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Director
Dr Peter Boyle
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Dr Graham Giles (from September 2005)

Dr Jose Maria Martin-Moreno (July—December 2004)

Dr Nikolai Napalkov
Dr Rodolfo Saracci
Dr Witold Zatonski (from October 2005)

IARC’s scientific programme emphasizes
prevention and is based on high quality,
uniqueness and added value over and
above what can be achieved in a single
national centre. The strategy is based on
the development of an internal
programme and also on using the IARC
infrastructure to allow collaborations
between leading cancer research groups to
take place. The Agency’s scientific activity
has been organized into five research
Clusters. One cluster (Epidemiology and
Biology Cluster) investigates the major
lifestyle causes of cancer. A second cluster
(Genetics and Epidemiology Cluster)
concentrates on the role of genetics in can-
cer and its interaction with environmental
factors. A further cluster (Pathogenesis
and Prevention Cluster) focuses on preven-
tion research and molecular pathology.
Underpinning these activities is a strong
activity in biostatistics and bioinformatics.
In addition to playing and developing a
support role, the wide range of quantitative
research activities continues to be
strengthened (Biostatistics and Epide-
miology Cluster). Further support comes
from the presence of strong laboratory
activity (Molecular Carcinogenesis Cluster),
which provides the research necessary to use
observations made on populations to obtain
a better understanding of mechanisms. In
addition to its role in easing scientific
management, the development of the
Clusters is designed to enable closer
working of Groups in each Cluster and
closer working together of Clusters.

vi

Administrative officer
Ms Caroline Granger (from January 2005)

Administrative assistants
Ms Margot Geesink
Ms Elizabeth Riviére (until August 2004)

Some unique scientific programmes
which are of great value are in progress,

and these will be nurtured and
encouraged to develop further. These
include programmes in descriptive
epidemiology, human papillomavirus,
nutrition and hormones, Screening,
Biomarkers, genetic epidemiology and
the TARC Monographs Programme for
Carcinogen Identification and Evaluation.

This Report comprises two distinct
parts. The first part describes the work
and achievements of each Group at the
Agency during the biennium 2004-2005.
These are presented by Cluster. A second
part contains highlights of some of the
key findings and publications arising
trom the work of the IARC during the
biennium and attempts to place this in its
wider context wherever possible.

Scientific findings

Cancer is a rapidly increasing problem in
low-resource and medium-resource
countries at present and cancer control
activities are in an early stage of develop-
ment. Much important etiological research
remains to be done in these areas, notably
Central and Eastern Europe, in Western
Asia, South-East Asia and Latin America
and the Caribbean. During 2004-2005,
several major publications from IARC
reflect emphasis on research in low- and
medium-resource countries. Notable
among these are the reports on Oral
Cancer Screening in southern India and
the studies of cervix cancer screening and
HPV detection around the world.

The final volume of the Blue Book
series Pathological Classification of
Tumours, was published in 2005 and the
work for the fourth edition is currently
underway. Work is on-going to produce
Volume IX of Cancer Incidence in Five
Continents and an update of Globocan is
underway. The TPS53 database continues
to be developed and grow further in utility
and there have been important findings
published on Thyroid Cancer Risk
Following the Chernobyl Nuclear Accident
and an International Collaborative Study of
Cancer Risk in Radiation workers.

In the field of nutrition, further
clarification of the role of vegetables and
fruit intake on breast cancer risk has been
published and the interaction between
genetic factors and vegetable intake on
lung cancer risk has helped move this
field forward. The importance of alcohol
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consumption on cancer risk is taking on
increasing emphasis and will be
the subject of an IARC Monograph
evaluation during the forthcoming
biennium. The results of each Monograph
Meeting are now published in Lancet
Oncology within 6-8 weeks of the
meeting finishing thereby allowing a
wide audience to have rapid access to the
evaluations made by the Working Group.

Key elements

During the biennium, new developments
at IARC included the creation of a
Tobacco Group and a Screening Quality
Control Group. Steps were also initiated
to strengthen two major areas of IARC
scientific activity which will become
effective during 2006. The Biostatistics
Groups will be significantly strengthened
and the Descriptive Epidemiology
Programme will be significantly
strengthened by the creation of a new
Group whose focus will be on the analy-
sis and interpretation of the masses of
cancer data available.

Research training is one of the key
elements of the ITARC mission and the
Research Training Fellowship Programme
has been a major success since its incep-
tion. With the passage of time, many of the
opportunities offered by the IARC
Fellowships Programme that used to be
unique now find themselves duplicated.
This programme focuses on training
opportunities that do not exist elsewhere
and on providing training for students from

Publications

Boyle P. Testicular Cancer: The Challenge for Cancer
Control. Lancet Oncology 2004; 5: 56-61.

Boyle P. Tobacco Smoking and British Doctors’
Cohort (Editorial). Brit J Cancer 2005; 92: 419-420

Boyle P. Breast cancer control: Signs of progress, but
more work required. Breast. 2005 Dec; 14(6):429-38

Boyle P, Ariyaratne M, Bartelink H, Baselga I,
Berns A, Brawley OW, Burns H, Davidov M,
Dinshaw K, Dresler C, Eggermont AM, Gajurel D,
Gordina G, Gray N, Kakizoe T, Karki BS, Kasler M,
Kerr DI, Khayat D, Kiselev A, Khuhaprema T,
Klocker H, Levshin V, Martin-Moreno JM, McVie
JG, Mendelsohn J, Napalkov NP, Ngoma TA, Park
JG, Philip T, Pétschke-Langer M, Poudal HN, Rajan
B, Ringborg U, Rodger A, Seffrin IR, Shanta V,
Shrestha MM, Thomas R, Tursz T, de Valeriola D,
Veronesi U, Wiestler OD, Zaridze D, Zatonski W and
Zeng YX. Cutbing tobacco's toll starts with the

low- and medium-resource countries. The
programme is being expanded to incorpo-
rate a scheme to allow students for these
countries to study at IARC and to receive a
Masters or PhD. IARC course activity has
concentrated on activities in the TARC in
Lyon, with the establishment of the IARC
Summer School.

Arrivals and Departures

There have been departures among the
Group Heads: Dr David Goldgar, Head of
the Genetic Epidemiology Group; Dr
Emmanuel Lazaridis, Head of the
Biostatistics Group; Dr Max Parkin, Head
of the Descriptive Epidemiology Group;
and Dr Elio Riboli, Head of the Nutrition
and Hormones Group. All at IARC thank
them for their service to IARC and wish
them the very best for the future. New
Group Heads appointed were Dr Carolyn
Dresler (Tobacco Group), Lawrence von
Karsa (Screening Quality Control Group)
and Dr Paul Brennan (Genetic
Epidemiology Group).

Fortieth Anniversary of the IARC

The International Agency for Research on
Cancer was established by resolution of
the 18th World Health Assembly and
came into existence in September 1965.
Throughout its forty years of existence,
the defined mission of the Agency has
remained to conduct and promote
international collaboration in cancer
research with the objective of improving
health through a reduction in the

professionals; World No Tobacco Day. The Lancet
(11th June) 2005; 365: 1990-1992

Boyle P, Dore JF, Autier P and Ringborg U. Cancer
of the Skin: A Forgotten Problem in Europe. Annals
Oncology 2004; 15(1): 5-6.

Boyle P and Dresler C. Preventing the lung cancer epi-
demic. Annals Oncology 2005; 16: 1565-6.

Boyle P and Ferlay J. Cancer incidence and mortali-
ty in Burope, 2004. Aninals Oncol 2005; 16: 481-488

Boyle P and Ferlay J. Mortality and survival in
breast and colorectal cancer. Nature Clinical
Practice Oncology (2005) 2, 424-425

Boyle P, Mezzetti M, Vecchia CL, Franceschi S,
Decarli A, Robertson C. Contribution of three com-
ponents to individual cancer risk predicting breast
cancer risk in Italy. Eur J Cancer Prev. 2004 Jun;
13(3):183-191

incidence of and mortality from cancer
throughout the world.

The Official Ceremony recognising
this Anniversary was celebrated on
12th May 2005, immediately prior to the
47th Meeting of the TARC Governing
Council, in the presence of Mr Jean-
Pierre Lacroix, the Préfet, Mr Jean-Jack
Queyranne, the President of the Région
Rhéne-Alpes and Mr Gérard Collomb,
the Mayor of Lyon. A message from the
President of France, Mr Jacques Chirac
was delivered by Professor David Khayat
and Dr Klaus Theo Schrider, State
Secretary, German Federal Ministry of
Health and Social Security, one of the five
founding nations, made a short presenta-
tion. A Scientific Symposium was held
with five speakers making presentations
on key areas of science where IARC had
made a fundamental contribution.

IARC Medal of Honour

In 2004, the recipients of the JARC Medal
of Honour were Professor Umberto
Veronesi (Italy), Professor Witold Zatonski
(Poland) and Dr Andrew von Eschenbach
(United States). Recipients in 2005 were
Dr Brian MacMahon (United States),
Professor David Lane (UK) and Professor
Tadao Kakizoe (Japan). Each one has
made a significant contribution to cancer
research and prevention and it has been a

pleasure  to  acknowledge  these
contributions by this award.

Peter Boyle

Director

Boyle P, Robertson C, Lowe F and Roehrborn C.
Updated Meta analysis of Clinical trials of
Permixon® in the treatment of Symptomatic Benign
Prostatic Hyperplasia. BJUInt. 2004 Apr; 93(6):
751-6

Boyle P, Robertson C, Vaughan D and Fitzpatrick
IM. Meta-analysis of Transurethral Needle Ablation
(TUNA) for the treatment of symptomatic benign
prostatic hyperplasia. B/UInt 2004 Jul; 94(1):83-8
Boyle P, Roehrborn C, Harkaway R, Logie J, de la
Rosette J and Emberton M. 5-alpha reductase inhibi-
tion provides superior benefits to alpha blockade by
preventing AUR and BPH-related surgery. Eur
Urology 2004; 45(5): 626-627.

Boyle P, Vainio H, Smith R, Benamouzig R, Lee WC,
Segnan N, Takima K and Tsubono Y..Workgroup I:
criteria for screening. UICC International Workshop on
Facilitating Screening for Colorectal Cancer, Oslo,

vii



Director’s Introduction

Norway (29 and 30 June 2002). Ann Oncol, 2005 Jan;
16(1):25-30

Bruno S, Maisonneuve P, Castellana P, Rotmensz N,
Rossi S, Maggioni M, Persico M, Colombo A,
Monasterolo F, Casadei-Giunchi D, Desiderio F,
Stroffolini T, Decensi A, Veronesi U and the Italian
Tamoxifen Study Group (includes Boyle P).
Incidence and Risk Factors for non-alcoholic steato-
hepatitis in the Italian Tamoxifen Chemoprevention
Trial BMJ 2005; 21st March 2005.

Cogliano VI, Baan R, Straif K, Grosse Y, Secretan B,
El Ghissassi and Boyle P. Transparency in the IARC
Monographs. Lancet Oncology 2005; 6: (October,
2005)

Collaborative Group on Hormonal Factors in Breast
Cancer (includes P Boyle). Breast cancer and abor-
tion: collaborative reanalysis of data from 53 epi-
demiological studies, including 83 000 women with
breast cancer from 16 countries. Lancer 2004; 363:
1007-16

Creasman WT, Kohler MF, Odicino F, Maisonneuve
P and Boyle P. Prognosis of papillary serous, clear
cell, and grade 3 stage I carcinoma of the endometri-
um. Gynecol Oneol. 2004 Dec; 95(3):593-6.

Debruyne F, Boyle P, Calais da Silva F, Gillenwater
JG, Hamdy FC, Perrin P, Teillac P, Vela-Navarrete R,
Raynaud JP, Schulman C. [Evaluation of the clinical
benefit of Permixon and tamsulosin in severe BPH
patients--PERMAL study subset analysis] Prog Urol.
2004 Jun; 14(3):326-31. French

Debruyne F, Boyle P, Calais Da Silva E, Gillenwater
JG, Hamdy FC, Perrin P, Teillac P, Vela-Navarrete R,
Raynaud JP, Schulman CC. Evaluation of the
Clinical Benefit of Permixon and Tamsulosin in
Severe BPH Patients-PERMAL Study Subset
Analysis. Eur Urol. 2004 Jun; 45(6):773-80

Decensi A, Maisonneuve P, Rotmensz N, Bettega D,
Costa A, Sacchini V, Salvioni A, Travaglini R,
Oliviero P, D'Aiuto G, Gulisano M, Gucciardo G, Del
Turco MR, Pizzichetta MA, Conforti S, Bonanni B,
Boyle P and Veronesi U. Effect of tamoxifen on
venous thromboembolic events in a breast cancer
prevention trial Circulation. 2005 Feb 8: 111(5):
650-6

Gray NE and Boyle P. The Case of the Disappearing
Nitrosamines. A Potentially Global Phenomenon,
Tobacco Control, 2004 Mar; 13(1):13-6.22.

Gray N and Boyle P. Publishing tobacco tar meas-
urements on packets. BMJ 2004 Oct 9; 329 (7470):
813-4.

Gray N, Henningfield JE, Benowitz NL, Connolly
GN, Dresler C, Fagerstrom K, Jarvis MJ and Boyle P.
Toward a comprehensive long term nicotine policy.
Tob Control. 2005 Jun; 14(3):161-5.

Hodge A, English D, McCredie M, Severi G, Boyle
P, Hopper JL and Giles GG. Foods, nutrients and
prostate cancer. Cancer Causes Control. 2004 Feb;
15(1):11-20.7.

Gandini S, Sera F, Cattaruzza MS, Picconi O, Boyle
P and Melchi CE. Meta-analysis of risk factors for
cutaneous melanoma: I. Common and atypical naevi.
Eur J Cancer 2005 Jan; 41(1):28-4

viii

Gandini S, Sera F, Cattaruzza MS, Pasquini P,
Picconi O, Boyle P and Melchi CF. Meta-analysis of
risk factors for cutaneous melanoma; II Sun €xpo-
sure. Eur J Cancer. 2005 Jan; 41(1):45-60

Gandini S, Sera F, Cattaruzza MS, Pasquini P, Zanetti R,
Masini C, Boyle P and Melchi CF. Meta-analysis of risk
factors for cutaneous melanoma: TII. Family history,
actinic damage and phenotypic factors. Eur J Cancer.
2005 Aug 24

Gnagnarella P, Parpinel M, Salvini S, Franceschi S,
Palli D and Boyle P. The update of the Italian Food
Composition Database. J Food Comp Analysis 2004,
17: 509-522

Horninger W, Berger A, Pelzer A, Klocker H,
Oberaigner W, Schonitzer D, Severi G, Robertson C,
Boyle P, Bartsch G. Screening for prostate cancer:
updated experience from the tyrol study. Curr Urol
Rep. 2004 Jun; 5(3):220-5

Horninger W, Berger A, Pelzer A, Klocker H,
Oberaigner W, Schonitzer D, Severi G, Robertson C,
Boyle P and Bartsch G. Screening for prostate can-
cer: updated experience from the Tyrol study. Can J
Urol. 2005 Feb; 12 (1 Suppl):7-13

Kreimer AR, Clifford GM, Boyle P and Franceschi S.
Human papillomavirus types in head and neck squa-
mous cell carcinomas worldwide: a systematic
review. Cancer Epidemiol. Biomarkers Prev. 2005;
14(2): 467-75.

Levi F, Lucchini F, Negri E, Boyle P and La Vecchia
C. Cancer Mortality in Europe, 1995-1999, and an
overview of trends since 1960, Int J Cancer 2004 Jun
10; 110(2):155-69.

Levi F, Lucchini F, Negri E, Boyle P and La Vecchia
C. The leveling of Prostate Cancer Mortality in
Western Europe. The Prostate 2004; 60(1): 46-52.

Levi F, Lucchini F, Negri E, Zatonski W, Boyle P and
La Vecchia C. Trends in cancer mortality in the
European Union and accession countries, 1980-2000.
Ann Oncol. 2004 Sep; 15(9):1425-31,

Morton LM, Engels EA, Holford TR, Leaderer B,
Zhang Y, Zahm SH, Boyle P, Zhang B, Flynn S,
Tallini G, Owens PH, Zheng T. Hepatitis C virus and
risk of non-Hodgkin lymphoma: a population-based
case-control study among Connecticut women.
Cancer Epidemiol Biomarkers Prev. 2004 Mar;
13(3):425-30.

Morton LM, Holford T, Leaderer B, Boyle P, Zahm
SH, Zhang Y, Flynn F, Tallini G, Owens PH and
Zheng T. Hepatitis B virus and risk of non-Hodgkin's
lymphoma: a population-based case-control study in
Connecticut women. Int J cancer (in press).

Robertson C. Runzi N, Idris N and Boyle P. Beyond
Classical Meta Analysis: Can inadequately reported
studies be included? Drug Discovery Today 2004; 9
(21): 924-931.

Rosen R, Altwein I, Boyle P, Kirby RS, Lukacs B,
Meuleman E, O'Leary MP, Puppo P, Robertson C and
Giuliano F. [Lower urinary tract symptoms and male
sexual dysfunction: the multinational survey of the
aging.male (MSAM-7)] Prog Urol. 2004 Jun;
14(3):332-44. French.

Scully C and Boyle P. The role of the dental team in
preventing and diagnosing cancer; 1. Cancer in gen-
eral. Dent Update. 2005 May; 32(4):204-6, 208-10,
212

Vandoninck V, Bemelmans BL, Mazzetta C,
Robertson C, Keech M, Boyle P and Kiemeney LA.
The prevalence of urinary incontinence in communi-
ty-dwelling married women: a matter of definition.
BJU Int. 2004 Dec; 94(9):1291-548.

Veronesi U and Boyle P. Breast cancer — Authors'
reply. The Lancet 366 (9497): 1606.

Veronesi U, Boyle P, Goldhirsch A, Orrechia R and
Viale G. Seminar on Breast Cancer. Lancet, 2005
May 365 (9472):1727-41

Zhang Y, Lan Q, Rothman N, Zhu Y, Zahm SH,
Wang SS, Holford TR, Leaderer B, Boyle P, Zhang
B, Zou K, Chanock S and Zheng T. A putative exon-
ic splicing polymorphism in the BCL6 gene and the
risk of non-Hodgkin lymphoma. J Nat! Cancer Inst.
2005 Nov 2; 97(21):1616-8

Zhang Y, Holford TR, Leaderer B, Boyle P, Zahm
SH, Owens PH, Morton M, Zhang B, Zou K, Flynn
S, Tallini G, and Zheng T. Blood Transfusion and
Risk of Non-Hodgkin’s Lymphoma in Connecticut,
Women. Am J Epidemiol 2004 Aug; 160(4): 325-30.
Zhang Y, Holford TR, Leaderer B, Boyle P, Zahm SH,
Zhang B, Zou K, Morton LM, Owens PH, Flynn 8§,
Tallini G and Zheng T. Menstrual and reproductive
factors and risk of non-Hodgkin's lymphoma among
Connecticut women. Am J Epidemiol. 2004 Oct 15;
160(8):766-73.

Zhang Y, Holford TR, Leaderer B, Boyle P, Zahm
SH, Flynn S, Tallini G, Owens PH and Zheng T. Hair
Coloring Product Use And Risk of Non-Hodgkin’s
Lymphoma: A Population-based Case-Control Study
In Connecticut. Amer J Epid 2004; 159; 148-154.
Zhang Y, Holford TR, Leaderer B, Zahm SH, Boyle
P, Morton LM, Zhang B, Zou K, Flynn S, Tallini G,
Owens PH and Zheng T. Prior Medical Conditions
and Medication Use and Risk of Non-Hodgkin
Lymphoma in Connecticut United States Women.
Cancer Causes Control 2004; 15(4): 419-428.
Zheng T, Holford T, Leaderer B, Zhang Y, Boyle P,
Zahm SH, Flynn S, Tallini G, Zhang B, Zhou K,
Owens PH, Rothman R, Lan Q and Boyle, P. Diet and
nutrient intakes and risk of non-Hodgkin Lymphoma
in Connecticut women. Am J Epidemiol. 2004 Mar 1;
159(5):454-66.

Zhang Y, Wise JP, Holford TR, Xie H, Boyle P, Zahm
SH, Rusiecki J, Zou K, Zhang B, Zhu Y, Owens PH
and Zheng T. Serum Polychlorinated Biphenyls,
Cytochrome P-450 1A1 Polymor-phisms, and Risk
of Breast Cancer in Connecticut Women. Am J
Epidemiol. 2004 Dec 15; 160(12):1177-83.
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Honour

Roger Sohier Lecture

Gérard Orth (Institut Pasteur, Paris) — Papilloma virus and human cancer

Guy Blaudin de Thé (Institut Pasteur, Paris) — Epidémiologie moléculaire des rétrovirus oncogénes

Richard Peto (Oxford University, UK) — Avoidance of premature death

Dirk Bootsma (Erasmus University, Rotterdam, The Netherlands) — DNA repair: maintaining nature’s perfection

Luca Cavalli-Sforza (Stanford University, USA) — Génes, peuples, langues, cultures

Charles Weissmann (University of Zurich, Switzerland) — Biology and transmission of prion diseases

Jan Pontén (Uppsala University, Sweden) — Sunlight and skin cancer: new insights

Richard Klausner (National Cancer Institute, Bethesda, USA) — The war on cancer: where we are and where research is
taking us

Oliver Briistle (Institut fiir Neuropathologie, University of Bonn, Germany) — Embryonic stem cells: basic concepts and
therapeutic applications

Jeffrey Koplan (Centers for Disease Control, Atlanta, USA) — Bioterrorism and public health preparedness

Paul Kleihues (Director, IARC) — Poverty, affluence and the global burden of cancer

Umberto Veronesi (European Institute of Oncology, Milan, Italy) — Breast cancer management and care. Current results
and future perspectives

David Lane (University of Dundee, UK) — p53 and human cancer: the next 25 years

Richard Doll Lecture

Richard Doll (University of Oxford, UK) — Fifty years follow-up of British doctors
Brian MacMahon (Harvard University, Boston, USA) — Epidemiology and the causes of breast cancer

TARC Lecture

Tadao Kakizoe: (National Cancer Centre, Tokyo, Japan) — Bladder cancer: a model of human cancer determined by
environmental factors and genetics

Xi
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2004

IARC Day 12th Roger Sohier Lecture
Umberto Veronesi, Andrew von Eschenbach, Witold Zatonski Umberto Veronesi: ‘Breast cancer management and care.

Current results and future perspectives’

Ist Richard Doll Lecture
Sir Richard Doll: ‘Fifty years follow-up of British doctors’

Xii
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Inaugural IARC Lecture 2005 2nd Richard Doll Lecture
Tadao Kakizoe: ‘Bladder cancer: a model of human cancer Brian MacMahon: ‘Epidemiology and the causes of breast
determined by environmental factors and genetics’ cancer’

13th Roger Sohier Lecture
David Lane: ‘p53 and human cancer: the next 25 years’

Xiii
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Biostatistics and Epidemiology Cluster

Cluster Coordinator:
Mr Michel Smans (Acting)

The Biostatistics and Epidemiology
Cluster (BEC) brings together groups
involved in assembly and analysis of
large data collections. A fundamental
requirement of this type of activity
nowadays is powerful computing facili-
ties, and the Information Technology (ITS)
Group is responsible for not only
providing the data-storage and processing
capabilities for the Cluster, but also
managing all other computing require-
ments of [ARC’s scientists and adminis-
tration. This includes the provision of
powerful electronic communications and
access to the internet.

The Descriptive Epidemiology (DEP)
Group provides the starting point for
much epidemiological research by
bringing together and validating vast
quantities of information on cancer
occurrence from around the world, for
dissemination in standardized formats,
both printed and electronic, and for
analyses within the Group itself, by other

IARC Groups and by scientists
elsewhere. Good relations with cancer
registries worldwide are maintained in
order to provide a unique resource for
cancer researchers. The development of
standardized methods, classifications and
computer systems for use in the recording
of cancer data is another crucial aspect of
this work. Important work has also been
carried out on analysing time trends in
cancer occurrence and on examining the
distribution and causes of childhood
cancer.

The Biostatistics (BIO) Group has the
task of developing and applying statistical
and informatic methods to the processing
of diverse types of data generated during
the course of the research by the Agency’s
scientists. This activity has been at a rela-
tively low level in recent years, but is now
a priority area for development.
Traditionally of importance for analysing
data collected by epidemiological studies,
biostatistical research is also now

focusing on how to process the floods of
data automatically generated by modern
systems for analysis of individual
genotypes.

The Radiation (RAD) Group carries
out studies of the cancer-inducing effects
of radiation that involve particularly com-
plex issues of collection and processing
of large data-sets. Major studies have
been in progress for a number of years, all
of which have required careful attention
to the methodology of measurement of
radiation exposures. The study on nuclear
workers has generated unique results on
the effects of low-dose long-term
exposure to ionizing radiation, of critical
importance for setting radiation protec-
tion standards. The largest study to date of
the effects of exposure to non-ionizing
radiation due to use of mobile phones
(cell phones) is nearing completion, and
will provide answers to questions of wide
public concern about this technology.
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Head
Mr Michel Smans

(acting from April 2004)
Dr Emmanuel Lazaridis
(until March 2004)

Technical assistant
Mr Sébastien Cuber

The Biostatistics Group’s mission is to
facilitate the TARC research programme
by investigating, developing, and
deploying statistical and informatics tools
and solutions across the Agency.
Following the departure of its previous
head, the recruitment of a new leader is in
progress and a new programme of activi-
ties is being developed.

Active support is provided to the
existing Laboratory Information Manage-
ment System (LIMS) for the Genetic
Cancer Susceptibility Group, as well as to
the definition and acquisition of an
Agency-wide LIMS. Expertise on web
technologies is made available to the
Communications Group and various
research Groups, while close collabora-
tion is maintained with the ITS Group.

The Group has actively participated in
several working groups of the
International Association of Cancer
Registries (Artificial Light and Skin

Publications

Autier P, Boniol M, Severi G, Pedeux R, Grivegnee
AR, Dore JF. Sex differences in numbers of naevi
on body sites of young European children: implica-
tions for the aetiology of cutaneous melanoma.
Cancer Epidemiol Biomark Prev 2004; 13(12):
2003-2005

Autier P, Severi G, Boniol M, de Vries E, Coebergh
IJW, Dore JE. Re: Sun exposure and mortality from
melanoma. J Natl Cancer Inst 2005; 97(15): 1159

Secretary
Ms Laurence Marnat

Visiting scientists and postdoctoral
fellows
Dr Mathieu Boniol
(from September 2004)
Dr Daniel Krewski (from July 2005)

Cancer, Avoidable Causes of Cancer,
Chernobyl) and provided statistical
advice to external collaborators
(Cancéropole Clermont-Ferrand, Pros-
tate working group Innsbruck), as well as
TARC research groups.

me

Bataille V, Boniol M, De Vries E, Severi G,
Brandberg Y, Sasieni P, Cuzick J, Eggermont A,
Ringborg U, Grivegnee AR, Coebergh JW, Chignol
MC, Dore JF, Autier P. A multicentre epidemiologi-
cal study on sunbed use and cutaneous melanoma in
Europe. Eur J Cancer, In press

Boniol M, De Vries E, Coebergh JW, Dore JF;
EUROCARE Working Group. Seasonal variation in
the occurrence of cutaneous melanoma in Europe:
influence of latitude. An analysis using the EURO-

Student
Ms Gaélle Suchet
(until September 2004)

Members of the Group attended
Melanoma EORTC congresses in
Brussels (spring 2005) and in Warsaw
(autumn 2005) and the 6th World
Melanoma Congress in Vancouver
(September 2005).

CARE group of registries. Eur J Cancer 2005;
41(1): 126-132

de Vries E, Boniol M, Severi G, Eggermont AM,
Aautier P, Bataille V, Dore JF, Coebergh, JW. Public
awareness about risk factors could pose problems
for case-control studies: The example of sunbed use
and cutaneous melanoma. Eur J Cancer, In press
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Monitoring of cancer occurrence provides
fundamental data on which to base research
into the etiology of the disease, as well as to
plan and evaluate public health interven-
tions. Geographical comparisons, temporal
trends and ecological studies provide clues
regarding the etiology of cancer. At the same
time, incidence and mortality data quantify
the size of the problem in a population so
that suitable cancer control measures can be
adopted.

Cancer registry data

A core activity of the Descriptive
Epidemiology (DEP) Group consists in
coordinating, supporting and promoting
cancer registration worldwide. Cancer
registries provide information on cancer
incidence and survival and are the only
source of data on cancer occurrence in
countries where mortality statistics are
not available. A fundamental component
of the programme is the systematic
collection of existing data on cancer
incidence, mortality and survival. These
data are then evaluated and refined before
dissemination to the scientific community
in a standardized and comparable format.
The Cancer Incidence in Five Continents
series is the best known product of this
activity, with its regular five-yearly

Technical assistants
Mr Andy Cooke
Ms Eva Démaret (until September 2005)
Dr Anja Loos (until August 2004)
MTr Eric Masuyer
Mr Agnihotram Ramana Kumar
(until September 2004)

Secretaries

Ms Susan Anthony

Ms Chantal Déchaux
Ms Susan Haver-Legros

publication of statistics on cancer
incidence worldwide, of which volume
VIII was published in 2002. The prepara-
tion of a new issue to appear in 2007 has
been initiated, with an editorial board set
up and the content and procedure defined.
A new feature will be the inclusion of
all available years of incidence from 1998
(the last year mentioned in volume VIII)
to date, rather than the traditional group
of five years only. A major innovation
in 2005 was an electronic version of the
eight volumes of Cancer Incidence
in Five Continents which are now avail-
able on the internet (www-dep.iarc.fr).
Incidence rates and numbers as originally
published in the volumes can be accessed
using a special software that allows the
user to perform selections, tabulations
and graphs. For registries that contributed
to any of the volumes and are still active
and able to provide historical data, a
separate database permits simple analyses
of time trends. The data to be included in
volume IX of Cancer Incidence in
Five Continents will be prepared in a
format compatible with the eight-volume
database, to allow its incorporation.

An interim update of the GLOBO-
CAN database that provides estimates of
incidence, mortality and prevalence in all

Visiting scientists and postdoctoral
fellows
Dr Sultan Eser
(November—December 2004)
Dr Ying Zheng
(October 2004—January 2005)
Students
Mr Frederic Bennaim
(May—November 2004)
Ms Clarisse Héry (from June 2004)
Ms Khatereh Lenormand (until April 2004)
Ms Hong Yen Ma
(April-December 2004)
Ms Damalie Nakalembe
(July—December 2004)

countries of the world around 2002 has
been made available on internet. This has
become a widely referenced basic
resource in the absence of any direct
source of information on cancer occur-
rence in many countries and regions.

The comparative value of the statistics
that cancer registries produce depends
upon the use of common methods and
definitions, so that international collabo-
ration in this area is essential. DEP
coordinates expert working groups and
proposes standards in collaboration with
international associations of cancer
registries. Agreed rules and methods are
described in documents and manuals that
DEP distributes and promotes. Much
effort is put into advising on methodology
and providing technical support and
training to established and new cancer
registries alike, in particular in regions
where the lack of disease surveillance
systems is most critical. During the bien-
nium, new versions of the DEP CanReg4
software have been developed and
installed in Africa (Algeria, Cameroon,
Ghana, Mali, Morocco, Namibia, South
Africa, Sudan), Latin  America
(Argentina, Chile, Colombia, Dominica,
French Guiana, Jamaica, Martinique,
Netherlands Antilles), Asia and the
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Western Pacific (Cambodia, China,
French Polynesia, India, Lebanon,
Malaysia, Tonga, Turkey, Vanuatu, Yemen).
Some new European registries in Belgium,
Bosnia-Herzegovina, France and Italy have
also adopted the IARC software. Registry
staff were trained in three regional courses
held in Cameroon, Turkey and Yemen, and
in the TARC Summer School held each
year in Lyon.

The DEP Group also provides admin-
istrative facilities and the secretariat to
the International Association of Cancer
Registries (IACR) and the European
Network of Cancer Registries (ENCR).
Collaborative activities include (a) site
visits to assess the feasibility and to
advise on the setting up of new registries;
(b) follow-up including data analyses to
monitor progress; (¢) development, main-
tenance and support of ad hoc software
for the routine management of the
registry data; and (d) individual and
group training on rules, coding systems
and the use of the software. Two priorities
are to assure an efficient technical support
service in the face of increasing requests
and to revitalize the working groups and
collaborations of the ENCR.

The principles and rules of cancer
registration were described in a manual
published by IARC in collaboration with
IACR in 1991 that has been the reference
text for all registries. The manual has,
however, fallen out-of-date and its
revision is in progress. Some crucial topics
that will be covered include the adoption
of the third revision of the International
Classification of Diseases for Oncology
(ICD-0), published in 2000, recommenda-
tions to expand the minimum set of
variables to include, in particular, stage at

diagnosis, and the recording of in situ
tumours occurring at some sites that are
the object of screening programmes.

Time trends

A major focus of the Group’s work in col-
laboration with the ENCR has been the
comprehensive and systematic analysis of
time trends in cancer incidence and mor-
tality in Europe. Time trends studies, to
quantify how the burden is changing over
time, may be used to predict the future
burden and risk of cancers, and may offer
clues as to the underlying determinants of
the disease under study. For studies of
trends in uterine cancer, the methodological
problem of correctly interpreting mortality
trends when a high proportion of the data
is classified as "uterus, unspecified site"
has been considered and a pragmatic
approach to adjust imprecisely coded data
was developed and applied to European
data. The analyses of trends of cervical
and endometrial cancer have revealed a
general decline in mortality from
endometrial cancer throughout Europe,
that is more marked in the Western and
Southern countries, and period-specific
declines in cervical squamous cell
carcinoma in several countries, with the
greatest decreases seen in Northern
Europe. A pattern emerged across Europe
of escalating risk in successive genera-
tions born after 1930. In Finland, despite
a highly successful cervical cancer
screening programme since the mid-
1960s, cohort- and period-specific
increases occurred in the 1990s and in
cohorts born after 1945, respectively. In
Western European countries, a decrease
followed by a stabilization of risk by
cohort was accompanied by period-

specific declines. In Southern Europe,
stable period but increasing cohort trends
were observed,

General increases over time in skin
melanoma were documented; in high-risk
countries, the increase was accompanied
by a clear trend to present at earlier
stages, indicating improved awareness as
well as clinical monitoring of the popula-
tion. Mortality has generally slowed
down or even decreased.

Analyses of time trends in ovary and
testis cancers, overall and by histological
group, have been completed. A project to
analyse trends in thyroid cancer incidence
in adults and children by histological type
has been established.

Childhood cancer

The systematic analysis of a large data-
base of childhood cancer incidence,
assembled over several years, has been
initiated. An updated classification of
childhood cancer based on the third
revision of the ICD-O has been developed
and published, that forms the basis for
new analyses of incidence and survival
data. Between 1970 and 1999, there were
generalized increases in Europe in both
incidence and survival for virtually all
types of tumour among both children and
adolescents. The trends were more marked
in Western European countries than in the
less affluent Eastern ones; significant
differences in survival between West and
East were also reported. The extent to
which increased ascertainment and
improved registration over time are
responsible for the increases observed
remains a matter of debate.
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The DEP Group is grateful to the following for their collaboration in its projects:
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Mr Philippe Damiecki

The Information Technology Services
(ITS) Group maintains and develops the
Agency’s central computing and electron-
ic communications services. The Group
has been re-organized into two teams: the
Support team ensures the day-to-day
operations and provides assistance to all
users in the research Groups and the

Technical assistants

Mr Philippe Boutarin

Mr Christopher Jack

Ms Brigitte Kajo

Mr Karim Mogaadi
(May 2004—June 2005)

Administration. The Information Tech-
nology Development team develops the
information technology infrastructure as
well as specific tools and applications for
the administration and for the research
groups.

The old computer room was enlarged
and renovated in 2004 and the local area

Secretary
Ms Laurence Marnat

network (LAN) backbone completely
re-designed. Other developments are
under way, in particular in the area of net-
work security and management. The
e-mail facility was also re-designed and a
new mail server put in place in early
2005.
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The work of the Radiation Group (RAD)
encompasses both ionising and non-
ionising radiation research.,

Ionising radiation is one of the most
intensively studied and ubiquitous carcino-
gens in our environment. The main basis
for radiation protection standards is the
study of survivors of the Japanese atomic
bombings, who were exposed primarily at
high dose rates. The major public health
concern, however, is to protect people
from relatively low-dose, protracted or
fractionated exposures such as those
received by the public in the general envi-
ronment, by patients through repeated
diagnostic procedures, and by radiation
workers. Studies by the RAD Group are
addressing outstanding questions regard-
ing the effects of ionising radiation expo-
sure pattern, radiation type and factors
which may modify radiation-induced risks
(including host and environmental factors).

Recent years have seen a great
increase in the number and diversity of
sources of non-ionising electromagnetic
fields (EMF), principally extremely low-
frequency (ELF) and radio-frequency
(RF) fields used for individual, industrial
and commercial purposes. Although these
have made our lives easier, they have
brought with them concerns about
possible associated health risks. At IARC,

Ms Héleéne Tardy
Ms Vanessa Tenet

Secretary
Ms Catherine Chassin

Visiting scientists and postdoctoral
fellows
Dr Evaldas Maceika

(until January 2004)
Dr David McLean (until August 2004)
Ms Keiko Yoshimoto

(from October 2005)

work on EMF is mainly focused on RF
exposure, which can occur in a number of
ways in occupational and environmental
settings.

Ionising radiation

An International Collaborative Study of
Cancer Risk among Radiation Workers, a
retrospective cohort study of cancer mor-
tality among nuclear industry workers in
15 countries, has been conducted in order
to provide precise direct estimates of risk
after protracted low-dose exposures and
to strengthen the scientific basis of radia-
tion protection. Analyses included
407,391 workers individually monitored
for external radiation, with a total follow-
up of 5.2 million person-years, making
the study the largest of nuclear workers
ever conducted. The excess relative risk
for cancers other than leukaemia was 0.97
per sievert (95% CI 0.14-1.97). This
estimate is higher than, but compatible
with, risk estimates used for radiation
protection. Analyses indicate that,
although confounding by smoking may
be present, it is unlikely to explain all of
this increased risk. The results suggest
that there is a small excess risk of cancer
at the low doses and dose-rates typically
received by nuclear workers. Extension of
the mortality follow-up of the cohorts
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included in the study is being considered,
as well as a cancer morbidity follow-up in
countries having a comprehensive nation-
al cancer registry.

