Cervical cancer is a major public health problem that disproportionately affects 

poor women in developing countries in sub-Saharan Africa, Central and South 

America, and South and South-East Asia (Figures 2 and 3). Although it is the 

second most common cancer among women worldwide, it is the leading cause 

of morbidity, mortality and premature death among middle-aged women in 

many developing countries, with devastating effects on the well-being of families 

and society at large. It was responsible for 493 000 new cases and 273 000 

deaths worldwide around 2002, four-fi fths of which occurred in developing 

countries (*Ferlay 2004). For every 100 000 women living in developing 

countries, 25–50 women develop it and about 10–30 die of it annually, as 

compared to less than 10 women developing it and less than 5 dying of it in 

developed countries and West Asian countries. 
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Cervical cancer is caused by persistent infection of the uterine cervix after the onset of sexual 

activity by one or more of the cancer causing human papillomavirus (hpV) type. This knowledge 

has now led to the possibility of preventing hpV infection by vaccination and thereby to avoid 

cervical cancer ultimately. however, it will take several years before widespread and affordable 

hpV vaccination becomes a reality, and several decades before it will affect cervical cancer 

occurrence, given the long time delay between the infection and cervical cancer development 

(agosti & Goldie, 2007). early detection by screening is the most time-tested method to prevent 

cervical cancer and offers the greatest immediate potential to reduce cervical cancer cases and 

deaths. persistent hpV infection leads the development of precancerous lesions called cervical 

intraepithelial neoplasia (CIn) that precede frank cancer, 10–50% of which may progress to 

invasive cervical cancer. Detection of CIn several years before they can become cancer by 

screening tests such as pap smear (cytology) (figure 4), testing for cancer causing hpV infection 

(hpV testing) and visual screening after application of 3–5% acetic acid (vinegar) (VIa) (figure 5) 

and their effective treatment by much simpler methods (than those required for cervical cancer) like 

cryotherapy (figure 6) or by simple excision can prevent cervical cancer. however, early detec-

tion by screening is yet to be fully applied and utilised in developing countries, leading to a great 

disparity in risk and suffering as compared to developed nations (*sankaranarayanan 2001). 
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large scale population-based pap smear screening in developed countries of north america, 

Western europe, australia and new Zealand has contributed an over 70% decline in the number 

of new cases and cervical cancer deaths in these countries over the last 5 decades (*IaRC 

2004). pap smear screening is a resource-intensive screening test requiring a laboratory infra-

structure, quality assurance for the different steps involved and a system to report the test results 

to women. hence, pap smear screening is not available or has been very sparsely implemented 

in most developing countries; its performance in reducing cervical cancer cases and deaths has 

been sub-optimal in some developing countries (e.g., Cuba, brazil, Mexico, peru, and Colombia, 

among others) where it has been ongoing over the last 3–4 decades (*sankaranarayanan 

2001; *IaRC 2004). The challenges and diffi culties in implementing pap smear screening in low-

resource countries have led to the evaluation of alternative screening tests such as hpV testing 

and VIa or visual screening with lugol’s iodine solution (VIlI) in detecting CIn and preventing 

cervical cancer.

Figure 1 – Map showing worldwide incidence of cervical cancer
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IaRC has been in the forefront of the research on the evaluation of the alternative cervical screen-

ing tests for their accuracy in detecting CIn, their effectiveness and cost-effectiveness in preventing 

cervical cancer and deaths from it by implementing several fi eld studies (*sankaranarayanan & 

Wesley 2003; *sankaranarayanan 2004; *Goldie 2005; *legood 2005; *sankaranarayanan 

2005a; *sankaranarayanan 2005b; *sankaranarayanan 2007a; *sankaranarayanan 

2007b). IaRC is part of the alliance for Cervical Cancer prevention (aCCp) supported by the 

bill & Melinda Gates foundation to advance cervical cancer prevention in low- and medium-re-

source countries (http://www.accp.org). IaRC will initiate a study in 2008 in India to address the 

long-term effi cacy and safety of different hpV vaccination regimes in preventing cervical cancer. 

IaRC studies in cervical screening have contributed to the development of several useful manu-

als available in english and other languages (*sankaranarayanan & Wesley 2003; *sellors & 

sankaranarayanan 2003; *aCCp 2004; *Who 2006; http://screening.iarc.fr) (figure 7). 

 
Figure 2 –  Useful teaching/programme implementation manuals and CDs available in 

English and other languages – also online (http://screening.iarc.fr)
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hpV testing, although accurate and highly reproducible in detecting CIn, currently involves 

sophisticated technology and expensive, and thus is of limited affordability in poor countries. 

Currently there are efforts to develop simple and affordable hpV tests for use in developing coun-

tries (http://www.path.org/projects/start_project.php). of the alternative tests, VIa (also called 

direct visual inspection or acetic acid test) is readily applicable and affordable in all countries, 

and a wide range of test providers such as doctors, nurses and paramedical health workers can 

be readily trained in short training sessions (*blumenthal 2005). IaRC has developed several 

training materials for this purpose (http://screening.iarc.fr; *sankaranarayanan & Wesley 2003). 

VIa involves naked-eye inspection of the cervix using a bright torch light or a halogen focus lamp, 

1–2 minutes after the application of freshly prepared 3–5% acetic acid using a cotton swab or a 

spray. a positive test is characterised by well-defined acetowhite areas on the cervix or a cervical 

growth (figure 5)(*sankaranarayanan & Wesley 2003). Immediate results following VIa allow 

diagnostic investigations and/or treatment in the same session as screening. 

IaRC studies in collaboration with national institutions in countries such as India, nepal, angola, 

burkina faso, Congo, Guinea, Mali, niger and Tanzania involving over 80 000 women have 

shown that workers can be efficiently trained to perform VIa, and that it is as effective as a pap 

smear in accurately detecting CIn on the visible part of the cervix (*sankaranarayanan et al., 

2004). however, it is a subjective test highly dependant on the competence of the test provider, 

and suffers from a high number of false-positive results; additionally, quality assurance can be 

challenging under field conditions. 

In 1999, IaRC in collaboration with the Christian fellowship Community health Centre (CfChC), 

a rural hospital and cancer centre in the Dindigul District of Tamil nadu state in south India, organ-

ized a large randomised controlled trial involving some 80 000 women aged 30–59 years, to 

address the effectiveness of VIa screening in preventing cervical cancer (*sankaranarayanan 

2007a). This study evaluated whether a single VIa screening provided by trained nurses and 

treatment of detected CIn by cryotherapy and excision under field conditions can lead to 

reduced occurrence of cervical cancer cases and deaths among women offered screening as 

compared to a similar group of women receiving the existing health care. around 49 300 women 

in 57 randomly chosen village clusters were offered one round of VIa screening, and 31 300 

were screened during 2000–2003. among the 3100 VIa-positive women, around 1900 were 

detected with CIn, three-fourths of whom received treatment. More than 90% of treated CIn 

cases were cured (*sankaranarayanan 2007b). around 31 000 control group women in 56 
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Figure 4:
Pap smear cytology slide 

showing cervical intraepithelial 
lesion grade 3 (CIN 3)
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Figure 3 – Cervical cancer incidence and mortality rates in selected regions



Table 1. 
Cervical cancer incidence and mortality in the cluster randomized controlled trial in Tamil Nadu, India.