The estimation of risk associated with
radiation exposure is most difficult for
lung cancer, because of potential
confounding by smoking and internal
radionuclide contamination. A nested
case—control study is therefore being set
up, focusing on cohorts of workers
employed in fuel fabrication and research
facilities in Belgium, France, the UK and
the USA where internal exposure to
plutonium and uranium isotopes is most
prevalent. In parallel, a similar nested
case—control study of leukaemia is also
being set up in these cohorts.

The effects of low-dose protracted
exposures to ionising radiation are also the
subject of case—control studies of
leukaemia, non-Hodgkin lymphoma (NHL)
and thyroid cancer among Chernobyl
“liquidators” from Belarus, Estonia, Latvia,
Lithuania and the Russian Federation. The
fieldwork and dose reconstruction in these
studies, which include 119 interviewed
cases of leukaemia and NHL, and 127 cases
of thyroid cancer have been completed and
analyses are under way.
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A population-based case—control
study of thyroid cancer in young people,
coordinated jointly with the Sasakawa
Memorial Health Foundation of Japan,
has been carried out in the regions of
Belarus and the Russian Federation most
contaminated by the Chernobyl accident.
The aim was to evaluate the risk of thy-
roid cancer related to exposure to iodine-
131 (™) in childhood and adolescence
and the role of modifying factors such as
age at exposure, stable iodine intake,
genetic background and reproductive his-
tory. The 276 thyroid cancer cases were
all under 15 years of age at the time of the
accident. Individual doses were estimated
for each subject. A strong dose-response
relationship was observed (P < 0.001),
with estimated odds ratios for a dose of 1
Gy varying from 5.5 to 8.4, depending on
the model. The risk of radiation-related
thyroid cancer was three times higher in
jodine-deficient areas than elsewhere.
Administration of potassium iodide as a
dietary supplement after the accident
reduced this risk by a factor of three.
These results have important public
health implications: stable iodine supple-
mentation in iodine-deficient populations
can greatly reduce the risk of thyroid can-
cer related to radioactive iodine after
accidental releases and medical exposures
in childhood.

The CHILD-THYR project has
brought together data from studies of thy-
roid cancer in relation to 'T exposure in
childhood and adolescence (the TARC
study described above and other studies
in Belarus, the Russian Federation,
French Polynesia, the USA and the
Marshall Islands), to improve the preci-
sion of risk estimates, compare risk esti-
mates across studies conducted in differ-
ent settings and assess the role of envi-
ronmental and host modifying factors.
Data from all these studies have been
received and analysis has started.

Studies of the joint roles of radiation
exposure and genetic susceptibility in the
etiology of breast cancer in young women
are being set up, within the multinational
GENE-RAD-RISK project, partially
funded by the European Union. Nested
case—control studies of breast cancer will
be conducted in two complementary pop-
ulations, chosen on the basis of high

prevalence of radiation exposure (cohorts
of cancer survivors) and/or high preva-
lence of known mutations in susceptibility
genes (cohorts of mutation carriers), to
maximize the power of the study. Genes
of particular interest are those involved in
the detection and repair of radiation-
induced DNA damage. The project will
also address the possible existence of a
common genetic profile in radiation-
induced breast tumours. Approximately
1000 cases of breast cancer and matched
controls from eight European countries
(Denmark, Finland, France, Italy, the
Netherlands, Norway, Sweden, UK) and
possibly Canada and Israel will be
included.

An ecological epidemiological study
was conducted to describe spatial and
temporal trends in breast cancer incidence
in the regions of Belarus and Ukraine
most contaminated by the Chernobyl acci-
dent, and to evaluate whether reported
increases correlate with radiation expo-
sure. Increases in incidence were seen in
all areas, reflecting improved cancer diag-
nosis and registration. In addition, a signif-
icant two-fold increase in risk during the
period 1997-2001 in the most contaminat-
ed districts was observed (average cumula-
tive dose 40.0 mSv or more) compared to
the least contaminated districts. The
increase (based on relatively small num-
bers of cases) appeared approximately 10
years after the accident, was highest
among women who were younger at the
time of exposure and was observed for
both localized and metastatic diseases.

In parallel with this ecological study,
the feasibility of conducting a population-
based case—control study of breast cancer
in young women in these regions was
assessed. This indicated that such a study
was feasible and detailed study docu-
ments have been prepared.

Wide concern has been expressed that
depleted uranium is associated with
increases in cancer incidence in Iraq, and
among military personnel using depleted
uranium munitions. Feasibility and pilot
studies initiated in 2002 were suspended
due to the war and the subsequent security
situation in Irag. Contacts have been
made in 2005 and the possibility of
restarting the work is being evaluated.

The issue of paediatric exposure to X-
rays in computerized tomography (CT)
and subsequent cancer risk is one of great
concern among the general public, as well
as in the health and radiation protection
communities. In collaboration with the
US National Cancer Institute and the
University of Newcastle, UK, a group of
investigators interested in studying this
relationship has been assembled and
information is being collected to evaluate
the feasibility of setting up a multination-
al study.

Non-ionising radiation

The INTERPHONE Study is a series of
multinational case—control studies set up
to determine whether mobile telephone
use increases the risk of cancer and,
specifically, whether the radio-frequency
radiation emitted by mobile telephones is
carcinogenic. Separate studies have been
carried out for acoustic neurinoma,
gliomas and meningiomas and tumours of
the parotid gland. This is by far the largest
epidemiological study of these tumours to
date. The studies used a common core
protocol in Australia, Canada, Denmark,
Finland, France, Germany, Israel, Italy,
Japan, New Zealand, Norway, Sweden
and the UK, to collect information on his-
tory of mobile telephone use, as well as
on occupational exposure to EMF and
ionising radiation, medical history of the
subject and medical radiation exposures.
Retrospective and prospective validation
studies have been conducted to assess the
accuracy of self-reported use of mobile
phones. Prospective validation studies
include the use of software-modified tele-
phones to allow the collection of informa-
tion on distribution of emitted power in
different countries and regions and by
pattern of use.

Because exposure to RF from mobile
phones is very localized, it was judged
essential to identify as precisely as possi-
ble the location of origin of each brain
tumour and to evaluate the RF "exposure”
at that location. A protocol developed for
neuro-radiologists to identify the anatom-
ical origin of the tumour from magnetic
resonance imaging and CT scans is being
used in all participating countries.

Data collection and validation are now
complete, with a total of approximately
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2600 gliomas, 2300 meningiomas, 1100
acoustic neurinomas, 400 parotid gland
tumours and their respective controls.
Analysis of mobile phone use history in
the international database and analyses of
the effects of estimated exposure to RF
are in progress.

As a follow-up to INTERPHONE, a
project to evaluate the feasibility of a
study of cancer risk in relation to RF expo-
sure from mobile telephone use in child-
hood and adolescence is being set up.

The Group also continues its involve-
ment in a number of multinational projects
aimed at pooling the resources of relevant
international and national agencies and key
scientific institutions in order to assess
health and environmental effects of expo-
sure to static and time-varying electric and
magnetic fields (EMF). These include:

* The WHO International EMF Project,
in which the RAD Group at IARC pro-
vides assistance in the evaluation of
health risks from EMF, identification of
gaps in scientific knowledge and recom-
mendations about research protocols.

¢ The EU-funded EMF-Net consortium,
aimed at collating and critically evalu-
ating results of research activities on
the biological effects of EMF, in order
to provide policy-relevant interpreta-
tion and advice for the facilitation of
policy development in non-ionising
radiation protection. Within this con-
sortium, the RAD Group is part of the
Steering Committee and the Fast
Response Team and is responsible for
a work package on EMF epidemiology.

Methodological developments

Errors in the estimation of exposures or
doses are a major source of uncertainty in
epidemiological studies of cancer and
other chronic diseases, particularly for ion-
ising and non-ionising radiation. A method
to take these errors into account in risk
estimation has been developed and imple-
mented, using Monte-Carlo simulations.

Dose reconstruction

Extensive efforts have been made to
develop, test and implement dosimetric
models for reconstruction of radiation

doses following the Chernobyl accident
as well as following atmospheric
weapons tests in French Polynesia. A
method (RADRUE; Realistic Analytical
Dose Reconstruction with Uncertainty
Estimation) was developed for calculat-
ing external doses to liquidators. For the
thyroid cancer case—control study, indi-
vidual doses to the thyroid have been esti-
mated taking into account intake of "'T
and other short-lived radioiodine and
radiotellurium isotopes via inhalation and
ingestion; external irradiation from
radionuclides deposited on the ground
and other materials; and intake of long-
lived radionuclides with locally produced
foodstuffs. Work is also continuing on
estimation of RF energy absorbed in dif-
ferent anatomical locations of the brain
for the INTERPHONE Study. All dose-
reconstruction efforts include assessment
of sources of uncertainty.

The RAD Group is grateful to the following for their collaboration in its projects:

INTERPHONE

Dr Bruce Armstrong, Sydney, Australia; Dr Julianne Brown, Sydney, Australia; Dr Matthew Carroll, Sydney, Australia;
Dr Angus Cook, Crawley, Australia; Dr Daniel Krewski, Ottawa, Canada; Dr Daniel Bedard, Ontario, Canada;

Dr Mary McBride, Vancouver, Canada; Dr Louise Nadon, Laval des Rapides, Canada; Dr Marie-Elise Parent, Laval des
Rapides, Canada; Dr Jack Siemiatycki, Montréal, Canada; Dr Christoffer J ohansen, Copenhagen, Denmark; Dr Helle Collatz
Christensen, Copenhagen, Denmark; Dr Anssi Auvinen, Tampere, Finland; Dr Salminen Tiina Tampere, Finland:

Mrs Anna Lahkola, Helsinki, Finland; Dr Martine Hours, Lyon, France; Dr Joe Wiart, Paris, France; Dr Joachim Schuez, Mainz,
Germany; Dr Gabriele Berg, Bielefeld, Germany; Dr Brigitte Schlehofer, Heidelberg, Germany; Dr Maria Blettner, Mainz,
Germany; Dr Siegal Sadetzki, Tel Aviv, Israel; Dr Angela Chetrit, Tel Aviv, Israel; Dr Avital Jaros Hakak, Tel Aviv, Israel;
Dr Susanna Lagorio, Rome, Italy; Dr Ivano Iavarone, Rome, Italy; Dr Paolo Vecchia, Rome, Italy; Dr Toru Takebayashi, Tokyo,
Japan; Dr Naohito Yamaguchi, Tokyo, J apan; Dr Masao Taki, Tokyo, Japan; Prof. Alistair Woodward, Auckland, New Zealand;
Dr Tore Tynes, Oslo, Norway; Dr Lars Klaeboe, Oslo, Norway; Dr Maria Feychting, Stockholm, Sweden; Dr Stefan Lonn,
Stockholm, Sweden; Dr Patricia McKinney, Leeds, UK; Ms Sarah Hepworth, Leeds, UK; Dr Minouk Schoemaker, Sutton, UK:
Dr Anthony Swerdlow, Sutton, UK; Dr Simon Mann, Oxon, UK; Dr Martie van Tongeren, Manchester, UK;

10

Dr Joseph Bowman, Cincinnati, USA.



Radiation Group

GENE-RAD-INTERACT
Dr Irina Malakhova, Minsk, Belarus; Dr Pentti Kyyronen, Helsinki, Finland; Dr Eero Pukkala, Helsinki, Finland;
Dr Mikhail Savkin, Moscow, Russian Federation; Dr Liudmila Gulak, Kiev, Ukraine; Dr Lina Kovgan, Kiev, Ukraine;
Dr Ilya Likhtarev, Kiev, Ukraine.

CHILD-THYR
Dr Irina Malakhova, Minsk, Belarus; Dr Florent de Vathaire, Villejuif, France; Dr Eva Negri, Milan, Ttaly;
Dr Viktor Ivanony, Obninsk, Russian Federation; Dr Per Hall, Stockholm, Sweden; Dr Klaus Trott, Northwood, UK.

GENE-RAD-RISK
Dr Jorgen H. Olsen, Copenhagen, Denmark; Dr Risto Sankila, Helsinki, Finland; Dr Michel Henry-Amar, Caen, France;
Dr Catherine Nogués, Saint-Cloud, France; Dr Florent de Vathaire, Villejuif, France; Dr Riccardo Haupt, Genova, Italy;
Dr Corrado Magnani, Turin, Italy; Dr Annegien Broeks, Amsterdam, The Netherlands; Dr Flora Van Leeuwen, Amsterdam,
The Netherlands; Dr Froydis Langmark, Oslo, Norway; Dr Torgil Méller, Lund, Sweden; Dr Mark Little, London, UK
Dr Anthony Swerdlow, Sutton, UK; Dr Geraldine Thomas, Swansea, UK; Dr Douglas Easton, Cambridge, UK
Dr Mike Hawkins, Birmingham, UK; Dr Duncan Thomas, Los Angeles, USA.

EMF-NET
Dr Georg Neubauer, Vienna, Austria; Dr Gilbert Decat, Mol, Belgium; Dr Michael Milligan, Brussels, Belgium;
Dr Marc Sapir, Brussels, Belgium; Dr John Scowcroft, Brussels, Belgium; Dr Eirini Zafeiraton, Brussels, Belgium;
Dr Maila Hietanen, Helsinki, Finland; Dr Kari Jokela, Helsinki, Finland ; Dr Jukka Juutilainen, Kuopio, Finland;

Dr Alain Le Calvé, Paris, France; Dr Bernard Veyret, Talence, France; Dr Joe Wiart, Paris, France; Dr Franz Adlkofer, Berlin,
Germany; Dr Gerd Friedrich, Bern, Germany; Dr Clemens Dasenbrock, Hannover, Germany; Dr Rudiger Matthes,
Oberschleissheim, Germany; Dr Theodoros Samaras, Thessaloniki, Greece; Dr Gyo6rgy Thuroczy, Budapest, Hungary;

Dr Paolo Bernardi, Rome, Italy; Dr Ferdinando Bersani, Bologne, Italy; Dr Bruno Bianco, Genoa, Italy; Dr Ruggero Cadossi,
Modena, Italy; Dr Guglielmo D’Inzeo, Rome, Italy; Dr Gian Piero Gallerano, Rome, Italy; Dr Carmela Marino, Rome, Italy;
Dr Demosthenes Papameletiou, Vatican City, Italy; Dr Paolo Ravazzani, Milan, Italy; Dr Paolo Rossi, Rome, Italy;

Dr Paolo Vecchia, Rome, Italy; Dr Jolanta Karpowicz, Warsaw, Poland; Dr Maria Feychting, Stockholm, Sweden;

Dr Kjell Hanson Mild, Umea, Sweden; Dr Niels Kuster, Zurich, Switzerland; Dr Jack Rowley, Geneva, Switzerland;

Dr Elisabeth Berry, Leeds, UK; Dr Nigel Cridland, Oxon, UK; Dr Peter Excell, Bradford, UK.

THYROID
Dr Jadvyga Anoshko, Minsk, Belarus; Dr Larisa Astakhova, Minsk, Belarus; Dr Evgenyi Demidchik, Minsk, Belarus;
Dr Irina Malakhova, Minsk, Belarus ; Dr Vladimir Masyakin, Gomel, Belarus ; Dr Alexander Nerovnia, Minsk, Belarus;
Dr Nikolay Piliptsevich, Minsk, Belarus; Dr Semyon Polyakov, Minsk, Belarus; Dr Guennadi Goulko, Wurzburg, Germany;
Dr Aldo Pinchera, Pise, Italy; Dr Masaharu Hoshi, Hiroshima, Japan; Dr Masahiro Ito, Nagasaki, Japan;
Dr Yoshisada Shibata, Nagasaki, Japan; Dr Shunichi Yamashita, Nagasaki, Japan; Dr Evaldas Maceika, Vilnius, Lithuania;
Dr Alexander Abrosimov, Obninsk, Russian Federation; Dr Sergey Chekin, Obninsk, Russian Federation;
Dr Victor Ivanov, Obninsk, Russian Federation; Dr Valeryi Khrouch, Moscow, Russian Federation;
Dr Elena Korobova, Moscow, Russian Federation; Dr Evgenyi Lushnikov, Obninsk, Russian Federation;
Dr Marat Maksioutov, Obninsk, Russian Federation; Dr Vladimir Parshin, Obninsk, Russian Federation;

Dr Evgenyi Parshkov, Obninsk, Russian Federation; Dr Nina Shabeka, Obninsk, Russian Federation; Anatoli Tsyb,
Obninsk, Russian Federation; Dr Oleg Vlassov, Obninsk, Russian Federation; Dr Irina Zvonova, St Petersburg, Russian
Federation; Dr Rosaria Galanti, Stockholm, Sweden; Dr Dillwyn Williams, Cambridge, UK;

Dr André Bouville, Washington, USA.

Pilot Study: measuring radiofrequency exposure
Dr Jean-Francois Viel, Besangon, France
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NUCLEAR INDUSTRY WORKERS
Dr Celia Hacker, Menai, Australia; Dr John Kaldor, Darlinghurst, Australia; Dr Pascal Deboodt, Mol, Belgium;
Dr Hilde Engels, Mol, Belgium; Dr Patrick Ashmore, Ottawa, Canada; Dr Lois M. Green, Toronto, Canada; Dr Bruce
Heinmiller, Ontario, Canada; Dr Gabriel Gulis, Esbjerg, Denmark; Dr Anssi Auvinen, Tampere, Finland;
Dr Matti Hakama, Tampere, Finland; Dr Francis Bermann, Paris, France; Dr Alain Biau, Le Vésinet, France;

Dr Catherine Hill, Villejuif, France; Dr Philippe Hubert, Paris, France ; Dr Agneés Rogel, Fontenay-aux-Roses, France;
Dr Eric Samson, Fontenay-aux-Roses, France; Dr Maylis Telle-Lamberton, Paris, France; Dr Margot Tirmarche, Fontenay-aux-
Roses, France; Dr Florent de Vathaire, Villejuif, France; Dr Maria Blettner, Mainz, Germany; Dr Andor Kerekes, Budapest,
Hungary; Dr Istvan Turai, Budapest, Hungary; Dr Suminori Akiba, Kagoshima, Japan; Dr Motoi Murata, Tokyo, Japan;
Dr Takesumi Yoshimura, Fukuoka, Japan; Dr Yoon-Ok Ahn, Seoul, Korea; Dr Jong-Myon Bae, Seoul, Korea;

Dr Rima Habib, Beirut, Lebanon; Dr Karol Holan, Bratislava, Slovak Republic; Dr Juan Bernar Solano, Madrid, Spain;
Dr Asunci6n Diez Sacristdn, Madrid, Spain; Dr Monica Ek16f, Osthammar, Sweden;

Dr Goran Engholm, Uppsala, Sweden; Dr Hans Malker, Sundsvall, Sweden; Dr Mirjana Moser, Bern, Switzerland;

Dr Massimo Usel, Geneva, Switzerland; Dr Mike Marshall, Oxon, UK; Dr Colin R. Muirhead, Oxon, UK
Dr Richard Wakeford, Cheshire, UK; Dr Jack Fix, Richland, USA; Dr Ethel S Gilbert, Rockville, USA;

Dr Geoffrey Howe, New York, USA; Dr Mary K. Schubauer-Berigan, Cincinnati, USA;

Dr David Utterback, Cincinnati, USA.

WHO - INTERNATIONAL EMF PROJECT
Dr Michael Repacholi, Dr Emily van Deventer, Dr Rick Saunders, Geneva, Switzerland

ALPHA-RISK
Dr Werner Hofmann, Salzburg, Austria; Dr Luc Holmstock, Brussels, Belgium; Dr Daniel Krewski, Ottawa, Canada;Dr Ladislay
Tomasek, Prague, Czech Republic; Dr Carlo Maccia, Sévres, France; Dr Margot Tirmarche, Fontenay aux roses, France;

Dr Bernd Grosche, Salzgitter, Germany; Dr Matthias Méhner, Berlin, Germany; Dr HE Wichmann, Neuherberg, Germany;
Dr Francesco Bochicchio, Rome, Italy; Dr Harmen Bijwaard, Bilthoven, The Netherlands; Dr Will Atkinson, Warrington, UK
Dr Keith Binks, London, UK; Dr Sarah Darby, London, UK; Dr Colin Muirhead, Didcot, UK;

Dr George Sallit, Berkshire, UK; Dr Robin Wood, Didcot, UK.

CHERNOBYL CLEANUP WORKERS
Dr Anatolyi Khakimyanovich Mirkhaidarov, Gomel, Belarus; Dr Semyon Poliakov, Minsk, Belarus; Dr Hans Storm,
Copenhagen, Denmark; Dr Mare Tekkel, Tallinn, Estonia; Dr Kaarle Franssila, Helsinki, Finland; Dr Margot Tirmarche,
Fontenay-aux-Roses, France; Dr Juozas Kurtinaitis, Vilnius, Lithuania; Dr Evaldas Maceika, Vilnius, Lithuania;

Dr Yuryi Gavrilin, Moscow, Russian Federation; Dr Ivan Golovanov, Moscow, Russian Federation; Dr Viktor Konstantinovitch
Ivanov, Obninsk, Russian Federation; Dr Viktor Petrovich Krjutchkov, Moscow, Russian Federation; Dr Mikhael Savkin,
Moscow, Russian Federation; Dr Anatoly Fiodorovitch Tsyb, Obninsk, Russian Federation; Dr Elena Bakhanova, Kiev, Ukraine;
Dr Vadim Vitalyevich Chumak, Kiev, Ukraine; Dr Serguei Illickov, Chernobyl, Ukraine; Dr Aleksandr Tsykalo, Kiev, Ukraine;
Dr Colin R. Muirhead, Oxford, UK; Dr Lynn Anspaugh, Salt Lake City, USA; Dr André Bouville, Washington, USA;

Dr Geoffrey Howe, New York, USA
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Cluster Coordinator: Dr Silvia Franceschi

The Epidemiology and Biology Cluster
(EBC) includes Groups that carry out
international studies on the most impor-
tant avoidable causes of cancer.

Two Groups, Infections and Cancer
Epidemiology (ICE) and Infections and
Cancer Biology (ICB), focus their efforts
on chronic infections that, altogether,
account for nearly 20% of cancer world-
wide, with low- and intermediate-
resource countries being hit hardest.
Research on human papillomavirus, the
cause of cervical cancer and of a sizeable
proportion of other cancers of the anogen-
ital tract and oropharynx, is the current
priority in both the ICE and ICB Groups.
In the last two years, the ICE Group has
mainly carried out large-scale population-
based studies of the distribution of differ-
ent human papillomavirus types in
women with and without cervical cancer.
Conversely, the ICB Group has engaged
mainly in smaller-scale biological studies,
the aim of which is to characterise the
oncogenic properties of specific human
papillomavirus types. These biological
studies complement, in terms of the
mechanisms involved, the overwhelming
epidemiological evidence on the role of
certain human papillomavirus types in the
aetiology of cervical cancer. They also
allow the identification of other human
papillomavirus types (notably cutaneous
types) that represent good candidate causes
for cancer at other sites for which a viral
aetiology is plausible but not firmly
established (e.g., non-melanomatous skin
cancer).

Although the activities of the ICE and
ICB Groups are largely independent, they
have converged in some significant inno-

vative studies carried out jointly on the
role of cutaneous human papillomavirus
types in some rare cancers, such as cancer
of the conjunctiva. Another point of
convergence is the re-examination of data
from large IARC epidemiological studies
to consider previously unexplored
aspects, such as differences in oncogenic
potential between variants in a single
human papillomavirus type. In addition to
its work on human papillomavirus, the
ICE Group carries out studies on the
excess of liver cancer and lymphomas
due to hepatitis B and C viruses and the
influence of concurrent human immuno-
deficiency virus (HIV) infection on the
incidence of virus-associated cancers.

The two Teams of the Nutrition and
Hormones (NTH) Group also represent
an example of close collaboration on a
broad series of research projects on the
role of dietary habits, metabolism and
genetic variants in the aetiology of
cancer at specific sites, notably the breast,
colon and prostate. The continuing fol-
low-up of the EPIC cohort, with half a
million volunteers from 10 European
countries and already approximately
30,000 incident cancers recorded,
provides by far the main source of infor-
mation and of biological specimens for
the activities of the NTH Group.
However, for studies of hormones and
growth factors, progress has been made in
involving additional cohorts from North
America.

Last but not least, the Tobacco and
Cancer (TOB) Group was established in
2004, in view of the fact that tobacco is
the greatest avoidable cause of cancer and
deserves a specific focus within IARC.

This Group is less strictly research-oriented
than other Groups in the EBC Cluster, but
has a broad remit, i.e., the evaluation of
scientific evidence on all important
aspects of tobacco use in society. The aim
is to provide a basis for improved preven-
tion of tobacco uptake and increased
cessation of its use.

The EBC Cluster encourages
exchanges and collaborations in every
possible way, formal and informal. As
well as the systematic collaborations that
have already been mentioned, many
others are in the pipeline. Extension of
projects on viruses and cancer to the EPIC
project is planned and will include nested
case-control  studies on  human
papillomavirus, hepatitis C virus and
Helicobacter pylori. The ICB and TOB
Groups are working together, with the
help of the Genetics and Epidemiology
Cluster, on the evaluation of a possible
involvement of human papillomavirus in
the aetiology of lung cancer. All Groups
in the EBC Cluster regularly exchange
their expertise with other Clusters in
order to fully exploit biological samples
from studies coordinated by the EBC
Cluster in work on genetic and epigenetic
cancer markers.

A few hundred publications in the
biennium provide good evidence of the
high productivity and range of topics and
international collaborations entailed in
projects coordinated by the EBC Cluster.
Several successful grant applications in
Europe and the USA also confirm the
international recognition of the EBC
Cluster’s work on infections, diet, hor-
mones and tobacco, the major causes of
cancer.
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The main goal of the Infections and
Cancer Biology (ICB) Group is to define
the causal roles of specific infectious
agents in human cancer. Two complemen-
tary approaches are being pursued:

(1) Biological studies to characterize the
oncogenic properties of specific infec-
tious agents to help in defining their
role in human carcinogenesis.

(2) Epidemiological studies to determine
the role of infectious agents in the
etiology of human cancers.

The Group’s current research is focused
on the epitheliotropic human papillo-
maviruses (HPV), a large and ubiquitous
family of viruses. Over 100 different
HPV types have already been character-
ized and they can be divided into mucosal
and cutaneous types according to their
tissue tropism. A group of the mucosal
HPV types, known as "high-risk" HPV
types, is now well established as the cause
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of cervical carcinomas as well as of a sub-
set of anogenital and head and neck carci-
nomas. Functional studies on the mucosal
high-risk HPV types have demonstrated
that the products of two early viral genes,
E6 and E7, play a key role in the malig-
nant transformation of infected cells.
Both viral proteins induce deregulation of
the cell cycle and apoptosis, telomerase
dysfunction and chromosomal instability.
However, not all HPV infections progress
to invasive cancers, since the infection is
usually cleared by the immune system in
a relatively short time. Persistence of the
viral infection is an essential requirement
for the development of invasive cancer.
The group of cutaneous HPV types is
very heterogeneous, comprising over
twice as many types as the mucosal
group, and new types are constantly being
reported. Their biological properties and
their role in human carcinogenesis are
still poorly understood. Emerging
evidence strongly suggests that a sub-
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group of cutaneous HPV types belonging
to the beta genus of the HPV phylogenetic
tree is linked to human carcinogenesis.
These were first isolated in patients
suffering from a rare autosomal recessive
genetic  disorder, epidermodysplasia
verruciformis (EV), associated with cancer
susceptibility, and are consistently detected
in non-melanoma skin cancer (NMSC) of
EV, immunocompromised and normal
individuals. However, a direct role of the
EV HPV types in cancer development
remains to be proven.

The ICB Group is conducting studies
on both mucosal and cutaneous HPV
types. Regarding the mucosal HPV types,
the main aim is to identify factors that
influence the clinical outcome of mucosal
high-risk HPV infections. Initial studies
indicate that genetic factors and natural
HPV variations play a role in determining
the persistence or regression of a viral
infection. Epidemiological studies are
planned to confirm these findings. The ini-
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tial goal of the programme on the cutaneous
HPV types is to determine whether these
types are causally involved in the develop-
ment of human cancers. Several lines of
biological and epidemiological evidence
have been obtained that support a role of the
beta group HPV types in carcinogenesis.

Polymorphisms of HPV16 and clinical
outcome

A cross-sectional study has been per-
formed in the population of several
European countries to evaluate the spec-
trum of HPV16 E6 and E7 variants in cer-
vical intraepithelial neoplasia (CIN)
grades I-III and invasive cervical carci-
nomas. Initial findings indicate that E6
variants, but not E7 variants, play a role in
the development of cervical lesions. It has
been observed that the risk of specific E6
variants may depend on the human leuko-
cyte antigen (HLA) class II haplotype of
the infected woman. To confirm these
findings, we conducted a prospective
study in a homogeneous French popula-
tion, in collaboration with the ICE Group
and with Dr Christine Clavel (Pathology
Department of the CHU of Reims) and Dr
Ingeborg Zehbe (TBRHSC, Thunder Bay,
Canada). HPV16 and HLA polymor-
phisms were analysed in three groups of
HPV 16-positive women: (a) women who
had cleared their infection, (b) women
with persistent infection and (c) women
who had progressed to high-grade lesions.
Both HPV16 and HLA polymorphisms
seemed to be involved in the progression
of HPV infection to high-grade lesions,
thus confirming the results of previous
cross-sectional studies.

These findings may provide a basis to
improve gynaecological health pro-
grammes, by allowing identification of
molecular diagnostic markers to predict
whether an HPV16 infection will be
cleared or will progress to a lesion.

Properties of uncharacterized cuta-
neous HPV types

In this programme, the biological proper-
ties of the E6 and E7 oncoproteins of
several cutaneous HPV types have been
characterized. We have shown for the first
time that members of the beta HPV group
display transforming activities that are
similar to those of oncogenic mucosal HPV

types. HPV38 E6 and E7 are able to
immortalize primary human keratinocytes,
the natural host of the virus. Similarly to E7
of high-risk mucosal HPV16, HPV38 E7
efficiently inactivates pRb and alters cell-
cycle control. In addition, we have recently
identified a novel HPV mechanism of
inactivation of the tumour-suppressor p53
that differs substantially from that previously
described for mucosal high-risk HPV types.
Thus, while HPV 16 E6 promotes p53 degra-
dation via the ubiquitin pathway, HPV38 E6
and E7 induce accumulation of a specific
form of p53 with altered transcriptional func-
tions. To evaluate the oncogenic activities of
HPV38 in an in vivo model, transgenic mice
expressing HPV38 E6 and E7 were
generated under the control of the bovine
homologue of the human keratin 10
(K10) promoter. Initial data showed that
these mice display skin hyperproliferation
and susceptibility to chemical carcino-
genesis.

Our data on the transforming ability of
HPV38 in vitro and in vivo led to the
hypothesis that HPV38 and other types of
the beta group may represent risk factors
for development of non-melanoma skin
cancer. In a pilot case—ontrol study to
verify this hypothesis, healthy skin,
actinic keratoses (that are considered a
premalignant lesion) and NMSC were col-
lected at the Dermatology Department of
the University of Bari, Italy (Dr Raffaele
Filotico). The presence of HPV38 DNA,
determined in each specimen by PCR and
Southern blotting, was found to be
positively associated with NMSC.

In a further study in collaboration with
Drs Anna Giuliano and Robin Harris
(Arizona Cancer Research Center,
Tucson, AZ, USA), we determined the
prevalence of a large number of cutaneous
HPV types in healthy skin from individu-
als with or without a history of NMSC.
Cases were approximately six times more
likely to have HPV DNA detected in fore-
arm skin biopsies than controls.

Beta HPV types and conjunctival cancer
A pilot case—control study, in collaboration
with the ICE Group and with the
Karolinska Institute, Sweden, was con-
ducted in Uganda on squamous cell carci-
nomas of the conjunctiva. The incidence of
this rare tumour, associated with heavy sun

exposure, has increased in some sub-
Saharan African countries over recent
decades in parallel with the spread of
human immunodeficiency virus (HIV),
strongly suggesting the involvement of an
infectious agent. A broad spectrum of HPV
types was tested using PCR-based assays.
EV HPV types were found in 86% of
conjunctival cancer cases and 36% of con-
trols.

HPV38 and HPV38-related types
were very frequently detected in conjunc-
tival cancer cases. No mucosal high-risk
HPV types were detected in either cases
or controls. Serological analyses for HIV
were not available for the study patients
and medical records did not mention
AIDS, but it is likely that a majority of the
cancer cases were HIV-positive, as found
in a previous study in Uganda. Thus, the
higher prevalence of EV-associated HPV
types in cancer cases could be explained
by two alternative hypotheses: (a) they
are causally associated with the develop-
ment of conjunctival cancer or (b) they
are associated with HIV-mediated
immune impairment. To discriminate
between these two possibilities, we
collected post-mortem eye specimens
from individuals with no conjunctival
lesions and with known HIV status. Only
10% of these specimens were positive for
EV HPV types and the prevalence did not
differ between HIV-negative and
HIV-positive individuals, providing
support for the first hypothesis.

In conclusion, the pilot studies on
human specimens provide additional lines
of evidence for the role of HPV38 and
members of the beta group in human
carcinogenesis.

Dokl signalling and its role in human
malignancies

Proper regulation and coordination of
biochemical signalling pathways are
important for normal cellular prolifera-
tion and differentiation. Various diseases
including cancer can occur due to altered
regulation of the signalling network
necessary for cellular homeostasis.

Dokl (downstream of tyrosine
kinases) is an adaptor protein that is
involved in several cellular signalling
pathways. It is heavily tyrosine phosphor-
ylated in many transformed cells and this
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tyrosine phosphorylation can be induced
after exposure of cells to a number of
growth factors. In addition to be a tyro-
sine kinase substrate, Dokl can be
phosphorylated by IxkB kinase B (IKKP),
a master kinase involved in NF-kB
activation. IKKB-mediated phosphoryla-
tion regulates Dok1 functions.

Dokl inhibits several signalling
pathways that are important for cell
proliferation and exhibits tumour
suppressive activity. Subsequent to this
observation, we have further reported a
mutation and down-regulation of Dokl
expression in chronic lymphocytic
leukemia (CLL). This Dok] mutant had a
nuclear localization in contrast to the
cytoplasmic wild-type protein. We have
recently shown that Dokl expression was
down-regulated in all Burkitt’s lymphoma
(BL) and X-linked lymphoproliferative
syndrome (XLP) cell lines analyzed, in
comparison to the control cells. No Dokl

mutation or polymorphism was found in
the coding region of Dokl. However
DNA sequence analysis revealed the pres-
ence of four nucleotide changes in Dokl
intronic gene. The C#47T and A8714G
changes were detected in 9% and 6% of
analyzed BL lines respectively, but never
in the control and XLP-LCL cells,
indicating that this nucleotide substitution
occurred during tumour development.
Interestingly, the C#4'T variant is
associated with a significantly lower level
of Dokl expression compared to the
control samples. In addition we found a
positive association between the presence
of EBV in BL and the Dokl genetic
variation. Our data indicate that alter-
ations of Dokl expression and structure
are involved in a subset of Burkitt’s
lymphomas.

Since Dokl can be mislocalized in
some tumour cells, we questioned
whether Dokl can be a shuttling protein.

We discovered that Dokl shuttles
between the cytoplasm and the nucleus
and contains a functional nuclear exclu-
sion site (NES). We also demonstrated
that Dokl subcellular localisation can be
modulated by Src tyrosine kinase and
IKK, and this is important to regulate its
functions.

In conclusion, our findings support
the notion that Dokl is a tumour
suppressor and that alterations of its
functions can occur in haematopoietic
tumours by either mutation or low
expression. Subcellular mislocalization
could also be a mechanism to inactivate
Dokl. Further investigation is required to
evaluate on a large-scale the extent of
involvement of Dok in other lymphoid
or solid tumours.
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Approximately one fifth of all human
cancers worldwide are attributable to per-
sistent infection with viruses, bacteria or
parasites. The Infections and Cancer
Epidemiology (ICE) Group aims to identify
the epidemiological features of cancers asso-
ciated with human papillomavirus (HPV),
human immunodeficiency virus/acquired
immune deficiency syndrome (HIV/AIDS),
hepatitis C virus (HCV), Helicobacter pylori
and other infections.

HPV

The development of HPV testing and vac-
cines presupposes knowledge of the type-
specific distribution of HPVs in different
parts of the world. In order to address this
issue, the ICE Group has carried out
systematic reviews of all published studies
with type-specific data on HPV prevalence
in women with and without cervical cancer
and has conducted 14 population-based
HPV prevalence surveys among cancer-
free women in four continents.

Overall HPV prevalence in cancer-
free women varied from 1.3% in Spain to
24.7% in Nigeria. The most commonly
identified HPV type, in either single or
multiple infections, was HPVI1e6.
Prevalence of all HPV types was highest
in Africa and lowest in Europe, but the
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variation in HPV16 prevalence across
continents was smaller than in high-risk
types other than HPV16 and in low-risk
types.

Women’s age was the variable by far
most strongly associated with HPV posi-
tivity, but the relationship with age varied
greatly by study area. Along with the most
common age pattern (i.e. an early peak of
HPV prevalence in young women),
U-shaped (mainly in Latin America) and
flat distributions (in Nigeria, China and
India) were found. The extent to which the
difference in the age pattern of HPV preva-
lence across populations depends on cohort
effects or international differences in
reinfection/clearance probability in various
age groups remains unclear. Other associa-
tions were weak (e.g. number of sexual
partners, husband’s extramarital sexual rela-
tionships) or inconsistent (e.g. smoking,
contraceptive methods) across countries.

To fill remaining gaps in knowledge
about many parts of the world, the ICE
Group has planned new surveys of HPV
prevalence, with HPV DNA testing per-
formed, as before, at the Vrije University,
Amsterdam, The Netherlands, and sero-
logical tests at the Deutsches Krebs-
forschungszentrum, Heidelberg, Germany.
Priority is given to areas of high risk for

Students
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cervical cancer for which little informa-
tion is available (e.g. eastern Europe and
central Africa) and countries where major
social changes and migration from rural
to urban areas may lead to a substantial
increase in HPV infection among young
women (e.g. China and other Asian coun-
tries). Collaborative reanalyses of studies
on HPV or cervical cancer by IARC or
other groups are continuing,

Special efforts are being made to
improve the participation of young
women in HPV surveys. The sampling of
a larger number of young women allows
for a better projection of cervical cancer
incidence 20 to 30 years from now, based
on current HPV prevalence. It will also
help in defining the age-window when a
prophylactic vaccine may be most effec-
tive in developing countries. Some specific
studies focus on HIV-positive women.

In collaboration with the Cancer
Epidemiology Unit of Cancer Research
UK, Oxford, published and unpublished
data from aetiological studies on cervical
cancer have been combined in a
reanalysis of HPV and cervical cancer for
a critical evaluation of co-factors such as
hormonal contraceptives, smoking, sexual
behaviour, reproductive factors and
menopause.
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The ICE Group is collaborating with
the US National Cancer Institute in the
analysis of the interaction between
different HPV types in the Atypical
Squamous Cells of Undetermined
Significance and Low-Grade Squamous
Intraepithelial Lesions Triage Study.

In collaboration with the ICB Group,
the oncogenic potential of HPV16 vari-
ants will be examined among HPV16-
positive women with and without cancer
from studies in different populations by
the ICE Group.

HIV/AIDS

Our studies of cancer excess in people with
HIV/AIDS in Italy and Switzerland have
confirmed highly elevated incidence (com-
pared with the general population) for
Kaposi sarcoma (KS) and non-Hodgkin
Iymphoma (NHL). The ICE Group also
contributed to defining the excess of
Hodgkin lymphoma, liver cancer, skin
cancer and cervical cancer. The introduc-
tion of highly active antiretroviral therapy
in 1996 has greatly decreased the incidence
of KS and NHL, but not that of HPV-asso-
ciated cancer and Hodgkin lymphoma.

An interesting by-product of the study
of AIDS-related KS has been the possibility
to re-evaluate the epidemiology of classic
KS in the same countries. Incidence rates
found for classic KS in Italy were rela-
tively high, whereas in the Vaud Canton
of Switzerland, classic KS was seen only
among migrants from Mediterranean
areas.

The ICE Group is updating record
linkage between the Italian AIDS
Registry and 19 cancer registries which
cover 23% of the Italian population, with
an initial goal of linking approximately
15,000 people with AIDS.

The enrolment of some 12,000 HIV-
positive people in the Swiss HIV Cohort
Study (SHCS) since 1988 also allows for
record-linkage studies like the one
described for Italy. The major strength of
the SHCS, however, is the availability of
detailed clinical follow-up information
and biological samples. This provides, for
instance, an ideal opportunity to study
HCV-related lymphomagenesis, because
approximately 30% of cohort participants
are co-infected with HCV and HIV. A
nested case-control study is being set up

to evaluate the contribution of HCV and
hepatitis B virus (HBV) in the aetiology
of NHL and Hodgkin lymphoma in HIV-
positive people.

HCV/HBV

The involvement of HCV and perhaps
HBV infection in the development of
lymphoma in the general population has
been well documented in recent years;
several of the most important studies
were carried out in collaboration with
IARC. Nested case-control studies in
collaboration  with the European
Prospective Investigation into Cancer and
Nutrition (EPIC) (see NTH Group) have
been designed to assess the proportions of
NHL and hepatocellular carcinoma attrib-
utable to hepatitis viruses in Europe.
These will constitute the largest prospec-
tive study on the role of HCV/HBV in
lymphomagenesis, which has so far been
evaluated mainly in case-series and case-
control studies.

Helicobacter pylori

The ICE Group has conducted studies on
Helicobacter pylori and gastric cancer in
Tachira State, Venezuela. A chemopre-
vention trial of precancerous lesions of
the stomach, started in 1991, is now com-
plete. The environmental risk factors for
which associations were found in a
previous case-control study were re-
examined in the chemoprevention trial
with these precancerous lesions as out-
comes. The analysis confirmed associa-
tions with length of refrigerator use,
smoking and a diet rich in starchy foods.
Antioxidant vitamins (p-carotene, vita-
min C and E) taken over a three-year
period did not change significantly the
probability of progression or regression
of gastric lesions in this trial. The baseline
data and biological samples from the
Venezuelan chemoprevention trial are
being used in a genetic association study
to determine the combined effect on
numerous polymorphisms and Helico-
bacter pylori in gastric carcinogenesis, in
collaboration with Wayne University,
Detroit, Michigan, USA, and Delft
Diagnostic Laboratory, Voorburg, The
Netherlands.

Other cancer sites

A network of multicentre case-control
studies has been active in Italy for the last
25 years and has adapted to the develop-
ment of new hypotheses on links between
lifestyle and cancer. Recent studies, in
collaboration with the Aviano Cancer
Centre (Aviano, Italy), the Mario Negri
Institute for Pharmacological Research
(Milan, Italy) and the "Pascale” Tumour
Institute (Naples, Italy) have focused on
cancer of the prostate, kidney, ovary and
haemolymphopoietic neoplasias. Studies
on hepatocellular carcinoma and naso-
pharynx are providing new insight into the
interaction between viral infection, alcohol
drinking and tobacco smoking.

Statistical methods

Floating absolute risk (FAR), as proposed
by Easton, Peto and Babiker, avoids the
problems caused by the possibly arbitrary
choice of reference categories when a risk
factor has multiple levels by associating a
‘floating” standard error with each level.
FAR has now been put on a rigorous theo-
retical basis in the ICE Group,
resulting in improved estimates of the
floating standard errors, and a validity test
to identify situations where the method
cannot be applied. The improved algo-
rithm has been implemented in the soft-
ware packages Stata and R.

A common feature of infection-
related cancers is the existence of
precancerous states that require a clinical
examination for diagnosis. Natural history
studies generate data consisting of a
sequence of precancerous disease states
from clinical visits that may be unequally
spaced in time. The transition times
between disease states are not known
exactly, but are interval-censored. The
appropriate theoretical framework for
such data is the multi-state Markov model.
Studies often have further sources of
complexity such as measurement error,
missing data and multiple diagnoses or
outcomes per subject. The analysis of such
data is facilitated by use of Bayesian
hierarchical models, which can subsume
these additional sources of complexity.
The ICE Group is developing a general-
purpose program for the analysis of
Bayesian hierarchical models that will be
applied to these problems.
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Diet and nutrition

Even a relatively weak biological effect
on cancer risk, either preventive or
causative, related to widely consumed
foods or to common metabolic character-
istics such as being overweight and
sedentary lifestyle, may have a large
impact on the cancer burden at the popu-
lation level. However, few nutrition-relat-
ed factors have been unequivocally
established as playing a role in human
cancer occurrence. Agreement reached so
far by various international expert
committees is limited to such factors as
overweight, obesity and alcohol con-
sumption for cancer causation.

Diet and lifestyle can affect the devel-
opment of several cancers (particularly
cancer of the breast, prostate, endometrium,
ovary and colon) through modification of
the endogenous hormonal milien. Various
other bioactive endogenous compounds
such as prostaglandins, thromboxanes and
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leukotrienes, may be partially regulated
by nutritional factors. Inter-individual
variations in sensitivity to nutritional
factors may be modulated by genetic
characteristics and non-dietary lifestyle
exposures.

European Prospective Investigation
into Cancer and Nutrition (EPIC)
EPIC is a multi-centre prospective cohort
study initiated in 1992. It is designed to
investigate the relation between food,
nufritional status, various lifestyle and
environmental factors and the incidence
of and mortality from different forms of
cancer with, in addition, the potential to
investigate mortality from other causes
such as myocardial infarction, stroke and
other chronic diseases. It is unique among
nutrition-related studies in its combina-
tion of five key features:
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1. The size of the cohort (521,400 volun-
teers) makes it possible to investigate,
with adequate follow-up time, even
relatively rare cancers and anatomi-
cal, histological and molecular sub-
types of common cancers.

2. Subjects are recruited in 23 centres in
10 European countries (Denmark,
France, Germany, Greece, Italy,
Netherlands, Norway, Spain, Sweden,
United Kingdom) in areas with very
different rates of cancer occurrence
and distribution of lifestyle and
dietary habits. Heterogeneity of diet is
a key condition for identifying varia-
tions in cancer risk associated with the
consumption of specific foods and
nutrients.

3. Food consumption and personal life-
style data, as well as anthropometric
measurements, were collected from
all subjects at the time of enrolment in
the cohort.
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4. A new method was implemented to
calibrate dietary measurements across
countries, consisting of a second
dietary measurement taken from a 7%
random sample of the cohort (37, 000
subjects) using a computerized, highly
standardized 24-hour diet recall
method (EPIC-SOFT).

5. Blood samples, collected from about
400,000 subjects at enrolment and
separated into 28 aliquots (plasma,
serum, leukocytes, erythrocytes), have
been stored in liquid nitrogen and con-
stitute the largest bio-repository in the
world.

Follow-up for cancer incidence and overall
mortality is based on population registries
in seven of the participating countries.
France, Germany and Greece, however,
use a combination of methods including
health insurance records, cancer and
pathology registries and active follow-up
of study subjects and their next-of-kin.

Study subjects are contacted every
three to four years to obtain information
on changes in various aspects of lifestyle
known or suspected to be related to can-
cer risk and on the occurrence of other
major diseases.

EPIC is organized as a structured net-
work, with a steering committee made up
of TARC scientists and principal investi-
gators from each of the EPIC centres, and
several working groups which specialize
in methodological, cancer site and other
disease-oriented topics.

The variability of macronutrient
intake distribution before and after cali-
bration for measurement error has been
evaluated in EPIC, using a two-level, ran-
dom effects model to estimate within- and
between-centre  calibration effects.
Evaluation of macronutrient densities
revealed that energy has a considerable
effect in the calibration model. These
results suggest that the effect of calibra-
tion is much greater for within-cohort
variability of macronutrient intakes, so
that the relative importance of the
between-cohort component is increased.
Consequently, after calibration, the two
components have similar weight. This
observation has important implications
for the analysis of multicentric studies.
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Hormones and cancer

The Hormones and Cancer Team is exam-
ining whether relationships of nutritional
lifestyle factors — particularly excess
weight, lack of physical activity and
macronutrient composition of diet — with
cancer risk are mediated, at least in part,
through changes in endogenous hormone
and growth factor metabolism. The two
main approaches are (a) prospective cohort
studies of cancer risk in relation to predi-
agnostic blood or urine concentrations of
endogenous hormones and growth factors
(particularly, sex steroids, insulin, and
IGF-I), and (b) genetic association studies.
The focus over the current biennium has
been on cancers of the breast, endometri-
um, ovary, prostate and colorectum.

Excess weight and physical inactivity
lead to insulin resistance and chronic
hyperinsulinaemia, which has been
hypothesized to be a causal factor in the
etiology of cancers of the colon, breast,
pancreas and endometrium. Such effects
may be mediated either directly by insulin
receptors in (pre)neoplastic cells or indi-
rectly by changes in the bioactivity of
insulin-like growth factor-I (IGF-I) or in
sex steroid synthesis and bioavailability. In
addition to changes in insulin and IGF-I
metabolism, excess body weight is associated
with increased levels of oestrogens in post-
menopausal women and in men, and it can
lead, in genetically susceptible subgroups of
women, to increased ovarian and/or adrenal
androgen synthesis. The types and amounts
of fat, carbohydrates and protein in the diet
can affect levels of endogenous sex steroids,
insulin and/or IGF-L.

Two large prospective cohort studies
on endogenous hormones and cancer risk
were completed, one within the New York
(NYUWHS) cohort (385 incident cases of
breast cancer, 770 control subjects; in col-
laboration with Drs Zeleniuch-Jacquotte
and Toniolo, New York University) and
one within the EPIC cohort (677 cases
plus 1309 controls), that both showed an
increased risk of developing breast cancer
among postmenopausal women who had
elevated prediagnostic serum levels of
androgens (dehydroepiandrosterone
(DHEAS), androstenedione, testosterone)
or oestrogens (estrone, total estradiol).
Strongest relationships (approximately
two-fold relative risks between the

extreme quintiles of hormone concentra-
tions) were found in relation to levels of
bioavailable testosterone and estradiol
unbound to sex hormone-binding globu-
lin (SHBG). In the EPIC cohort study,
breast cancer risk was also increased
among premenopausal women who had
elevated prediagnostic serum levels of
DHEAS, androstenedione and testos-
terone, and low levels of progesterone.
The latter results provide evidence
against an old hypothesis about the role of
endogenous sex hormones and breast can-
cer development — the oestrogen-plus-
progesterone hypothesis — and in favour
of an alternative hypothesis, which postu-
lates that moderate ovarian androgen
excess and luteal inadequacy may
enhance breast tumour development.

Among both pre- and postmenopausal
women, a direct association of breast
cancer risk with circulating IGF-I levels
(serum samples taken two or more years
before tumour diagnosis) was seen in the
study within the EPIC cohort (1195 cases).
However, serum levels of C-peptide (a mark-
er for pancreatic insulin secretion) showed a
direct relationship with breast cancer risk
only among postmenopausal women.

A parallel study within the EPIC
cohort showed an increase in the risk of
ovarian cancer among premenopausal
women who had elevated serum concen-
trations of IGF-I, confirming findings
from a previous combined study of three
prospective cohorts in New York, Umed
(Northern Sweden) and Milan (Ttaly).

With regard to endometrial cancer, a
study within the EPIC cohort showed an
approximately three-fold increase in risk
among both pre- and postmenopausal
women who had elevated prediagnostic
serum concentrations of C-peptide. These
data support our hypothesis that chronic
hyperinsulinaemia is an important risk
factor for this cancer. Risk was also
increased among postmenopausal women
who had elevated serum concentrations of
androstenedione, testosterone, estrone or
estradiol, with highest (approximately
four-fold) relative risks for women with
high levels of estradiol unbound to
SHBG. These results were very similar to
our previous findings in a study combin-
ing prospective cohorts in New York,
Umea and Milan.
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In a prospective study on prostate can-
cer within the Northern Sweden Health
and Disease cohort in Umed (in collabo-
ration with Dr Par Stattin), elevated
plasma concentrations of IGF-I were also
found to be associated with increased risk
of prostate cancer, and especially of those
diagnosed at a relatively advanced stage.

Finally, a large study on colorectal
cancer, again within the EPIC cohort,
showed a modest increase in the risk of
developing colon cancer, but not rectal
cancer, among men and women who had
elevated serum concentrations of C-peptide.
The association remained significant after
adjustment for anthropometric indices of
adiposity, and was fully in line with obser-
vations in previous prospective studies.
Taken together, these and previous
findings provide strong support to the
hypothesis that chronic hyperinsulinaemia
may be a cause of colon cancer. Serum
concentrations of IGF-I and IGFBP-3,
however, showed no relationship with
colorectal cancer risk, in contrast to some
previous prospective studies.

In well-nourished populations, about
50% of the variation in IGF-I is
(co-)determined by genetic factors. Genes
covering the regulation of IGF-I synthesis
include those coding for IGF-1 and

IGFBP-3, but also those involved in pitu-
itary release or biological action of
growth hormone — the primary physio-
logical stimulus for the synthesis of both
IGF-I and IGFBP-3. Other genes that may
also affect the risk of prostate cancer, but
probably without altering plasma and
prostatic tissue levels of IGF-1 and/or
IGFBP-3, include those encoding the
IGF-1 receptor and the IGF-binding
proteins 1, 2, 4, 5 and 6. Similarly, a long
list of candidate genes may affect
the synthesis of androgens and estrogens,
their transportation in blood, or their
physiological effects through cellular
receptors.

Several large genetic association
studies are being conducted to identify
specific genetic polymorphisms that
determine endogenous hormone and
growth factor synthesis, as well as risk of
developing breast and prostate cancers.
One is a collaboration involving the EPIC
cohort and a consortium of prospective
cohort studies in the USA and includes a
total of 6000 cases of breast cancer and
9000 of prostate cancer. Pooled statistical
analyses provide increased statistical
power and allow examination of

gene—gene and gene—environment inter-
actions. Data for a first set of six genes

have been analysed, and a total of some
50 candidate genes will be examined over
the next 2-3 years. In parallel, relation-
ships of prostate cancer risk with poly-
morphic variants of genes involved in
IGF metabolism are being examined in
collaboration with a Swedish case—con-
trol study of over 2000 cases ("CAPS™
Cancer of the Prostate Sweden; Dr
Grgnberg and Dr Stattin, Umed
University).

The global strategy in each of these
studies is to: (a) identify all single
nucleotide  polymorphisms  (SNPs)
(coding and non-coding regions) in
candidate genes; (b) determine haplo-
types, and haplotype-tagging SNPs; (c)
assess the association of gene variants
(haplotype-tagging SNPs) with levels of
plasma steroid hormones and IGF-I, and
with cancer risk; (d) assess interactions
between genetic polymorphisms and
endogenous hormone levels in determin-
ing breast and prostate cancer risk; and (e)
assess interactions between polymor-
phisms and lifestyle and anthropometric
factors, as determinants of endogenous
hormone levels.
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Tobacco is one of the best described
human carcinogens and is carcinogenic in
all forms of use. The Agency prepared a
Monograph on Tobacco Smoking initially
in 1986 which was revised in 2004 when
the Working Party concluded that there
was enough new information available to
increase the numbers of cancer types
deemed to be causally related to tobacco
smoking. The risk associated with
smoking and individual cancer sites was
investigated in the British Doctors study
(Doll et al, 2005). In eleven of thirteen
cancer types considered by IARC to be
causally related to tobacco smoking, and
which could be identified on death certifi-
cates, Doll and colleagues found them to
be significantly related to smoking. For
the two remaining sites (nasopharynx,
nose and nasal cavity) deaths in the
Doctor’s cohort were sparse although
there was a suggestion that there could
well be an association. These findings
highlight the importance of tobacco
smoking as a human carcinogen as well
as being an excellent example of the
robustness of the procedure which the
IARC Monographs programme employs
to evaluate carcinogenicity of a chemical,
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biological, physical or lifestyle exposure
(Boyle, 2005).

The Tobacco and Cancer Group was
initiated towards the end of 2004. An ini-
tial strategy meeting was held to deter-
mine potential subjects for Handbooks,
which would analyze the scientific evi-
dence available on specific areas within
tobacco control. These Handbooks would
then be available for the international
community to help guide timely decisions
as the Framework Convention on
Tobacco Control is being implemented.
The first Handbook will be on the
Reversal of Risk/Benefits of Quitting
Smoking and the Working Party will
convene on 13-20 March 2006.

The group at IARC has been
welcomed into the global tobacco control
community with attendance or presenta-
tions at multiple meetings internationally
such as the Society for Research on
Nicotine and Tobacco (Prague), the
European Medical Association’s Capacity
Building  for  Tobacco  Control
(Edin-burgh), or WHO’s National
Counterparts European Strategy for
Tobacco Control (Paris).

Dr Philippe Renaudier
(until December 2004)

Students

Ms Elvira Martin (until April 2004)

Ms Patricia Medina (March—April 2004)
Mr Xavier Castille (March—July 2004)
Ms Mélanie Levrier

(until October 2004)

Mr Nicolas Voirin
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A Global Strategy Planning meeting
was convened in July 2005 with experts
from around the world to help formulate a
research plan for the Tobacco and Cancer
Group. This comprehensive planning
document will be thoroughly reviewed to
ascertain its feasibility and which
programs will be able to be implemented.

Visiting Scientist Dr Nigel Gray,
continued his work on issues of concern
in International Tobacco Policy drawing
on his long experience in this area. The
major focus was on regulation of the
major constituents of tobacco smoke,
including both tobacco toxicants and
nicotine. His interest in global nicotine
policy was reflected in a multi-author
paper on this topic as well as discussion
on alternative sources of nicotine to that
provided by the cigarette. Due to
Dr Gray’s long term involvement in
tobacco control and extensive knowledge,
he is an active member on many interna-
tional tobacco control committees
providing expert advice on wide-ranging
topics.
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Cluster Coordinator: Dr Pierre Hainaut

The Molecular Carcinogenesis Cluster
(MCC) bridges laboratory-based molecu-
lar research with various important aspects
of epidemiological and public health
research conducted at TARC. It includes
the Group of Carcinogen Identification and
Evaluation (CIE), the Group of Molecular
Carcinogenesis (MOC), the Group of
Endogenous Risk Factors (ERF) and will
incorporate, from 2006, a new group dedi-
cated to the application of biomarkers into
epidemiological studies.

The main objective of the Cluster is to
constitute a strong pool of expertise in
carcinogenesis within IARC, involved in
studies on biomarker discovery,
assessment of function, validation and
application to human subjects, including
carcinogen identification and evaluation
procedures. This approach explains the
inclusion in the Cluster of the CIE Group,
which develops the TARC Monographs
series on the evaluation of carcinogenic
risks to humans. At the same time, the
Cluster has a clear focus on communica-
tion and cooperation with other Clusters
and Groups. In this respect, the develop-
ment of common technical platforms pro-
viding high-level service is an important
strategic development at IARC, that
requires a novel approach to the manage-
ment of technical as well as human
resources.

During 2005, the CIE Group set up an
open and transparent process to revise the
Preamble to the IARC Monographs,
which describes the principles and proce-
dures used in preparing the Monographs.
This revision is aimed at incorporating
scientific developments and procedural
changes that have occurred since the
Preamble was last amended in 1991, with
new procedures for avoiding conflict of
interests, additional guidance on the use of
mechanistic data that takes into account

new developments in the field of bio-
markers, and a better explanation of the
reasoning that working groups use in their
evaluations. During the 2004-05 bienni-
um, six new volumes of the IARC
Monographs were developed, evaluating
Inorganic and organic lead compounds
(Volume 87), formaldehyde, 2-butoxy-
ethanol and l-tert-butoxy-2-propanol
(Volume 88), smokeless tobacco and some
related nitrosamines (Volume 89), human
papillomaviruses (Volume 90), combined
estrogen—progestogen contraceptives and
combined estrogen—progestogen meno-
pausal therapy (Volume 91) and polycyclic
aromatic hydrocarbons (Volume 92). As the
conclusions of IARC Monographs are of
great interest to scientists and public health
agencies worldwide, IARC and The Lancet
Oncology have established a procedure for
rapid publication of summaries of new
evaluations within 4-8 weeks after each
monograph meeting.

The ERF group has further developed
its research activities investigating the
role of chronic inflammation in carcino-
genesis. Highlights of these activities
include the demonstration of the associa-
tion of chronic inflammatory stress
caused by Helicobacter pylori infection
with increased risk of stomach cancer, as
well as progress in elucidating the molec-
ular mechanisms by which infection with
Opisthorchis viverrini causes an inflam-
matory condition that contributes to an
increased risk of cholangiocarcinoma
(CCA) in North-Eastern Thailand. Novel
analytical methods have been developed
to quantify 8-nitroguanine, an important
molecular marker of DNA damage by
reactive nitrogen species, in biological
fluids such as urine or blood. Studies on
etheno adducts, a DNA lesion formed by
some environmental carcinogens and by
lipid peroxidation products, in an animal

model of liver cancers induced by ure-
thane, have brought new insight on the
dosimetry of adduct formation and on their
effects on the cell cycle (apoptosis, prolif-
eration), that may help in better assessing
the risk of exposure to urethane.

The MOC Group focuses on mecha-
nisms by which human cells respond to
DNA damage, develop repair strategies,
and acquire mutations that will lead to the
development of cancer. A highlight of its
activity is the development of the IARC
TP53 mutation database, which has broken
a new ceiling with the inclusion of over
20,000 human mutations and extensive
annotations on their effects on gene
function. The development of new
methods has facilitated the application of
mutation and polymorphism detection
methods to large-scale studies on human
subjects. This has resulted in increased
collaboration with epidemiology Groups,
on mutation profiles and genetic suscepti-
bility in lung cancers (GEE and GEP
Groups), on mutations associated with
human papillomavirus infection in oral
cancer (ICE Group) and on plasma DNA as
an indicator of cancer risk in subjects of the
EPIC cohort (GENAIR study). On the
mechanistic side, the Group has developed
new approaches to better understanding
critical aspects of the functions of the p53
protein, as well as for elucidating how
mutant p53 participates in carcinogenesis.
Finally, a new protein that emerged from
fundamental studies has received much
attention; RDM1, first identified as a poten-
tial DNA repair factor, appears to be
involved in chromatin remodelling during
several critical processes such as meiosis
and responses to viral infections. Further
studies will determine how this protein
contributes to human cancer.
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The first step in cancer prevention is to
identify the causes of human cancer. These
include chemicals, complex mixtures,
occupational exposures, physical and bio-
logical agents, and lifestyle factors. The
Carcinogen Identification and Evaluation
(CIE) Group produces the IARC
Monographs on the Evaluation of
Carcinogenic Risks to Humans, whose long-
term objective is to review and evaluate the
published scientific evidence on carcino-
genic hazards to which humans are exposed.
The IARC Monographs have since 1971
evaluated 900 agents and identified 416 of
these as carcinogenic or potentially carcino-
genic to humans.

Each monograph includes a critical
review of the pertinent scientific literature
and a consensus evaluation of an agent’s
potential to cause cancer in humans. It is
written by an international, interdisciplinary
working group of experts who have
performed research on the topic. More than
1000 scientists from 50 countries have
contributed to the IARC Monographs.

National and international health
agencies use the JARC Monographs as a
source of consensus scientific informa-
tion to support their actions to prevent
cancer. Individuals, too, can use this
information to make better choices that
reduce their exposure to carcinogens and
their risk of developing cancer. In this
way, the JARC Monographs contribute to
cancer prevention and the improvement
of public health.
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During the 2004-05 biennium, six
new volumes (87-92) of [JARC
Monographs were developed. Other sig-
nificant activities have led to improve-
ments in transparency and communica-
tions. These include an open process to
update the principles and procedures used
in developing monographs (the Preamble)
and a new agreement with The Lancet
Oncology for rapid publication of new
monograph results. In addition, a special
Advisory Group was convened to plan a
series of future JARC Monographs on air
pollution and an IARC Scientific
Publication on the topic.

IARC Monographs prepared during
the biennium

Volume 87: Inorganic and organic lead
compounds.

All humans carry a body burden of lead.
The predominant uses of lead are now in
batteries and, to a lesser extent, in con-
struction materials and lead-based chemi-
cals. A working group of 20 scientists
from 11 countries met in February 2004
and reached the following evaluations.

Inorganic lead compounds
Group 2A
Probably carcinogenic to humans

Organic lead compounds
Group 3
Not classifiable

Ms Jane Mitchell

Secretaries

Ms Helene Lorenzen-Augros

Ms Elspeth Perez (until March 2005)
Ms Michelle Mainaud

Volume 88: Formaldehyde, 2-butoxy-
ethanol and 1-fert-butoxy-2-propanol.
Common sources of formaldehyde expo-
sure include vehicle emissions, particle
board and similar materials found in build-
ings and furniture, and carpets. 2-Buto-
xyethanol and 1-fers-butoxy-2-propanol are
solvents that are widely used in paints,
cleaning agents, and other consumer
products. A working group of 26 scientists
from 10 countries met in June 2004 and
reached the following evaluations.

Formaldehyde
Group 1
Carcinogenic to humans

2-Butoxyethanol
Group 3
Not classifiable

1-tert-Butoxy-2-propanol
Group 3
Not classifiable

Volume 89: Smokeless tobacco and
some related nitrosamines.

Hundreds of millions of people are
addicted to smokeless tobacco, and use by
young people is increasing in many
regions of the world. Many types of
smokeless tobacco are marketed for oral
or nasal use. All contain nicotine and
nitrosamines, such as NNN, NNK, NAB,
and NAT, at differing levels. A working
group of 19 scientists from seven
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countries met in October 2004 and
reached the following evaluations.

Smokeless tobacco
Group 1
Carcinogenic to humans

NNN and NNK
Group 1
Carcinogenic to humans

NAB
Group 2B
Possibly carcinogenic to humans

NAT
Group 3
Not classifiable

NNN, N-nitrosonornicotine; NNK, 4-(N-
methyl-N-nitrosamino)-1-(3-pyridyl)-1-
butanone; NAB, N-nitrosoanabasine; NAT, N-
nitrosoanatabine

Volume 90: Human papillomaviruses.
HPVs infect human mucosal and cuta-
neous tissue. Persistent infection with a
carcinogenic HPV type is found in virtu-
ally all cases of cervical cancer, the sec-
ond-leading cancer in women worldwide.
Nearly 80% of cancer cases occur in
developing countries without effective
screening programmes. A working group
of 25 scientists from 13 countries met in
February 2005 and reached the following
evaluations.

HPV types 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66

Group 1

Carcinogenic to humans

HPV types 6, 11 and some types of genus
beta (including types 3, 8)

Group 2B

Possibly carcinogenic to humans

Volume 91: Combined estrogen—proges-
togen contraceptives and combined estro-
gen—progestogen menopausal therapy.

Worldwide, over 100 million women —
about 10% of all women of reproductive
age — now use combined hormonal con-
traceptives. The proportions who have
ever used them are much higher, exceed-
ing 80% in some developed countries. At

its peak around the year 2000, approxi-
mately 20 million women in developed
countries were using combined meno-
pausal therapy. A working group of 21 sci-
entists from eight countries met in June
2005 and reached the following evalua-
tions.

Combined estrogen—progestogen oral
contraceptives

Group 1

Carcinogenic to humans

Combined estrogen—progestogen meno-
pausal therapy

Group 1

Carcinogenic to humans

Volume 92: Polycyclic aromatic hydro-
carbons (PAHs).

There has long been concern that air pol-
lution contributes to the global burden of
cancer, particularly Iung cancer.
Combustion of organic materials gener-
ates PAHs and contributes prominently to
indoor and outdoor air pollution. A work-
ing group met in October 2005 to develop
evaluations of approximately 60 PAH
compounds and 10 PAH mixtures found
in various occupational settings. (See
Table 1)

Improvements in transparency and
communications

Amendment of the Preamble to the IARC
Monographs

The Preamble describes the principles
and procedures used in developing mono-
graphs, including the scientific criteria
that guide the evaluations. During 2005,
IARC updated the Preamble to reflect
scientific developments and procedural
changes that have occurred since the
Preamble was last amended in 1991.
These include new procedures for avoid-
ing conflict of interests, additional
guidance on the use of mechanistic data in
identifying carcinogens, and better
explanation of the reasoning that working
groups use in reaching their evaluations.
The amendment process included gather-
ing suggestions from monograph meeting
chairpersons, convening two advisory
groups, and asking for public comments
on a draft amended Preamble.

Agreement with The Lancet Oncology to
publish monograph summaries

The results of IARC Monograph evalua-
tions are of great interest to scientists and
national health agencies worldwide, and
there are frequent requests for rapid infor-
mation about the scientific basis of the
evaluations in a citable form. IARC and
The Lancet Oncology have agreed to pub-
lish summaries of new evaluations within
4-8 weeks after each monograph meet-
ing. During the biennium, five summaries
were published, of volumes 88-92, plus
an additional article on transparency in
the JARC Monographs.

Future series of TARC Monographs on
air pollution

A previous advisory group recommended
that TARC develop a series of mono-
graphs on the broad topic of air pollution.
In December 2004, IARC convened a
scientific workshop to plan this series, to
identify some agents and exposures to
include, and to identify some key issues

Table 1. Overall evaluation of carcino-
genicity of PAH

Carcinogenic to humans (Group 1)
Benzo[a]pyrene™+

Probably carcinogenic to humans (Group
2A)

Cyclopenta[cd]pyrene*+
Dibenz[a,h]anthracene

Dibenzol[a,l]pyrene*+

Possibly carcinogenic to humans (Group
2B)
Benz[jlaceanthrylene*}
Benz[a]anthracene
Benzo[b]fluoranthene
Benzo[j]fluoranthene
Benzo[k]fluoranthene
Benzo[c]phenanthrene*+
Chrysene+
Dibenzol[a,h]pyrene
Dibenzola,i]pyrene
Indeno[1,2,3-cd]pyrene
5-Methylchrysene

*Upgrade on basis of strong mechanistic data
¥First time evaluated
+Higher group than previous evaluation
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to consider in the evaluations. Workshop
participants also drafted papers that will

chapters of an IARC Scientific Publi-

cation on air pollution and cancer. The
be compiled as individually authored first working group meeting for the series

of monographs on air pollution, covering
PAH compounds and mixtures, was held
in October 2005 (see above).
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The Group of Endogenous Risk Factors
studies the role of chronic inflammation
in carcinogenesis at the molecular and
cellular levels and in human subjects as
well as in experimental animals. It also
characterizes structural and functional
modifications of nucleic acids and
proteins induced by reactive oxygen,
nitrogen and halogen species and by alde-
hydes derived from lipid peroxidation and
evaluates their usefulness as biomarkers
of cancer risk in animal models and
human samples. Levels of oxidative dam-
age are correlated with cancer risk in
humans, particularly in relation to genetic
polymorphisms of enzymes involved in
the production of oxidants and defence
against oxidative damage. Biomarkers are
also measured to evaluate the efficacy of
prevention trials with various agents.

Inflammation and cancer

Chronic  inflammation caused by
Helicobacter pylori infection has been
associated with increased risk of stomach
cancer. In collaboration with B. Bancel,
B. Pignatelli, J. Estéve and J.-C Souquet
(Lyon, France) and S. Toyokuni (Kyoto,
Japan) we have investigated levels of
oxidative stress in preneoplastic and neo-
plastic gastric mucosa in relation to their
pathological and histological subtypes.
Over 100 human gastric adenocarcinoma
samples were assessed immunohisto-
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chemically for expression of inducible
nitric oxide synthase (iNOS) and occur-
rence of nitrotyrosine (NTYR)-containing
proteins and 8-hydroxy-2’-deoxyguano-
sine (8-OH-dG)-containing DNA, as
markers of nitric oxide production and
damage to proteins and DNA. We found
that iINOS-mediated oxidative stress was
more frequent in intestinal-type carcino-
ma than in polymorphous carcinoma and
diffuse carcinoma. In collaboration with
T. Katoh (Miyazaki, Japan) and M.
Tatemichi (Tokyo, Japan), we have also
studied a possible association between
stomach cancer and polymorphisms of
some key enzymes and cytokines that
play important roles in inflammation. We
analysed polymorphisms in the promoter
regions of the iNOS and interleukin-1
beta (IL-1B) genes in DNA samples from
158 Japanese gastric cancer patients (96
intestinal type and 62 diffuse type) and
control subjects. We found an association
between the intestinal type of gastric ade-
nocarcinoma and higher promoter activity
of the iINOS gene in women, especially
those having higher promoter activity of
the /L-1B gene and without a history of
smoking. We also analysed a polymor-
phism in the promoter region of the haem
oxygenase-1 (HO-1) gene in the same
DNA samples. HO-] acts in cytoprotec-
tion against oxidants. Higher promoter
activity of HO-I was associated with sig-
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Students
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nificantly increased risk of gastric cancer
(intestinal and diffuse combined) in
Japanese women. The effect of HO-1 poly-
morphism was more significant when
analysis was combined with iNOS poly-
morphism: gastric cancer risk was as much
as 6.8 times higher in women having
higher promoter activity of both HO-1 and
iNOS than in women with lower promoter
activity of both enzymes. Similarly, in men,
approximately three times higher gastric
cancer risk was associated with higher pro-
moter activity of both HO-1 and iNOS
compared with men having lower promoter
activity of both. These results suggest that
chronic inflammation, caused by nitric
oxide generated by iNOS, and inhibition of
cell death by HO-1 may contribute to H.
pylori-induced gastric cancer.

Infection with Opisthorchis viverrini
has been associated with increased risk of
cholangiocarcinoma (CCA) in North-
Eastern Thailand. In collaboration with P.
Srivatanakul (Bangkok, Thailand), M.
Miwa (Tsukuba, Japan) and S. Honjo,
(Utsunomiya, Japan), we have investigat-
ed the role of chronic inflammation in
development of CCA. Levels of nitrated
and oxidized proteins as well as of
4-hydroxy-2-nonenal  adducts were
significantly elevated in plasma samples
from CCA patients compared with those
from healthy subjects. Modified proteins
and those that are expressed specifically
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in CCA patients but not in normal sub-
jects are being isolated and characterized.
Polymorphisms of a range of genes encod-
ing oxidant-generating enzymes, enzymes
that defend against oxidative stress and
some cytokines have been analysed in
DNA samples from normal subjects and
CCA patients in Northern Thailand. We
found an association between higher
activity of the myeloperoxidase (MPQ)
gene promoter and CCA risk. In addition,
we found a new polymorphism of the
eosinophil peroxidase gene (EPQ) that
appears to be associated with increased
risk of CCA. As parasite infection acti-
vates both MPO and EPO that generate
oxidants such as hypochlorous acid and
hypobromous acid, these polymorphisms
may contribute to individual susceptibility
to O. viverrini-associated CCA.

The roles in carcinogenesis of chronic
inflammation and reactive nitrogen and
oxygen species produced as part of an
inflammatory response are being
explored in an experiment with heterozy-
gous Trp53-deficient (+/-) mice, which
spontaneously develop sarcomas and
thymic lymphomas, in collaboration with
H. Tazawa (Tokyo, Japan), H. Ohgaki
(IARC) and S. Kawanishi (Tsu, Japan).
Chronic inflammation induced by subcu-
taneous implantation of a foreign body (a
plastic plate) significantly increased the
incidence and shortened the latency of
sarcoma development in these mice,
compared with mice without a foreign
body. Strong accumulation of oxidatively
and nitratively damaged proteins and
nucleic acids (NTYR, 8-nitroguanine and
8-OH-dG) was detected immunohistolog-
ically. Loss of heterozygosity at the Trp53
locus was frequent and may be caused by
increased production of reactive nitrogen
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and oxygen species. Efficacy of chemo-
prevention with various anti-inflammatory
agents and anti-oxidants could be
explored using this animal model.