Control group Intervention group (VIA)

eligible individuals 30 958 49 311

Cervical cancer cases 158 167

age-standardised cervical cancer incidence rate 99.1 75.2

hazard ratio (95% CI) 1.00 0.75

Cervical cancer deaths 92 83

age-standardised cervical cancer death rate 1.00 0.65

Ref: Sankaranaryanan et al., 2007 

Cumulative cervical cancer incidence rate, stage 2 or worse cancer and cumulative mortality 

over time are given in figure 8. The comparative effectiveness of a single round of screening with 

pap smear, hpV testing or VIa is being evaluated in another randomised trial in osmanabad dis-

trict, Maharashtra state, India in collaboration with the nargis Dutt Memorial Cancer hospital 

(nDMCh), barshi and the Tata Memorial Centre, Mumbai, India (*sankaranarayanan 2005b).
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Figure 5 –  Visual inspection of the cervix with 4% acetic acid (VIA)  
A : VIA negative; B : VIA positive; C : VIA positive, invasive cancer

randomly chosen clusters received health education on prevention of cervical cancer and how to 

seek screening services on their own in the course of routine health care services. 

seven years after the beginning of screening, 167 cervical cancer cases and 83 cervical cancer 

deaths had occurred in the group of women offered VIa screening, compared with 158 cases 

and 92 deaths and in the control group during 2000–2006 (Table 1). This translates into a 25% 

reduction in the number of cervical cancer cases, a 24% reduction in the occurrence of advanced 

cervical cancers and a 35% reduction in the number of cervical cancer deaths among women 

offered VIa screening (Table 1). Moreover, the overall risk death from any causes also declined 

by 13% in the VIa group.

ChapTeR 5



This IaRC/CfChC study shows for the fi rst time in a randomised trial, incorporating good training 

of health workers, nurses and doctors, sustained quality assurance and monitoring, that cervical 

cancer burden can be reduced by a single round of VIa screening. Cost-effectiveness studies 

based on data from India, Kenya, peru, south africa, and Thailand indicate that the most cost-

effective strategies for cervical screening are those approaches requiring the fewest visits, leading 

to improved follow-up testing and treatment (Mandelblatt 2002; *Goldie 2005). 

screening women once in their lifetime, at the age of 35 years, with a one- or two-visit screening 

strategy involving VIa or hpV testing, reduced the lifetime risk of cancer by approximately 25 to 

36 percent, and cost less than 500 dollars per year of life saved (*Goldie 2005). Relative can-

cer risk declined by an additional 40 percent with two screenings (at 35 and 40 years of age), 

resulting in a cost per year of life saved that was less than each country’s per capita gross domes-

tic product, a very cost-effective result. The convincing reduction in disease burden and the feasi-

bility justify the routine use of VIa screening both in clinical and public health settings for cervical 

cancer prevention in developing countries. Routine teaching of VIa for medical students, nurses, 

health workers and doctors will facilitate its wide diffusion in clinical and community settings. 
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Figure 6:
Cryotherapy procedure
note formation of the ice ball
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Figure 7 – Cumulative incidence of cervical carcinoma a) overall, b) stage 2 or 

worse and c) cumulative mortality from cervical cancer in the intervention and 

control groups.
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ChapTeR 6
InTeRphone
Does mobile phone use cause cancer? IaRC looks for a scientifi c answer.

The increase in use of mobile phones has been extremely rapid over the past 

decade, with their use becoming near-universal among adults in certain coun-

tries. This rapid uptake has been accompanied by concerns about the safety of 

these devices in the long term—after all, using a mobile phone requires holding a 

radio-frequency (RF) radiation source next to one’s head. To shed light on these 

concerns, IARC coordinates INTERPHONE, a series of multinational case–con-

trol studies set up to determine whether mobile telephone use increases the risk 

of cancer and, specifi cally, whether the RF radiation emitted by mobile telepho-

nes is carcinogenic. This high-profi le project is nearing completion, and results of 

some preliminary studies have been published.
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The InTeRphone studies primarily seek to assess whether Rf exposure from mobile telephones 

is associated with cancer risk. a secondary objective is to investigate the relationship between 

these diseases and a number of potential environmental and endogenous risk factors. possible 

gene-environment interactions for brain tumours will also be studied as part of a collaboration 

with the Us national Cancer Institute consortium of brain cancer studies. The InTeRphone stud-

ies are based on a common protocol that describes procedures to be followed in all participating 

countries; individual national studies, however, may have specific features or a wider scope than 

the international study.

separate studies have been carried out for acoustic neurinoma, glioma, meningioma and tumours 

of the parotid gland. The studies used the common core protocol and were carried out in australia, 

Canada, Denmark, finland, france, Germany, Israel, Italy, Japan, new Zealand, norway, 

sweden and the UK. Details of the study protocol and procedures have been published (Cardis 

2007; springer open access http://www.springerlink.com/content/x88uu6q103076p53/). 

InTeRphone includes approximately 2600 gliomas, 2300 meningiomas, 1100 acoustic 

neurinomas, 400 parotid gland tumours and their respective controls, making it by far the 

largest epidemiological study of these tumours to date. Issues of study design, participation 

bias, recall error and exposure assessment that are essential in interpreting results from the 

study were fully addressed.

The primary source of information is an in-person computer-assisted interview (CapI) conducted 

by a trained interviewer. Retrospective and prospective validation studies are being carried out 

to investigate the accuracy of self-reported use of mobile phones by comparing questionnaire 

answers to information from records of mobile telephone companies and to information recorded 

by software modified phones. a subcommittee of experts in exposure assessment is developing, 

testing and implementing an exposure index based on information from the questionnaire, as well 

as on technical information on the characteristics of the network and of the telephones used and 

on the time period. In some countries, samples of blood or buccal cells are being collected to 

enable future analyses of gene-environment interactions.

Results of national analyses of the relation between mobile phone use and risk of specific tumour 

types in some of the participating countries have been published (Christensen et al 2004, 2005; 

hepworth et al, 2006; hours et al, 2007; Klaeboe et al, 2007; lahkola et al, 2007; lonn et al, 

2004, 2005; schlehofer et al, 2007; schoemaker et al, 2006; schuz et al, 2006; Takebayashi 

et al, 2006)(Table 1). In most studies, the odds ratio related to ever having been a regular mobile 

phone user was below 1.0—in some instances statistically significantly so—possibly reflecting par-

ticipation bias or other methodological limitations. 
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for glioma, although results by time since start of use and amount of phone use vary, the number 

of long-term users is small in individual countries and results are therefore compatible. pooling of 

data from nordic countries and part of the United Kingdom yielded a significantly increased risk 

of glioma related to use of mobile phones for a period of 10 years or more on the side of the 

head where the tumour developed (lahkola 2007). This finding could either be causal or artifac-

tual, related to differential recall between cases and controls.

for meningioma and acoustic neurinoma, most national studies provided little evidence of an 

increased risk. The numbers of long-term and heavy users in individual studies were even smaller 

than for glioma, however, and prevent any definitive conclusion about a possible association 

between mobile telephone use and the risk of these tumours. a pooled analysis of data from 

nordic countries and the United Kingdom found a significantly increased risk of acoustic neuri-

noma related to durations of use of 10 years or more on the side of tumour (schoemaker 2006). 

again, this finding could either be causal or artifactual, related to differential recall between 

cases and controls. little can be said at present concerning the risk of parotid gland tumours 

related to mobile telephone use. 