Biomarkers

In collaboration with T. Akaike
(Kumamoto, Japan) and M. Tatemichi
(Tokyo, Japan), we have developed an
analytical method to quantitate urinary
8-nitroguanine, which was first identified
by our group as a major product of the
reaction between guanine and peroxyni-
trite, a potent oxidizing and nitrating
agent formed from nitric oxide and super-
oxide in inflamed tissues. Formation of
8-nitroguanine in vivo has recently been
demonstrated immunohistochemically in
samples from humans and animals with
chronic inflammatory conditions associ-
ated with cancer susceptibility, such as
gastric mucosa of patients with H. pylori-
induced gastritis. 8-Nitroguanine formed
in DNA may be mutagenic, inducing G to
T transversions, possibly through depuri-
nation-dependent formation of mutagenic
abasic sites and/or direct mispairing with
adenine during replication. In order to
study its role in carcinogenesis, we have
developed a method to quantify
8-nitroguanine in biological fluids such as
urine, using immunoaffinity purification
with an anti-8-nitroguanine antibody,
followed by quantitation with high-
performance liquid chromatography with
electrochemical detection. Using this
method, we found that 8-nitroguanine is
excreted in human urine and its urinary
levels were higher in smokers (median, 6.1
fmol/mg creatinine) than in non-smokers
(median, 0) (P = 0.018). The methodology
developed can be used in molecular
epidemiology studies to investigate the

role of nitrative stress in human cancer
associated with cigarette smoking and
inflammation. In collaboration with T.
Suzuki (Okayama, Japan), HE. Mower
(Hawaii, USA) and M.D. Friesen (IARC)
we have also studied the reaction of trypto-
phan with several reactive nitrogen species
and found that 6-nitrotryptophan may be
useful as a biomarker of protein damage
caused by reactive nitrogen species.

Etheno DNA adducts

Etheno DNA adducts are promutagenic
lesions formed by some environmental
carcinogens and by lipid peroxidation
products. The role of etheno adducts in
urethane-induced carcinogenesis has been
further investigated, in collaboration with
R. Wang (Corvallis, USA), using mice
proficient or deficient in various DNA
repair pathways. The results show that:
(a) DNA ethenobases are repaired
through the base excision repair pathway;
(b) in addition, in replicating hepatocytes,
they are repaired through the mismatch
repair pathway; (c) 3,N*-ethenocytosine is
very efficiently repaired in mouse liver;
(d) 1,N°-ethenoadenine is a major
initiating lesion in hepatocarcinogenesis
induced by urethane or its proximate
metabolite, vinyl carbamate; and (e) early
stimulation of hepatocyte proliferation is
another critical determinant of the hepato-
carcinogenicity of urethane or vinyl
carbamate. The dosimetry data obtained,
in these studies, on DNA adduct forma-
tion and on effects on the cell cycle
(apoptosis, proliferation) should be
helpful in improving risk assessment
related to urethane exposure.
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The Molecular Carcinogenesis (MOC)
Group conducts integrated studies on the
mechanism of action of several genes
involved in basic processes of tumorigene-
sis such as DNA repair, chromatin remodel-
ling, cell-cycle control and apoptosis.
Studies involve experimental approaches
using cultured cells to investigate the effect
of sequence variants and translational
studies on biomarkers in a molecular
epidemiological setting, as well as molecu-
lar pathological studies on well-defined
series of tumour specimens.
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DNA repair

Our work addresses the molecular mech-
anisms underlying DNA repair, as well as
the contribution of chromatin dynamics to
cellular responses to DNA damage and
infection by tumour viruses. The RDM1
gene (for RADS52 Motif 1) was identified
as a result of a collaboration with Dr
Buerstedde (Munich, Germany), by virtue
of a small aminoacid motif shared with
RADS52, a protein that plays a crucial role
in DNA recombination and in repair of
DNA double-strand breaks. We previously
showed that RDMI1 acts as a novel RNA
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recognition motif (RRM)-containing
protein involved in the cellular response
to the anti-cancer drug cisplatin and in the
repair of cisplatin—-DNA adducts. We have
also recently discovered that RDM 1 inter-
acts with chromatin and plays a role in the
epigenetic control of gene expression, a
process that has a profound impact on the
development and progression of tumours.
RDM1 was also found to be specifically
expressed during the response of a
hepatoma-derived cell line in vitro to
infection by the hepatitis B virus, one of the
etiological factors of hepatocellular
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carcinoma. These various facets of RDMI
are now being further explored.

The ATM (ataxia-telangiectasia (AT)
mutated) protein plays a key role in
the detection of DNA double-strand breaks
and the cellular response. Epidemiological
studies indicate that AT heterozygotes in AT
families have an increased cancer risk,
particularly of breast cancer. Data from
extended AT families have been examined
to investigate whether mutation type and
position influence risk. Whilst no signifi-
cant difference was found in the relative risk
of cancer (breast or other) based on mutation
type, the occurrence of breast cancer may be
associated with truncating mutations in
certain binding domains of the ATM protein.

The functional consequences of
heterozygous ATM sequence variants on
the cellular phenotype induced by
jonizing radiation have been examined.
Cell lines carrying heterozygous muta-
tions and the linked sequence variants
2572T>C and 3161C>G had higher levels
of radiation-induced micronuclei, suggest-
ing that ATM alterations are associated
with an altered cellular response to
ionizing radiation. Presence of the 3161G
variant allele was significantly associated
with an increased risk of prostate cancer.

Proteins involved in detection and
repair of DNA double-strand breaks are
being studied in ten new patients with AT-
like disorder (ATLD), all homozygous for
an MREI! missense mutation. After
exposure to ionizing radiation, fibroblast
cultures carrying this mutation showed a
dose-dependent defect in ATM signalling
pathways, failure to form Mrell foci and
enhanced radiation sensitivity. These
results show the importance of functional
interactions between the three proteins of
the Mrell-Rad50-Nbs1 (MRN) complex
and lend support to its role as a sensor of
DNA double-strand breaks, acting
upstream of ATM.

In collaboration with L. Treilleux and
J.-Y. Blay (Lyon), we found an association
between reduced ATM or MRE11 expres-
sion in breast tumours and certain molecu-
lar characteristics of the tumour such as
estrogen receptor expression.

To assess the relationship between the
presence of variants in DNA damage
detection and repair genes and risk of
developing cancer, we are participating in

large-scale studies in collaboration with
several groups at IARC, with emphasis on
analysis of DNA samples from cohorts of
lung, head and neck and breast cancer
patients and controls. The genotyping is
being complemented with functional
assays, making use of our large bank of
lymphoblastoid cell lines.

The presence of certain polymor-
phisms in the human XRCCI gene has
been associated with altered cancer risk,
but the role of XRCC1 in single-strand
break (SSB) repair in human cells
remains unclear. To elucidate its role,
RNA interference was used to modulate
XRCC1 expression. Reduced protein
levels led to decreased SSB repair capac-
ity, hypersensitivity to the cell killing
effects of DNA-damaging agents generat-
ing SSBs and enhanced formation of
micronuclei and a significant delay in S
phase progression after exposure (o
methyl methane sulfonate. These data
clearly demonstrate that XRCCl is
required for efficient SSB repair and
genomic stability in human cells.

Role of p53 and homologues in carcino-
genesis
The TP53 gene (encoding the p53 pro-
tein) plays a central role in carcinogenesis
and is altered by mutation in many forms
of cancer. Studies at IARC focus on the
regulation and role of this gene in normal
and diseased tissues. Novel mechanisms
of p53 regulation at the mRNA level have
been identified. The new p53 mRNAs dif-
fer in their coding capacity for an impor-
tant functional domain of p33, resulting in
the production of proteins that are unable
to exert one of their key biological func-
tions, gene transactivation. We are now
studying how these mRNAs are
produced, as well as the biological conse-
quences of expression of these new,
ubiquitous forms of the p53 protein.
Another important line of work is to
elucidate the relationships between p33
and the mechanisms of the cell’s response
to stress, including in particular stress by
oxidation/reduction. In collaboration with
M.P. Merville (Liege, Belgium), we have
shown that p53 can specifically up-regu-
late the pro-inflammatory enzyme Cox-2
(cyclooxygenase 2) by interacting with
NF-xB, the main factor controlling the

expression of Cox-2. We have also identi-
fied a role for thioredoxin and thioredox-
in reductase, two cellular factors involved
in the regulation of oxidized proteins, in
the control of p53 protein activity.

The TP53 gene belongs to a family
that includes two other members, TP63
and TP73. Studies have addressed
whether and how these genes are altered
in (squamous and adeno-) carcinomas of
the oesophagus. Mounting evidence sug-
gests that regulation of TP63 is of central
importance in determining the fate and
pattern of differentiation of oesophageal
mucosal cells. We are developing three-
dimensional models for culturing normal
oesophageal cells in vitro as tools to
examine the role of TP63 in the very early
steps of oesophageal cell proliferation
and differentiation.

We have developed new protocols to
allow more rapid and accurate screening
of TP53, RAS and EGFR mutations in
cancers and have applied these approaches
to lung cancers. Overall, at least one of
these genes is mutated in the vast majori-
ty of lung cancers, but the nature, type
and frequency of mutations show striking
variations according to tumour histology
and smoking history. Using a well-defined
series of tumours from srokers, ex-smokers
and never-smokers, we have demonstrated
statistical differences in the patterns of
mutations between the three groups.
Whereas TP53 mutations show special
patterns in smokers in relation to exposure
to tobacco carcinogens, KRAS mutations
are more common in ex-smokers, whereas
EGFR mutations are found almost
exclusively in never-smokers. Thus, the
genetic mechanisms of lung cancer
development clearly differ according to the
level, duration and continuation of smoking.

Over two thirds of all hepatocellular
carcinomas (HCC) occur in low-resource
countries, and are mainly attributable to
interactions between chronic hepatitis B
virus (HBV) infection and dietary
exposure to aflatoxin. The latter is a
potent mutagen that induces a specific
mutation at codon 249 (ser249) commonly
seen in HCC in low-resource countries.
This mutation is being studied as an early
marker for HCC risk in aflatoxin-exposed
subjects. In a case~control study conducted
in The Gambia, ser249-mutated TP53
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was detected in plasma DNA of cancer
and pre-cancer (cirrhotic) subjects, with a
good overall concordance between its
presence in the plasma and in the liver
tissue. Studies are in progress on a large
cohort of chronic HBV carriers and
non-carriers to determine the timing of
occurrence of the mutation in the plasma
with respect to exposure to aflatoxin and
development of precursor liver diseases.

In parallel, laboratory studies are being
conducted to assess the functional impact of
the ser249 mutant on liver cells. HCC cell
lines expressing ser249 or other TP53
mutants have been established and their
properties have been compared. In collabo-
ration with Dr K. Wiman and G. Selivanova
(Stockholm, Sweden), these cell lines are
being used to evaluate the cytotoxic effects
of a prototypic anti-cancer drug, PRIMA-1,
capable of specifically killing cancer cells
that express defined forms of mutant TP53.
The aim of these studies is to evaluate
therapeutic approaches to the treatment of
liver cancer in low-resource countries.

The TARC TP53 mutation database is
a web resource (http://www-p53.iarc.fr/)

designed for the recording and analysis of
TP53 mutations associated with human
cancers reported in the peer-reviewed lit-
erature. The latest updated database (July
2005) includes over 21,000 somatic and 280
germline mutations with related demo-
graphic, clinical and experimental informa-
tion. The data can be freely analysed and
downloaded through a dedicated web inter-
face. Projects are in progress to analyse
mutation patterns for identification of
carcinogen fingerprints, and to characterize
the biological impact of mutations. Within a
collaborative European project on mutant
p53 (http://www.mutp53.com/), we have
assessed the prognostic value of TP33
somatic mutations in a series of 1794 breast
cancer patients. We found TP53 mutation to
be an independent factor of poor prognosis,
with strong significance in tumours that
retain hormone receptors. Moreover,
different types of mutation may have
different prognostic value. We are currently
using bioinformatic approaches to
predict the impact of mutations on protein
structure and function.

Analysis of mutations in plasma DNA

In cancer patients, plasma often contains
elevated amounts of altered free DNA
released by cancer cells that may repre-
sent a marker for early cancer. GENAIR
(GENetic susceptibility and AIR pollu-
tion) is a case—control study nested into
EPIC (see Nutrition and Hormones
Group), set up to clarify the association
between air pollution or environmental
tobacco smoking and cancers of the lung,
upper aerodigestive tract and bladder as
well as leukaemias in never-smokers and
ex-smokers. Plasma DNA concentrations,
measured in several hundred healthy
subjects who later developed the cancers
of interest and matched controls, revealed
a significant association with the risk of
developing leukaemia but not other
cancers. A strong association was also
found between subsequent bladder cancer
development and detection of a mutation
in KRAS2. Thus, mutations are detectable
in the plasma of healthy subjects and may
have value for early detection of cancer.
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The IARC animal facility provides tech-
nical support for a range of studies of
tumorigenesis. The technical staff per-
form and assist in a variety of procedures
for research projects, such as chemical
carcinogenesis, tumour implantation,
hepatectomy, vasectomy and administra-
tion of chemical substances by various
routes. All manipulations are carried out
according to the specific IARC guidelines
for manipulation of animals.

Genetically modified animals provide
a unique system to study interactions of
specific environmental factors and
genetic information in mammals and are a
powerful tool for understanding
mechanisms of cancer development. In
addition, these mice are indispensable
models for studying the functions of
newly identified genes that confer cancer
susceptibility in humans.
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histological materials from experimental
animals in the Agency, as well as human
biopsy materials for genetic analyses sent
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Trainee
Ms Maureen Beaudoin
(November— December 2004)

from many collaborating universities and
hospitals worldwide. The laboratory also
carries out immunohistochemical analyses.

Washing of glass laboratory equip-
ment is centralized in order to ensure a
reliable standard of cleanliness and to
avoid duplication of effort.
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Cluster Coordinator: Dr Paolo Boffetta

The overall goal of the Genetics and
Epidemiology Cluster is to elucidate the
contribution of genetic factors to the
human cancer burden, as a component of
the Agency’s strategy of cancer control on
a global scale.

The work of the four Research Groups
comprising the Cluster extends from
research on the structure and function of
hereditary and acquired genetic alter-
ations to the interactions between genetic
and environmental factors in humans.
Research in the Cluster encompasses
several disciplines, including molecular
biology, molecular genetics, population
genetics, genetic epidemiology, mole-
cular epidemiology and classical
epidemiology.

The two main criteria used to priori-
tize research within the Cluster are: (a)
the relevance of the subject of the
research to the global burden of cancer,
with particular emphasis on populations
in low-resource countries, and (b) the
opportunity for methodological develop-
ments, with emphasis on interdisciplinary
approaches. As a consequence, many of
the projects are based on collaborations
within the Cluster and with other Groups
in the Agency, and essentially all projects
involve international collaboration.

The Gene-Environment Biology
(GEB) Group conducts research aimed at
identifying genes relevant to major
human cancers, with emphasis on genes
involved in DNA damage response and
genomic stability. One important
approach followed by the Group is the
generation and characterization of animal

models in which poly(ADP-ribose) poly-
merase (PARP-1), poly(ADP-ribose)
glycohydrolase ~ (PARG),  Fanconi
anaemia genes and NBS1 are mutated;
these genes function in various cellular
processes, including DNA repair, genom-
ic stability, transcription and cell death.
An additional important area of research
of the Group is the functional and genetic
study of chromatin modification and
remodelling in gene transcription, cell-
cycle control and DNA repair,
encompassing both basic research on
mechanisms of epigenetic alterations and
applied studies on their role in human
cancer.

The Genetic Cancer Susceptibility
(GCS) Group is composed of two teams:
the Genetic Services Platform Team is
responsible for the laboratory component
of medium- to large-scale geno-
typing studies conducted within the
Cluster and by other IARC Groups,
including standard sequencing and large-
scale resequencing projects, while the
High-Risk Genes Team conducts research
on known and strong candidate high-risk
cancer susceptibility genes as well as
studies directed towards discovery of new
moderate-risk and high-risk susceptibility
genes.

The Genetic Epidemiology (GEP)
Group conducts studies aimed at identify-
ing specific genes predisposing to breast
and nasopharyngeal carcinoma through
linkage analysis of high-risk families,
through association or case—control
studies with known polymorphisms, and
in the future, through whole genome

scans. A further goal is to estimate the
age- and site-specific risks of cancer con-
ferred by mutations and polymorphic
variations in these genes, and examine
how these risks are modified by known
environmental factors. In addition,
together with the Gene-Environment
Epidemiology Group, it coordinates and
conducts multicentre case—control studies
on genetic and environmental factors in
the etiology and pathogenesis of cancers
of the lung, the upper aerodigestive tract
and the kidney, and of lymphoma.

In addition to working on the multi-
centre studies mentioned above, the
Gene-Environment Epidemiology (GEE)
Group coordinates international networks
of investigators with the aim of exploiting
existing research resources (e.g., pooled
analysis of gene-environment interac-
tions). It also conducts prospective cohort
studies in low- and medium-income
countries, to investigate the role of
lifestyle and genetic factors in populations
with specific cancer patterns.

During 200405, research within the
Cluster has resulted in over 150 scientific
papers and grants have been obtained
from the European Commission, from
several national programmes, including
notably the US National Cancer Institute,
and from charities and foundations. The
Cluster has hosted a large number of
doctoral and postdoctoral students and
visiting scientists.
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Cancers are a combined consequence of
genetic mutations and environmental fac-
tors that lead to inappropriate activation
or inactivation of specific genes, thereby
leading to neoplastic transformation.
Many molecules involved in DNA repair
and DNA damage signalling are thought
to play an important role in maintaining
genomic integrity in response to endoge-
nous and exogenous DNA damage.
Epigenetic modifications, including DNA
methylation, histone acetylation, methy-
lation and poly(ADP-ribosyl)ation, link
chromatin remodelling and gene
expression, which affect virtually every
step in tumour progression. Studying the
functions of relevant genes in chromoso-
mal stability, DNA repair, cell-cycle con-
trol, cell death pathways, chromatin
remodelling, and the role of environmen-
tal factors in causing specific genetic and
epigenetic changes is therefore funda-
mental to improving our ability to
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prevent, diagnose and treat cancer suc-
cessfully.

The Gene-Environment Biology
(GEB) Group is using genetically
modified cellular and animal models to
study the molecular mechanisms of genes
responsible for DNA damage response
and cell-cycle control in regulating
genomic stability and neoplastic transfor-
mation, and to establish relationships
between cancer susceptibility and
environmental exposures.

DNA damage response

Poly(ADP-ribosyl)ation is an immediate
cellular response to DNA damage gener-
ated either exogenously or endogenously.
This post-translational modification is an
extensive but transient modification
mediated by poly(ADP-ribose) poly-
merase (PARP-1) and broken down by
poly(ADP-ribose) glycohydrolase (PARG).
PARP-1 is known to be involved in

Mr Fedor Moiseenko

(August— September 2004)

Mzr Rabih Murr

Ms Virginie Petrilli (until October 2004)
Ms Christelle Pinsard (January—June
2004)

Ms Amal Saidi (February—August 2005)
Ms Carla Sawain

(as from September 2005)

Mr Nikita Volkov

(August—September 2004)

Ms Xiaogan Wang (until January 2005)

Trainee
Ms Fiona Corry (until October 2004)

various cellular processes such as DNA
repair, genomic stability, transcription
and cell death.

We found that mice containing a
cleavage-resistant PARP-1 were protected
from endotoxic shock and intestinal
ischaemia/reperfusion, associated with a
reduced inflammatory response, due to
compromised production of specific
inflammatory mediators. This has
provided valuable insight into the
function of PARP-1 in inflammation.

To investigate the function of PARG
and degradation of polymers in vivo, we
have generated mice lacking the principal
form of the PARG gene, which were
hypersensitive to alkylating agents and
ionizing radiation and susceptible to
streptozotocin-induced diabetes and
endotoxic shock. In cell lines derived
from these mice, DNA repair was delayed
following genotoxic treatments, and
sister-chromatid exchange, micronuclei,
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chromosomal aberrations and amplifica-
tion of centrosomes were increased.

Poly(ADP-ribosyl)ation is rapidly
stimulated after DNA damage caused by
the generation of reactive oxygen and
nitrogen species during renal ischaemia/
reperfusion. The degree of renal injury
and dysfunction was significantly
reduced in our mice lacking PARG, which
were also protected from intestinal reper-
fusion-induced damage due to reduced
expression of P-selectin and ICAM-1, and
TNF-o-production. These results suggest
that PARG activity modulates the inflam-
matory response in organ damage. Taken
together, our data demonstrate that
poly(ADP-ribose) homeostasis plays an
important role in DNA damage response,
genomic stability and in pathological
processes.

In p53-mutant mice, PARP-1 deficiency
leads to a higher frequency of mammary
gland carcinomas and brain tumours.
Analysing the molecular pathways by
which PARP-1 and p53 cooperate in
mammary carcinoma formation, we found
that PARP-1-deficient mice developed
mammary lesions with a long latency, and
that introduction of 7rp53 mutations
accelerated mammary tumorigenesis in
PARP-]-deficient females. These mam-
mary carcinomas displayed a multi-stage
progression with local metastasis reminis-
cent of human breast cancers. Epithelial
cells from these mammary tumours
exhibited chromosomal aneuploidy and
centrosome amplification. In addition,
PARP-1 deficiency compromised recruit-
ment of Brecal to DNA damage sites.
These results demonstrate a critical role
for poly(ADP-ribosyl)ation in regulating
Brcal and p53 in mammary tumorigenesis.
Moreover, we have identified heterozy-
gous rare genetic variants in PARP-I
exons in human sporadic breast cancers.
Thus, PARP-1 may participate in the
etiology of human breast cancer.

Nijmegen breakage syndrome (NBS)
is a rare autosomal recessive disease
characterized by microcephaly, growth
retardation, chromosomal instability,
immunodeficiency, radiosensitivity and
predisposition to cancer. We have gener-
ated mutant mice in which the relevant
gene, Nbsl, can be eliminated in specific
tissues and cell types. When Nbsl was

deleted in neural tissues, mice showed a
combination of the neurological anom-
alies of NBS, ataxia telangiectasia (AT)
and AT-like disorder, including micro-
cephaly, growth retardation, cerebellar
defects and ataxia, due to proliferation
and apoptosis defects. Nbsl-deficient
neuroprogenitor cells contained more
chromosomal breaks, accompanied by
ATM-mediated p53 overactivation.
Depletion of p53 significantly rescued the
neurological defects of these mice. This
study demonstrates an essential role for
NBSI and DNA damage response in the
neurological anomalies of NBS. More-
over, inactivation of the NbsI gene in the
lens caused cataract due to disruption of
normal lens epithelial and fibre cell archi-
tecture and incomplete denucleation of
fibre cells, revealing a novel function of
Nbs1 and the MRN complex in cataracto-
genesis. Finally, specific inactivation of
NbsI in lymphoid cells led to severely
impaired immunoglobulin class switch
recombination in  B-lymphocytes
suggesting an essential function of Nbsl
in this physiological process.

NBS1 functionally interacts with
numerous DNA repair proteins, linking
early DNA damage detection with DNA
double-strand break (DSB) repair. We
constructed mouse Nbsl-null embryonic
stem (ES) cells and embryonic fibroblast
cells (MEFs), and used them to show the
indispensable role of Nbs1 protein in acti-
vation of both Atm- and Atr-mediated
pathways in response to DNA damage.
We also showed that Nbsl modulates
DSB repair pathways by promoting
homologous repair while repressing non-
homologous end-joining. These findings
confirm the important role of Nbsl in
DNA damage response and DSB repair.

Fanconi anaemia (FA) is a rare auto-
somal recessive disease characterized by
bone marrow failure, congenital abnor-
malities and predisposition to cancer. FA
cells exhibit hypersensitivity to DNA
interstrand cross-links and high levels of
chromosome aberrations. The products of
a number of genes associated with FA
interact with BRCA1, RAD51 and the
MRN complex, suggesting involvement
in DSB repair. We investigated the path-
way by which the FA complex functions
in DSB repair using mouse and cellular

models. Our observations have identified
classical FA proteins as an integrated
component in the early step of homolo-
gous repair of DSBs and suggest an early
role for the FANC proteins in choice
between homologous DSB repair path-
ways.

Epigenetic modifications, including
chromatin modification/remodelling, play
an important role in many important cel-
lular processes, such as DNA replication,
cell-cycle control, DNA repair and
genomic stability. Recent genetic and
molecular studies have provided a direct
link between dysfunctional chromatin
modification and human cancer. Many
molecules and complexes involved in
chromatin modification/remodelling have
been identified, but their functional
significance remains elusive. We have
investigated the function of histone acety-
lation and chromatin remodelling in
cellular processes, including cell prolifer-
ation, gene transcription, cell-cycle con-
trol as well as DNA repair. In mammalian
cells, loss of the histone acetyltransferase
(HAT) cofactor Trrap led to chromosome
missegregation, mitotic exit failure and
compromised mitotic checkpoint due to
defective Trrap-mediated transcription of
the mitotic checkpoint proteins Madl and
Mad2. These results demonstrate that
Trrap controls mitotic checkpoint integrity
by specifically regulating the Madl and
Mad?2 genes.

We have also engineered a mam-
malian cellular system to examine chro-
matin modification/remodelling and the
loading of DNA repair proteins specifi-
cally associated with DSBs. We showed
that Trrap and Tip60 HAT bind to sites of
DSBs in vivo, resulting in both DNA
damage-induced histone H4 hyper-acety-
lation and accumulation of repair mole-
cules at sites of DSBs. Depletion of Trrap
resulted in defective homologous recom-
bination repair. The impaired loading of
repair proteins at sites of DNA breaks and
the defect in DNA repair in Trrap-defi-
cient cells could be counteracted by chro-
matin relaxation, indicating that the DNA
repair defect observed in the absence of
Trrap is due to impeded chromatin
accessibility at sites of DNA breaks.
Thus, cells may use the same basic mech-
anism involving Trrap-associated HAT
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complexes to regulate distinct cellular
processes, such as transcription and DNA
repair. Taken together, these findings
demonstrate the instrumental role of HAT
components and histone acetylation in
coordination of cell-cycle control and
DNA repair.

Cell-cell interaction

The role of gap junction intercellular
communication disorders in carcinogene-
sis is well established. Due to their ability

to reverse cancerous phenotypes, certain
connexin proteins (Cx) are considered to
act as tumour suppressors. However,
mutational alterations of connexin genes
are rarely detected in human tumours.
Since polymorphic variants of some
connexin genes are detected in certain
pathological conditions associated with
perturbed cell growth and differentiation,
we verified whether rare variants of the
Cx26 (GJB2) gene could genetically pre-
dispose to certain types of human cancer.

Genetic analysis of groups of patients
with colon or stomach cancer from North-
Western  regions of the Russian
Federation revealed a substantially higher
frequency of heterozygous carriers of cer-
tain rare variants of this gene compared
with healthy subjects, indicating that cer-
tain variants of Cx26 could be considered
as new factors of genetic predisposition to
digestive tract cancers.
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Research in the Gene-Environment
Epidemiology (GEE) Group is aimed at
identifying environmental causes of
human cancer and their interactions with
genetic factors. The work also contributes
to methodological development in the
field of molecular and genetic epidemiol-
ogy. The focus has been on cancers of the
lung, the upper aerodigestive tract and the
kidney, and on lymphoma, and studies of
pancreatic and childhood cancer are now
being planned. The programme consists
of multicentric international studies
carried out in collaborating centres, coor-
dination of networks of investigators and
the use of existing resources such as
cancer registry data. Various types of
study design are used (case—control,
cohort, record linkage) and all field
studies include a biological component.

Multicentric case—control studies

During 2004-05, the GEE Group
completed a series of multicentric case—
control studies of lung cancer, upper
aerodigestive tract cancer (cancers of the
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oral cavity, pharynx, larynx and oesopha-
gus) and kidney cancer in Central and
Eastern Europe and in South America,
regions characterized by high incidence
and mortality from these forms of cancer.
Each study included a series of cases of
cancer selected in major clinical centres
of participating countries and a series of
controls recruited either from the general
population or among hospital patients
with non-neoplastic diseases. For each
participant, detailed information was
collected via a questionnaire on environ-
mental risk factors, including in particular
tobacco smoking, alcohol drinking,
dietary habits and history of employment.
Exposure to a large series of known and
suspected occupational carcinogens was
assessed by teams of local experts. Blood
samples were collected from all study
subjects, to be used mainly as a source of
DNA, and tumour tissue samples were
collected from cases whenever possible.
The large numbers of subjects in these
studies allow the possibility to assess
effects of weak risk factors and to

Dr Gajalakshmi Vendhan
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Students
Mr Hervé Besson
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investigate gene-environment interac-
tions.

The full exploitation of this material
will take several years; genotyping work
is still in progress, in collaboration with
the GEP and GCS Groups. Results
already available on lung cancer include
an increased risk among people in Central
Europe who underwent a large number of
occupational X-ray examinations, an
apparent protective effect of eczema, an
increased risk from indoor air pollution
(mainly from cooking) in Central Europe
and an increased risk from occupational
exposure to vinyl chloride. Results of the
analyses on effects of genetic variants on
risk of lung and head and neck cancers are
reported in the GEP and GCS sections.
Further analyses of environmental factors
and their interactions with genetic vari-
ants are continuing,.

A similar approach has been used for
a multicentric study of lymphomas, con-
ducted in six FEuropean -countries.
Recruitment of cases and controls has
been completed and statistical analyses
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have revealed a decreased risk of lym-
phoma among users of statin drugs, while
individuals with a family history of lym-
phatic neoplasms experienced a 70%
increased risk. Tobacco smoking and
alcohol drinking had no effect on the risk
of this group of neoplasms.

The work of the Group in the epi-
demiological studies described above has
been extended to the coordination of
international consortia, which have the
following goals: (a) fast and coordinated
replication of new findings, (b) pooling of
data for analyses for which large popula-
tions are needed, typically for gene—envi-
ronment interactions, and (c) setting stan-
dards for future epidemiological research.
In particular, the Group has played a key
role in the establishment of consortia of
studies of lymphoma (InterLymph
[http://epi.grants.cancer.gov/InterLymph/
index.html]), head and neck cancer
(INHANCE [http://inhance.iarc.fr/]) and
lung cancer (ILCCO). An initial pooled
analysis of alcohol dehydrogenase geno-
types and head and neck cancer risk
revealed no increased risk of head and
neck cancer for the ADHIC Ile350Val
polymorphism that encodes for an
enzyme resulting in ‘fast’ metabolism of
ethanol. Several additional pooled analy-
ses have been started. The coordination of
international consortia is likely to become
a major component of the work of the
Group in the next few years.

Cancer in populations in transition

The Group is supporting prospective
studies of cancer in populations in transi-
tion. A first study was established in four
cities of the Russian Federation (Barnaul,
Bysk, Tomsk and Novgorod). Relatives
and neighbours of individuals who died in
the last 15 years are identified and invited
to provide key information on the dece-
dents: this part of the study, with a target
of 80,000 deceased individuals, aims to
assess the role of tobacco, alcohol and
occupation in the recent dramatic mortality

trends experienced by the Russian popu-
lation. In addition, the same set of respon-
dents is being invited to participate in a
prospective study, by answering a ques-
tionnaire focused on the same risk factors
and by providing a small blood sample.
The goal for the prospective study is to
recruit 160,000 individuals by 2006, who
will be followed up via linkage with local
mortality registries. A similar prospective
study is being carried out in the Golestan
province of North-Eastern Iran, an area of
very high oesophageal cancer incidence.
Following a successful pilot study,
recruitment of inhabitants of the city of
Gonbad and of rural areas of the province
started in 2004 and is expected to reach
the goal of 50,000 individuals, mainly of
Turkmen ethnicity, in 2007. Each cohort
member undergoes a detailed interview
on dietary and lifestyle factors and pro-
vides samples of blood, urine, hair and
nails. The follow-up was tested in 2005
and has proven effective in identifying
deaths and occurrence of cancer. Finally,
initial work has been carried out in two
centres in Southern India (Chennai and
Trivandrum) to set up a pilot study for a
prospective cohort of diet and cancer, to
be completed in 2007.

Methodology

Important achievements in the area of
development of methods for molecular
and genetic cancer epidemiology include
the application of a novel statistical tech-
nique (hierarchical modelling) to com-
bine the results of multiple genetic mark-
ers to a study of genetic polymorphisms
and bladder cancer risk; and the use of
serum cotinine as a marker of tobacco
smoke exposure in a prospective study of
lung cancer, which yielded a stronger
dose—response relationship than that
obtained using questionnaire data.

Tobacco carcinogenicity
The Group has also aimed to clarify
important aspects of tobacco carcino-

genicity. Relevant studies have shown (a)
a link between smokeless tobacco
products and pancreatic cancer risk, (b) a
dose-response relationship between
involuntary smoking and lung cancer risk,
(¢) a sharp decline in the cumulative risk
of lung cancer after cessation of tobacco
smoking, even among smokers who quit
after the age of 50 years, (d) the tobacco-
related risk of specific histological types
of lung cancer and of cancer in specific
locations of the larynx, and (e) the role of
tobacco in determining second primary
neoplasms among laryngeal cancer
SUrvivors.

Risk of second primaries in cancer
patients

Using a pooled data-set of over 4 million
cancer patients registered in 15 registries,
analyses have been conducted on risk of
second primaries. After male breast can-
cer, risk of haematopoietic neoplasms
was increased; after non-Hodgkin
lymphoma, a complex pattern of associa-
tions could be explained by both treat-
ment and shared risk factors; and after
small intestine cancer, an increased risk of
digestive and other neoplasms was
explained by common risk factors and
possibly overdiagnosis. Work to explore
the risk of second primaries after other
neoplasms is continuing.

Occupational cancer

A case—control study of lung cancer has
been started among European asphalt
workers, with the aim of clarifying
whether the increased risk detected in the
historical cohort phase of the study is due
to exposure to bitumen fume, exposure to
other agents in the asphalt industry, or to
confounders such as tobacco smoking and
exposures in other industries.
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It has long been recognized that family
members of an individual with cancer are
themselves at increased risk of cancer. This
familial clustering may stem from inheri-
ted defects in specific genes, from shared
environmental exposures among family
members, or from interaction between
specific genetic and environmental factors.
By identifying genetic variants that
increase the risk of common cancers, and
how these genetic effects interact with
known environmental risk factors, it will
be possible to elucidate the reasons why
cancers develop and to potentially identify
individuals who are at particularly high
risk.

The goals of the Genetic Epidemiology
(GEP) Group are to:

I. Conduct large case—control studies of
specific cancers, and participate in
international consortia, in order to
ensure that studies have adequate sam-
ple size.

2. Identify cancer-predisposition genes
through linkage analysis of high-risk
families, through association or
case—control studies with known poly-
morphisms and, in the future, through
whole genome scans.

3. Estimate the age- and site-specific risks
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of cancer conferred by mutations
and/or polymorphic variations in these
genes, and examine how these risks are
modified by known environmental fac-
tors.

4. Contribute to the development of statis-
tical tools for analysing genetic data.

Alcohol- and tobacco-related cancers

While it is clear that lung and upper
aerodigestive tract cancers are caused
predominantly by exposure to tobacco
and alcohol products, only a minority of
heavy smokers and heavy drinkers
develop such a cancer. Furthermore,
second primary cancers in this group are
common, suggesting a high initial genetic
susceptibility among these individuals.

A series of large multicentre
case—control studies of lung and head and
neck cancers have been completed in
Europe and Latin America, comprising
over 15,000 subjects. Genetic analysis of
60 potential susceptibility genes has been
completed among 2000 lung cancer
cases, 1000 head and neck cancer cases
and 2000 controls in the European com-
ponent of these studies. Three notable
initial findings include (a) the modifica-
tion of the protective effect of cruciferous
vegetable consumption by GST genes,
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Dr Olga Sinilnikova (until April 2004)

Students
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(from September 2005)
Ms Binh Thieu Tu Nguyen
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providing strong evidence for a
substantial protective effect of crucifer-
ous vegetable consumption on lung
cancer, which is unconfounded by other
dietary and lifestyle factors, (b) an
important role of cell-cycle control genes
in lung cancer etiology, and in particular
variants of the TP53 gene, and (c) identifi-
cation of variants in the ADHIB and
ALDH?2 genes that explain a substantial
proportion of head and neck cancers.

Work is now being planned to
replicate positive findings in independent
studies. For this purpose, the studies on
head and neck cancer will be replicated in
an independent series of studies in Latin
America and Western Europe. Similarly, a
series of over 1000 lung cancer cases,
based on the EPIC cohort, will provide a
suitable resource for replicating potentially
important findings for this cancer, More
extensive genotyping using comprehen-
sive panels of haplotype tagging SNPs is
also planned, and the feasibility of whole
genome scans will be assessed. The
Group is also coordinating the
International Lung Cancer Consortium
(ILLCO), with the aim of pooling infor-
mation and results from all large studies
of lung cancer.
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Breast cancer

Women who carry germline mutations in
the BRCAI and BRCA2 genes are at
greatly increased risk of breast cancer.
Multiparity, early age at first childbirth
and breastfeeding are known protective
factors for breast cancer in the general
population, although their effect in
carriers of BRCAI or BRCA2 mutations
may be different. Further, the marked
reduction in breast cancer risk following a
prophylactic oophorectomy illustrates
that endogenous hormones play an impor-
tant role in the etiology of breast cancer
among BRCAI/2 mutation carriers, as
they do in the general population. So far,
little is known about the safety of oral
contraceptives among BRCA1/2 mutation
carriers, who have much higher
premenopausal background rates of
breast cancer. Furthermore, numerous
studies have shown that exposure to
ionizing radiation is a risk factor for
breast cancer. Because of the role of the
BRCA proteins in DNA repair, we
hypothesized that women who carry
mutations in these genes might be more
sensitive to ionizing radiation than
women in the general population.

The current enrolment of the Inter-
national BRCAI and 2 Gene Carrier
Cohort Study (IBCCS) study includes
3460 subjects, mostly women. 74% of the
participants are from three national-level
studies in the UK, France, and the
Netherlands, with further subjects from
Austria, Canada, Denmark, Germany,
Hungary, Italy, Poland, Spain and
Sweden. Included in the cohort are 1885
subjects who were affected at the time of
entry to the study (1647 total breast
cancer diagnoses and 357 ovarian
cancers) and 1283 women were unaffect-
ed at enrolment. Two-thirds of the
unaffected women were aged 30-49 years
at enrolment, thus in the period of highest
breast cancer risk for BRCA mutation carri-
ers. At least one follow-up questionnaire is
already available on 966 of the enrolled
subjects.

Special emphasis is now being placed
on collection of detailed pathology, treat-
ment and clinical data on all incident
cases. Integration with existing studies in
Australia, and expansion to include
additional centres in Canada and the

Czech Republic is planned to increase the
total recruitment to 5000 mutation carriers
by the end of 2006.

A retrospective cohort study of 1601
female BRCA1/2 mutation carriers, of
whom 853 already had breast cancer at the
time of interview, has also been performed.
Breast cancer risk in mutation carriers was
reduced by 11% with each birth. The
protective effect was restricted to women
aged over 40 years, and was consistent for
carriers of mutations in either gene.
Neither interrupted pregnancies nor breast-
feeding had a significant effect on risk.
Risk of breast cancer was slightly
increased among BRCAI/2 mutation
carriers who had ever used oral contracep-
tives, with no difference according to
features of oral contraceptive use such as
time since stopping, duration of use, age at
start and calendar year at start. In the entire
cohort, any reported exposure to chest
X-rays (compared with never-exposed)
was associated with a significantly
increased risk of breast cancer. This risk
was increased in mutation carriers aged 40
and younger, and in women born after
1949, particularly those exposed before the
age of 20 years. The risk increase in BRCA
mutation carriers due to exposure to
ionizing radiation was considerably higher
than in other exposed populations.
Although part of this increase may be
attributable to recall bias, the observed
patterns of risk in terms of age at exposure
and attained age are consistent with those
found in previous studies.

Combined effects of variants in low-
penetrance genes seem to explain best the
non-BRCAI1/2 familial susceptibility to
breast cancer. We are examining the
contribution of genetic variants in around
500 case—control pairs from Thailand, as
an activity within the international Breast
Cancer Association Consortium (BCAC).
We predict our BC cases to be enriched in
genetic susceptibility variants, as around
60% of them were diagnosed before age
50 years. We also expect a reduced num-
ber of phenocopies from environmental
influences in this low-incidence Asian
population, especially among women
from rural areas. Qur initial association
studies are focusing on variants in DNA-
repair and cell-cycle regulatory genes.

We are also assessing the influence of
common variants in genes such as RAD51
and AIB] which may modity the effect of
BRCAI and BRCA2 mutations in our
sample set of around 1200 BRCAI/Z
mutation carriers. So far, no major breast
cancer-modifying effect of any of these
these genetic variants has been detected.

Nasopharyngeal carcinoma
Nasopharyngeal carcinoma (NPC) is a
malignancy with a wide range of incidence
rates across the world. In most areas, it is
rare (e.g., 0.5 cases per 100,000 per year in
the UK), but in certain regions it occurs in
an endemic form with an incidence 10 to 40
times higher. Endemic regions include the
southern parts of China, other parts of South-
East Asia and the Maghreb (Morocco,
Algeria and Tunisia); NPC is also prevalent
among inuit populations. We are conducting
studies on the role of genes and environ-
mental factors in the etiology of NPC in
Sarawak (Malaysia) and North Africa.

The highest rates of NPC worldwide
have been reported to occur among the
Bidayuh population of Sarawak State,
Malaysia, where age-standardized rates
exceed 30 per 100,000 among men. In
view of the relative homogeneity of this
population, we are conducting studies to
investigate both high-risk and moderate-
risk susceptibility genes for NPC. For this
purpose, we are recruiting a series of
multi-case families with NPC in order to
conduct a whole-genome linkage analysis.
Detailed typing of HLA class I and other
candidate genes in the HLA region will also
be conducted on a group of 250 NPC cases,
controls and unaffected parents or siblings.
Further data on environmental exposure
and infection with Epstein—Barr virus
(EBV) will allow assessment of gene—
environment interactions.

In the Maghreb, NPC is the most
frequent ear, nose and throat cancer,
accounting for 7-12% of all cancers and
may appear as early as ages 810 years. In
contrast with other high-risk populations,
NPC in the Maghrebian population has a
bimodal age distribution, one peak occur-
ring in the teens and the other at 45-50
years. A multicentre case—ontrol study of
NPC has been performed in Morocco,
Algeria and Tunisia including 664 cases.
Initial genotyping and analyses are
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DR, DO, 11 1, 11 4, 11 6, 11 10), detoxifica-
tion (GSTMI1, GSTT1), cell-cycle

regulation (TP53), DNA repair (XRCC1,
hOGG1) and immune regulation.

focusing on 17 candidate genes involved in
immune response (HLA A, B, E, G, DQ,
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During 2004-05, the Genetic Cancer
Susceptibility Group (GCS) underwent a
substantial reorganization. It is now
composed of two teams, the Genetic
Services Platform Team (GSP) and the
High-Risk Genes Team (HRG). In
general, GSP is responsible for the labo-
ratory component of medium- to large-
scale genotyping studies conducted with-
in IARC, for standard sequencing, and for
large-scale resequencing projects. On the
other hand, HRG is responsible for ongo-
ing analyses of known and/or strong can-
didate high-risk cancer susceptibility
genes as well as studies directed towards
discovery of new moderate- and high-risk
susceptibility genes.

Establishing a laboratory platform

Over the last few years, the main effort of
the GCS Group has been towards building
a platform for relatively high-throughput
genotyping, sequencing and mutation
screening. Two key characteristics of this
platform are: (a) the integration of several
multipurpose laboratory robots into the
process, dramatically increasing the num-
ber of samples that technicians can
process, while decreasing the likelihood of
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pipetting errors; and (b) use of a laborato-
ry information management system
(LIMS) to track the progress of samples as
they flow through the laboratory, while
also reducing potential for sample track-
ing errors.

The principal genotyping technique
used is TAQMAN. The laboratory automa-
tion allows SNP genotyping throughput to
be regularly maintained at 40,000 geno-
types per week and occasionally to exceed
twice that level. The platform also supports
fluorescent microsatellite genotyping,
which is now being used to complete a
genome scan for new breast cancer suscep-
tibility loci. For the resequencing compo-
nent of mutation screening projects, we
rely mostly on dye primer chemistry,
which is much less expensive than the
more common dye terminator chemistry.
The resulting sequence chromatograms are
analysed with a program, written in Java at
IARC, called Java Mutscreen. However,
even with efficient laboratory automation
and analysis software, large-scale mutation
screening by resequencing is labour-inten-
sive, and therefore a high-throughput
mutation scanning process is now being
developed.

Students
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(until May 2005)
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Large-scale genotyping projects
During 2004-05, several large projects
have used the high-throughput genotyp-
ing capacity of the GCS Group. These
include: (a) genotyping for the EPIC
project’s investigation into the contribu-
tion of variation in genes of the steroid
hormone pathway and the insulin-like
growth factor (IGF-T) pathway, and their
associated receptor proteins, to risk of
breast and prostate cancer (approximately
460 000 genotypes analysed by August
2005); (b) the CAPS project, an investi-
gation of variation in the genes of the
IGF-I pathway in relation to prostate can-
cer risk in the Swedish population
(25,000 genotypes analysed by August
2005); (c) EPIC’s investigation of the
contribution of genetic variation in the
fatty acid synthesis pathway and the IGF-
I pathways to risk of breast cancer
(84,000 genotypes analysed by August
2005) and (d) the GEP Group’s project on
genetic susceptibility to tobacco- and
alcohol-related cancers in central Europe
(approximately 350,000 genotypes
completed by August 2005).
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Analysis of missense substitutions

Data from screening for mutations in high-
risk susceptibility genes such as BRCAI,
BRCA2, MLH] and MSH2 are used in clin-
ical practice to advise patients on their
risks of breast, ovarian, colon, endometrial
and other cancers, and on possible risk-
reduction strategies. The latest clinical
testing methods have very high sensitivity
for clearly deleterious sequence variants
such as frameshifts and other protein-trun-
cating mutations, but also find many
unclassified sequence variants (UCVs).
Both types of mutation are reported to
physicians, who in turn inform the
patients, but test reports that include a
UCYV are ambiguous and create difficulties
for both physician and patient. In recent
years, considerable effort has been directed
to analysis of UCVs, in particular unclassi-
fied missense substitutions, with the goal
of developing efficient methods to classify
many of them as either neutral or deleteri-
ous. An analytical framework has been
developed that integrates four different
methods of UCV analysis. Each of the four
component methods is an independent
estimator of risk. Accordingly, each risk
estimate is formulated as an independent
likelihood expression, and these are multi-
plied together in order to obtain the overall
likelihood that a particular UCV is delete-
rious or not. This framework is already
being applied in other laboratories, and
should contribute to classification of a
considerable number of UCV's over the next
few years. One of the methods integrated
within the framework identifies groups of
unclassified substitutions that are highly
enriched for deleterious mutations and other
groups that are highly enriched for neutral
substitutions. Such methods depend
heavily on cross-species sequence compar-
isons of the genes of interest. Along these
lines, we have developed new software
(A-GVGD) for measuring the fit between
missense substitutions and the evolution-
ary range of variation observed at their
position in the protein of interest, and have
also determined BRCAI and BRCA2 gene
sequences from a number of other species.
The A-GVGD substitution analysis soft-
ware is to be made available over the inter-
net for interested external research groups.
We are preparing to extend our systematic
cross-species sequence analyses to cover

other susceptibility genes such as MLHI,
MSH2, TP53, and CHEK2.

Biological assays of gene function also
contribute towards classifying UCVs.
Thus assays that can discriminate between
functional and non-functional alleles of
BRCAI and BRCAZ2 have been developed,
and the output from these assays is being
calibrated against human genetic data so
that the results can be incorporated into
Goldgar's integrated framework. Com-
bined with better tools for measuring risk
associated with these groups of missense
substitutions, we expect the integrated
framework and improved versions of the
methods that it combines to provide an
efficient, robust, and clinically useful
approach to the analysis of UCVs in
BRCAI and BRCA2. In addition, we are
collaborating in plans to extend Goldgar’s
integrated framework to MLHI1, MSH2
and other susceptibility genes.

Genes conferring susceptibility to com-
mon cancers

Germline mutations in the BRCA/ and
BRCA2 genes explain only a minority of
the excess familial aggregation observed
for premenopausal breast cancer. The
aims of this project are to identify the
chromosomal location of one or more
additional breast cancer susceptibility loci
and to estimate the frequency of alter-
ations in such genes and the associated
risk. IARC has contributed linkage data
from 275 individuals from 63 families to
this international effort and a similar-
sized contribution of more data to a sec-
ond-round analysis.

Many of the early analyses suggest
that there may be several breast cancer
susceptibility genes yet to be identified
(rather than a ‘BRCA3’ alone explaining
all of the residual familial breast cancer
aggregations). Future work will involve
devising and testing strategies to identify
groups of families whose cancers are
more likely to be due to a similar genetic
dysfunction (e.g., breast cancer morpho-
logy, age of onset, ethnicity).

IARC has brought together a consor-
tium of geneticists and clinicians with
interest in identifying the remaining pre-
disposition genes for colorectal cancer.
The aim is to document large numbers of
multiple-case colorectal cancer families

and related clinicopathological data cen-
trally in a custom-designed database at
IARC. Preliminary work to exclude
known syndromes such as familial adeno-
matous polyposis (FAP) and mismatch
repair-deficient hereditary non-polyposis
colorectal cancer (HNPCC) has started.
This will generate a valuable resource for
future collaborative genome-wide scans
for linkage and association studies.
Several concurrent projects are apply-
ing different strategies for the identifica-
tion of prostate cancer susceptibility
genes. One strategy has adopted an inno-
vative study design utilizing resequencing
and mutation scanning of germline DNA
from highly selected, internationally col-
lected, prostate cancer cases and controls
in a candidate gene approach. A second
approach is to collaborate with large
international linkage studies searching for
prostate cancer susceptibility loci,
particularly linkage analysis of large
extended pedigrees using high-density
SNP-based genome-wide scans, in collab-
oration with the Menzies Research
Institute, Hobart, Tasmania, Australia.

Identifying young women with breast
cancer who carry BRCA1 mutations
Tumours arising in carriers of BRCAI
germline mutations have a distinctive
morphological appearance. In collabora-
tion with the NCI-sponsored breast can-
cer family resource (BreastCFR), we have
identified 700 cases of early-onset breast
cancer that have this distinctive BRCA1-
associated morphology and/or a very
strong family history of breast cancer. We
are assessing what proportion of these
cases carry BRCA1 mutations that can be
identified using routine approaches and
applying additional screening methods to
detect other types of BRCA1 mutations.
The data from this study will allow treat-
ing physicians to estimate the likelihood
of any woman diagnosed with early-onset
breast cancer being a carrier of a BRCA!
mutation. This could lead to referral of
those identified as being at high risk of
carrying a BRCAI mutation to genetic
clinics and counselling. We hope to apply
this very successful approach to other
genes that are known to predispose to
breast and colorectal cancer.
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Pathogenesis and Prevention Cluster

Cluster Coordinator: Dr Hiroko Ohgaki

The Pathogenesis and Prevention Cluster
(PPC) includes the Pathology Group, the
Screening Group, the Gambia Hepatitis
Intervention Study Group and Screening
Quality Control Group. The Pathology
Group studies the molecular pathology of
human neoplasms, in particular brain and
prostate tumours, using biopsy materials
from patients with clinical data and
follow-up. The objectives are to correlate
histologically recognized phenotypes
with genotypes, to elucidate the molecu-
lar basis and genetic pathways of human
cancer, to identify genetic and expression
profiles predictive of tumour progression
and outcome of patients, and to identify
etiological factors in the pathogenesis of
human tumours. The Pathology Group
also supervises the histology laboratory,

that provides a high-quality routine
histology service to all IARC Groups.
The Screening Group aims (o
facilitate the development of feasible,
accurate and cost-effective screening and
early detection interventions for breast,
cervical, oral and other cancers and the
development of quality assurance
standards for screening in different
settings by conducting field studies and
model-based studies in collaboration with
national institutions and by international
consultation. In the domain of breast can-
cer control, a community-based cluster-
randomized controlled trial has been
planned to evaluate the effectiveness of a
package of interventions consisting of
health education, opportunities for
clinical early diagnosis and the provision

of readily accessible diagnosis and
treatment services. Screening approaches
such as low-intensity cytology, HPV
testing and visual screening with acetic
acid (VIA) and Lugol’s iodine (VILI) are
being evaluated for their efficacy in
detecting cervical precancerous lesions
and preventing cervical cancer in several
cross-sectional and randomized con-
trolled trials. The efficacy of screening in
reducing oral cancer mortality among
users of tobacco and alcohol has been
established in a recently completed ran-
domized controlled trial. Costing and
modelling studies in the study contexts
are being carried out to evaluate the
cost—benefit relationship of each inter-
vention. Efforts are made to develop qual-
ity assurance standards in different
settings. A variety of training materials
for screening diagnosis and treatment of
precursor lesions have been produced in
the context of these projects.

The Gambia Hepatitis Intervention
Study, which was launched in 1986, has
now reached its mid-point. This study
aimed at assessing whether the vaccina-
tion of infants against Hepatitis B Virus
may induce a long-lasting protection
against liver cancer in adulthood.
Ongoing GHIS activities include nation-
wide cancer registration in The Gambia,
support to clinical and laboratory infra-
structures for cancer detection and
diagnosis, and research on the molecular
epidemiology and natural history of
hepatocellular carcinoma in the Gambian
population. According to the original
study, it is estimated that GHIS will
deliver its final message in about 15-20
years.
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The Molecular Pathology Team has
focused on the molecular pathology of
brain tumours and is now planning simi-
lar studies on prostate cancer. In 2004—05,
we completed the first population-based
study combining incidence and survival
rates with data on key genetic alterations
in astrocytomas and oligodendrogliomas.
Atotal of 987 cases were diagnosed in the
Canton of Zurich, Switzerland, between
1980 and 1994 and patients were
followed up at least until 1999. While the
survival rate for pilocytic astrocytomas
(WHO grade I) was excellent (96% at 10
years), the prognosis of diffusely infiltrat-
ing gliomas was poorer, with median sur-
vival times of 5.6 years for low-grade
astrocytoma WHO grade II, 1.6 years for
anaplastic astrocytoma (WHO grade III)
and 0.4 years for glioblastoma (WHO
grade IV). TP53 mutations were most
frequent in gemistocytic astrocytomas,
present in about half of fibrillary astrocy-
tomas, but infrequent in oligoden-
drogliomas. Loss of heterozygosity
(LOH) at 1p/19q typically occurred in
tumours without TP53 mutations, and
was most frequent in oligodendrogliomas
(69%), but rare in low-grade astrocy-
tomas. Glioblastomas amounted to two
thirds of the total incident cases. The
observed survival rate was 17.7% at one
year. For all age groups, survival was
inversely correlated with age. Primary (de
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novo) glioblastomas prevailed (95%),
while secondary glioblastomas that pro-
gressed from low-grade or anaplastic
gliomas were rare (5%). In primary
glioblastomas, LOH 10q was the most
frequent genetic alteration (69%). LOH
10q occurred in association with any of
the other genetic alterations, and was the
only alteration associated with shorter
survival of glioblastoma patients.
Secondary glio-blastomas were character-
ized by frequent LOH 10q and TP53
mutations. Over half of the TP53 muta-
tions in secondary glioblastomas were in
hot-spot codons 248 and 273, while in pri-
mary glioblastomas, mutations were more
evenly distributed. G:C - A:T mutations
at CpG sites were more frequent in
secondary than primary glioblastomas,
suggesting that the acquisition of TP53
mutations occurs through different mech-
anisms in these glioblastoma subtypes.
Low-grade astrocytomas are geneti-
cally characterized by frequent TP53
mutations and show a consistent tendency
to progress to glioblastomas, while oligo-
dendrogliomas show frequent and con-
current LOH 1p and 19q, and may
progress to anaplastic oligoden-
drogliomas. The histological diagnosis of
these gliomas may be very difficult, with
marked inter-observer variation, particu-
larly in cases that lack the typical patterns
of astrocytic and oligodendroglial

Dr Taku Homma (from January 2005)
Dr Daisuke Kita (from March 2005)
Dr Tomofumi Nishikawa
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Students
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differentiation. This is at least partly due
to the lack of specific and reliable mark-
ers for neoplastic oligodendrocytes. We
carried out gene expression profiling on
histologically and genetically typical
oligodendrogliomas and low-grade astro-
cytomas, using a cDNA array containing
1176 cancer-related genes. Cluster analy-
sis and partial least squares analysis of 79
genes that had at least a two-fold
difference in expression between
oligodendrogliomas and low-grade astro-
cytomas revealed clear distinctions
between oligodendrogliomas, low-grade
astrocytomas and normal cerebral white
matter. Cluster analysis based on the
entire gene set also divided the 17
subjects with oligodendrogliomas into
two subgroups with significantly different
survival. These results demonstrate that
oligodendrogliomas and low-grade astro-
cytomas differ in their gene expression
profiles, and that there are subgroups of
oligodendrogliomas with distinct expres-
sion profiles related to clinical outcome.
Pilocytic astrocytoma (WHO grade I)
is a circumscribed, slowly growing,
benign astrocytoma that most frequently
develops in the cerebellar hemispheres
and in midline structures, and occurs pre-
dominantly in childhood and adolescence.
In contrast to diffusely infiltrating
gliomas in adults, survival of patients
with pilocytic astrocytoma is excellent
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after surgical intervention. To search for
potential molecular mechanisms underly-
ing its benign biological behaviour, we
compared gene expression profiles of
pilocytic astrocytomas with those of nor-
mal cerebellum, low-grade astrocytomas
and oligodendrogliomas by cDNA array
analysis. A number of immune system-
related genes were up-regulated in

pilocytic astrocytomas, and clustering
analysis using selected subgroups of
genes based on their molecular functions
revealed that immune system-related
genes (75 genes) showed similar power to
the entire gene set for separation of pilo-
cytic astrocytomas from diffusely
infiltrating low-grade gliomas. Immuno-
histochemical analysis revealed diffuse

expression of HLA-DRo. in neoplastic
cells of pilocytic astrocytomas. These
results suggest that the benign biological
behaviour of pilocytic astrocytomas may
be at least in part related to up-regulation
of immune defence-associated genes.
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The core function of the screening group
involves evaluation of the accuracy,
reproducibility, efficacy, benefits, harm-
ful effects and cost-effectiveness of
screening interventions for breast, cervi-
cal, oral and other cancers and the devel-
opment of quality assurance standards for
screening in different settings, in collabo-
ration with national institutions. The
objective is to guide the development of
public health policies in implementing,
monitoring and evaluating screening in a
range of health-care settings, particularly
in low- and medium-resource countries,
leading to rational utilization of health-
care resources and to improving quality
of life, based on evidence from field- and
model-based studies.

Breast cancer

Breast cancer incidence rates are increas-
ing in many countries. Early detection
linked to optimal treatment is currently
the most effective strategy to reduce
breast cancer mortality. Mammographic
screening is an expensive intervention
requiring substantial financial and man-
power resources and thus is not feasible in
developing countries. The efficacy of
organized programmes using breast self-
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examination (BSE) and/or clinical breast
examination (CBE) remains uncertain.
Improved survival and outcome could be
achieved by a package of interventions
aiming at improving the awareness of the
population on symptoms, signs and the
good prognosis associated with treatment
of early-stage disease, and at improved
access to effective diagnostic and treat-
ment services, A cluster-
randomized controlled trial involving
120,000 women in Kerala, India has been
initiated in collaboration with the
Regional Cancer Centre, Trivandrum,
India, to evaluate the effectiveness of a
comprehensive intervention consisting of
health education, opportunities for clini-
cal early diagnosis and the provision of
readily accessible diagnosis and treatment
services, in terms of clinical early
detection and improved outcome of breast
cancer.

Oral cancer

Oral cancer is an important cancer
globally, with two thirds occurring in less
developed countries. Although it is
largely preventable by avoidance of
tobacco and alcohol use, a high incidence
is observed in the Indian sub-continent,
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central and Eastern Europe, parts of
Southern Europe, South America and
Oceania. Oral cancer is a suitable disease
for screening, in view of the detectable
precancerous lesions and preclinical early
invasive cancers and the improved sur-
vival following treatment of early can-
cers. A randomized controlled screening
trial involving 178,000 subjects in
Trivandrum district, Kerala, India, in
collaboration with the Regional Cancer
Centre, to address the efficacy of visual
screening in reducing oral cancer
mortality, was completed in 2004. The
study was supported by the Association
for International Cancer Research
(AICR). More than 90% of the 96,500
eligible subjects in the intervention group
were screened at least once and two thirds
of the 5200 screen-positive subjects com-
plied with referral investigations. A 34%
reduction in oral cancer mortality was
observed among tobacco/alcohol users in
the screened group who completed three
rounds of screening at three-year inter-
vals, compared with the control group.
This is the first time a reduction in oral
cancer deaths following screening has
been demonstrated in a randomized trial.
The results imply that oral visual screen-
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ing can reduce mortality among high-risk
individuals and could prevent at least
37,000 oral cancer deaths annually world-
wide.

The natural history of oral precancerous
lesions such as leukoplakia and
submucous fibrosis in terms of probabili-
ties of regression, persistence and
progression to invasive cancer, as well as
factors influencing participation in
screening, are also being addressed in the
oral cancer screening trial. The overall
and cause-specific mortality among
participants in this study is being
analysed to establish the risk and patterns
of death associated with various types of
tobacco and alcohol-drinking habits
prevailing in the region.

Cervical cancer

Cervical cancer continues to be the major
cancer among women in many regions of
the world, with more than 80% of the
world burden experienced in low- and
medium-resource countries of Asia,
Africa and Central and South America.
Effective cytological screening has been
responsible for impressive declines in
cervical cancer incidence and mortality in
the developed countries of Europe, North
America, Japan and Australia, but in
many low- and middle-income countries,
screening has not been effectively imple-
mented or has failed to reduce the cervi-
cal cancer burden. The difficulties and
inadequate resources for implementing
high-quality cytology screening pro-
grammes in such settings have prompted
evaluation of the feasibility, accuracy,
efficacy and cost-effectiveness of other
screening methods such as visual inspec-
tion with 3-5% dilute acetic acid (VIA),
magnified VIA (VIAM), visual inspection
with Lugol’s iodine (VILI) and HPV test-
ing in preventing the occurrence of and
deaths from cervical cancer. A major
component of the work of the Screening
Group involves evaluation of the compar-
ative performance of these screening
methods in cross-sectional and cluster-
randomized controlled trials, in collabora-
tion with national institutions and/or
ministries of health in countries such as
Angola, Burkina Faso, Republic of
Congo, Guinea, India, Laos, Mali,

Mauritania, Nepal, Niger, Nigeria and
Tanzania. These studies are supported by
the Bill & Melinda Gates Foundation
through the Alliance for Cervical Cancer
Prevention (ACCP).

The results from pooled cross-section-
al studies involving more than 52,000
women indicate that VIA and VILI are
accurate and promising screening tests for
detection of high-grade cervical cancer
precursor lesions. These studies have
helped to standardize the reporting of the
visual test results, the training of test
providers and quality assurance
procedures. They have also served as a
platform of service for the detection and
treatment of cervical precancerous lesions
and training of personnel in cervical
cancer prevention in the health services of
the participating countries.

The efficacy of a once-in-a-lifetime
VIA screening in preventing cervical can-
cer is being assessed in two cluster-ran-
domized controlled trials in India. In one
of the studies, in Dindigul District, south-
ern India, 78,000 women have been ran-
domized to VIA screening by nurses or to
a control group. The screening round has
been completed and more than 70% of the
women participated in the programme. In
1% of the screened women, a high-grade
cervical precancerous lesion or invasive
cervical cancer was detected. The study
groups are being followed up to deter-
mine the reduction in mortality from
cervical cancer in the screening group as
compared to the control group.

The efficacy and cost-effectiveness of
a single round of screening by VIA,
cytology or HPV testing on cervical can-
cer incidence and mortality is being
investigated in a cluster-randomized con-
trolled trial in Osmanabad district, India.
143,000 women have been randomized
into four arms for screening by trained
midwives with either VIA, cytology or
HPV testing or to a control group. More
than 70% of the women in the different
groups were screened. The detection rates
of high-grade lesions were around 1% in
all intervention arms. More than half of
the invasive cancer cases in the screened
groups had stage I (early) disease,
compared with a fifth of those in the
unscreened group. The results show that a

high level of participation can be achieved
in low-resource settings and that VIA is a
useful alternative, but requires careful
monitoring. The detection rates with HPV
testing were similar to those with cytology
and VIA, despite higher investment. The
ultimate effectiveness of the three
approaches will become clear with follow-
up for cancer incidence and mortality.
The cure rates associated with
cryotherapy, loop electrosurgical excision
procedure (LEEP) and cold knife coniza-
tion for cervical precancerous lesions are
being studied in the above field studies.
Formal costing of the various interven-
tions is being carried out to facilitate
studies of cost-effectiveness. A variety of
training materials for screening, diagnosis
and treatment of precancerous lesions
have been produced in several languages
based on the experience in field projects.
New locations to evaluate existing and
emerging screening technologies for
different cancers are being explored.

Survival

Monitoring the survival of cancer patients
in populations can contribute to
improving the efficiency of health
services and patient care. Survival out-
come of 575,000 cancer patients regis-
tered during 1990-2001 in 29 population-
based cancer registries in 16 countries
(Brazil, China, Colombia, Costa Rica,
Cuba, Gambia, India, Republic of Korea,
Pakistan, Peru, Philippines, Singapore,
Thailand, Turkey, Uganda, Zimbabwe)
has been analysed and shows wide varia-
tions. Survival was better in locations
with more developed health services, giv-
ing improved access and more opportuni-
ties for early detection and treatment (e.g.
Singapore, Hong Kong, Republic of
Korea) than in those with less developed
health services (e.g. sub-Saharan Africa).
For instance, the five-year age-standard-
ized relative survival from breast cancer
exceeded 70% in Singapore, Hong Kong,
Republic of Korea (Incheon, Seoul,
Busan), but was under 50% in India,
Philippines, and only 10% in The
Gambia. The results provide valuable
insight on potential for improving cancer
health services in low- and medium-
resource settings.
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Screening Quality Control Group

Head
Dr Lawrence von Karsa

The Screening Quality Control Group
was established in September 2003, has a
primary aim to develop and expand the
scientific basis for the application and
improvement of quality control in the
process of cancer screening which
extends from information of the target
population, to performance of a given
screening test, to subsequent diagnosis
and therapy of screen-detected lesions.
This activity should not only generate
essential data and experience for coun-
tries seeking to establish and maintain
effective cancer screening programmes
fulfilling  high ethical standards.
Implementation of organized, quality
assured activities at every step in the
screening process generally also has a
profound spin-off effect on the quality of
cancer care delivered outside of screening
programmes, due to the requisite develop-

Secretary
To be appointed

ment of infrastructure for screening. As a
result, persons also benefit from such
quality improvements when they undergo
diagnosis and therapy outside of a screen-
ing programme. The overall reduction in
mortality and improvement in quality of
life resulting from such improvements in
cancer services can therefore significantly
exceed the benefit resulting solely from
earlier detection of cancer in screening.
Initial activities of the Screening
Quality Control Group are co-financed by
the European Commission in the frame-
work of the current EU Public Health
Programme. They comprise coordination
of the European Cancer Network (ECN)
which serves as an umbrella organisation
for the Cancer Screening Networks estab-
lished under the Europe Against Cancer
Programme (European Breast Cancer
Network, European Cervical Cancer

Collaborators:

Network, European Network of Cancer
Registries). The ECN umbrella will also
be extended to the new EU Networks for
Information on Cancer (EUNICE) and
Colorectal Cancer Screening. Through
the ECN the new Member States which
entered the European Union in 2004 and
applicant countries will be integrated into
the mainstream of European projects to
improve the quality of secondary preven-
tion of cancer.

The Colorectal Cancer Screening
Network is currently being established in
a second project managed by the
Screening Quality Control Group which
has been earmarked for funding under the
2005 EU public health programme. The
primary project aim will be to develop
evidence-based guidelines for quality
assurance of colorectal cancer screening.

Dr Marc Arbyn, Brussels, Belgium; Dr M. Broeders, Nijmegen, The Netherlands;

Dr R. Holland, Nijmegen, The Netherlands; Susan Knox, Milan, Italy; Szilvia Madai,

Budapest, Hungary

Public Association for Healthy People,

Julietta Patnick, Oxford, United Kingdom; N. Perry, London, United Kingdom;
Dr Nereo Segnan, Turin, Italy; S. Térnberg, Stockholm, Sweden; C. de Wolf, Fribourg, Switzerland
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The Gambia Hepatitis Intervention Study

Project leader
Dr Pierre Hainaut

Hepatocellular carcinoma (HCC) is the
most frequent form of primary liver can-
cer and is a major cause of death in sub-
Saharan Africa and eastern Asia. The
main etiological factor in these regions is
chronic infection with hepatitis B virus
(HBV), namely the chronic carrier status,
Other factors that contribute to the etiolo-
gy of primary liver cancer in these regions
include other hepatitis viruses (HCV) and
dietary exposure to aflatoxins, a group of
mycotoxins that are natural contaminants
of the staple diet. The latter have a multi-
plicative effect on the virus-associated risk
of developing HCC.

The Gambia Hepatitis Intervention
Study (GHIS) is a collaborative undertak-
ing by [ARC, The Government of the
Republic of The Gambia and the Medical
Research Council of the United Kingdom.
This programme was launched in 1986
with the objective of evaluating the effi-
cacy of hepatitis B (HB) vaccination in
childhood for the prevention of HBV
infection, chronic liver disease and HCC
in a population at high risk. The imple-
mentation of this study involves three
overlapping phases. During phase I, the
vaccine, approved by the World Health
Organization, was phased into the Gambian
Expanded Programme on Immunization
(EPI) over a four-year period from July
1986 to February 1990. Two groups of
children were recruited, one of about
60,000 children who received all EPI
vaccines (BCG, DPT, polio, measles, yel-
low fever), and the other of a similar
number of children who received all vac-
cines plus HB. Since February 1990, HB
vaccination has been offered to all new-
borns as part of the EPI in The Gambia.
During phase 11 (1991-97), the efficacy of

Registrar
Mr Ebrima Bah

HB vaccine against infection and chronic
carriage was estimated through longitudi-
nal and cross-sectional surveys in select-
ed groups of HB-vaccinated and unvacci-
nated children. Phase 11l (initiated in
1998) consists of the long-term follow-up
through cancer registration, using HCC as
the primary end-point.

The cross-sectional phase II studies
have demonstrated that by 10 years of
age, the vaccine efficacy is of 83%
against HBV infection and of 94% against
chronic carriage. Despite waning anti-
body titres, the protection against carriage
remains high into adolescence. A National
Cancer Registry was set up early in the
project to identify and record data on can-
cers of all types occurring in The Gambia.
The cases are ascertained in public or pri-
vate health departments with the support
of the National Health Laboratory and
Histopathology Services. For HCC diag-
nosis, clinical criteria, ultrasonography
and alpha-fetoprotein measurement are
used in combination according to a proto-
col validated against histology in Senegal.
The final outcome of GHIS will be evalu-
ated through record linkage between
HCC cases in the registry and the GHIS
database of vaccinated and unvaccinated
children.

The proportion of HCC attributable to
HBYV and HCV infections was assessed in
a recent case—control study on 197 inci-
dent cases of HCC and 405 matched, hos-
pital-based controls. HBV carriage was
present in 63% of HCC cases and 16% of
controls, while 19% of HCC cases were
HCV seropositive compared to 3% of
controls. Increased HCC risk was strong-
ly associated with chronic HBV, HCV and
dual infection. Overall, the results suggest

that between 60 and 80% of HCC under
age 50 is attributable to HBV. In parallel,
molecular analysis demonstrated an
increased risk of HCC associated with
several polymorphisms in genes involved
in the metabolism and detoxification of
aflatoxin, as well as in the repair of afla-
toxin—DNA adducts.

In 2004, experts of the IARC
Scientific Council carried out a compre-
hensive review of GHIS achievements, as
well as a re-assessment of predicted out-
comes. Twenty years after it was con-
ceived, the design of the GHIS appears to
have well resisted the trials of time and
field experience. The evidence
available indicates that the major end-
point of the study, the evaluation of the
protective efficacy of childhood HB
vaccine against HCC, will be attainable
between 2017 and 2020, slightly earlier
than under the initial assumption of an
overall follow-up of 35-40 years. The
final success of this unique, long-term
endeavour will depend upon the continu-
ing development of sustainable infra-
structure for cancer detection, diagnosis
and registration, for monitoring viral
infections, and for performing record
linkage. Such infrastructure will not only
contribute to the final research outcome
of GHIS, but may also provide a back-
bone for the development of other inter-
ventions aimed at preventing cancer and
better managing patients in the setting of
a low-resource African country. Finally,
the strategy adopted for the development
of GHIS provides a model for the intro-
duction of new vaccines in the EPI of
African countries.
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Pathogenesis and Prevention Cluster

The Gambia Hepatitis Intervention Study is grateful to the following for their collaboration:

Patrizia Carrieri, Marseille, France; Andrew Hall, London, UK; Funmi Lesi, Lagos, Nigeria;
Maimuna Mendy, Banjul, Republic of The Gambia; Ruggero Montesano, Lyon, France,
Sarah Rowland-Jones, Omar Sam, Banjul, Republic of The Gambia;

Simonetta Viviani, Ferney-Voltaire, France; Hilton Whittle, Banjul, Republic of The Gambia
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EUROCAN+PLUS Group

Acting Head
Dr Philippe Autier

Secretary
Ms Asiedua Asante

The EUROCAN+PLUS project is funded
by the European Commission and was
launched in October 2005. The main
objective of the project is to improve the
coordination of cancer research efforts in
Europe, including basic science, clinical
science, epidemiology and public health
aspects. The EUROCAN+PLUS Project
is directly supported by the European
Parliament and is funded by the European
Commission. Both of these bodies are
awaiting the conclusions of the Project in

order to shape the future of cancer
research within the European Union.
Coordination of EURO-CAN+PLUS will
be ensured by the EUROCAN+PLUS
(CAP) Group of the Agency, under the
aegis of the Director, IARC. This new
project will collaborate with the European
Institutions who are the most active in
cancer research, and approximately 200
scientists are expected to participate in
EUROCAN+PLUS.

The initial meeting of EURO-
CAN+PLUS was held at the IARC in
October 2005. The Project will progress
through the activities of eleven ‘working
groups’ who have specific objectives. The
synthesis of the work done by the
working groups will serve as the basis for
future recommendations to the European
institutions.
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Communications Group

Head
Dr Nicolas Gaudin

Editor
Dr John Cheney (until September 2005)

Librarian
Ms Sharon Grant

Assistants (IARCPress)
Ms Susan Cotterell
Ms Donna Flint (until December 2004)

The Communications (COM) Group has
responsibility for the presentation of a
homogeneous image of all aspects of
IARC work to the scientific community,
the media and the general public, as well
as providing a service to the research
Groups in all matters related to informa-
tion.

Publications/editing service

The COM Group continues to assist all
scientific Groups in disseminating their
research results by providing editorial
advice and help for publication of
articles in international scientific
journals, as well as graphic services.
Under the IARCPress imprint, the
Agency completed publication of the ten
volumes in the third edition of the WHO
Classification of Tumours. It also made
available free access to the updated
Globocan 2002 through the Descriptive
Epidemiology server on the JARC web
site, and is preparing to set up similarly
easy access to the larger database of
Cancer Incidence in Five Continents,
Volumes I-VIIL

Web services

The COM Group maintains the Agency's
internet site, which has been developed in
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Ms Christine Mogenet
Ms Sibylle Soering (until April 2005)

Technical assistants
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Ms Maria de la Trinidad Valdivieso
Gonzalez
Mr Jérome Croibier
(until February 2004)
Ms Latifa Bouanzi

the period under review into a bilingual
presentation enabling users to switch lan-
guage, at document level, between
English and French, the Agency’s two
official and working languages. The
Group also manages the intranet service,
which provides staff with many adminis-
trative resources, and maintains several
central databases for the Personnel and
Finance offices.

TARCPress

The Washington, DC office of
IARCPress was closed at the end of 2004,
and arrangements are now being made to
transfer the entire responsibility for mar-
keting and distribution of new and older
books to the corresponding service at
WHO Headquarters in Geneva, which
already markets IARC publications.

Pubic relations

Press relations

The Public Relations Service ensures
relations between the Agency and the
media, writing and distributing press
releases, and organizing press confer-
ences. By means of a database of media
contacts around the world, the service dis-
patches press releases to about 2300

Secretary
Ms Bernadette Geoffre

Trainees
Ms Delphine Alloatti (April-July 2005)
Ms Rebecca Greenfield

(January—April 2004)

e-mail addresses, press agencies, individ-
ual journalists and decision-makers.