Results of national analyses of the relation between other risk factors and the tumours of interest 

have also been published (blettner 2006; edwards 2006; Malmer et al, 2007; schlehofer et al, 

2007; schoemaker 2007a, 2007b; Wigertz et al, 2006, 2007). These include smoking, aller-

gies, environmental and occupational risk factors, medical radiation and genes.

full International Results Coming soon

Manuscripts presenting results of the international analyses, based on much larger numbers of 

long-term and heavy users, are in preparation. More detailed analyses are also underway, focus-

ing on more precise localisation of tumors using 3-dimensional radiological images, and on the 

analysis of the effect of Rf exposure at the location of the tumor, using a gradient of Rf emitted 

by mobile phones. adjustment for exposure measurement error based on data from the validation 

studies is also being conducted in order to assess the impact of these errors on risk. 
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Figure – Spatial distribution of SAR in the head (courtesy J. Wiart, FTR&D)
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ChapTeR 7
World health organization Classifi cation 
of Tumours of the Central nervous system 
(4th edition)
a new edition and new classifi cations for a world standard

The standard international classifi cation of human tumours, the WHO “Blue 

Books” (as the series is commonly termed) published by the World Health 

Organization (WHO) was initiated through a resolution of the WHO Executive 

Board in 1956 and the World Health Assembly in 1957. Its objectives remain 

the same today—to establish a classifi cation and grading of human tumours that 

is accepted and used worldwide. Without clearly defi ned histopathological and 

clinical diagnostic criteria, epidemiological studies and clinical trials could not 

be conducted beyond institutional and national boundaries.
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The 3rd edition of the Who blue books, edited by Dr paul Kleihues and Dr leslie sobin, con-

tained not only histopathological classification, but also include concise sections on epidemiol-

ogy, clinical signs and symptoms, imaging, genetics, prognosis and predictive factors. a total of 

10 volumes covering most of organ sites were published by IaRC in 2000–2005. The 3rd edition 

was great success, with 168 000 copies printed and distributed worldwide. More than 1200 

pathologists, molecular pathologists, and molecular biologists from 43 countries participated in 

the production of the 3rd edition. 

as soon as the 3rd edition was completed in november 2005, the 4th edition was initiated with 

4 new series editors: Dr fred bosman, Universtiy of lausanne, switzerland; Dr elaine s. Jaffe, 

national Cancer Institute, bethesda, Usa; Dr sunil R. lakhani, University of Queensland, herston, 

australia; and Dr hiroko ohgaki, IaRC, lyon, france. In april 2006, the first volume of the 4th 

edition, WHO Classification of Tumours of the Central Nervous System, was initiated by four vol-

ume editors: Dr David n. louis, Massachusetts General hospital and harvard Medical school, 

boston, Usa; Dr hiroko ohgaki, IaRC; Dr otmar D. Wiestler, German Cancer Research Center, 

heidelberg, Germany; and Dr Webster K. Cavenee, ludwig Institute for Cancer Research, san 

Diego, Usa. In June 2006, 73 contributors from 19 countries were invited, and the consensus 

and editorial meeting was held with 25 participants in heidelberg on november 17–18, 2006. 

The working group distinguished between clinico-pathological entities, variants of entities and 

histological patterns. Entities are characterised by distinctive morphology, location, age distribu-

tion and biologic behaviour, and not simply by an unusual histopathological pattern. Variants 

are defined as being reliably identified histologically and having some relevance for clinical 

outcome, but as still being part of a previously defined, overarching entity. patterns of differentia-

tion are considered identifiable histological appearances, but that did not have a distinct clinical 

or pathological significance. 
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The working group for the 4th edition proposed adding the following 8 new entities:

n angiocentric glioma Who grade I

n atypical choroid plexus papilloma Who grade II

n extraventricular neurocytoma Who grade II

n papillary glioneuronal tumour (pGnT) Who grade I

n Rosette-forming glioneuronal tumour of the fourth ventricle Who grade I

n papillary tumour of the pineal region Who grade II/III

n pituicytoma Who grade I

n spindle cell oncocytoma of the adenohypophysis Who grade II

new variants were introduced that can be reliably identified histologically and which have some 

relevance in terms of clinical outcome. The working group for the 4th edition proposed the fol-

lowing 3 new variants: 

n pilomyxoid astrocytoma Who grade II

n anaplastic medulloblastoma Who grade IV

n Medulloblastoma with extensive nodularity Who grade IV

Tumours of the central nervous system often display a significant histopathological heterogeneity. 

surgical pathologists need to know such divergent patterns of differentiation, but not every pat-

tern warrants designation as a variant, since some patterns do not have distinct clinical or genetic 

features. The working group for the 4th edition proposed that the following tumours should be 

considered divergent patterns of differentiation rather than distinct clinico-pathological variants.

n small cell glioblastoma

n Glioblastoma with oligodendroglioma component

n Glioneuronal tumour with neuropil-like islands

This volume was published in June 2007. as the book title indicates, the focus is on tumours of 

the central nervous system, including tumours of cranial and paraspinal nerves. Tumours of the 

peripheral nervous system, e.g. neuroblastomas of the sympathetic nervous system and aesthe-

sioneuroblastoma, will be covered in other volumes of the Who blue book series.
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ChapTeR 8
helicobacter pylori Genotype and 
severity of Gastric precancerous lesions
an important distinction in infections that can lead to cancer

Helicobacter (H.) pylori, a helical-shaped bacterium found in the human sto-

mach (Figure), is highly prevalent (80–90%) in low-resource countries. Besides 

peptic ulcers and gastritis, it is associated with the development of gastric 

adenocarcinoma and is classed by IARC as a Group I carcinogen. Although 

gastric adenocarcinoma is very common worldwide, the number of cases of this 

cancer is relatively small compared with the number of people infected with H. 

pylori. Thus cancer is a relatively rare outcome of  H. pylori infection. Cofactors 

such as duration of infection, environmental and lifestyle factors, and the indivi-

dual’s genetic profi le may all play a part in whether a specifi c H. pylori infection 

results in gastric adenocarcinoma. Another possibility is that certain lineages of 

H. pylori are more carcinogenic than others.
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Current theories hold that gastric adenocarcinoma arises as the endpoint of a long sequence 

of precancerous changes to the gastric mucosa, with intermediate stages of chronic gastritis, 

atrophic gastritis, intestinal metaplasia and dysplasia. by examining specifi c types of h. pylori 

and the severity of gastric precancerous lesions, IaRC researchers sought to clarify the role of 

this infection in gastric cancer. Gastric biopsy specimens were obtained from 2145 subjects of 

a chemoprevention trial on gastric precancerous lesions in Venezuela (*plummer 2007b) and 

analysed by polymerase chain reaction (pCR) and hybridisation.

one of the most-studied of the individual h. pylori genes is the caga (cytotoxin-associated) gene. 

This is a marker for a long sequence of genes known as the cag pathogenicity island, which is 

present in only some h. pylori strains. h. pylori strains that are caga-positive are known to be 

more virulent (*plummer 2007b). 

of the 2145 subjects, 44% were classifi ed by h. pylori genotyping as being infected with caga-nega-

tive bacteria, 40% as infected with caga-positive bacteria, and 16% as uninfected (plummer 2007a).  

Distinct patterns were observed for the infected groups: a strong association was found between 

caga-positive infection and lesion severity, while caga-negative h. pylori infection was associated 

only with chronic gastritis (figure). When the caga-positive group was compared with the uninfected 

group, the odds ratio for chronic gastritis was 4.33 (95% confi dence interval 2.24–8.34), while 

Figure 1 – Odds ratios (OR) for severity of precancerous lesions using subjects with 
normal mucosa and superfi cial gastritis as controls

cagA = cytotoxin-associated gene; CI = confi dence interval; FSE = fl oating standard error; 
FCI = fl oating confi dence interval; H. pylori = Helicobacter pylori.

47



ChapTeR 8

that for dysplasia was 15.5 (95% confidence interval 6.42–37.2). previous investigations in this 

same cohort identified several risk factors for the development of precancerous gastric lesions: 

education, tobacco use and alcohol drinking. Controlling for these factors produced results that 

did not differ substantially from those presented above.

Taken as a whole, the results of this important study show a very strong and specific dose-

response relation between caga-positive h. pylori infection and the severity of precancerous 

lesions. similarly, the causal link between h. pylori and cancer may have been obscured and 

downplayed in the past because of data that did not discriminate between these genotypes with 

vastly different cancer risk profiles.

To make the best use of these findings, large epidemiological studies in gastric cancer should 

consider testing for the caga gene, as datasets that include this valuable information will be very 

useful in increasing our understanding of the etiology of gastric cancer. similarly, future cancer 

prevention and control programmes aimed at reducing progression to gastric cancer may be 

able to take advantage of this means for identifying populations that are especially at risk.
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ChapTeR 9
The programme of action on Cancer Therapy
Increasing treatment options in low-resource countries

Surgery and radiotherapy are essential components of the treatment of can-

cer and whether used for cure or palliation, radiotherapy has been shown to 

be cost-effective. In high-income countries, over half of new cases receive one 

course of radiotherapy and up to one quarter of cancer patients may receive a 

second course. In low-income countries the need for radiotherapy is much grea-

ter due to late stage presentations and the types of cancer which predominate. 

Breast and cervical cancers, the two leading female cancers globally, are highly 

treatable when detected early, and radiotherapy plays a major role in treatment 

protocols. As cancers like cervical cancer are essentially diseases that predomi-

nate in poor areas, radiotherapy is a necessity in these regions. Simultaneously, 

it is essential to alter the overall 70–30% balance of palliation over cure that 

exists at present.
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Most low- and middle-income countries have limited access to radiotherapy although over 30 

african and asian countries have no services at all. In africa the actual supply of radiotherapy is 

20% of needs; in the asia-pacific Region, with over 3 million new cases of cancer each year and 

the need for 4000 radiotherapy machines, only 1200 or so machines exist. similar shortages 

exist in latin america.

The total global shortages in low- and medium-resource countries are over 7000 radiotherapy 

machines. It is evident that strategies for developing cancer care and therapy services need plan-

ning at the national level and substantial investment for staff training and equipment. In addition, 

accessible, affordable and suitable radiotherapy technologies are needed.
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pRoGRaMMe of aCTIon on CanCeR 
TheRapY (paCT)  

The Programme of Action on Cancer Therapy (paCT) established by the International atomic energy 

agency (Iaea) and partners, aims principally to ensure effective and sustainable transfer of radiation 

technology to underserved regions of the world where need exists and to integrate radiotherapy into 

the broader public health priorities on cancer as part of National Cancer Strategies. 

In addition paCT has the potential to serve as a focus to establish a series of evidence-based, 

appropriate actions to reduce cancer incidence and cancer mortality, and increase the amount 

of effective palliation that can be delivered and contribute to the development of comprehensive 

and multidisciplinary cancer capacity building with emphasis on sustainability and self-reliance—

thereby making a significant contribution to building national cancer care infrastructure and 

capacity, to facilitating training capacity building through regional networks, and promoting the 

development of accessible, affordable and effective technologies while implementing local and 

regional capacity building. The international cancer control community requires this focus which 

paCT could provide, and must reach out to other strategic public-private partners to develop joint 

projects to maximise results.

afRox

a meeting on Cancer Control in africa was held in london on 10-11 May 2007 to raise aware-

ness of the growing cancer epidemic in africa and to discuss how best to enable the delivery of 

comprehensive cancer care to africa. This forum, organised by the Institute of Cancer Medicine, 

University of oxford and partners including the IaRC, and known as afrox, brought together some 

of the world’s leading cancer experts, 21 african health Ministries (benin, botswana, burkina 

faso, Cameron, Cape Verde, egypt, Gabon, The Gambia, Ghana, lesotho, libya, Malawi, 

Mauritius, Morocco, Mozambique, nigeria, Rwanda, sierra leone, south africa, Tanzania and 

Zambia), Who, Iaea, IaRC, the World bank, nGos and the pharmaceutical industry to pro-

vide the necessary multidisciplinary skills required to make a difference. The main outcome from 

the above meeting was the london Declaration (www.afrox.org), a document that aims to raise 

awareness of the magnitude of the cancer burden in africa and to call for immediate action to 

bring comprehensive cancer care to african countries.
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IaRC has a key role to play in both paCT and afrox. IaRC is working to implement cancer regis-

tration and a methodology for assessing the outcome of introducing radiotherapy machines into 

a region. In addition, IaRC is seeking opportunities to implement and evaluate cancer screening 

programmes employing proven, appropriate technologies whenever feasible.

Cancer is a major public health problem and is set to assume an even greater dimension world-

wide, particularly in low- and medium-resource countries. The development of programmes such 

as paCT and afrox has the potential to provide a focus of activity for many international partners 

to improve prospects for cancer control in under-served regions of the world. The emergence 

of India, the Republic of Korea, and the Russian federation into the governance structure of the 

Who agency dedicated to cancer research is another major step in this direction. This is a mile-

stone development in the history of the IaRC and gives such countries a voice in determining the 

priorities and research strategies for IaRC in performing its international programme. 
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biobanking standards
biospecimens are being analysed and stored more effi ciently than ever. 
IaRC proposes new standards to ensure their global consistency

Biobanks are the cornerstone of molecular epidemiology. Today, molecular ana-

lytic methods have reached a state of development in which they may be applied 

to large series of specimens. Research on the molecular mechanisms of cancer 

has identifi ed many molecules that can be measured and used as indicators of 

the effects of environmental exposures, of genetic susceptibility, of early steps of 

cell transformation, of early cancer disease and of cancer progression towards 

invasiveness. In addition, the use of powerful analytic methods makes it possible to 

measure nutrients, vitamins, hormones, and diverse metabolites of endogenous or 

exogenous factors in a broad range of human tissues and body fl uids. 
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a new area of biomedecine, often referred to as “the -omics”, is in full development to combine 

large-scale biological analysis with biocomputing, thus generating large amounts of data on the 

status and level of multiple molecular biomarkers. The suffix “-omics”, as for example in “genom-

ics”, conveys the notion that these approaches are aimed at assessing molecular markers as a 

whole. This distinguishes genomics from genetics, which usually concentrates on the study of a 

small number of related genes. similarly, new words have been coined to identify the global 

study of gene transcription (“transcriptomics”), of proteins (“proteomics”) or metabolic activities 

(“metabolomics”).

such powerful analyses must obey two basic requirements. first, large numbers of biospecimens 

must be available. It is not possible to make accurate distinctions between sets of several thousand 

of biomarkers by analysing only a few hundred specimens. statistical power is the key problem; 

numbers of specimens analysed must be commensurate with the number of biomarkers simultane-

ously assessed, as well as with the prevalence of these biomarkers. To achieve this, molecular 

epidemiological studies often must include thousands (if not hundreds of thousands) of 
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subjects, recruited in many different locations. This leads us to the second basic requirement: the 

specimens analysed must be of constant, controlled quality regardless of their origin. These large 

studies must be made strictly comparable. any lack of due care in specimen collection, process-

ing, transport, storage or distribution to the laboratories may ruin the work of large consortia of 

epidemiologists, doctors, nurses and statisticians—not to mention the ethical responsibility towards 

the subjects who have volunteered to participate in such large studies.