The impact of this effort is evident
from the news coverage raised by
several releases over the biennium, that
made headlines around the world. This
service coordinates the issue of press
releases on new evaluations within the
Monographs programme with publication
of a summary in the Lancet Oncology
Policy Watch section, which offers the
Agency a regular tribune for independent
and transparent results.

External relations

The COM Group also plays a role in pro-
moting the external relations of the
Agency, and arranged the TARC 40th
anniversary celebrations in 2005, that
brought together in Lyon the past and
present Directors of the Agency, several
world-class keynote speakers, representa-
tives of the local medical and scientific
community and local officials.

Translation

The Translation Service provides
translations from English to French of all
official documents of the Governing
Council and Scientific Council of IARC,
as well as articles, technical documents,



Communications Group

correspondence, memoranda and other
texts for all the scientific and administra-
tive Groups. It also organizes successful
language courses in both working
languages for the Agency’s staff, as well
as administering the United Nations
language proficiency examinations.

Library
The Library supports the information and
research needs of TARC scientists through

)
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a wide range of electronic resources, a
traditional print library collection, and by
providing responsive, user-centred refer-
ence and instructional services. Desktop
access to electronic information is facili-
tated by participation in resource-sharing
and collaborative programmes with the
WHO Library and Information Networks
for Knowledge.

The Library’s Intranet web site is the
gateway for the delivery of information

services and resources to the IARC com-
munity. This provides access to the
library catalogue, electronic journals,
databases, electronic reference resources
and document delivery services.

The IARC Library also responds to
external needs by providing reciprocal
services to specialized libraries in Lyon
and by welcoming reference enquiries
from the public.
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IARC Education and Training

One of the statutory functions of the
Agency in its mission to promote interna-
tional collaboration and support of all
phases of cancer research is the training
and education of personnel. The Agency
seeks to achieve this aim through its
fellowship programme and its courses
programme which are designed to assist
the development of cancer research and
prevention in all countries, with special
emphasis on low- and medium-resource
countries, as well as those in which such
work is not well established, and to train
future collaborators in the scientific
programme of the Agency.

Cancer research fellowships

TARC Research Training Fellowships

The aim of this programme has been to
provide young postdoctoral scientists
from any country with training in aspects
of cancer research ranging from biostatis-
tics and epidemiology to envionrmental
chemical carcinogenesis and mechanisms
of carcinogenesis, so that they can return
to their own country to implement and
develop programmes in cancer research

or cancer control. At the beginning of
2005, given the widespread possibilities
for training in cancer research for
students in developed countries, the
programme was refocused and reorgan-
ized in an attempt to make a unique con-
tribution in this area by giving priority to
junior scientists from low- or medium-
resource countries who are engaged in
research in medical or allied sciences, and
wish to pursue a career in cancer research.
Training is now offered in any of the
Agency’s research Groups in Lyon and
the duration of the fellowship has been
extended to two years.

The Fellowships Selection Committee
met twice in Lyon during the 2004-2005
biennium to review applications; the mem-
bers of the Committee are given below.

In 2004, among a total of 44 candi-
dates, 28 were evaluated by the full
Selection Committee and 8 finally awarded,
in 2005 under the new programme for-
mat, 21 applications were received of
which 13 were evaluated by the full
Selection Committee and 8 fellowships
finally awarded. The list of fellows is
given in Table 1.

Fellowship Selection Committee

2004

Dr David Goldgar (IARC) Responsible Officer
Dr Lucio Luzzatto (Italy)

Dr Kenneth Nilsson (UICC Representative)
Dr Edith Olah (Hungary)

Dr Tikki E. Pangestu (WHO Representative)
Dr Petra Peeters (The Netherlands)

Dr Alain Puisieux (France)

Dr Ze'ev Ronai (USA)

Dr Peter Swann (UK) (Chairperson

Dr Keiji Wakabayashi (Japan)

Dr Elisabete Weiderpass-Vainio (IARC)
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2005

Dr Paolo Boffetta (IARC) Responsible Officer
Dr Carlo La Vecchia (ltaly)

Dr Edith Olah (Hungary)

Dr Petra Peeters (The Netherlands)

Mr Martyn Plummer (IARC)

Dr Curzio Riiegg (UICC Representative)

Dr Sean Tavtigian (IARC)

Dr Andreas Ullrich (WHO Representative)

The Italian Association for Cancer
Research continued its generous support
of the Fellowships Programme, providing a
total of 100, 000 over the two-year period.

Postdoctoral fellowships at IARC

The IARC in-house postdoctoral fellow-
ships programme, spanning from 1998 to
2004, was merged into the new
Fellowship Programme in 2005. In 2004,
from a total of 27 eligible applications
received from 13 countries, 5 postdoctor-
al fellowships were awarded (see Table
2). These Fellows contributed significantly
to JARC’s research activities and received
good training and experience, thus
enhancing the prospects for their future
scientific career.

Visiting Scientist Award

In 2004, this Award was given to Dr
Christine Friedenreich (Alberta Cancer
Board, Calgary, Alberta, Canada), who
spent a year in the Hormones Team,
Nutrition and Hormones Group and in
2005 to Dr Gajalakshmi Vendhan
(Epidemiological Research Center,
Chennai, Tamil Nadu, India), who will
spend one year in the Gene-Environment
Epidemiology Group.

Expertise Transfer Fellowship

With the reorganization of the Fellowship
Programme, a new "Expertise Transfer
Fellowship" was introduced in 2005 to
enable an established and experienced
investigator to spend from six to twelve
months in an appropriate host institute in
a low- to medium-resource country in
order to transfer knowledge and expertise
in a research area relevant for the host
country and related to the Agency’s pro-
grammes. The first selection will take
place in 2006.
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Table 1. Research Training Fellowships awarded in 2004 and 2005

Name Country of Origin Host Country
2004

BACKVALL, H. V. Sweden USA
BOUKHERIS, H. Algeria France
CHIGANCAS, V. Brazil France
FASERU, B. Nigeria Finland
JAKS, V. Estonia Sweden
OLSEN, A. H. Denmark UK
PENDINO, F. France Norway
ZUo, J. People’s Republic of China UK
2005

AL-ZOUGHOOL, M. Jordan

BABIKYAN, D. Armenia

DAR, N.A. India

DE CARVALHO, L.V. Brazil

RAZA, S.A. Pakistan

SAPKOTA, A. Nepal

SHIEKH, I.H. India

SZYMANSKA, K. Poland

Master’s / Ph.D. Programme

The Master’s/Ph.D. fellowship pro-
gramme is a new feature of the
programme, introduced in 2005. This
aims to provide an M.Sc. and/or a Ph.D.
to students from low- and medium-
resource countries working in areas of
cancer research relevant to prevention.
The fellowships are organized in collabo-
ration with a number of international
Universities and are tenable at TARC,
with joint supervision. 12 applications
from candidates in 6 countries were
received in response to the first
announcement,

Table 2. In-house postdoctoral fellow-
ships awarded in 2004

Name Country of Origin
2004

LOIZOU, J. UK

MCKAY, J.D. Australia

LIM, M. K. Republic of Korea
HSU, C. USA
HOAREAU-ALVES, K. France

IARC Seminar Series

TARC’s formal seminar series was intro-
duced in 2004 to provide a more
structured framework for training of
junior staff and for communication
among scientists. Attendance at the semi-
nars forms part of the on-going training
programme.

Trainees, students, postdocs and senior
visiting scientists at IARC

In addition to the fellowship programme
and in keeping with the Agency’s mission
to provide education and training in the
field of cancer research, as well as to pro-
vide appropriately qualified persons with
training and experience in cancer research
and related support areas at IARC in
positions that will provide some comple-
mentary support to the Agency’s
activities. IARC welcomes a substantial
number of trainees, students, postdocs
and visiting scientists each year (between
60 and 70), who come either with outside
funds or who are funded in part or in total
by the Agency.

The health and safety of all those
working at IARC being an on-going
preoccupation, the application and admis-
sion procedure for these categories of
non-staff was reviewed in 2005, taking

into account vaccination requirements for
those coming to work in the Agency’s
laboratories, as well as the necessity for
all newcomers to follow basic safety
training on arrival. This resulted in a new
application form and new guidelines
being drawn up which will enter into
effect on 1 January 2006, and should
benefit all who are working at IARC.

Training Courses

During 2004 and 2005 three courses were
held within the core programme, hosting
277 participants, of whom half were
financially supported by IARC. This
brings the total number of courses
organized since the start of the
programme in 1968 to 122 and the total
number of attendees to 4972. In addition,
the Descriptive Epidemiology Group
organized a range of courses on cancer
registration and descriptive epidemiology
and the Screening Group on screening
and treatment to prevent cervical cancer
in less developed countries.

The Courses Programme was
remodelled in 2005, with the TARC
Summer School in Cancer Epidemiology
and Biostatistics being established as the
focal point, aiming to stimulate research
in cancer epidemiology by improving sci-
entific knowledge and developing skills
among researchers worldwide. Special
attention is given to low- and middle-
income countries. By helping to develop
local expertise in cancer epidemiology
and by strengthening research institutions
through international collaborations,
TARC aims to enhance cancer prevention.

International courses on cancer
epidemiology

Tonga (Nuku’Alofa), Pacific, 17-28 May
2004

The course, organized in collaboration
with Massey University and the Ministry
of Health, Tonga, was attended by 44
participants from 14 countries. The
teaching team comprised 2 TARC staff, 2
local and 4 international faculty members.
Lectures on basic concepts of epidemiology
were complemented by computer-based
practical sessions with the Stata software,
GLOBOCAN, EUCAN and Cancer
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Incidence in Five Continents data-sets.
Financial assistance provided by the
organizers helped 12 participants to
attend. The course directors were Neil
Pearce (New Zealand) and Sunia Foliaki
(Tonga).

Specialized courses

Sixth international course on molecular
epidemiology

Nashville, TN, United States, 7-10 June
2004

The sixth international course on
molecular epidemiology was organized in
collaboration with Vanderbilt University,
the Vanderbilt-Ingram Cancer Center
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Theory class at cervical cancer screening and treatment course in Xiangyuan,

People’s Republic of China. September 2004

Auxiliary nurse with women waiting to be screened. Cervical cancer screening
and treatment course, Dar-es-Salaam, Tanzania. July 2004
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(NCI/-CCC) and the International
Epidemiology Institute. It was attended by
46 participants.

IARC summer school on cancer registra-
tion and applications in epidemiology

The eighth Summer School on Cancer
Registration took place in Lyon on 19
April 7 May 2004, following on the
usual model, with the first three weeks
devoted to formal training at JARC
followed by 3 days at cancer registries
in Europe, Brazil and India, gaining
practical experience of registration
activities. The course organizer was
Eva Démaret (IARC). There were 20
participants from 15 countries. The
course participants were supported by
grants from the US National Cancer
Institute, the UICC, the WHO Regional
Office for Africa (AFROQ), IARC, and

the Alliance for Cervical Cancer
Prevention (ACCP).
European Network of Cancer

Registries courses

The ENCR has organized training cours-
es of five types, covering general registra-
tion, statistical methods, coding,
EUROCIM use (with special emphasis on
the time trends analysis module), and
automation in cancer registration.

One course on cancer registration was
held in Lyon, France in 2005 with support
from the Cancéropole Lyon Auvergne
Rhéne-Alpes (course organizer: Lorenzo
Simonato, Italy). Twenty-seven partici-
pants from 9 countries attended.

Courses on screening for cervical cancer
IARC regularly organizes training courses
on screening and treatment to prevent
cervical cancer in less developed coun-
tries. These courses are entirely funded by
the Alliance for Cervical Cancer
Prevention (ACCP) through the Bill &
Melinda Gates Foundation and are
designed for health workers, nurses and
doctors.

In 2004, three cervical cancer screening
courses were organized, in Bamako, Mali,
Dar-es-Salaam, Tanzania, and Xiangyuan,
People’s Republic of China. These were
attended by a total of 94 participants from
5 countries.
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3

Dr N. Keita, Course director, (CHU Doni;a, Conakry, Guinea) teaching nurses at a

Sy A R ANAA S
YO KT
LQUARSY

R

cervical cancer screening course in Bamako, Mali. February 2004

CanRegd/ICD-0-3 courses

Cancer registrars using the registry
software CanReg were trained in the use
of the CanReg4 programme and of ICD-
0-3. During 2004, courses were held in
Turkey and in Cameroon, training a total

IARC SUMMER SCHOOL ON CANCER EPIDEMIOLOGY
Course on Temporal Trends in Cancer Incidence and Mortality
18 - 22 July 2005 Lyon, France

of 60 registrars from 9 countries.

IARC Summer School in Cancer
Epidemiology and Biostatistics

In 2005, the Summer School on Cancer
Epidemiology and Biostatistics was

established, and provided training for 188
participants from 53 countries via a range
of modules from basic to advanced
epidemiological topics. The course took
place on 27 June - 22 July 2005. The
Summer School is composed of regular
modules on cancer registration, descrip-
tive and analytical cancer epidemiology
which are to be repeated every year, as
well as specific modules on epidemio-
logical applications or methodological
subjects, to be addressed in ad hoc courses.
In 2005, the guest lecturers in the regular
modules were John Young (United States)
and Hans Storm (Denmark). The two
parallel courses on specific topics were
on environmental cancer epidemiology
and temporal trends in cancer incidence
and mortality. The course directors for the
environmental cancer epidemiology
course were Tony Fletcher (United
Kingdom), Paolo Boffetta (IARC) and
Frederica Perera (United States). The
course director for the temporal trends in
cancer incidence and mortality course
was Michael Hills (United Kingdom).




Division of Administration and Finance

OFFICE OF DIRECTOR OF
ADMINISTRATION AND FINANCE

Director of administration and
finance

Ms Valerie Hay (until March 2004)
Mr Michael Johnson (from April 2004)

Administrative assistant
Ms Virginie Vocanson

Assistant (Documents)
Ms Agnes Meneghel

Clerks
Ms Audrey Alenda

(until September 2004)
Ms Michelle Lauro

(from February 2005)
Ms Sophie Sibert-Dardenne

ADMINISTRATIVE SERVICES
OFFICE

Administrative services officer
Mr Gérard Guillerminet

Administrative assistant
Ms Sophie Servat

Assistant (Supplies)
Ms Fabienne Lelong

Assistant (Registry)

Ms Martine Greenland
(until September 2005)

Ms Anne-Magali Maillol
(from September 2005)
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Support staff

Mr Patrice Barbieux

Mr Michel Bazin

Ms Dimitrina Bertrand
(September—December 2005)

Mr Jean-Paul Bonnefond

Ms Qdile Drutel

Mr Jean-Frangois Durand-Gratian

Mr William Goudard

Mr Michel Javin

Ms Rita Kibrisliyan

Ms Géraldine Lett
(until September 20053)

Ms Michele Marsal

Ms Linda Monnerat

Mr Ludovic Ripert

Ms Laetitia Van Cotthem
(February—September 2004)

PERSONNEL OFFICE

Personnel officer
Ms Raymonde Alloin

Assistant
Ms Eve El Akroud

Social adviser
Mr Henri Paraton

Support staff
Ms Maud Bessenay
Ms Isabelle Poncet

Trainee

Ms Helene Lau (until October 2004)

BUDGET AND FINANCE OFFICE

Budget and finance officers
Mr John Hunter

(July 2004—February 2005)
Mr Philip Knoche (from January 2005)
Mr Satish Sapra (April 2004—July 2004)
Mr Raul Thomas (until March 2004)

Finance officer
Ms Dorotea R. Pantua

Administrative assistants

Mr Charles Augros

Ms Wira Fevre-Hlaholuk
(until March 2005)

Ms Madeleine Ongaro

Support staff

Mr Pascal Binet

Ms Francoise Florentin

Mr Dominique Hornez

Ms Nathalie Lamandé

Ms Danielle Lombardo
(until October 2005)

Mr Thomas Odin

Mr Franck Rousset

Ms Adele Seguret

Trainee
Ms Patricia Martinez



IARC Governing and Scientific Councils

[ARC’s work is overseen by two govern-
ing bodies, the Governing Council and
the Scientific Council.

Governing Council

The Council consists of delegates from
the 16 Participating States which direct
and support the Agency. The Director-
General of WHO is an ex officio voting
member of the Governing Council. The
Council oversees the scientific pro-
gramme of the Agency and its execution.
It elects the Director and determines the
biennial budget. The Council meets once
a year in Lyon, usually in the week before
the World Health Assembly in Geneva.
The Chairperson of the Governing
Council prepares the meeting together

with the secretariat and advises the
Director throughout the year.

Scientific Council

The Scientific Council reviews the
scientific activities of the Agency and
advises the Director on research
strategies, especially in setting priorities
for future projects. The Scientific
Council’s reports for the Governing
Council form the scientific basis for
Governing Council policy, in particular
when considering the budget. Members
of the Scientific Council are elected by
the Governing Council on the basis of
their scientific expertise in areas relevant
to the Agency’s activities.

Budget

For the biennium 2004-2005, the IARC
Governing Council voted a regular
budget of US$37.4 million. Of this, about
79% were allocated to research
programmes. In addition to the regular
budget, the Agency receives extra-
budgetary funds, mainly through research
grants, and to a lesser extent through
donations. In the 2002-2003 biennium,
approximately 40% of the Agency's
overall expenditure were financed by
extra-budgetary funds.

Participating States and Representatives at IARC Governing Councils

Canada
Dr J. Lariviére, Chairperson
Health Canada

Dr N. Berman, Alternate
Centre for Chronic Disease Prevention
and Control

Australia
Mr B. Eckhardt
Department of Health and Ageing

Ms J. Quigley, Alternate
Department of Health and Ageing

Belgium

Mme A.-M. Sacré-Bastin

Service public fédéral Santé publique,
Sécurité de la Chaine alimentaire et
Environnement

Forty-Fifth Session 13-14 May 2004

Denmark
Dr S. Loiborg
Ministry of the Interior and Health

Dr J. Olsen, Alternate
University of Aarhus

Finland
Dr J. Virtamo
National Public Health Institute

France
Dr G. Lenoir
Institut Gustave Roussy

M. C. Guilhou, Alternate
Ministére des Affaires Etrangeres

Mme M.-E. Chedru, Alternate
Ministere de la Santé

Germany

Mr M. Debrus

Federal Ministry of Health and Social
Security

Italy
Dr F. Belardelli
Institut supérieur de la Santé

Japan
Dr Y. Fukuda
Ministry of Health, Labour and Welfare

Dr T. Konuma,
Alternate Ministry of Health, Labour and
Welfare

Netherlands

Dr J.-W. Hartgerink, Vice-Chairper-
son/Vice-Président

Ministry of Health, Welfare and Sport
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Dr D. Kromhout, Alternate
National Institute for Public Health and
the Environment

Norway
Dr L.E. Hanssen
The Norwegian Board of Health

Dr B. Mgrland, Alternate
Norwegian Centre for Health Services

Spain
Dr G. Lopez-Abente
Centro Nacional de Epidemiologia

Sweden
Dr H. Billig
Swedish Research Council — Medicine

Switzerland
Dr D. Hartmann
Office Fédéral de la Santé Publique

Dr S. Zobrist, Alternate
Office fédéral de la Santé publique

United Kingdom of Great Britain and
Northern Ireland

Dr D. Dunstan

Medical Research Council

Mr D. Smith, Alternate
Director of Finance

United States of America
Dr A. von Eschenbach
National Cancer Institute

Dr G.S. Davis, Alternate
US National Institutes of Health

Dr J. Harford, Rapporteur
National Cancer Institute

World Health Organization
Dr J.W. Lee
Director-General

Dr C. Le Galés-Camus
Assistant Director-General

Dr C. Sepulveda
Coordinator — Programme on Cancer
Control

Mrs J. McKeough
Office of the Legal Counsel

Observers
Dr L. Borysiewicz - Outgoing Chairman,

Scientific Council

Dr J.D. Potter - Incoming Chairman,
Scientific Council

Dr N. Gray - UICC Representative

External Audits
Mr S. Fakie & Mr G. Randall

Forty-sixth Session (Extraordinary) 4-5 November 2004

Netherlands
Dr J.-W. Hartgerink, Chairperson
Ministry of Health, Welfare and Sport

Japan
DrY. Fukuda, Vice-Chairperson
Ministry of Health, Labour and Welfare

Dr Kaoruko Kitamura - Alternate
Ministry of Health, Labour and Welfare

United Kingdom of Great Britain and
Northern Ireland

Dr Diana Dunstan, Rapporteur
Medical Research Council

Mr D. Smith - Alternate
Medical Research Council

Australia

Mr B. Lennon
Department of Health and Ageing
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Belgium

Dr Margaret Haelterman

SPF Santé publique, Sécurité de 1a Chaine
alimentaire et Environnement

Canada
Dr J. Lariviére
Health Canada

Dr Heather Bryant - Alternate
Institut de Recherche en Santé du Canada

Denmark
Professor J. Olsen
University of Aarhus

Finland
Professor P. Puska
National Public Health Institute — KTL

France
Professeur G. Lenoir
Institut Gustave Roussy

M. F. Werner - Alternate
Institut national du Cancer

Dr J. Dufriche - Alternate
Ministére de la Santé

M. G. Delvallée - Alternate
Ministere des Affaires étrangéres

Germany

Mr M. Debrus

Federal Ministry of Health and Social
Security

Italy
Dr E Belardelli
Institut supérieur de la Santé

Norway
Professor L.E. Hanssen
The Norwegian Board of Health

Dr B. Mgrland - Alternate
Norwegian Centre for Health Services
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Spain
Dr G. Lopez-Abente
Centro Nacional de Epidemiologia

Sweden
No representative

Switzerland
Professor D. Hartmann
Federal Office of Public Health

United States of America
Dr J. Harford
National Cancer Institute

Dr S. Leischow - Alternate
US Department of Health and Human
Services

Dr R.J. Coates - Alternate
US Department of Health and Human
Services

World Health Organization
Dr 1. Smith
Adviser to the Director-General

Scientific Council members/Observers
Professor J.D. Potter

Chairman, Scientific Council

Dr H. Autrup

Vice-Président, Scientific Council

Dr J. Baselga (unable to attend)
Professor J. Bénichou

Dr W. Boecker,

Professor L.K. Borysiewicz

Dr A. Burny

Dr G.G. Giles

Dr I. Jiricny

Dr E. Lund

Dr S. Narod (unable to attend)
Dr M. Pierotti

Dr Pirjo Pietinen
Professor B.A. Ponder
Dr R. Toftgéard

Dr Flora van Leeuwen
Dr. H. Van Oyen

Dr K. Wakabayashi

International Union Against Cancer
Dr I. Mortara - Executive Director

Forty-seventh Session 12-13 May 2005

Netherlands
Dr I.-W. Hartgerink, Chairperson
Ministry of Health, Welfare and Sport

Dr EX.R. van Leeuwen- Alternate
RIVM

Australia
Professor J. Horvath
Department of Health and Ageing

Professor J. Hopper - Alternate
The University of Melbourne

Belgium
Dr Margareta Haelterman
Federal Public Services Public Health

Canada
Dr Heather Bryant
Institute for Cancer Research, CIHR

Dr H. Morrison - Alternate
Centre for Chronic Disease Prevention

Denmark
Dr S. Loiborg
Ministry of the Interior and Health

Dr J. Olsen
University of Aarhus

Finland
Professor P. Puska
National Public Health Institute

France
Dr Christine Welty
Institut National du Cancer

M. G. Delvallée
Ministere des Affaires étrangeéres

Germany

Dr T. Hofmann (unable to attend)
Federal Ministry of Health and Social
Security

Italy
Dr F. Belardelli
Institut supérieur de la Santé

Japan
Dr H. Inoue
Ministry of Health, Labour and Welfare

Norway
Dr L.E. Hanssen
The Norwegian Board of Health

Dr Berit Mgrland - Alternate
The Norwegian Health Services

Spain
Ms Pilar Polo Sanz (unable to attend)
National Health System Quality Agency

Sweden
Professor H. Billig
Swedish Research Council — Medicine

Switzerland
Dr D. Hartmann
Office Fédéral de la Santé Publique

Dr Stephanie Zobrist - Alternate
Office fédéral de la Santé publique

United Kingdom of Great Britain and
Northern Ireland

Dr Diana Dunstan

Medical Research Council

United States of America
Dr J. Harford
National Cancer Institute

Dr S. Leischow
US Department of Health and Human
Services

Dr R.J. Coates

US Department of Health and Human
Services
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Ms Lisa Spratt
US Department of State

World Health Organization

Dr R. Beaglehole

Director, Chronic Diseases and Health
Promotion

Mrs Joanne McKeough
Office of the Legal Counsel

Dr A. Ullrich
Programme on Cancer Control

Observers

Dr J1.D. Potter - Chairman, Scientific
Council

Ms Isabel Mortara (unable to attend)
UICC Representative

Members of Scientific Council (2004)

Dr H. Autrup
University of Aarhus
Denmark

Dr J. Bénichou
CHU de Rouen
France

Dr W. Boecker
Westphalian Wilhelms University
Germany

Professor L.K. Borysiewicz
Chairperson

Imperial College of Science,
United Kingdom

Dr G.G. Giles
Cancer Control Research Institute
Australia

Dr H. Autrup
University of Aarhus
Denmark

Dr J. Baselga
Vall d’Hebron University Hospital
Spain

Dr J. Bénichou
CHU de Rouen
France

Dr W. Boecker
Westphalian Wilhelms University
Germany

Dr A. Burny

Faculté des Sciences agronomiques
Belgium
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Dr J. Jiricny
University of Ziirich
Switzerland

Dr E. Lund
University of Tromsg
Norway

Dr S. Narod
University of Toronto
Canada

Dr M. Pierotti
Istituto Nazionale Tumori
Italy

Dr P. Pietinen
National Public Health Institute
Finland

Dr. I.D. Potter
Fred Hutchinson Cancer Research Center
USA

Dr R. Toftgérd
Karolinska Institute
Sweden

Dr F. van Leeuwen
The Netherlands Cancer Institute
The Netherlands

Dr. H. Van Oyen
Institut Scientifique de la Santé Publique
Belgium

Dr K. Yamaguchi
Shizuoka Cancer Centre
Japan

Members of Scientific Council (2005)

Dr J. Jiricny
University of Ziirich
Switzerland

Dr E. Lund
University of Tromsg
Norway

Dr S. Narod
University of Toronto
Canada

Dr M. Pierotti
Istituto Nazionale Tumori

Dr Pirjo Pietinen
National Public Health Institute
Finland

Dr B.A. Ponder

Hutchinson/MRC Research Centre

UK

Dr J.D. Potter
Fred Hutchinson Cancer Research Center
USA

Dr R.L. Sutherland
Garvan Institute of Medical Research
Australia

Dr R. Tofgérd
Department of Bioscience at Novum
Sweden

Dr Flora van Leeuwen
The Netherlands Cancer Institute
The Netherlands

Dr W. Wakabayashi

National Cancer Center Research
Institute

Japan



Meetings/Seminars organized at IARC

2-4/02/2004
40th Session of IARC Scientific Council

5-6/02/2004
Future directions of genetics programme

10-17/02/2004
IARC Monographs, Volume 87, Lead and Lead Compounds

19-20/02/2004
Sixth meeting on Cancer Mortality Atlas of Europe

4-5/03/2004
Gene-Rad-Interact meeting

10-12/03/2004
Errors in doses meeting

11/03/2004
Breast cancer project meeting

18/03/2004
Interactions of gene-endocrine disruptors (Eds) in infertility and
cancer

24/03/2004
Case-control study of lung cancer and leukaemia among nuclear
industry workers

29-30/03/2004
Cervical cancer screening in Eastern Europe

13-14/05/2004
45th Session of IARC Governing Council

17/05/2004
Prostate cancer screening

24-25/05/2004
DDRC-NCI-IARC studies of esophageal cancer in North-
Eastern Iran

27-29/05/2004
EPIC-Elderly Project meeting

2-9/06/2004
IARC Monographs, Volume 88, Formaldehyde,
2-Butoxyethanol and Propylene Glycol mono-¢-butyl Ether

7-8/06/2004
INTERPHONE - Occupational exposure subcommittee meeting

24-25/06/2004
European Component of NCI Cohort Consortium on Breast and
Prostate Cancer and Hormone-Related Gene Variants

28-29/06/2004
Gene-Rad-Interact meeting

12-14/07/2004
Review of IARC animal facilities and laboratory research

30-31/08/2004
INTERPHONE — Mobile phone exposure task group meeting

2-3/09/2004
Study of cancer risk among European asphalt workers: Nested
case-control study of lung cancer — Meeting of the Study Group

10/9/2004
International BRCA1/2 Carrier Cohort Study Meeting

23-24/09/2004
Meeting of National Cancer Institute Directors

27-29/05/2004
EPIC Steering Committee

29/09/2004
EPIC Working Group on Breast Cancer

04/10/2004
Epihealth-Russia Project Meeting

04/10/2004
Tobacco control in Russia

05-12/10/2004
IARC Monographs, Volume 89, Smokeless Tobacco and Some
Related Nitrosamines
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08/10/2004
DNA double strand break repair and cell-cycle checkpoint

13/10/2004
Environmental PAH Exposure, Genetic Susceptibility and Lung
Cancer in Xuan Wei

13/10/2004
EUROTIS (European Thyroid Cancer Study) Planning Meeting

14/10/2004
Evaluation of genetic susceptibility for non-Hodgkin lymphoma
in the Interlymph

03/11/2004
Colorectal linkage consortium (CoReGenes collaborative
Group)

4-5/11/2004
46th Session (Extraordinary) of the IARC Governing Council

09/11/2004
Epigenetic regulation of NF-kB-dependent gene expression

09/11/2004
Approaches to complex pathways in molecular epidemiology

18-20/11/2004
NATO-CCMS meeting

22-23/11/2004
Cancer Incidence in Five Continents Editorial Meeting

25/11/2004
Natural history of HPV infection in the cervix

29-30/11/2004
Meeting of Study Group on Environmental Exposures and
Lymphoid Neoplasms

07/12/2004
IARC Ethical Review Committee

16-18/12/2004
IARC Monographs Advisory Group on Air Pollution and Cancer

21/12/2004
Tumor suppressor function of the Tip60 histone acetyl-trans-
ferase

17/01/2005
Trends in Regional Variation in Epidemiology

17-18/01/2005

Working Group on Risk of Skin Cancer & Exposure to Artificial
UV Light
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17-18/01/2005
Discussions on age period cohort trends of cervical adenocarci-
noma in Europe

18/01/2005
Statistical estimates of the number of stem cells repopulating the
marrow following bone marrow transplantation

18/01/2005
A no-intercept hierarchical regression model for meta-analysis
of epidemiologic dose-response data

19/01/2005
HPV screening in developed and developing countries

21/01/2005
Breast cancer - from traditional to molecular epidemiology

21/01/2005
The future for Cancer Descriptive Epidemiology - a SWOT
analysis: Strengths, Weaknesses, Opportunities and Threats

24/01/2005
MicroRNAs: Tiny regulators with a global impact

24-26/01/2005
Interviewer Training Session for the Asphalt nested case-control
study

27/01/2005
Genetic diversity may explain geographic variations in the onco-
genic potential of hepatitis B virus

31/01/2005 - 01/02/2005
Epidemiology & Biology Cluster (EBC) Review for Scientific
Council

31/01/2005 - 01/02/2005
29th ENCR Steering Committee Meeting

2-3/02/2005
41st Session of IARC Scientific Council

07/02/2005
Cancéropole

15-22/02/2005
TARC Monographs, Volume 90, Human Papillomaviruses

16-18/02/2005
INTERPHONE Study - Analyses Task Group

23/02/2005
HPV and cervical cancer in China



Meetings and Seminars

28/02/2005
Cancéropbdle

28/02/2005-01/03/2005
Working Group on Avoidable Causes of Cancer

07/03/2005

Réunion de préparation pour la Réunion ‘ASCENSION’ du
Groupe de Coordination pour I'Epidémiologie et
I'Enregistrement du Cancer dans les Pays de Langue Latine
(GRELL)

07-08/03/2005
Governing Council Strategy Development Sub-Committee

18/03/2005
Cancéropdle

21-23/03/2005
First meeting of IARC Working Group on Avoidable Causes of
Cancer

22/03/2005
Aurora kinases and cancer: to be or not to be an oncogene

01/04/2005
Genome-wide association studies

04/04/2005
Verbal autopsy in India

04/04/2005
Endogenous hormones and breast cancer risk

04-06/04/2005
14&me Séminaire d'Enseignement de Biologie de la Peau

05/04/2005
Epidemiology of prostate cancer: methodological issues in
genetic association studies

05/04/2005
Malaria, HIV and Cancer in Eastern and Central Africa

07-08/04/2005
Apport de la génomique et de la protéomique en cancérologie
pulmonaire

12/04/2005 Geographical variations in the distribution of HPV
genotypes: implications for vaccination and HPV screening tests

12/04/2005
Epidemiological aspects of virus-related cancers in the setting of
acquired immunodeficiencies

13-14/04/2005
Cellule souche : de la cellule a la biothérapie

18-22/04/2005
UNEP/ILO/WHO International Chemical Safety Card Review
meeting

02/05/2005
Testicular cancer aetiology: current and future hypotheses

02-03/05/2005
Interphone Study - Analyses Task Group Meeting

03/05/2005
Chipping away at health risk assessment: where is the
genetics/genomics revolution taking us?