To handle these questions, and to ensure that biospecimens are acquired, processed, preserved 

and distributed in optimal conditions, the IaRC has established a biological Resource Centre 

(bRC). The IaRC bRC not only comprises the physical infrastructure that hosts the many specimen 

collections that IaRC scientists are studying. It also regroups a number of logistical services and 

facilities to maintain this infrastructure, ensure proper specimen processing and aliquoting, perform 

large-scale extraction of Dna, and ship specimens throughout the world according to the need 

of IaRC collaborative studies, while respecting the international safety and ethical rules for speci-

men transport. The IaRC bRC is the largest of its kind on the european continent, and one of the 

largest in the world dedicated to molecular epidemiology. It hosts close to 10 million biological 

samples, corresponding to specimens from about 1 million individuals. If half of the specimens 

are from Western and eastern europe (where IaRC is involved in large cohort studies), the other 

half is representative of the diversity of cancer in the world, with many specimens originating from 

central or eastern asia, latin america or africa. 
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The development of a bRC is a significant challenge for any large cancer research institutes, 

and it is important that developments in this field be carried out in a coordinated manner. It 

would be extremely disruptive to international research and collaboration if different institutions 

and countries were adopting different standards and rules to govern the many aspects of bRC 

workflow. large international efforts are being set up to work towards convergence, developing 

“best practices” and facilitating networking among biobanks. IaRC is playing a central role in 

these initiatives. The agency is a member of the various international forums and working groups 

where these issues are debated. To promote the adoption and the adhesion to common stand-

ards applicable in high- as well as low-resource countries, IaRC has recently coordinated a 

group of international experts to prepare a Technical Report entitled Common Minimum Technical 

Standards and Protocols Dedicated to Cancer Research. This document provides all background 

information necessary to set up and develop a bRC, gives recommendations regarding critical 

points in bRC workflow, and proposes troubleshooting protocols for every key step of acquiring, 

handling, preserving and storing biospecimens. by acting at the forefront of the biobanking com-

munity, the IaRC is fulfilling its role as a coordinating centre for international cancer research, in 

particular as regards lower-resource countries. 
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Cancer Incidence in five Continents
an IaRC-led worldwide effort has collected data on 12 million tumours

The aim of the Cancer Incidence in Five Continents (CI5) project is to present 

data on cancer incidence for all the populations in the world for which good 

quality data are available. Volume I of CI5 was published in 1966, using data 

collected circa 1960-62. The newest update, Volume IX in the series, continues 

to present selected incidence data from as wide a range of geographical loca-

tions as possible, from around the year 2000 (*Curado 2007). As well as tra-

ditional tabulations of cancer incidence rates by site, gender and fi ve-year age 

intervals, Volume IX provides the ability for online production of summary tables 

and breakdown analyses. With the increasing ease of comparison permitted by 

these electronic tools, the issue of comparability has become more critical in this 

volume of CI5 than ever before.
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CI5 is a longstanding collaborative project between the IaRC and the International association of 

Cancer Registries (IaCR). The call for data for CI5 Volume Ix was sent out in May 2006. This was 

a request for cancer incidence, mortality and population data, as well as a detailed questionnaire 

and narrative describing the registry. The reference time period was defi ned to be 1998–2002, 

and in order to allow the editors to verify some aspects of quality, comparability and completeness, 

contributors were also asked to send data for the years preceding the reference period. 

editorial board Meetings covering this Volume were held at IaRC on 4–6 July 2006, 11–13 oct. 

2006, 16–19 Jan. 2007, 24–26 april 2007 and 3–4 July 2007, with the active participation of 

Drs Maria-paula Curado, brenda edwards, hans storm and hai Rim shin. The data produced by 

the population-based cancer registries were standardised, and incidence and mortality rates were 

produced for all contributors. a major part of the editors’ role was to assess the validity and the 

completeness of the data submitted. The evaluation criteria to analyse the data submitted by the 

cancer registries were based on quality indicators outlined in Cancer Registration, Principles and 

Methods (*IaRC 1996). 

having excluded data from registries with insuffi cient comparability, Volume Ix of the series con-

tains data from over 200 population-based cancer registries in some 60 countries from around the 

world. over the 40 years since Volume I, the coverage by country has increased twofold and now 

covers 11% of the world population. The proportion of cancer registries accepted for publication 

was: africa 30%; south and Central america 40%; north america 90%; asia 60%; europe 80%; 

oceania 85%. 

CI5 produces age standardised rates to the 1960 world seGI population, thus providing a unique 

opportunity to compare incidence rates from around the world, by cancer type and ethnic group.

CI5 provides a basis for etiological research and cancer control policies by quantifying the mag-

nitude of the cancer burden in various populations. Cancer incidence data are the backbone of 

a variety of epidemiological studies, which aim at identifying and clarifying the role of etiological 

factors in cancer. These studies form a basis for planning, prioritising and monitoring cancer control 

activities, and provide important information for developing prudent public health policies. 
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nexT sTeps

While IaRC keeps a copy of all the data sent for the project unless instructed not to do so, IaRC 

specifies that the consent of the relevant contributors must be obtained for any use of the data 

other than for Cancer Incidence in five Continents. 

The data from Volume Ix will be added to that of the eight previous volumes of the series, which 

have been published in electronic format. These are also available as an electronic publication 

on the Internet at the CanCeRmondial web page (http://www-dep.iarc.fr) or as a Windows 

software program with tabulation and graphic facilities.

Globocan, which presents estimates of incidence, mortality and prevalence of cancer at 25 sites, 

will be updated to the year 2007. These estimates are made at country level, by sex and for five 

broad age groups.
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ChapTeR 12
avoidable Causes of Cancer in france
how much of the cancer burden can be avoided 
by changing the way we live?

Over the past 50 years, many factors, whether genetic or related to lifestyle and 
the environment, have been identifi ed as being associated with cancer occurren-
ce. About 2 to 4% of all cancers seem to have a genetic origin; i.e. gene defects 
known to be associated with these cancers can be transmitted from parents to 
their offspring. Moreover, genetic polymorphisms and epigenetic phenomena 
may enhance or reduce the risk associated with endogenous or exogenous 
carcinogenic factors. During the past two decades, it has been assumed that most 
cancers are due to lifestyle or environmental risk factors. Very many epidemiologi-
cal studies have been reported, but they are often contradictory or of debatable 
value because of methodological problems or lack of suffi cient statistical power. 
Hence, their results must be critically reviewed. In parallel, our understanding of 
carcinogenesis has markedly progressed, but the data are still insuffi cient to fully 
establish the different steps involved in carcinogenesis and the interaction between 
the various endogenous or exogenous factors. In many fi elds, further research is 
clearly required. Nevertheless, the strategy of cancer prevention must be based on 
the latest estimates of the relative weight of the various lifestyle and environmental 
risk factors. 
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The first estimate of the relative importance of genetic and environmental factors in the global 

burden of cancer was made by Richard Doll and Richard peto (1981), based on Us cancer 

mortality data. since then, only a few studies have tried to estimate the relative importance of can-

cer risk factors (olsen 1997, Danei 2005). In 1981, a number of risk factors were still unknown, 

and good qualitative and quantitative information on exposure of populations to risk factors was 

rare. Many nations have now entered the era of “information societies.” In this respect, in 2008 

we have more information on exposure patterns and thus should be able to better estimate the 

burden of cancer that can be attributed to known causes, and to provide an evaluation of their 

relative importance.

The aims of this report were to estimate the proportions of cancer attributable to such risk factors in 

france in the year 2000 and also to evaluate the weight of each factor in the burden of cancer. 

at the beginning of 2005, the IaRC created a think-tank on this topic, with the aim of developing 

methods for first obtaining estimates of the proportions of cancers attributable to known causes 

and second estimating the number of cancers that could be avoidable. In July 2005, a workshop 

at IaRC brought together cancer epidemiologists who concluded that studies on attributable 

causes of cancer should start by examining a few selected countries in the five continents.
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In september 2005, the french académie nationale de Médecine and the french académie 

des sciences proposed to IaRC to collaborate on a study on attributable causes of cancer in 

france. Results of the study were made public in september 2007, and the full report is available 

on the IaRC website (http://www.iarc.fr/IaRCpress/pdfs/index3.php).

This report distinguishes solid data from those which are still dubious or controversial, and risk 

factors considered were those considered to be IaRC Group 1 carcinogenic agents (i.e. agents 

for which there is sufficient evidence for carcinogenicity in humans)(IaRC 1987). In addition to 

known carcinogens, reproductive factors were also considered, as well as overweight and obes-

ity, and physical inactivity (IaRC 2002). factors taken into account are displayed in Table 1. 

several factors were not taken into account: for instance, diet was not included because nowa-

days there is no discernible association between many forms of cancer and specific dietary prac-

tices. for air pollution, the role of fine particles or of diesel exhausts on lung cancer occurrence is 

still controversial and ongoing studies should bring more information before a conclusion can be 

reached on the carcinogenicity of these exposures. factors for which there are no data establish-

ing carcinogenicity (e.g. pesticides) or for which there is consensus that there is no evidence for 

carcinogenicity (e.g. electromagnetic fields, waste dumping sites, waste incinerators) were not 

included. low-dose ionising radiation was not included because of the lack of consensus among 

scientists on the actual carcinogenic effect of exposure to low amounts of ionising radiation (e.g. 

medical examination, residential radon exposure).

for the selected risk factors, data on exposure in france were collected. for most factors, expo-

sure around the year 1985 was the major focus, assuming an average 15-year time lag between 

exposure and cancer occurrence. for some factors, current exposure was considered (e.g. hor-

mone replacement therapy), or the reproductive history of birth cohorts of women alive in 2000. 

all existing sources of exposure data were searched, and the decision to use any specific data 

set was done after evaluation of all data.

estimation of attributable causes of cancers was performed by calculating the proportions of 

cases and death of specific cancers in france in 2000 that were attributable to specific risk 

factors. The proportion of cancers in the total population that can be attributed to a risk factor 

is called the attributable fraction (af) (levin 1953; armitage and berry 1987) and is expressed 

as a percentage. national data on cancer incidence data were taken from estimates derived 

from the french cancer registries (Remontet 2002), and cancer mortality data were derived from 

the Institut national de la santé et de la Recherche Médicale, Centre d’epidémiologie sur les 

Causes Médicales de Décès (InseRM-CepiDC) national Death Registry.
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It was concluded that in france in the year 2000, non-hereditary risk factors were identified for 

only around 50% of cancers in men and around 26% cancers in women (Results for mortality 

are in the Table). 

other studies based on approaches similar to the one adopted in this report have yielded results 

on attributable fractions of cancer for the nordic countries and for the world (olsen 1997, Danaei 

2005) that were quite similar to those we found. hence, a specific “cause” cannot be identified 

for a majority of cancers. This is not surprising in view of the insufficiency of our knowledge of 

carcinogenesis.

The overall conclusion that only a minority of cancers occurring today in france is attributable to 

specific causes (and is therefore theoretically preventable) stresses the limitations of current knowl-

edge on human carcinogenesis. While in the future the evidence in favor or against a role of 

other risk factors is expected to accumulate and eventually aid in elucidating their contribution to 

human cancer, thanks to the results of this work, recommendations can be formulated to improve 

this process and better identify priorities for intervention.
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Table. 
Number of cancer deaths and proportions attributed to various factors in France in the year 2000

Males Females Both Sexes

Risk factors* number % of all cancers number % of all cancers number % of all cancers

Tobacco 28934 33.4 54449 9.6 34383 23.9

alcohol 8188 9.4 1692 3.0 9880 6.9

Infectious 
agents 2867 3.3 2511 4.4 5378 3.7

occupation 3183 3.7 256 0.5 3439 2.4

obesity and 
overweight 995 1.1 1321 2.3 2316 1.6

physical 
inactivity 427 0.5 1812 3.2 2239 1.6

hT-oC† 1239 2.2 1239 0.9

Ultraviolet 
light 548 0.6 499 0.9 1047 0.7

Reproductive 
factors § 606 1.1 606 0.4

pollutants 107 0.12 165 0.3 272 0.2

*Ranked according to number of deaths in both sexes 
†Hormone Replacement Therapy and Oral Contraceptives

§ Change in reproductive factors between 1980 and 2000
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aero-Digestive Cancers and alcohol
Identifying gene variants that are associated with cancer

Alcohol is an important risk factor for upper aero-digestive cancers and is prin-

cipally metabolized by alcohol dehydrogenase (ADH) enzymes (Carr 1989, 

Hoog 1986, Smith 1986). Individuals with a slower elimination rate of the 

alcohol may have increased exposure to its carcinogenic properties compared 

with those with a faster rate. Genetic variation (such as single nucleotide poly-

morphisms, or SNPs) that alter the function of the genes involved in the metabo-

lism of alcohol can potentially infl uence an individual’s risk of developing upper 

aero-digestive cancers. 
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humans have seven ADH genes, all closely clustered on chromosome 4q23. Genotyping in the 

Caucasian (CeU) population indicates that of these seven, ADH1A, ADH1B, ADH1C, ADH4, 

ADH5 and ADH6 are relatively in high linkage disequilibrium (lD), while the distant telomeric 

ADH7 gene shows little correlation with the remaining 6 (fig. 1a). There are 8 verified mis-

sense snps in the 7 ADH genes found in both the nCbI snp (http://www.ncbi.nlm.nih.gov) 

and snp500 databases (http://snp500cancer.nci.nih.gov). These eight snps can be repre-

sented by 6 snps: 5 missense snps: rs6413413 (ADH1B), rs1229984 (ADH1B), rs1693482 

(ADH1C), rs698 (ADH1C), rs1573496 (ADH7) and one “tagging snp”, as 3 missense snps 

in ADH4 (rs1126671, rs1126673, rs1042364) were in strong lD, and can represented by the 

tagging snp rs1984362 (ADH4). 

studies of aero-digestive cancer in populations of european origin have focused on the missense 

snp rs698 (ADH1C) although there has been little evidence of any effect (*brennan 2004). We 

have previously reported a potential association for the ADH1B R48h genotype (rs1229984) in 

a central european population (Ce) study (*hashibe 2006). We have now considered the effect 

of this and the 5 other ADH gene missense variants in an expanded study comprising 809 aero-

digestive cancer cases and 2586 controls from the Ce study, as well as an additional 3067 aero-

digestive cancer cases and 2692 controls from two other large-scale studies in europe (aRCaGe 

study) and latin america (la study), thus totalling 3876 cases and 5278 controls. all three multi-

centre studies were coordinated by the IaRC and followed a similar protocol for subject recruit-

ment, interview and biological sample collection. of the 3876 cases, 1790 were cancers of the 

oral cavity or pharynx, 1659 were cancers of the hypopharynx or larynx and 427 were cancers 

of the esophagus. Cases with a histology other than squamous cell were excluded.