03/05/2005
Functional Testing of DNA Repair and the Risk of Cancer

04-06/05/2005
Advisory Group to recommend updates to the Preamble to the
TARC Monographs

05/05/2005

Impact of tobacco smoking, alcohol drinking and body mass
index on total cancer risk: data from a population-based
prospective study in Japan (JPHC Study)

10/05/2005
40th Anniversary of the IARC - International Scientific
Symposium and Lectures

12-13/05/2005
47th Session of IARC Governing Council

18/05/2005
Current developments and perspectives of HPV-specific vaccines

18-19/05/2005
EUROSKIN International Workshop "The Burden of Skin
Cancer"

27/05/2005
A clinical proteomic approach in neuro-oncology

31/05/2005

The International Tobacco Control Policy Evaluation Project:
Evaluating the Policies of the Framework Convention on
Tobacco Control

03/06/2005

Interphone Study - Exposure Assessment Sub-committee
Meeting
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Meetings and Seminars

03/06/2005
TARC Ethical Review Committee

06/06/2005
HPV and head and neck cancer in Latin America

06-07/06/2005
Interphone Study - Final Full Study Group Meeting

07-14/06/2005
TARC Monographs, Volume 91: Oestrogen-progestogen replace-
ment therapy and oral contraceptives

07-08/06/2005
Second meeting of the case-control study of lung cancer among
European asphalt workers

08/06/2005
Interphone Study - Analysis Task Group Meeting

08/06/2005
On genome-wide association studies in family-based designs:
Genomic-screening and control using the set data set

10/06/2005
Cancer risks for germline mutations in mismatch repair genes: a
population-based study

15/06/2005
Exploring mechanisms relating energy balance and cancer

20-21/06/2005
European Guidelines for Quality Assurance in Cervix Cancer
Screening

21-23/06/2005
MECC Joint Registration Project Steering Committee Meeting

24/06/2005
Inflammatory Breast Cancer Meeting

27/06/2005
Promising translational research for glioma treatment

27/06/2005 - 01/07/2005
Course on "Cancer Registration: Principles and Methods" as
part of the TARC Summer School on Cancer Epidemiology

27-29/06/2005 ,
Working Group on Risk of Skin Cancer and Exposure to
Artificial Ultraviolet Light

30/06/2005 - 01/07/2005
Working Group on Avoidable Causes
Methodological Subgroup

of Cancer -

96

04-08/07/2005
Course on "Methods in Descriptive Epidemiology" as part of the
IARC Summer School on Cancer Epidemiology

06/07/2005
Brainstorming meeting on Childhood Cancer

07/07/2005
Genotype and Phenotype in Li-Fraumeni Syndrome

07-08/07/2005
Priorities in Tobacco Research

11-15/07/2005
Course on "Methods in Analytical Epidemiology” as part of the
IARC Summer School on Cancer Epidemiology

11-12/07/2005
Meeting on EUROFIR project

18-22/07/2005

Course on "Environmental Cancer Epidemiology" as part of the
IARC Summer School on Cancer Epidemiology

Course on "Temporal Trends in Cancer Incidence and Mortality"
as part of the IARC Summer School on Cancer Epidemiology

19/07/2005
Molecular Epidemiology of Upper Aerodigestive Tract Cancers

19/07/2005
Gene-Environment Interaction in the Aetiology of Human
Cancer in the Post-Genomic Fra

21/07/2005
Serological evidence for associations of human papillomavirus
and cancer

29/07/2005
Cohort study of HPV persistence in Hawaii

22/08/2005
Visit of Korean Delegation

25/08/2005
Introducing HPV vaccine: Planning for the challenges

06/09/2005
Mechanisms of Mutagenesis by Environmental Carcinogens

16/09/2005
GENE-RAD-RISK Project Board meeting

19-20/09/2005
30th ENCR Steering Committee Meeting



Internal IARC Seminars

(started in 2005)

11/01/05

"Childhood cancer in Europe: the ACCIS project" by Dr Eva
Steliarova

"High density genome wide linkage analysis in a large
Tasmanian prostate cancer pedigree” by Dr James McKay
"Smoking, alcohol and risk of Hodgkin lymphoma" by Mr
Hervé Besson

25/01/05

"Role of papillomaviruses in human carcinogenesis” by Dr
Massimo Tommasino

"Cancer incidence in Bhopal: 15 years after Bhopal gas acci-
dent" by Dr Rajesh Dikshit

"Looking for genetic modifiers of BRCA1 and BRCA2 related
breast cancer" by Dr David Hughes

08/02/2005

"TP53 mutations in human cancer: mutagenesis versus biologi-
cal selection” by Dr Pierre Hainaut

"Serum C-peptide levels and breast cancer risk; results from
EPIC" by Mr Martijn Verheus

"TP53 promoter methylation in human gliomas" by Dr Vishwa
Jeet Amatya

23/02/2005

"Why is the incidence of lymphomas increasing?: initial results
from the Epilymph study" by Dr Paul Brennan

" A new model to study the role of HPV in skin carcinogenesis”
by Mr Wen Dong

"HPYV infection and sexual habits: the IARC Multi-centric HPV
Prevalence Survey" by Dr Salvatore Vaccarella

08/03/2005

"Genetic pathways to glioblastoma" by Dr Hiroko Ohgaki
"Juggling data: the discovery of errors” by Dr. Mathieu Boniol
"Gene expression profiling of the insulinomas developed in Men
(Multiple Endocrine Neoplasia type 1) conditional knockout
mice" by Miss Sandra Fontaniére

29/03/2005

"History of Cancer Mapping at TARC" Mr Michel Smans
"TP53 and KRAS mutation load and types in lung cancers in
relation to tobacco smoke" Miss Florence Le Calvez
"Assessment of Visual Inspection Approaches to Cervical
Screening: A pooled Analysis of TARC/ACCP Multi-Centre

Cross-sectional Studies" Mr Richard MUWONGE

12/04/2005

"Physical Activity, Weight Control and Breast Cancer Risk:
Epidemiologic Evidence and Biologic Mechanisms" by Dr
Christine Friedenreich

"XRCC1 is required for DNA single-strand break repair in
human cells” by Dr Reto Brem

" Associations between ocular melanoma and other primary can-
cers: an international population-based study" by Miss Ghislaine
Scélo

26/04/2005

"Current issues for the JARC Monographs" by Dr Vincent
Cogliano

"Role of Nbsl in DNA repair” by Dr Yun-gui Yang

"Cannabis use and Lung cancer: a pooled study in Maghreb" by
Mr Julien Berthiller

31/05/2005

"Risk of thyroid cancer following "*'I exposure in childhood" by
Dr Elisabeth Cardis

"Preservation and banking of biological specimens for molecu-
lar epidemiology: principles and methods" by Mrs Elodie Caboux
"Oral hygiene and head and neck cancer" by Miss Neela Guha

15/06/2005

"Screening reduces oral cancer mortality among tobacco/alcohol
users: results from a randomised trial in Kerala, India" by Dr
Rengaswamy Sankaranarayanan

"The skin human papillomavirus type 38 displays carcinogenic
activity" by Dr Rosita Accardi

"How to deal with false positives: False Discovery Rate (FDR)
and False Positive Reporting Probability (FPRP)" by Ms Marine
Castaing

26/07/2005 :
"Epigenetics and its impact on cancer" by Dr Zdenko Herceg
"Combined estrogen-progestogen contraceptives and estrogen-
progestogen menopausal therapy: outcome of the June 2005
IARC Monographs meeting" by Dr Yann Grosse

13/09/2005

"EPIC Study: Recent results and on going projects” by Dr
Rudolf Kaaks
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Internal IARC Seminars

"8-Nitroguanine as a marker for nitrative
nucleic acid damage caused by inflamma-
tory oxidants" by Dr Tomohiro Sawa
"Tumor Suppressor Auto-antibodies,
Human Papillomavirus Infection, and
Cancer of the Head and Neck: A
Multicenter Study in Central and Eastern
Europe" by Dr Charles Hsu

27/09/2005

"Risk associated with many individually
rare missense substitutions in BRCA1" by
Dr Sean Tavtigian

"Genetic alterations in primary glioblas-
tomas in Japan" by Dr Takao Fukushima
"Chromosomal aberrations and cancer
risk: a multicentric study from Central
Europe" by Dr Olga Van Der Hel

25/10/2005

"Twenty years into The Gambia Hepatitis
Intervention Study” by Dr Pierre Hainaut
"The telomere/telomerase system is
impaired during the immortalization
process induced by the human papillo-
mavirus type 38 E6 and E7 proteins" by
Dr Anne-Sophie Gabet
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"Genetic susceptibility to nasopharyngeal
carcinoma: preliminary results from north
african study" by Dr Majida Jalbout

08/11/05

"Cancer attributable to infectious agents -
an update" by Dr Paola Pisani

"Role of Poly(ADP-ribose) Glycohydro-
lase in DNA repair and genomic instabil-
ity" by Dr Wookee Min

"The relationship between physical
activity, anthropometry and endometrial
cancer risk: results from the EPIC study"
by Ms Anne Cust

22/11/2005

"The International Collaboration of
Epidemiological Studies of Cervical
Cancer" by Dr Martyn Plummer
"Implication of MyD88 in Ras transfor-
mation" by Dr Isabelle Coste

"Plasma and Dietary Carotenoid, Retinol
and Tocopherol Levels and the Risk of
Gastric Adenocarcinomas in the EPIC
Study" by Dr Mazda Jenab

6/12/2005

‘Proteomics in Cancer: An Introduction’
by Dr Eric Van Dyck

‘Development and validation of highly
sensitive and specific HPV typing method
for epidemiological studies’ by Dr Tarik
Gheit

‘Assessment of the Impact of Recall and
Selection Bias in INTERPHONE’ by Dr
Martine Vrijheid

20/12/2005

"Smoking and cancer” by Dr Vendhan
Gajalakshimi

‘Role of the RDM1 protein in chromatin
metabolism and the cell response to cis-
platin’ by Mr Dominique Bourgeon
‘EPIC Database of Glycaemic index and
Glycaemic load values, Preliminary
results’ by Dr Marit Van Bakel
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Introduction

TARC was established by a World Health
Assembly Resolution in September 1965.
Since then, the world-wide pattern of can-
cer has undergone significant changes.
Notably, the numbers of new cases diag-
nosed each year has more than doubled
around the world, reaching a total of nearly
11 million new cases each year. The epi-
demic of tobacco-related cancers has
developed since the founding of the
Agency: it has peaked in some countries
but is still rapidly increasing in many
low- and medium-resource countries.
Today, in marked contrast to the situation
forty years ago, the majority of human
cancers arise in the developing world.
The Agency’s tasks are outlined in its
Statute, which remains virtually
unchanged since its foundation forty
years ago, and whose guiding principle is
to promote international collaboration in
cancer research. Specifically, the Statute
recognises that the role of the IARC lies
in planning, promoting and developing
research in all phases of the causation,
treatment and prevention of cancer; in
collecting and disseminating information
on the epidemiology of cancer, on cancer
research and on the causation and preven-
tion of the disease throughout the world;
in conducting studies on the natural
history of cancer; and in educating and
training personnel for cancer research.
When allocating strategic priorities,
particular emphasis is given to projects
which can be carried out more effectively
through international collaboration than
at a national level. IARC also prioritises
studies which require a multidisciplinary
approach, which has been established
among the staff of the Agency and its
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scientific partners, in particular the poten-
tial to have close integration of epidemi-
ology and laboratory science in its
studies. Given its international focus,
JARC also gives priority to studies which
can be carried out uniquely or more
effectively by the Agency acting either
alone or in collaboration with other inter-
national or national bodies and on topics
which take advantage of the geographical
and human diversity of cancer to give
insights into causes and mechanisms and
provide a basis for population-based
interventions.

A particular focus of ITARC’s scientific
activities is on cancers which
contribute significantly to the human
cancer burden or which provide particular
insights into causes and mechanisms or
are common in specific populations (e.g.
in developing countries, certain ethnic
groups, children, migrants). Emphasis is
placed on undertaking studies which
focus on cancer prevention and interven-
tion measures that have potential to
achieve a major reduction in cancer
incidence, morbidity or mortality world-
wide or in areas of specific risk.

The scientific activities of the Agency
meet the highest scientific standards as
judged by rigorous peer-review, and
adhere to the highest standards of ethics
including international guidelines which
relate to the protection of human subjects.
Excellence cannot be assessed solely in
terms of scientific merit and intellectual
challenge — other important dimensions
include applicability and public health
relevance.

The global cancer burden was
estimated to have doubled in the last 25

years of the twentieth century and this
rate of increase will continue in the first
quarter of the current century, due to the
growth and ageing of the world’s popula-
tion, unless effective preventive strategies
are identified and implemented urgently.
The Regions of the world which will be
most effected by this change will be the
low- and medium-resource countries,
many of which are currently facing high
levels of communicable diseases and are
short of the resources needed to cope with
this increasing burden of cancer and other
non-communicable diseases.

Some selected highlights of the TARC
scientific programme during 2004-2005
are presented in this Review. This clearly
indicates areas of research where TARC
has been active and successful, describes
the scope of activities covered by the
Agency’s scientific programme and the
importance of partnerships developed
with the international cancer scientific
community.

The importance of IARC activities in
cancer  prevention research, its
Monographs programme, the descriptive
epidemiology programme and its educa-
tion and training activities are known and
recognised world-wide. In the year ahead,
and beyond, IARC shall continue to forge
new scientific collaborations with
partners around the world in order to con-
duct research relevant to the prevention of
cancer.

Dr Peter Boyle
Director
January, 2006



Global Burden of Cancer

Estimates of the burden of cancer in terms of incidence (number of
new cases occurring), mortality (number of deaths) and prevalence
(persons alive with the disease) are essential basic information to

allow priorities for disease control to be established.

IARC has estimated that in 2002, on the
basis of the most recent available data
(*Ferlay et al, 2004; Parkin et al, 2005),
there were in total 10.9 million new
cases, 6.7 million deaths and 24.6 mil-
lion persons alive with cancer (within
five years of diagnosis). The most com-
mon cancers in terms of incidence were
lung (1.35 million), breast (1.15 million)
and colorectal (1 million). Because of its
poor prognosis, lung cancer was also the
most common cancer among causes of
death (1.18 million), followed by
stomach cancer (700,000 deaths) and
liver cancer (598,000 deaths). In
terms of prevalence, the most
common cancers are breast can-
cer (4.4 million women surviv-
ing five years after diagnosis),
colorectal cancer (2.8 million
persons) and prostate cancer
(2.4 million men).

Figure 1 shows the rank-
ing of cancers in terms of inci-
dence and mortality, for men
and women in the developed
(Europe, North America,
Australia/New Zealand and Japan)
and developing regions of the world.
Overall, some 53% of the total number
of new cancer cases and 60% of all can-
cer deaths occur in developing countries.
In men, prostate cancer is now the most
common form of cancer diagnosed in the
developed regions (513,000 cases, 19%
of all new cases), but only sixth in the

developing countries (165,000 cases,
5.3%) where lung cancer ranks first
(481,000 cases, 15%). In women breast
cancer is by far the most frequent cancer
worldwide, with an estimated 636,000
new cases diagnosed in the developed
regions (27.4% of the total) and 514,000
in developing countries (18.8%).

Mortality reflects the fatality of the
different cancers, and in men lung cancer
remains the most common cause of death
with an estimated 424,000 deaths in the

developed regions (27.4% of the total
number of deaths), and 423,000 in less
developed countries (18.8%). Breast,
lung and colorectal cancers account for
42.6% of the total deaths in women in
developed countries, while cancer of the
uterine cervix ranks first in developing
countries, with an estimated 234,000
cancer deaths (13.5% of the total), fol-
lowed by breast cancer (221, 000 deaths,
12.7%) and stomach cancer (170, 000
deaths, 9.6%). Because of their rather
good prognosis together with their
high incidence, breast, colon-
rectum and prostate cancers rep-
resent around 50% of the total
prevalent cancer cases in
developed regions. In con-
trast, in developing countries,
cancers of the liver, stomach
and oesophagus are more
common but are associated
with poor prognosis, so that
despite the four times smaller
population (1.2 billion com-
pared with 5 billion), about 5 8%
of the total prevalent cases live in
developed countries. Figure 2 sum-
marizes these results and illustrates the
striking variations from region to region
in the patterns of occurrence of cancer.
In 2002, the world population was
estimated to be around 6.2 billion, and it
will reach about 8.1 billion by 2030
(United Nations, 2003). A 38% increase
in the population of the less developed
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Global burden of cancer

countries is expected over this period,
while in the more developed areas, the
increase will be limited to 1%. Cancer
affects mainly older age groups and dur-
ing the period 2002-2030, the proportions
of people over age 65 are projected to
increase from 5.2% to 10%, and from
14.5% to 22.6% in developing and devel-
oped areas, respectively. Since, as noted
above, there are already slightly more
cancer cases and deaths occurring in less
developed than in developed countries,

and the greatest demographic changes
will take place in the developing areas,
more and more of the future cancer bur-
den will shift to these countries, and will
be supported by the elderly populations of
both areas (*Parkin er al, 2001). Table 1
shows the predicted numbers of new
cases of and deaths from cancer, based on
demographic changes and time trends.
With no change in current rates, cancer
could kill more than 12 million people by
2030, and if the rates increase by 1%

annually, this figure will reach more than
16 million. Preventive measures will play
an increasing role in cancer control
programmes during the coming decades:
control of tobacco smoking and screening
for breast cancer and for cervical cancer
in developing countries remain the major
challenges and could have a great impact
in reducing the global burden of cancer.

Incidence

SEARO

India 7.9%

South America
76%

Japan&Karea

Australia/New Zealand
1.0%

10,864,000
cases

Mortality

WPRO
22.T%

Australia/New Zealand
0.7%

6,725,000
deaths

AFRO
3.4%

Australla/New Zealand
1.2%

Prevalence

SEARO
11.4%

PAHO
28.0%

Japan&Korea
7.0%

EURO
3.2%

24,576,000
persons

Figure 2. Incidence mortality and prevalence in the six WHO regions
AFRO: Africa; EMRO: East Mediterranean; EURO: Europe; PAHO: Pan-American; SEARO: South-East Asia; WPRO: Western Pacific
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Global burden of cancer

Table 1. Estimated (2002) and projected numbers (millions) of cancer cases and deaths, all cancers, both

sexes
2002 2030* 2030*

Region Cases Deaths Cases Deaths Cases Deaths
World 10.9 6.7 19.2 12.4 25.4 16.4
More developed 5.0 237 7.2 4.0 9.5 5.2
Less developed 5.8 4.0 12.0 8.5 15,9 iiE2
Africa (AFRO) 0.5 0.4 1.0 0.8 1.3 1.0
Europe (EURO) 3.0 1.8 4.1 2.6 54 3.4
East Mediterranean (EMRO) 04 03 0.9 0.6 1.2 0.8
Pan-America (PAHO) 2.4 1.1 4.7 23 6.2 3.0
South-East Asia (SEARO) 114 0.9 2.6 1.8 3.5 25
Western Pacific (WPRO) 3.2 2.2 5.9 4.3 7.8 (i

* No change in current rates
** \With 1% annual increase in rates
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Time Trends

The data published in successive volumes of Cancer Incidence in
Five Continents together with the WHO mortality data are now
available on-line at the IARC web site (http://www-dep.iarc.fr).

Incidence data are collected by cancer
registries which may cover entire
national  populations or regions
(*Parkin, Whelan et al, 2005). They
provide the most direct information
about cancer risk. Mortality data have
been compiled for very long time peri-
ods and are available for many countries
(WHOSIS). They provide an easily inter-
pretable measure of the outcome of can-
cer. Although the quality varies consider-
ably within countries or regions, these
data form a unique centralized resource
on the incidence of, and mortality from
major cancer types in many parts of
the world, and are especially useful
for the study of time trends. The
following examples review the
four most frequent cancers
worldwide (*Ferlay, Bray et al,

2004; *Parkin, Bray et al, 2005)

using tables and graphs extract-

ed from the IARC web site.

Lung Cancer

Lung cancer is the commonest
cancer in the world today
(*Ferlay et al, 2004), and because
of its poor prognosis, mortality close-
ly parallels the occurrence of this can-
cer. The major cause of lung cancer is
tobacco smoking, and the risk is strongly
related to age of starting to smoke and to
prevalence of smoking. Thus trends in
age-specific mortality rates by period of
birth are of particular interest. Figure 1
compares France and the UK, showing
the effect of smoking habits: rates are ris-
ing in French men and women of almost
all generations, with a stabilization of the

122

risk confined to older men. In the UK,
these rates have been declining in men
since the generation born around 1911
when the maximum prevalence of smok-
ing was reached, so that the all-age mor-
tality has been declining since 1976. In
women, who took up smoking later, the
declines are confined to younger age
groups (*Parkin, 1989). These figures
illustrate the need for effective tobacco

control programmes in Europe, particularly
addressed to young women (*Boyle &
Ferlay, 2004).

Breast Cancer
Breast cancer is estimated to be the

leading cancer in women (*Ferlay, Bray
et al, 2004), but there is a wide diver-
gence between incidence and mortality.
Cumulative incidence rates (age 35-74
years) are increasing in all countries
(Figure 2), although to greatly differing
extents. Mortality increased until the
mid-1980s, then declined in some
European countries, Australia and the
USA (Figure 3). Although relatively
lower, mortality from breast cancer is
rising continuously in developing coun-
tries and in Japan. These patterns of inci-
dence and mortality are difficult to
interpret because of the interaction of
factors such as screening and
improvements in treatment.

Colorectal cancer
As for breast cancer, higher
colorectal cancer incidence is
associated with higher socio-
economic status. In countries
of higher incidence rates are
either stabilizing or decreasing
(*Boyle & Ferlay, 2005). How-
ever, in Japan, a dramatic
increase is observed in both males
and females. In general, incidence
rates are rising slowly in both males
and females in developing countries,
with the exception of India, where
they remain stable (*Parkin, 1994).
For mortality, the countries with the
largest increase are those of Eastern
Europe and Japan, while decreases are
observed in high-rate countries of
Western Europe and the USA (*Boyle &
Ferlay, 2005).
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Time trends
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Geography of Cancer Death in Europe

Mapping of cancer mortality rates provides insight into patterns

of geographical distribution of cancer.

A first atlas of cancer mortality in
Europe (*Smans et al, 1992) was pub-
lished by TARC in 1992. A new atlas
(*Boyle & Smans, 2006), to be pub-
lished in 2006, has now been prepared
using more recent mortality data
(1993-97) for 28 European countries.
Age-adjusted rates for most common
cancers were calculated for small geo-
graphical units (equivalent to NUTS3 in
the European Union) and compared
using a gradient of rates on a relative
scale throughout Europe. Figure 1 pres-
ents the distibution of lung cancer mor-
tality rates in Europe for the period
1993-97 in men and women.

Lung cancer
As a result of the rapid decrease in rates
following implementation of prevention
policies in the Nordic countries, the map
for males shows a group of low rates for
these countries (*Ferlay er al, 2004;
*Parkin et al, 2005). In contrast, there is
a clear geographical cluster of high rates
for males in North-East France, Belgium
and The Netherlands and rates remained
high in the Eastern European countries.
The high lung cancer rates seen in the
UK in the 1992 atlas have diminished on
the latest maps, although the rates in males
have remained high in large cities such as
Glasgow, Liverpool and Newcastle.

For both sexes, a clear south-to-north
gradient of rates is evident within Ttaly,
with more affluent parts of Italy having
the highest rates.

Women started smoking tobacco later
than males and this change occurred first
in the UK, Denmark and the Nordic
countries. The map of lung cancer among
females reflects this development, with a
clear south-to-north gradient in lung can-
cer burden. In view of the changing con-
sumption of tobacco in Europe, with the
percentage of women who smoke
decreasing in the Nordic countries and
increasing dramatically in Southern
Europe (for example, Spain (Shafey et al,
2004), a change in the current picture of

Figure 1. Map of lung cancer mortality among men (left) and women (right) in Europe (1993-97) (relative scale)
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rates in Burope can be expected, with
inversion of this south-to-north gradient
(*Boyle et al, 2003).

Breast cancer

The distribution of breast cancer mortality
rates in Europe shows a concentration of
higher rates in the UK, Ireland, Belgium,
The Netherlands, Denmark and most of
Germany. Lower rates tend to be seen
towards the edges of the map (Figure 2).
This pattern is unlikely to be due to clas-
sification differences between countries,
since national boundaries are hard to dis-
tinguish on the map, but rather is proba-
bly related to wide variations in demo-
graphic characteristics such as age at first
pregnancy, number of children per
woman and dietary habits across Europe.
The pattern has not changed compared
with the previous atlas, suggesting that
the risk factors for breast cancer still
present the same geographical distribu-
tion in Europe (*Smans et al, 1992).

Stomach cancer

The long-term decrease in stomach can-
cer mortality rates in most countries
(*Ferlay et al, 2004; *Parkin et al, 2005)
has been related to improvements in food
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Figure 2. Map of breast cancer mortality among women in Europe (1993-97)

(relative scale)

preservation and nutrition, and linked to
the socioeconomic status of countries.
These differences are reflected in the maps
of mortality rates for both males and
females (Figure 3). Whereas rates for males
are twice those of females, the geographical
distribution is very similar, suggesting
that similar risk factors affect both sexes.
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Central European countries still present
the highest mortality rates and within
Germany, there is a clear difference in
rates between the two pre-reunification
Republics. This pattern is likely to dissi-
pate as economic conditions improve in
Central Europe.

Figure 3. Map of stomach cancer mortality among men (left) and women (right) in Europe (1993-97) (relative scale)
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Cancer of the pleura

Mapping of a rare cancer is difficult,
since the occurrence of cancer follows
statistical laws of rare events. Hence,
maps are liable to be "patchy" and
difficult to interpret. However, the preci-
sion obtained with small geographical

units can reveal links to carcinogen expo-
sures that have a clear geographical distri-
bution. This is the case for cancer of the
pleura (Figure 4). Occurrence of this
cancer could be considered a random
event for most geographical units, but for
areas with a strong history in ship-build-

ing such as Vestfold (south of Oslo),
Genoa and Newcastle, rates of cancer of
the pleura are the highest in Europe, pre-
senting a clear geographical picture of
places where a relatively high proportion
of the population was exposed to
asbestos.

Figure 4. Map of mortality from cancer of the pleura among men in Europe (1993-97) (relative scale)
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Tobacco

Tobacco currently accounts for 5 million deaths per year, and

estimates remain at 10 million per year by 2030 based on current
projections of tobacco use (Jha & Chaloupka, 1999).

The majority of these deaths are from
cancer, heart disease, and pulmonary
disease — and all of them preventable.

In addition, the majority of these
deaths will occur in the developing
world, as the more developed nations
improve their tobacco control with
increased smoking cessation and
decreased teenage initiation. Unfor-
tunately, it is also in the more developing
nations and in women that the tobacco
multinationals are focusing their
marketing efforts.

In 2004, TARC published a pivotal
Monograph, Volume 83: Tobacco Smoke
and Involuntary Smoking (*IARC,
2004). In this 1400-page meticulous
review of the data, several important
conclusions were reached by the
Working Party. First, it was concluded
that tobacco smoke was a Group I
carcinogen, which it had previously been
classified as in the 1986 Volume 38.
However, in this current review, several
additional cancers were found to be
attributable to tobacco. In addition to
the cancers of respiratory and upper
digestive tracts, bladder, renal pelvis and
pancreas which were identified in 1986,
cancers of the nasopharynx, nasal cavity
and paranasal sinuses, liver, ureter,
stomach, kidney, uterine cervix and
myeloid leukaemia were added with the
2004 review.

Volume 83 was also critically
important in declaring involuntary
smoking a Group I carcinogen. The
Working Party found sufficient evidence

for exposure to involuntary smoking to
cause lung cancer in humans. This
finding is of significant importance to
support the numerous regulations and
legislations that require scientific sup-
port for new laws that have been prom-
ulgated around the world. Ireland
became the first smoke-free country in
2004 — eliminating smoking even in their
famed pubs. They were followed by
Norway, Malta, New Zealand, Italy and
Sweden in 2005. More localities and
nations are reviewing the data and con-
sidering laws to further restrict exposure
to secondhand smoke. The findings that
involuntary smoking is a Group I

IARC Monograph 38 (1986)

Oral cavity
Pharynx

carcinogen has played a very significant
role in these discussions.

To add further support to the findings
of Volume 83, Richard Doll et al
published a remarkable paper in the
British Medical Journal that reviewed a
50 year follow-up of a study on male
British physicians (Doll, Peto et al.,
2004). This study began in 1951 and its
early results were influential in demon-
strating that cigarette smoking caused
lung cancer in 1954. With the 50-year
follow-up, this study confirmed the
IARC findings of increased oral and
laryngeal cancers from cigarette
smoking (Doll, Peto et al, 2005). In

IARC Monograph 83 (2004)

Nasal cavity
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Tobacco

addition, this paper demonstrated the
improvement in mortality with smoking
cessation, even later in life, but states that
previous estimates of cigarette usage had
under-estimated its harm. Currently, one-
half to two-thirds of continuing smokers
will die from their tobacco use. This
information reinforces even more
strongly the need for better tobacco
control.

Another pivotal study published in
2005 with 14.5-year follow-up was
the Lung Health Study (LHS) with 5887
smokers with airway disease (Anthonisen
et al, 2005). This trial demonstrated that
patients who quit smoking had signifi-

CHILDREN SEE
CHILDREN DO

Your children are twice as likely
to smoke if you do. Half of all
premature deaths among life-long
smokers result from tobacco use.

Health Canada

cantly fewer deaths than continuing
smokers, including fewer lung cancers.
This is the first study that has demon-
strated that providing a smoking cessation
intervention results in fewer lung cancer.
Between the Doll cohort study and this
LHS, it is clear that smoking cessation
must be provided as significant mortality
can be avoided.

In February 2005, the first public
health treaty ever written became interna-
tional law (FCTC, 2005). 168 countries
had signed on to the Framework
Convention on Tobacco Control (FCTC)
and it has been ratified by the requisite 40
countries. Since then, over 110 countries

have ratified the FCTC and the formal
Conference of the Parties will meet in
February of 2006 to begin implementa-
tion of the Convention. This FCTC is a
remarkable treaty that works to strength-
en global tobacco control through 38
Articles, including restrictions on adver-
tising, smuggling, taxation, youth access,
environmental tobacco smoke, research
and education needs, etc. An example of
one of the pictorial warnings is demon-
strated in Figures (Health-Canada, 2005)
Such visual warnings have been demon-
strated to be significantly more likely to
lead to people desiring to quit smoking
than the older, more standard warning
labels that are currently in place
(Hammond et al, 2004). It is critical for
everyone interested in decreasing the
morbidity and mortality from tobacco,
whether from cancer or other tobacco
related diseases, to not only be familiar
with the FCTC, but work to help fulfill its
complete implementation. The Tobacco
and Cancer Group at IARC will be
working to provide the research necessary
to support the FCTC.

CIGARETTES ARE
HIGHLY ADDICTIVE

;Studies have shown that tobacco can be
- harder to quit than heroin or cocaine.

Health Canada
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Alcohol Drinking

Alcohol drinking is an important cause of cancer and other chronic

diseases.

A causal link was established several
decades ago between alcohol drinking
and cancers of the oral cavity, pharynx,
oesophagus and liver (*IARC, 1988).
Recently, evidence has accrued in favour
of causal associations with colorectal and
breast cancers.

Several studies have provided
evidence, although not fully consistent, of
an association between elevated intake of
alcohol, and increased risk of colorectal
cancer. When the results of these studies
were combined in a meta-analysis, a
moderately increased risk of colorec-
tal cancer was detected, with a
dose-response relationship for
increasing amounts of alcohol
consumption (Corrao et al,
1999). A subsequent pooled
analysis of eight cohort studies
also reported a dose-response
relationship between colorectal
cancer risk and the amount of
alcohol consumed (Cho et al,
2004). The pooled analysis and
meta-analysis did not detect any
differences in the type of alcoholic
beverage consumed or the level of risk
of colon vs. rectal cancer. Potential
confounding by low intake of protective
dietary factors, notably folate, was con-
trolled for in most of the recent studies
and does not seem to explain the
increased risk among drinkers. Thus it is
reasonable to conclude that though the
effect may be moderate, there does appear
to be a causal relationship between
alcohol consumption and colorectal
cancer risk.

-

With respect to breast cancer, an asso-
ciation with alcohol consumption has
been reported fairly consistently in
numerous studies. The strongest evidence
comes from a pooled analysis of 53
epidemiologic studies with 58,515 cases
and 95,067 controls, which resulted in an
increase in breast cancer risk of 7.1% for

each additional 10 grams per day increase
in alcohol intake (Figure 1) (Hamajima et
al, 2002). Differences in risk due to
alcohol beverage types have not been
observed (Singletary et al, 2001). The
association is consistent among both
premenopausal and postmenopausal

women. It is likely that both overweight
and heavy alcohol drinking act on breast
cancer risk through mechanisms
involving hormonal level or metabolism.

For other cancers, including cancers
of the stomach, pancreas, kidney and
bladder, a causal association is suspected,
but the current evidence does not
permit a definite conclusion.

The importance of alcohol as a human
carcinogen is often underestimated. A
recent estimate made at IARC of the bur-
den of alcohol-related cancers indicated
in a total of 390,000 cases of cancer
worldwide, representing 3.6 % of all
cancers (5.2 % in men, 1.7 % in

women) (Table 1). It is worth
noting that among women breast
cancer is the main contributor to
the burden of alcohol-related
cancer.
There is  growing
evidence that the risk of cancer
among drinkers is modulated by
genetic factors. Research has
focused in  particular on
variants in genes involved in alco-
hol metabolism (Figurs 2). Alcohol
dehydrogenases (ADHs) are enzymes
involved in the oxidation of ethanol to
acetaldehyde. Subsequent oxidation of
acetaldehyde to acetate is catalysed by the
enzymes aldehyde  dehydrogenase
(ALDH). The efficiency in converting
ethanol to acetaldehyde, and subsequent
conversion to acetate, is largely deter-
mined by the ADH and ALDH gene fami-
lies, with potential inter-individual differ-
ences in acetaldehyde exposure due to the
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sults of the pooled analysis of 53 epidemiological studies

Table 1. Number of cases of cancer occurring in 2002, in men and women, attributable to alcohol drinking

Men Women Total
AF% Cases AF% Cases AF% Cases

Oral cavity, pharynx 38.8 109,500 10.9 13,300 30.4 122,800
Oesophagus 25.0 79,000 4.5 6,600 18.5 85,500
Colon and rectum 4.6 25,200 1.7 7,800 3.2 33,000
Liver 12.2 53,800 2.9 5,400 9.4 59,100
Larynx 25.3 35,200 7.3 1,500 23.0 36,700
Breast (women) NA NA 4.5 51,900 4.5 51,900
Total 5.2* 302,600 il 7 86,400 3.6" 389,000

AF%, fraction of cancers attributable to alcohol drinking

* Denominator comprises all cancers
NA, not applicable

presence of common genetic variants
with a functional role.

The functionally important poly-
morphisms for ADHIB are Arg48His in
exon 3 and Arg370Cys in exon 9; that for
ADHIC is Ile350Val in exon 8. The
ADHIB 48His and the ADHIC 350Val
alleles encode for enzymes which result
in the ‘fast’ metabolism of ethanol.
Small-scale studies in Asian populations
have shown that the ADHIB 48His allele
is associated with an increased risk of
esophageal cancer (Yokoyama et al,

134

2003); and in a pooled analysis of seven
published case-control studies conducted
by TARC, which included 1,325 cases and
1,760 controls, no increased risk of head
and neck cancer for the ADHIC
T1e350Val polymorphism (*Brennan et al,
2004) was shown. The ALDH2 gene
contains several polymorphic sites: the
best studied is an inactive ALDH?
GIn487Lys polymorphism, resulting in
homozygote carriers who are unable to
oxidize acetaldehyde and heterozygote
carriers who do so inefficiently, resulting

in a toxic reaction including flushing,
increased heart rate, and nausea, upon
intake of alcohol. The ALDH2 487Lys
allele, is frequently observed in Asian
populations, where it has been shown to
be associated with an increased risk of
upper aerodigestive tract cancer
(Yokoyama, 2003), but it is rare in
Europeans, among whom other, less
studied polymorphisms, are prevalent.
Cytochrome P-450 2E1 (CYP2EI)
also oxidizes ethanol into acetaldehyde.
Several polymorphisms with functional



relevance have been identified, but the
available studies do not consistently
suggest a effect on the alcohol-associated
risk of cancers of the head and neck,
esophagus and liver.

Alcohol-related cancer is an important

Ethanol

field of research, in which TARC is active
in several key aspects, including elucida-
tion of the carcinogenic effect of specific
types of alcoholic beverages (in particular
home-made liquors), the identification of
genetic variants interacting with alcohol in

Alcohol
dehydrogenases

&

Cytochrome
P450 2E1

Alcohol drinking

determining cancer risk, and the coordina-
tion of consortia of molecular and
epidemiological studies of alcohol and
cancer.

Y

Acetaldehyde

A

Aldehyde
dehydrogenases

Figure 2. Genes involved in alcohol metabolism
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Human Papillomavirus Infection

In certain parts of the world one cancer out of five is attributed to
infectious agents (*Pisani et al, 1997).

The family of human papillomaviruses (HPVs) stands out for
importance and prevention opportunities.

For no infection/cancer link is the associ-
ation as strong and compelling as for
high-risk HPV types and cancer of the
cervix uteri; two randomised double-
blind placebo-controlled trials involving
more than 2,000 young women have
shown that both of the vaccine candidates
currently available are at least 90% effec-
tive in protecting against infection with
the targeted HPV types (Koutsky et al,
2002; Harper et al, 2004). A large phase
3 trial of 12,000 women from 13
countries have shown that the vac-
cine against HPV6, 11, 16 and 18
has over 100% efficacy in pre-
venting precancerous lesions
caused by the corresponding
HPV types (Lowndes et al,
2005). Future findings from
additional trials of HPV vac-
cines, involving nearly 60,000
women should lead to market-
ing of HPV vaccine in 2006 or
2007 in many countries of the
world (Washam, 2005).

With promising HPV candidate
vaccines on the horizon, the
International Agency for Research on
Cancer (IARC) has intensified efforts to
fill the remaining gaps in the knowledge
on HPV. Until we know more about the
distribution of HPV types in low- and
middle-resource countries, we cannot be
certain that the current vaccine candidates
including the high-risk types HPV16 and
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18 can offer the same degree of protection
in every country or geographic area.
Knowledge of HPV type distribution is
also essential in designing tests for the
early detection of cervical lesions and
vaccine

monitoring effectiveness

(*IARC, 2005).

Over 15,000 women without cervical
lesions were, therefore, randomly selected
from the general population of 13 areas in
four continents and a highly sensitive
GP5+/6+ polymerase chain reaction-

based enzyme immunoassay was used for
the detection of 37 HPV types (*Clifford
et al, 2005a). Age-standardised HPV
prevalence varied nearly 20 times
between populations. Although both
overall HPV prevalence and HPVI16
prevalence were highest in sub-Saharan
Africa, HPV-positive women in Europe
were significantly more likely to be
infected with HPV16 than were those in
sub-Saharan Africa, and were signifi-
cantly less likely to be infected with
high-risk HPV types other than
HPV16 and/or low-risk HPV
types (Figures 1 and 2). Women
from South America had HPV-
type distribution in between
those from sub-Saharan Africa
and Europe, and heterogeneity
between areas of Asia was
significant.
Differences in the relative
prevalence of HPV types might
be related to the complex
geographical and biological inter-
play between different HPV types or
variants and host immunogenetic factors
(e.g. human leukocyte antigen polymor-
phisms, Hilde-sheim et al, 2002).
Furthermore, HPV 16, the most oncogenic
HPV type, seems to be less influenced by
immune status than are other HPV types
(Strickler et al, 2003). This finding,
coupled with impairment in cellular
immunity in some of the populations



Human papillomavirus infection

studied (e.g. through chronic cervical
inflammation, parasitic infection, malnu-
trition, and, more recently, human
immunodeficiency virus infection), could
somehow contribute to a higher pene-
trance of HPV types other than HPV16.
However, regional heterogeneity decreases
with increasing severity of lesions as
HPV16 becomes increasingly dominant
(*Clifford et al, 2003a; *2003b; *2005b).

To further elucidate which HPV types
are the strongest predictors of the risk of
cervical intraepithelial neoplasia grade 3
and cancer, we compared our three large
systematic reviews on the distribution of

HPV types in low-grade squamous
intraepithelial lesions (LSILs, 8308
women from 50 studies, *Clifford et al,
2005b), high-grade squamous intraepithe-
lial lesions (HSILs, 4338 women from 52
studies, *Clifford et al, 2003a) and squa-
mous cell cervical carcinoma (SCC,
10,058 women from 85 studies, *Clifford
et al, 2003b). Only HPV16 and 18 were
found more frequently in SCC than in
LSILs, whereas HPV26, 39, 51, 56 and 73
were at least 10 times more common, and
HPV53 and 66 were approximately
30 times more common, in LSILs than in
SCC (*Franceschi er al, 2005, Figure 3).

These findings suggest priorities for
inclusion of HPV types in vaccines and
screening tests (*Franceschi ef al, 2005,
Figure 3).

In order to reassess all of the available
evidence on the carcinogenicity of HPV,
25 scientists from 12 countries met at
IARC in February of 2005 (*Cogliano et
al, 2005). In addition to HPV16 and 18
(*IARC, 1995) the Working Group con-
cluded that HPV31, 33, 35, 39, 45, 51, 52,
56, 58, 59 and 66 can lead to cervical
cancer and are to be considered carcino-
genic to humans.
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Figure 1. Age-standardised prevalence of HPV16, high-risk HPV other than HPV16 and low-risk HPV among 15,613 women
without cervical abnormalities in the IARC HPV Prevalence Surveys by region

From *Clifford et al., 2005a
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Figure 3. The 13 HPV types included in the Food and Drug Administration (FDA)-approved HPV test kit are shown in A-C:
A. HPV16 and 18, B. HPV types present in 1-5% of SCCs (HPV31, 33, 35, 45, 52 and 58), and C. HPV types present in less
than 1% of SCC (HPV39, 51, 56, 59 and 68). The five HPV types not currently included in the FDA-approved test set, as dis-
cussed by Schiffman et al, 2005 (HPV26, 53, 66, 73 and 82), are shown in D. LSIL = low-grade squamous intraepithelial
lesions; HSIL = high-grade squamous intraepithelial lesions; SCC = squamous cell carcinoma.

From Franceschi et al, 2005.
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Gambia Hepatitis Intervention Study:

20 years of activity

Hepatocellular carcinoma (HCC) is the most frequent form of
primary liver cancer and is a major cause of death in sub-Saharan
Africa and Eastern Asia.

The main etiological factor in these
regions is chronic infection with HBV,
namely the chronic carrier status. Other
factors that contribute to the etiology of
primary liver cancer in these regions
include other hepatitis viruses (HCV) and
dietary exposure to aflatoxins, a group of
mycotoxins that are natural contaminants
of the staple diet. The latter have a
multiplicative effect on the risk of
developing HCC.