In the pooled analysis of the 6 genetic variants on all 3876 cases and 5278 controls, 4 variants 

reported a significant association (Table 1). The most prominent was with rs1229984 (ADH1B) 

(odds ratio (oR) for rare allele carriers=0.56 (95% confidence interval, 0.47–0.66); p under 

co-dominant model=1x10-10). This variant was significant in each of the 3 individual studies (Ce: 

p=5x10-5; aRCaGe: p=1x10-4; la: p=0.002). a second strongly significant finding in the pooled 

analysis was with rs1573496 (ADH7) (oR=0.68 (0.60–0.78); p=2x10-9) representing a new 

potential susceptibility gene for this cancer. This variant was also significant in each of the 3 

individual studies. significant effects were also observed for both ADH1C missense variants: 

rs1693482 (oR=1.19 (1.08–1.32); p=3x10-5) and rs698 (ADH1C) (oR=1.16 (1.04–1.28); 

p=4x10-4). These two ADH1C variants were highly correlated in all 3 studies (fig. 1b) and further 

consideration is restricted to rs1693482 (ADH1C). a moderate increase in risk for this variant 

was observed in each of the three individual studies. 
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subsequent analysis focuses on the effects of rs1229984 (ADH1B) and rs1573496 (ADH7) 

after stratifying by site of cancer, age, alcohol consumption, tobacco smoking and study (fig. 2). 

significant heterogeneity (p=0.001) for rs1229984 (ADH1B) was observed by cancer site, with 

a reduction in risk of between 2 and 3-fold for oral/pharynx cancer (oR=0.45 (0.35–0.58)) 

and esophageal cancer (oR=0.33 (0.20–0.54)), as opposed to only a 30% decrease in risk 

for larynx cancer (oR=0.70 (0.57–0.88)). no significant heterogeneity by site was observed 

for rs1573496 (ADH7), although the most pronounced protective effect was again observed for 

esophageal cancer (oR=0.45 (0.32-0.63)). 

for both gene variants there was an increasing protective effect with increasing alcohol consump-

tion. for rs1229984 (ADH1B), no effect was observed among never drinkers, whereas the effect 

observed among those who drank above the median level of alcohol in each study was over 

twofold (oR=0.42 (0.31-0.56); p for trend=0.0002). similarly, for rs1573496 (ADH7), no effect 

was detected among never drinkers and a 40% decrease in risk was observed for heavy drinkers 

(oR=0.62 (0.50–0.75); p for trend =0.06). no significant trends were observed by smoking sta-

tus or age for either gene variant. The effects of rs1229984 (ADH1B) were very consistent across 

the 3 studies, whereas the effect of rs1573496 (ADH7) varied from oR=0.54 (0.43–0.69) in the 

Ce study to 0.79 (0.64-0.98) for the aRCaGe study (p for heterogeneity=0.08). 

finally, we assessed the combined effect of carrying either one or both of the rare gene variants 

from rs1229984 (ADH1B) and rs1573496 (ADH7). for those who possessed only rs1229984 

(ADH1B)-T the oR for aero-digestive cancer was 0.56 (0.45–0.70) and for those who pos-

sessed only rs1573496 (ADH7)-C, the oR was 0.70 (0.61–0.82), whereas for those who pos-

sessed both rare gene variants the oR for the combined effect was 0.45 (0.34–0.60; p for trend 

in possessing 0, 1 or 2 variants=10-16). 

These results provide strong evidence that at least two ADH genes (ADH1B and ADH7) have an 

important association with susceptibility to aero-digestive cancer. The strong similarity of the results 

in three separate studies conducted in different populations would argue against population strati-

fication or other biases as an explanation. These effects appear to be relevant for all subsites of 

the aero-digestive tract, although they may be more prominent for esophageal cancer, and they 

both appear to be dependant on alcohol consumption; i.e. among non-drinkers the gene variants 

have little or no effect on disease risk, whereas among alcohol drinkers the protective effect is 

more apparent at higher alcohol levels. furthermore, neither gene variant appeared to consist-

ently influence amount of alcohol consumed in controls, indicating that any protective effect from 

these gene-environment interactions is likely to be due to their role in changing the carcinogenic 
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effect of alcohol beverages. Whether we have studied the causal variants in these two genes, or 

whether our associations are secondary to other causal variants in strong lD is unknown. 

In summary, our analysis of 6 genetic variants in the ADH gene pathway among over 3800 

cases and 5000 controls has identifi ed two gene variants that are independently and strongly 

associated with aero-digestive cancers. elucidation of these fi ndings and further detailed charac-

terization of this pathway in large series of subjects would appear warranted. 
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Table.1 ADH SNPs and the risk of head and neck cancer by study and combined

CE ARCAGE LA All 3 studies

Ca Co oR 95%CI Ca Co oR 95%CI Ca Co oR 95%CI Ca Co oR 95%CI

rs1229984 C/C 742 2231 1,00 ref 1226 1197 1,00 ref 1318 945 1.00 ref 3286 4373 1.00 ref

aDh1b) C/T 49 274 0,50 (0.35- 0.70) 88 159 0,56 ( 0.41- 0.76) 102 139 0.60 ( 0.45- 0.81) 239 572 0.55 ( 0.46- 0.66)

T/T 3 13 0,49 (0.13- 1.89) 5 10 0,53 ( 0.17- 1.62) 5 6 0.82 ( 0.24- 2.80) 13 29 0.60 ( 0.30- 1.20)

ptrend 5x10-5 1x10-4 0.002 1x10-10

C/T, T/T 52 287 0,49 (0.35- 0.69) 93 169 0,56 ( 0.42- 0.75) 107 145 0.61 ( 0.46- 0.82) 252 601 0.56 ( 0.47- 0.66)

rs6413413 a/a 786 2448 1,00 ref 1292 1357 1,00 ref 1495 1142 1.00 ref 3573 4947 1.00 ref

(aDh1b) a/T 9 17 1,83 (0.73- 4.59) 25 29 10,93 ( 0.52- 1.66) 17 9 1.06 ( 0.45- 2.49) 51 55 1.05 ( 0.69- 1.61)

T/T 1 (   -   ) 1 . . (  -  )

ptrend 0.194 0.965 0.895 0.686

a/T, T/T 9 17 1,83 (0.73- 4.59) 26 29 0,96 ( 0.54- 1.70) 17 9 1.06 ( 0.45- 2.49) 52 55 1.07 ( 0.70- 1.64)

rs698 a/a 250 831 1,00 ref 461 530 1,00 ref 658 552 1.00 ref 1369 1913 1.00 ref

(aDh1C) a/G 382 1200 1,14 (0.93-1.40) 601 616 1,13 ( 0.94- 1.35) 515 395 1.08 ( 0.89- 1.30) 1498 2211 1.11 ( 1.00- 1.24)

G/G 155 444 1,26 (0.97-1.63) 238 204 1,43 ( 1.12- 1.83) 133 79 1.29 ( 0.93- 1.78) 526 727 1.32 ( 1.13- 1.53)

ptrend 0.068 0.005 0.132 4x10-4

a/G, G/G 537 1644 1,17 (0.97- 1.42) 839 820 1,20 ( 1.01- 1.42) 648 474 1.11 ( 0.93- 1.33) 2024 2938 1.16 ( 1.04- 1.28)

rs1693482 G/G 251 862 1,00 ref 455 541 1,00 ref 717 595 1.00 ref 1423 1998 1.00 ref

(aDh1C) G/a 367 1189 1,14 ( 0.93-1.39) 608 629 1,16 ( 0.96- 1.38) 573 404 1.14 ( 0.95- 1.36) 1548 2222 1.14 ( 1.02- 1.27)

a/a 152 423 1,35 (1.05- 1.75) 237 203 1,48 ( 1.16- 1.89) 134 79 1.28 ( 0.93- 1.77) 523 705 1.38 ( 1.18- 1.60)

ptrend 0.022 0.002 0.063 3x10-5

G/a, a/a 519 1612 1,19 ( 0.98- 1.44) 845 832 1,23 ( 1.04- 1.46) 707 483 1.16 ( 0.98- 1.38) 2071 2927 1.19 ( 1.08- 1.32)

rs1984362 G/G 386 1178 1,00 ref 612 686 1,00 ref 900 685 1.00 ref 1898 2549 1.00 ref

(aDh4) G/a 346 1023 1,04 ( 0.86- 1.26) 576 584 1,11 ( 0.93- 1.31) 491 381 0.95 ( 0.79- 1.13) 1413 1988 1.03 ( 0.93- 1.14)

a/a 61 218 0,74 (0.53- 1.05) 130 113 1,26 ( 0.94- 1.69) 82 52 1.17 ( 0.79- 1.72) 273 383 1.05 ( 0.87- 1.27)

ptrend 0.356 0.087 0.935 0.489

G/a, a/a 407 1241 0,99 (0.82- 1.19) 706 697 1,13 ( 0.96- 1.33) 573 433 0.97 ( 0.82- 1.16) 1686 2371 1.03 ( 0.94- 1.14)

rs1573496 G/G 665 1889 1,00 ref 1106 106 1,00 ref 1342 981 1.00 ref 3113 3976 1.00 ref

(aDh7) G/C 115 554 0,57 (0.45- 0.72) 196 248 0,83 ( 0.67- 1.03) 156 166 0.71 ( 0.55- 0.92) 467 968 0.70 ( 0.61- 0.80)

C/C 3 40 0,18 (0.05- 0.63) 8 23 0,40 ( 0.17- 0.95) 8 11 0.61 ( 0.23- 1.60) 19 74 0.40 ( 0.23- 0.69)

ptrend 1x10-7 0.015 0.006 2x10-9

G/C, C/C 118 594 0,54 (0.43- 0.69) 204 271 0,79 ( 0.64- 0.98) 164 177 0.71 ( 0.55- 0.91) 486 1042 0.68 ( 0.60- 0.78)

Ca: Cases, Co: Controls, OR: Odds ratio ; adjusted for age, sex, country, 
tobacco (packyears) and cumulative alcohol consumption
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ChapTeR 14
education and Training
sharing our expertise with researchers around the world

Research training is one of the key elements of the IARC Mission, and IARC has 

had a successful Education and Training Programme since its inception in 1966. 

The programme is currently organised into two major components: Training 

Courses and Fellowships.
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sharing our expertise with researchers around the world

TRaInInG CoURses

The aim of the IaRC Training Courses is to stimulate cancer research by improving scientific 

knowledge and developing skills among researchers worldwide. In 2005, a major evolution 

of courses was implemented, with the aim of increasing the number of researchers trained 

every year and broadening the research subjects covered. The different courses organised by 

IaRC in lyon and in other locations have been combined to form a summer school, lasting 

4 weeks during June and July. particular attention is now given to low- and medium-resource 

countries, where opportunities for training in cancer research are limited. helping to develop 

local expertise and strengthening research institutions through international collaborations are 

key components of the IaRC strategy toward cancer control worldwide.

both introductory and advanced courses are now offered within the framework of the IaRC 

summer school. In 2005, the summer school offered three introductory modules (one-week 

duration each) on Cancer Registration, Methods in Descriptive Epidemiology and Methods 

in Analytical Epidemiology respectively. These were followed by two advanced modules on 

Environmental Cancer Epidemiology and on Analysis of Time Trends. In 2006, the three intro-

ductory modules were repeated, and the two advanced modules were Molecular Cancer 

Epidemiology and Survival Analysis Methods for Cancer Registries. In 2007, the first module 

remained Cancer Registration, while the second module developed into a 2-week course 

on Introduction to Cancer Epidemiology. There was one advanced module on Genetic 

Epidemiology and Biobanking.
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The programme is advertised towards the end of each year and has recorded up to 250 

applications. about one-half of the suitable candidates are retained on the basis of their back-

ground, their involvement in cancer research, and the potential benefit of the training for their 

own institute and country. participation is possible in one or more modules, depending on inter-

est and expertise of the applicants and availability of resources.

financial support for the summer schools has been received from the U.s. national Cancer 

Institute, the european Commission (through the eCnIs network of excellence), the International 

atomic energy agency, the alliance for Cervical Cancer prevention and several Regional 

offices of the World health organization.

There were a total of 78 participants from 48 countries in 2007: albania (2), belarus (1), 

botswana (2), brazil (4), China (3), Cuba (1), egypt (1), estonia (1), france (2), Germany (1), 

Ghana (1), Greece (2), India (1), Indonesia (1), Iran (2), Iraq (1), Ireland (1), Italy (1), Jordan 

(1), Kenya (2), Korea (1), luxembourg (1), Malaysia (2), Mongolia (3), nepal (1), nicaragua 

(1), nigeria (1), peru (1), poland (2), Romania (2), saudi arabia (2), serbia (1), spain (1), 

sudan (1), Tanzania (1), Thailand (2), Ukraine (1), United arab emirates (1), United Kingdom 

(3), United states (1), Vietnam (2), Yemen (1), Zimbabwe (1). 

a total of 51 participants were from low- and medium-resource countries, and 45 received par-

tial or full financial support. IaRC participants originated from armenia, China, estonia, france, 

Germany, Italy, norway, poland, south africa, sweden, switzerland and Vietnam. students’ 

evaluation, comments and suggestions were collected by means of an anonymous question-

naire returned at the end of each module. overall there was a high level of satisfaction.

posT-DoCToRal felloWshIps

The main component of the fellowship programme consists of post-doctoral fellowships awarded 

to young researchers to come to IaRC. each year 10–12 young scientists are awarded research 

training fellowships in areas ranging from biostatistics and epidemiology to mechanisms of car-

cinogenesis.  heavy demand means there is strong competition, and fellows are chosen by a 

selection committee of both IaRC and external scientists.

at the time the fellowship programme was established, and for a significant period of time thereaf-

ter, an IaRC fellowship was one of the few ways to obtain training in cancer research in a major 

institute in another country. between 1966 and 2004, over 500 such fellowships were awarded 
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to talented young scientists from over 60 countries. With the general increase in availability of 

cancer research fellowships for high-quality students from high-resource countries, the programme 

was restructured in 2004 to allow IaRC to make a unique contribution by focusing on students 

and junior cancer researchers from low- and medium-resource countries, where training in cancer 

research is rarely available.  This new focus also allows the agency to nurture international col-

laboration in those aspects of cancer research related to its own programme by providing for the 

training at the agency of young scientists from low- to medium-resource countries who wish to 

pursue a career in cancer research.  

post-doctoral fellowships are awarded for one year, and can be extended to a second year 

pending satisfactory performance. a small grant towards starting a collaborative research project 

is awarded to selected fellows upon completion of their fellowship. To date, 27 postdoctoral 

fellowships have been awarded, 30% in the field of epidemiology and 59% from asia, since the 

inception of the new programme, and 6 new fellowships were awarded in 2007 while 4 were 

extended for another year. 

The IaRC fellowships are partially supported by the Italian association for Research on Cancer. 
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