The Gambia Hepatitis Interven-
tion Study (GHIS) is a collaborative
undertaking by the International
Agency for Research on Cancer
(IARC), The Government of the
Republic of The Gambia and
the Medical Research Council
of the United Kingdom (MRC).
At various points in the study,
funding was also received from
several sources, notably the
Swedish Medical Research
Council and the Government of
Italy. This programme was
launched in 1986 with the objective of
evaluating the efficacy of hepatitis B
(HB) vaccination in childhood for the
prevention of HB infection, chronic liver
disease and hepatocellular carcinoma
(HCC) in a population at high risk (GHIS
Study Group, 1987). The implementation
of GHIS involves three overlapping
phases. During phase I (1986-1990), HB
vaccine, approved by the World Health

Organization, was phased into the
Gambian Expanded Programme on
Immunization (EPI) over a four-year
period from July 1986 to February 1990.
Two groups of children were recruited,
one of about 60,000 children who
received all EPI vaccines (BCG, DPT

polio, measles, yellow fever), and the
other of a similar number of children who
received all vaccines plus HB. Since
February 1990, HB vaccination has been
offered to all newborns as part of the EPI

in The Gambia. During Phase Il
(1991-1997), the efficacy of HB vaccine
against infection and chronic carriage was
estimated through longitudinal and cross-
sectional surveys in selected groups of
HB-vaccinated  and unvaccinated
children. Phase lll (initiated in 1998)
consists in long-term follow-up through
cancer registration, using HCC as primary
end-point.

The GHIS cohort includes a total of
124,577 subjects, 61,065 of whom
received HB vaccine. Detailed
cross-sectional  studies have
demonstrated that by 10 years of
age, the vaccine efficacy is of

83% against infection, and of
94% against chronic HB
carriage. Despite waning anti-
body titres, the protection
against carriage remains high
into adolescence. A National
Cancer Registry (NCR) was set
up at the initiation of the project
to identify and record data on
cancers of all types occurring in The
Gambia (¥*Bah et al, 2001). The cases
are ascertained in public or private health
departments with support of National
Health Laboratory and Histopathology
Services. For HCC diagnosis, clinical
criteria, ultrasonography and alpha-feto-
protein measurement are used in
combination according to a protocol vali-
dated against histology in Senegal. The
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final outcome of GHIS will be evaluated
through record linkage between HCC
cases in the NCR and the GHIS database
of vaccinated and unvaccinated children.

The proportion of HCC attributable to
HBYV and HCV infections was assessed in
a recent case—control study on 197 inci-
dent cases of HCC and 405 matched, hos-
pital-based controls (Kirk er al, 2004).
HBV carriage was present in 63% of
HCC cases and 16% of controls while
19% of HCC cases were HCV seroposi-
tive compared to 3% of controls.
Increased HCC risk was strongly associ-
ated with chronic HBV (OR 18: 95%CI
10-32), HCV (OR 21; 95%CI 8-54) and
dual infection (OR 35; 95%CI 4-350).
Strikingly, HBV carriage was found in
over 80% of patients aged less than 35
years old. This proportion decreased in
older age groups, and HCV became the
more prevalent infection in patients older

than 50 years old (see below). Taken
together, the three case—control studies
suggest that between 60 and 80% of HCC
under age 50 is attributable to HBV. In
parallel, molecular analysis demonstrated
an increased risk of HCC associated with
several polymorphisms in genes involved
in the metabolism and detoxification of
aflatoxin, as well as in the repair of afla-
toxin—-DNA adducts (Kirk et al, 2005)

In 2004, experts of the IARC Scientific
Council carried out a comprehensive
review of GHIS achievements, as well as a
re-assessment of GHIS predicted out-
comes. Twenty years after it was con-
ceived, the design of the GHIS appears to
have well resisted the trial of time and field
experience. On the basis of all evidence
available, we are in a position to confirm
that the major end-point of the study, the
evaluation of the protective efficacy of
childhood HB vaccine against HCC, will

be reachable between 2017 and 2020,
slightly earlier than the initial assumption
of an overall follow-up of 35 to 40 years
(GHIS, 1987). The final success of this
unique, long-term endeavour will depend
upon the continuing development of a sus-
tainable infrastructure for cancer detection,
diagnosis and registration, for monitoring
viral infections, and for performing record
linkage. These infrastructures will not only
contribute to the final research outcome of
GHIS, but may also provide a backbone
for the development of other interventions
aimed at preventing cancer and better
managing patients in the context of a low-
resource African country. Finally, the
strategy adopted for the development of
GHIS provides a model for the introduc-
tion of new vaccines in the EPI of African
countries.

HBV (HbSAg) and HCV in HCC patients from The Gambia
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Vegetables and Lung Cancer

Previous case-control and cohort studies
have provided consistent evidence for a
protective role of vegetable consumption
against lung cancer, with the evidence
being most apparent for green cruciferous
vegetables such as broccoli and cabbage
(WCRF, 1997). Such vegetables are rich
in isothiocyanates (ITC), which have
been shown in animal studies to have
strong chemopreventive  properties
against the development of lung cancer,
and are therefore likely agents for
explaining the protective effect observed
in humans (Hecht, 1996). However, in a
recent JARC review of the evidence of
cruciferous vegetables, interpreting a
definite protective effect against any
type of cancer was not possible
given the small size of available
studies and potential for con-
founding from other dietary
sources (*IARC, 2004). One
way to overcome the problem
of confounding is to adopt a
Mendelian randomization
approach (Davey et al, 2003).
ITCs are thought to be eliminated
by  glutathione-S-transferase
enzymes, most notably GSTMI
and GSTT1 (London et al, 2000;
Fowke et al, 2003). Both GSTM/ and
GSTTI genes have null alleles with
homozygous null genotypes resulting in
no enzyme being produced. Individuals
who are homozygous for the inactive
form of either one or both genes are
likely to have higher ITC concentrations
due their reduced elimination capacity.
Furthermore, and implicit in the
Mendelian randomization approach, the
role of GSTMI and GSTT! genes are
likely to be independent of other dietary
and lifestyle factors, reducing the possi-
bility of confounding from these sources.
In order to clarify the role of crucifer-
ous vegetable consumption in preventing

lung cancer, and their interaction with
GST genotypes, we investigated this
relationship in a case-control study of
2141 cases and 2168 controls in 6 coun-
tries of Central and Eastern Europe, a
region which has a traditionally high level
of cruciferous vegetable consumption.
Incident cases and comparable hospital or
population controls were recruited from
15 centres in Poland, Slovakia, Czech
Republic, Romania, Russia and Hungary

using an identical protocol and question-
naire (Scélo et al, 2004). All subjects

completed a detailed standardized
lifestyle and food frequency question-
naire that had been piloted in all centers
prior to use. The dietary component of
the questionnaire comprised 23 foods of
which 3 were cruciferous vegetables
(cabbage, and brussel sprouts/broccoli
combined). A blood sample was also
obtained for all individuals and geno-

typing for GSTM! and T1 was conducted.
An overall protective effect was
observed for ‘at least weekly’ consump-
tion of cruciferous vegetables compared
to ‘less than monthly’ (adjusted odds ratio
(OR) = 0.78, 95% confidence interval
(CI) 0.64-0.96). When stratified by GST
status, any protective effect of high
cruciferous vegetable consumption was
restricted to those who were GSTMI null
(OR=0.67, 95% CI 0.49-0.91), GSTT!
null (OR=0.63, 95% CI 0.37-1.07), or
both GSTMI and T1 null, (OR=0.28, 95%
CI 0.11-0.67) (Figure 1). No protective
effect was observed for those who were
GSTMI and T1 positive, with a
moderate non-significant protective
effect for those who had only one
null genotype (OR=0.88, 95% CI
0.65-1.21). The interaction
between GSTMI null/GSTTI
null versus other GSTMI/-

GSTT! groups and cruciferous

vegetable consumption was

significant (p=0.03). Similar

results were observed separately
for cabbage and broccoli/
brussel sprout consumption, after
adjusting for the other, suggesting
an independent protective effect of
both sources of cruciferous vege-
tables.

These results provide strong evidence
for our a priori hypothesis that the protec-
tive effect of cruciferous vegetables is
most apparent among those who have low
levels of circulating GST enzymes due to
possession of null alleles for GSTM! and
T1 genes. They are also supported by
findings from several other smaller
studies of lung cancer, breast cancer and
colorectal adenomas that find an
increased protective effect of cruciferous
vegetable among GSTMI and 71 null
carriers (Hecht, 1996). It is however not
possible to make definitive conclusions
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from any of these individual studies due
to their limited sample size [the three pre-
vious studies of lung cancer, based in
Shanghai, Singapore and Texas,
comprised a total of 968 cases and 1362
controls] (London ef al, 2000, Zhao ef al,
2001; Spitz ef al, 2000). Taking into

consideration the size of the protective
effects that have been reported in this and
other studies, which are likely to have
been substantially diluted by measure-
ment error, they raise the prospect of an
important chemopreventative effect for
cruciferous vegetables in general, and

- GST M1+/T1-

isothiocyanates in particular. We are
currently conducting further studies in
other populations in order to confirm
these findings.
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Figure 1. Mendelian randomization: effects of cruciferous vegetables on lung cancer by GSTI1 and T1 polymorphisms
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lonising Radiation

Ionising radiation is one of the most studied and ubiquitous
carcinogens in our general environment.

Guidelines for ionising radiation protec-
tion have existed, at the multinational
level, since the 1940s. The main basis for
radiation risk estimates, however, is the
study of the Japanese survivors of the
atomic bombings — a population exposed
primarily at high dose-rates — while the
primary public health concern is the pro-
tection of persons with relatively low-
dose, protracted exposures such as are
received by the public in the general envi-
ronment and by workers occupationally.
The use of data from the atomic bomb

survivors to estimate the effects of the
relatively low-dose rate chronic expo-
sures of environmental
and occupational con-
cern necessitates the
use of controversial
models to extrapolate
risks from high to low
doses, from high to low
exposure rates, and
from acute exposures
to protracted or chronic
exposures. Resolution
of this controversy
requires answering a
number of outstanding
questions in ionising
radiation research and
protection today, namely
the effects of:

s exposure pattern —
in particular low
doses, low dose-
rates and protrac-
tion and fractiona-
tion of exposures

e radiation type — in

particular specific radionuclides, such as
1317
s factors which may modify radiation-
induced risks (including age at
exposure, sex, genetic differences and
other host and environmental factors).
An International Collaborative Study of
Cancer Risk among Radiation Workers, a
retrospective cohort study of cancer
mortality among nuclear industry workers
in 15 countries, has been conducted in
order to provide precise direct estimates of
risk after protracted low-dose exposures
and to strengthen the scientific basis of
radiation protection. The first results have

Dose reconstruction team in front of the Chernobyl Power Plant, Ukraine

been published (*Cardis et al, 2005 —
BMI). Analyses included 407, 391 work-
ers individually monitored for external
radiation with a total follow-up of 5.2
million person-years. The excess relative
risk for cancers other than leukaemia was
0.97 per Sv (95% CL, 0.14 to 1.97). This
estimate, from the largest study of nuclear
workers ever conducted, is higher than,
but compatible with, risk estimates used
for radiation protection. Analyses indicate
that, although confounding by smoking
may be present, it is unlikely to explain
all of this increased risk. The results sug-
gest that there is a small excess risk of
cancer at the low
doses and dose-rates
typically received by
nuclear workers. This
is consistent with the
conclusions of the
recent report of the
US National Academy
of Sciences BEIR VII
Committee (2005), of
which Dr Cardis was
a member, that sup-
port a simple propor-
tionate relationship at
low doses between
radiation dose and
cancer risk.

The Chernobyl expe-
rience has provided a
unique opportunity to
learn about the effects
of exposure to doses
from radioactive
iodines on thyroid
cancer risk. A large
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lagged by 5 years; age at exposure <45) (Pukkala ef al, in press)

number of epidemiological studies of thy-
roid cancer have been carried out in
Belarus, Russia and Ukraine since the
accident. Although the majority of studies
are ecological, they have clearly shown
an association between thyroid cancer
incidence in young people and average
dose to the thyroid.

A population—based case—control
study of thyroid cancer in young people,
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cancer risk. These include age at expo-
sure, stable iodine intake, genetic back-
ground and reproductive history. The first
results have been published (*Cardis et
al, 2005 — JNCI). The study included 276
cases with thyroid cancer and 1300 con-
trols, all aged younger than 15 years at the
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medical exposures in childhood.

An ecological study of breast cancer
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of Belarus and Russia, suggesting an
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women in the most contaminated districts
(see above figure, Pukkala et al, in press).
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IARC Monographs Evaluations

The first step in cancer prevention is to identify the causes of human
cancer. The IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans is a series of scientific reviews that since 1971 has
evaluated more than 900 agents and identified more than 400 of them
as potentially carcinogenic to humans.

Group 1 Carcinogenic to humans 109 agents
Group 2A  Probably carcinogenic 65 agents
to humans

Group 2B Possibly carcinogenic to 242 agents
to humans

During the 2004-2005 biennium, the JARC Monographs
identified several new known causes of human cancer and
provided additional information about other previously
identified carcinogens.

Newly identified causes of human cancer

Several agents were newly identified as carcinogenic to
humans (Group 1) during the biennium. The diversity of
these agents reflects the breadth of the programme and
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Tobacco-specific nitrosamines (NNN and NNK).
Nitrosamines are formed during the curing and processing
of tobacco and also during smoking. The most abundant
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strong carcinogens in smokeless tobacco
products, NNN and NNK, were evaluated
as carcinogenic to humans, based on a
combination of experimental, mechanis-
tic, and epidemiological evidence.

Human papillomaviruses. HPVs infect
human mucosal and cutaneous tissue.
Persistent infection with a carcinogenic
HPV type is found in virtually all cases of
cervical cancer, the second-leading
cancer in women worldwide. Nearly 80%
occur in developing countries without
effective screening programs. Previously,
only HPV types 16 and 18 had been
associated with an increased risk of
cervical cancer. New evidence is now
sufficient to support a causal role also in
cancers of the vulva, vagina, penis, anus,
oral cavity, and oropharynx; thus, known
cancer risks are no longer limited to the
genital area or to women. In addition, cur-
rent information indicates that eleven
additional HPV types (types 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, and 66) also
increase the risk of cervical cancer.

Combined estrogen-progestogen meno-
pausal therapy. At its peak around the
year 2000, approximately 20 million
women in developed countries were using
menopausal therapy that involves co-
administration of an estrogen and a
progestogen. These combined therapies,
previously regarded as possibly carcino-
genic, are now known to be carcinogenic
to humans. There is a consistent increase
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in the risk of breast cancer among current
and recent users. This risk increases with
duration of use and exceeds that in
women taking estrogen-only therapy.
There is also an increased risk of endome-
trial cancer when progestogens are taken
fewer than 10 days per month.

Benzo[a]pyrene. Polycyclic aromatic
hydrocarbons are formed during the
incomplete combustion of organic materi-
al. Environmental sources of PAHs
include industrial and urban air pollution,
tobacco smoke, and diet; diet is frequent-
ly the major source of exposure in non-
smoking, non-occupationally-exposed
populations. High occupational exposure
can occur during the conversion of coal to
coke and coal tar, and during the process-
ing and use of coal tar-derived products.
Benzo[a]pyrene, a PAH commonly used
as an indicator of PAH exposure, was eval-
vated as carcinogenic to humans based on
its ability to induce tumours in many ani-
mal species and because the mechanisms
of carcinogenesis in experimental animals
also operate in exposed humans.

New information on previously identi-
fied causes of human cancer

In addition to HPV types 16 and 18,
several other agents that had been previ-
ously identified as carcinogenic to
humans were re-evaluated because new
information had become available on
additional cancer sites. The carcinogenicity
of each agent was re-affirmed, demon-

of Carcinogenic Risks to Humans, vol 87.

IARC (in preparation) Formaldehyde, 2-butoxy-
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strating the robust and definitive nature of
the classification carcinogenic to humans.

Smokeless tobacco. Hundreds of millions
of people are addicted to smokeless
tobacco, and use by young people is
increasing in many regions of the world.
Smokeless tobacco was previously
known to increase the risk of oral cancer.
New evidence is now sufficient to
conclude that there is also an increased
risk of pancreatic cancer, the first time
that cancer risks have been established at
sites distant from where smokeless
tobacco is used.

Combined estrogen-progestogen oral
contraceptives. Worldwide, over 100
million women — about 10% of all women
of reproductive age — now use combined
hormonal contraceptives. The proportion
who has ever used them is much higher,
exceeding 80% in some developed
countries. Combined oral contraceptives
were previously known to increase the
risk of liver cancer. New evidence is now
sufficient to conclude that current and
recent users also have increased risk of
breast cancer, and an increased risk of
cervical cancer that increases with
duration of use. At the same time, the
risks of endometrial cancer and ovarian
cancer are decreased. These findings
highlight the need for each woman who
uses these products to learn about the
risks and benefits and to discuss them
with her doctor.
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Breast Cancer Screening

Breast cancer is the most frequent cancer in women world-wide. The
number of new cases is increasing, particularly in developing coun-

tries.

Breast cancer was diagnosed in 1.15 mil-
lion women and over 400,000 deaths
from breast cancer were reported in
women world-wide in 2002 (*Ferlay et al,
2004). In high resource countries, popu-
lation-based breast cancer screening
using mammography has been demon-
strated to lower breast cancer mortality
and is recommended as a public health
policy for breast cancer control (*IARC,
2002). In low-resource countries in which
mammography is not feasible, improving
awareness and clinical early detection
linked with treatment are important to con-
trol breast cancer and thereby reduce the
burden of the disease in the population.
Evaluation of this approach is currently
underway in a randomized trial in India.
Experience in the implementation of
population-based mammography screening
programmes underlies the importance of
quality assurance in screening in general
and breast cancer screening in particular.
Despite the high cumulative incidence of
breast cancer, the vast majority of women
participating in a given round of a screening
programme (ca. 99% in normal risk popu-
lations) will not have detectable breast can-
cer. Thus, the sensitivity of the screening
procedure must be very high, in order to
identify those women who may benefit
from early detection. Furthermore, unnec-
essary examinations and treatment result-
ing from false-positive screening tests, and
adverse effects of the screening test and any
other examinations performed to assess
abnormalities must be kept to a minimum.
Comprehensive quality assurance
guidelines for breast cancer screening

based on mammography have been devel-
oped in the Europe Against Cancer
Programme (Perry ef al, 2001) with the
aim of optimising the benefits of screen-
ing while avoiding adverse effects on the
health status of screening participants.
The scope of the EU guidelines encom-
passes the entire screening process from
invitation to management of screen-
detected lesions because the net balance
between benefit and harm of screening is
affected by each step in this process. A
fourth, revised edition of the EU guide-
lines will be published in 2006 (Fig 1). In
addition to new physico-technical aspects
(digital mammography) it will underscore

the complex organisational and multidis-
ciplinary aspects of mammography
screening and particularly the need for
effective screening programmes to be
integrated into a routine health care infra-
structure capable of delivering high qual-
ity diagnosis and treatment. Thus, the EU
breast screening guidelines have been
expanded to include diagnosis of sympto-
matic disease and requirements for spe-
cialist breast units for management of
both screen-detected and symptomatic
breast cancers.

Key general elements of the quality
assurance and best practice recommenda-
tions in the EU Guidelines include:

Image provided by Dr Hans Junkermann, Senologische Diagnostik, University
Hospital, Heidelberg
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Breast cancer screening

European guidelines for quality assurance in breast
cancer screening and diagnosis

Fourth Edition

Figure 1. European guidelines for quality
assurance in mammography screening
(Fourth edition, in preparation)

* population-based  invitation to
screening

* training of all staff, particularly:
radiographers, radiologists, patho-
logists and surgeons

e specialisation of personnel

* observance of volume levels

* multidisciplinary team working,
including above staff as well as breast
care nurses or psychologically profes-
sionally trained persons and medical
oncologists/radiotherapists

e targets, performance indicators and
regular audit

* organization of preoperative and post-
operative multidisciplinary confer-
ences

* avoidance of mixing of screening and
Symptomatic women

* complete and accurate recording of all
relevant data for evaluation

* accreditation of units meeting quality
standards
A basic tenet of the EU guidelines is

that quality assurance must be applied to

all steps in the screening process (not just

to the screening test):

e invitation,

* performance of the screening test

* reading of mammograms
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 further diagnostic work-up of women
with suspicious results

* treatment of women with screen-
detected lesions
More specific requirements for quality

assurance of breast cancer screening

include:

* adequate information presented in an
appropriate and unbiased manner in
order to allow a fully informed choice
as to whether to attend

* extensive quality assurance protocols
for equipment and technical perform-
ance in conventional and digital
mammography

* interpretation of screening mammo-
grams by two independent readers

¢ standardization of pathology proce-
dures and reporting

* standardization of data collection and
monitoring

* comprehensive protocols for non-
technical quality assurance

* nomination of a given professional
responsible for overall unit perform-
ance and with the authority to main-
tain standards and outcomes by
suspending inadequate elements if
necessary
Development of the European guide-

lines on the quality assurance of

mammography screening in the European

Breast Cancer Network (EBCN) and

cooperation of experts, programme

administrators, health care planners and

advocates through the EBCN has played a
key role in the expansion of population-
based breast cancer screening pro-
grammes across Europe. In the current
EU Member States and EFTA countries
only 6 regional mammography screening
programmes were operational in 1989. By
2005 national coverage has been achieved
in 12 countries and regional coverage in 9
countries (Fig. 2).

An example of the technical errors
which can be avoided by following the rec-
ommendations in the EU guidelines is
shown in Figs. 3 a and b. Part of the breast
tissue (2 cm) is missing on the cranio-
caudal (CC) film on the right in Fig. 3 a
because the breast was not sufficiently
pulled forward when the mammogram was
taken. Although it is not always
possible to expose all of the breast tissue on
the CC film, the minimum standard was not
initially fulfilled in this case and the mam-
mogram was therefore repeated. Fig. 3 b
shows a similar mistake corrected in a
screening mammogram: the tumor near
the edge of the film on the right was not
detected until the CC view was repeated
after correct positioning of the breast.

Further substantial improvement in
breast cancer care can be expected from
delivery of breast surgery in specialist
units because the majority of breast
cancer cases are diagnosed in women not
attending screening programmes. Thus,
the EU guidelines include quality

- 1989 - d

C
Ty e |
- k)
Sy
\g
T ) .';_
) [
st ! o 'LJ;:} A " [
3 5 &.w]
5
% i: uerien sy £
PoLano /S““““"'A‘P‘LL,\“
mcuw - 1
G - A
HNGAKY "/T\:\’] o5 <
G 5 P et —|
rorvoaL “Té [ [
3 {tnf*’.‘,r,'r& -—ad e
i b'ﬁ{n- é&fga i
~ 'ﬁw T b J«.__c?“'? i
g e curmus F

Coverage of targel populalion: 0%

1-33% | 34-87% 100% |

Figure 2. Mammography screening programmes based on EU guidelines in
current EU member states and EFTA countries



Breast cancer screening

Figure 3a. Part of the breast (2 cm wide) is missing on the CC film near the chest
wall because the breast was not sufficiently pulled forward when the X-ray was

taken.

(Images provided by courtesy of Dr Margrit Reichel, Wiesbaden)

Figure 3b. The CC view shows a tumor which was previously missed because the

breast was not sufficiently pulled forward when the X-ray was taken.
(Images provided by courtesy of Dr Margrit Reichel, Wiesbaden)
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standards for specialist breast units
which apply regardless of whether
cancer is diagnosed in a screening
programme or in a symptomatic setting.
For example:

e Breast surgery should be performed
by specially trained surgeons in spe-
cialist units providing a minimum of
150 primary breast cancer operations
annually

« Each breast surgeon should perform a
minimum of 50 primary breast cancer
operations per year

e Clinical, imaging and pathology
findings of all women requiring breast
surgery should be discussed and
documented in regular pre-operative
and post-operative meetings of the full
multi-disciplinary team (radiologist,
radiographer, pathologist, surgeon,
nurse counsellor and medical oncolo-
gist/radiotherapist)

» Patient support must be provided by
specialist breast care nurses or appro-
priately psychologically professionally
trained persons with expertise in
breast cancer

» Continuous monitoring of outcomes
and regular audit are essential for
maintaining high quality

Assurance in Mammography Screening, third
edition, Office for Official Publications of the
European Communities, Luxembourg, 2001
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Cervix Cancer Screening

Cervical cancer continues to be the most common cancer among

women in many low- and medium-resource countries in South Asia,
South-East Asia, sub-Saharan Africa and Latin America.

World-wide cervix cancer accounts for
493,000 new cases and 274,000 deaths
annually, more than 80% of which occurs
in developing countries. Many parts of
the world lack screening programmes and
the disease is still predominantly
diagnosed in locally advanced stages with
S-year survival less than 50%.

Organized or opportunistic screening
with conventional cytology has been
primarily responsible for the substantial
reductions in cervical cancer incidence
and mortality during the last 50
years in high-income countries
(*IARC, 2005). However, in many
low- and middle-income coun-
tries screening is yet to be
effectively implemented or has
failed to reduce cervical cancer
burden (*IARC, 2005).

Advances in screening

In view of the sub-optimal per-
formance of cytology in several
settings and the challenges in intro-
ducing organized cytology screening
programmes in low- and medium-
resource countries, alternate screening
methods such as visual inspection with
acetic acid (VIA), visual inspection with
acetic acid using low-level magnification
(VIAM), visual inspection with Lugol’s
iodine (VILI) and HPV testing for accura-
cy in detecting high-grade cervical
intraepithelial neoplasia (CIN 2 and CIN
3) have been widely evaluated in China,
India, Thailand, Mali, Burkina Faso,
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Guinea, Congo, Niger, Uganda, Kenya,
Zimbabwe, South Africa, and Peru
(*IARC, 2005; *Sankaranarayanan et al,
2005a, *Sankaranarayanan et al, 2005h).
The results from these studies indicate
that VIA had similar or higher sensitivity
than conventional cytology offered in the

same settings, but lower specificity.
Low-level magnification did not improve
the test qualities of naked eye VIA
(*Sankaranarayanan er al, 2005a). VILI
was found to have a higher sensitivity
than VIA but similar specificity in many

studies (*Sankaranarayanan et al, 2005a).
Visual testing and reporting results and
training methods have been standardized
(Blumenthal et al, 2005). HPV testing,
which is the most reproducible of all
screening tests, has shown higher sensi-
tivity but lower specificity than cytology
in many settings (*IARC, 2005; Franco,
2003). Efforts are now underway to
develop affordable, rapid and simple
HPV tests for use in low-resource
settings.

Two large cluster-randomised
trials are on-going in India to eval-
uate the efficacy and cost-effec-

tiveness of once-in-a-lifetime

screening with cervical cytol-
ogy or VIA or HPV testing in
reducing cervical cancer inci-
dence and mortality (*Sankara-
narayanan et al, 2004; *Sanka-
ranarayanan et al, 2005b).

Interim results suggest CIN 2-3
detection rates are similar for
cytology, VIA and HPV testing:
1.0% for cytology, 0.7% for VIA
and 0.9% for HPV testing (p = 0.06)
(Sankaranarayanan et al, 2005b). Over
85% of the women with high-grade
lesions received treatment. Final results in
terms of reduction in incidence, mortality
and cost-effectiveness are expected from
these studies around 2007.

Costing in the context of one of the
randomised trials suggest that the cost of
detecting a case of CIN2/3 compared to
no screening was $522; the additional
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cost per additional case detected in the
same population with cytology instead of
VIA was $1066; HPV testing was
dominated (Legood ef al, 2005) While
screening with VIA was the least expen-

o .

Cervical cancer screening: women waiting to be screened

(Guinea Gonakry — March 2004)

Quality assurance guidelines

It is widely recognized that effective
quality assurance is necessary to achieve
and maximise the benefits of cancer
screening while minimising the adverse
effects on the health status of screening
participants (*IARC 2005). The effec-
tiveness of routine cervical cancer
screening depends on the population
coverage and the accuracy of the screen-
ing test. Furthermore, health care
infrastructure is also needed for the
assessment of screen-detected abnor-
malities and for treatment of women with
precursor lesions and invasive cancer.
If such infrastructure is lacking, or of
insufficient quality and effectiveness, it
must be developed to an adequate and

sive option, HPV testing may not be a
cost effective screening strategy in
developing counfries at  current
consumable prices. The know-how and
programmatic strategies for establishing

o7

self-sustaining level of routine perform-
ance. A quality assurance programme for
cervical cancer screening must therefore
not merely monitor the performance of
these critical factors, it must also
delineate responsibility for programme
results at the local, regional and national
levels and provide for adequate response
if results are unsatisfactory.
Comprehensive quality assurance
guidelines for cervical cancer screening
have been developed by the European
Cervical Cancer Network in the former
Europe Against Cancer Programme
(Coleman et al, 1993). A second, revised
edition of the EU guidelines will be
published in 2006. It will include chapters
on: 1) epidemiology and principles of

cervical screening programmes in low-
and medium-resource settings have now
been well established (ACCP, 2004).

gy PENER L

organisation; 2) evaluation of evidence of
new technologies, including HPV testing,
liquid-based and automated cytology;
3) quality assurance in the cytological
laboratory; 4) histological diagnosis;
5) management of cervical lesions, and
6) performance indicators. Appendices
will deal with: communication with
women and health professionals, natural
history of HPV infection, and HPV
vaccination. Cervical cytology practice
guidelines have also been developed by
the American Society of Cytopathology
(ASC, 2001). The cervical screening
guidelines used in low-resource countries
have been adapted from the guidelines
used in Europe and North America.
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Cervical cancer screening: women being registered to be screened
(Nepal — November 2004)
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Oral Cancer Screening

Oral cancer continues to be an important public health problem
globally accounting for 274,000 cases and 127,000 deaths annually.

Although largely a preventable disease by
avoiding the risk factors such as tobacco
and alcohol use, a high occurrence of oral
cancer is observed in the Indian sub-
continent, Central and Eastern Europe,
parts of France, Southern Europe, South
America, and Oceania. Oral cancer is the
commonest form of cancer and cancer
death in men in India. The high-risk in
the Indian sub-continent is related to
the high prevalence of pan-tobacco
(a combination of betel leaf, lime,
areca nut and sun-cured tobacco)
chewing in the population.
World-wide, oral cancer has
one of the lowest survival rates.
The 5-year survival rates in
high-risk Asian countries are
less than 409 (Figure 1). It is
well recognized that survival
rates are improved if the disease
is detected and treated in its early
stages. Hence screening for early
cancer is a potential control
methodology for oral cancer.

A systematic review on the effective-
ness of oral cancer screening was per-
formed by the Cochrane Collaboration
using all publications in between 1966
and September 2002. The review
concluded that there is no evidence to

recommend either inclusion or exclusion
of screening programs for oral cancer
using visual examination in the general
population (Kujan et al, 2003; Kujan ef

al, 2005). In addition, the review con-
cluded that no robust evidence exists to
indicate whether other screening methods

v
”
gt

including toluidine blue, fluorescence
imaging, or brush biopsy are either
beneficial or harmful (Kujan et al., 2003,
Kujan et al., 2005).

The results from a recently concluded
cluster-randomised, controlled oral cancer
screening trial involving 196,000 subjects
in Kerala, India indicated that oral visual

screening and treatment can result in a

349 reduction in oral cancer mortality

~ among users of tobacco or alcohol

( | or both (*Sankaranarayanan ef al,
l 2005). These results extrapolat-
ed to the world burden of oral

,  cancer deaths suggest that oral
. J |, visual screening has the poten-
\ - tial to prevent at least 37,000

¢
p deaths from oral cancer world-
]
|

i

! ~ wide annually. In the South
/"T Asian region, where a high-risk

is observed, about 20,000
premature deaths from oral cancer
can be prevented annually by
screening. The findings from this trial
provide the evidence-base to call for
implementation of screening for oral can-
cer among users of tobacco or alcohol or
both in high-risk regions such as South
Asia and other high-risk countries
(*Sankaranarayanan et al, 2005;
Mignogna ef al, 2005).
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Figure 1. Population-based 5-year relative survival for oral cancer in Asia, 1990-99

Betel leaf

Household members being screened for oral lesions (Trivandrum, India)
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Biomarkers

Cancer occurs and develops through the accumulation of molecular

and cellular changes that alter a number of cell functions.

What is a biomarker?

Critical steps in this process include
acquisition by the cell of enhanced prolif-
eration and unlimited replicative capacity,
evasion from apoptosis, relaxed control
over genetic and genomic stability, sus-
tained angicgenesis, and local and distant
invasion capacities (Hanahan and
Weinberg, 2000). Each step is driven by
the formation of novel, irreversible or
reversible molecular and cellular modifi-
cations, the occurrence of which is influ-
enced by the individual genetic makeup.
Irreversible changes occur in the
form of DNA mutations or epige-
netic modifications that are passed
by one cell to its progeny, ulti-
mately resulting in cancer.
Reversible changes may in-
clude, among others, repairable
damage to cellular components
and untimely or excessive acti-
vation or inhibition of specific
regulatory pathways. The term
"biomarker" refers to any kind of
molecular or cellular change that
can be measured in cells, tissues or
body fluids of non-cancer or cancer
subjects, which is indicative of the
presence of cancer or of the risk of devel-
oping cancer. Depending upon their
applications, biomarkers can be used in
studies addressing almost every step of
cancer occurrence and progression, such
as assessment of genetic susceptibility,
evaluation of the extent of exposure to
environmental or biological risk factors,
early detection of pre-cancer or cancer
disease, prognosis, and prediction of

response to therapy (Maruvada and
Srivastava, 2004, Verma, 2004).

Technologies for biomarker analysis

Over the past 10 years, impressive techni-
cal progress has taken place in the
field of biomarkers, with a considerable
impact on our approach to cancer
epidemiology, detection, therapy, as well

as on the way we carry research on these
topics. Until recently, most laboratory
methods for assessing biomarkers were
quite laborious, expensive and imprecise,
so that it was very difficult to apply them
to studies on human subjects on a large
scale. The advent of novel and

high-throughput technologies has greatly
facilitated such large scale applications.
A typical example of this technical revo-
lution is the DNA microarray.
Microarrays consist in small matrices on
which thousands of different pieces of
single-strand DNA are fixed side-by-side
as individual spots. Within a single reac-
tion, it is possible to test the presence ina
given preparation (e.g. a cancer tissue
extract), of DNA or RNA that can
hybridize with any of the spots on the
array. The use of specific fluorescent
tracers, high resolution imaging and
powerful computers allows the
simultaneous analysis of each
spot on the array and the scoring
of hybridization signals at each
position. Taken together, these
signals will produce a "pat-
tern". Patterns that occur again
and again in different speci-
mens of the same type are iden-
tified as "signatures”. For exam-
ple, a particular pattern may
allow to distinguish between
favourable and unfavourable neu-
roblastomas, providing a potential
classifier to predict the patient progno-
sis with high efficacy (Ohira et al, 2005).
High-throughput technologies are
now being developed to measure simul-
taneously many different types of
molecular change. Their impact on how
molecular information is obtained and
exploited is such that new terms are being
coined to identify these new approaches.
For example, "genomics” is the global
study of changes and variations in the
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genome; "transcriptomics” addresses
global changes in gene expression levels
(the set of RNA corresponding to the
genes transcribed in any specific cell is
called the "transcriptome"). Proteomics
studies global changes in protein patterns.
"Metabolomics" analyses changes in the
production of metabolites in cells, tissues,
or body fluids. All these approaches can
be combined, making it possible, at least
in theory, to determine in the same tumour
the genetic status, the set of expressed
genes, the patterns of proteins resulting
from gene expression, and the variations
in metabolites that characterize physiolog-
ical or pathological changes. To perform
these global analyses, "platforms" are
being set-up, regrouping the instruments,
the know-how and protocols, and the
computer capacity for running systematic,
large scale testing of many specimens.

IARC and studies on biomarkers
Research on cancer biomarkers has
always been a central theme at IARC.
Most studies are not only aimed at
detecting and measuring biomarkers, but
also at better understanding their
functional significance. Indeed, interpret-
ing what a biomarker means as a beacon
for cancer risk, occurrence of progres-
sion, requires a good understanding of the
impact of that biomarker on cell
behaviour and functions.

On the other hand, one of the keys to
success in biomarker application is the
coordination of large, multicentric studies
in which biospecimens are collected and
stored. IARC has a long-standing
involvement in developing such studies.
Currently, the IARC biobanks house
specimens from over 750,000 subjects,
including close to 400, 000 subjects of the
EPIC study (European Prospective
Investigation Into Cancer and Nutrition).
Developing and managing such biobanks,
and processing the specimens to make
them available for various types of
molecular analyses, is a prerequisite for
application of technologies of the
"-omics" type.

Given the heavy technological
involvement, JARC is currently re-organ-
izing its activities in the field of biomark-
ers on a "platform" basis. These platforms
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are located within different Groups but
coordinated through a common laborato-
ry service infrastructure. They not only
carry out their own research but also
provide service and support to allow the
integration of demanding technologies
into molecular epidemiological studies
developed by other groups. Some of these
developments are illustrated below. Other
important developments are taking place
in the fields of metabolite and hormone
detection, protein analysis and molecular
pathology.

Molecular biomarkers

Molecular biomarkers encompass many
types of change in gene, RNA and protein
structure, amount, or intracellular locali-
sation, that occur as a result of damage
inflicted by environmental or endogenous
carcinogens, or appear during the tempo-
ral sequence of events leading to cancer.
In brief, these molecular biomarkers can
be used as sources of information on the
natural history of cancer.

Studies at TARC focus on several
types of molecular biomarkers, including
gene mutations as biomarkers of exposure
to carcinogens, of early cancer detection,
or of disease prognosis and prediction.
The TP53 gene offers a textbook example
of such an approach. 7P53 encodes a pro-
tein, p53, that is present at low levels in
all cells of the body but accumulates only
in cells exposed to various forms of stress
such as DNA damaging stress. After
accumulation, the protein acts as a

Biobanking at IARC
Left: liquid nitrogen tanks, where specimens from human subjects are preserved at a
temperature of —140°C
Right: sets of plastic straws and containers used for specimen storage. Each straw
may contain 0.5 ml of sample (e.g. blood)

natural "brake" for cell proliferation, and
eliminates damaged cells from the pool of
cells capable of undergoing cell division.
This elimination occurs through different
biological processes, preventing the
formation of potentially dangerous
lesions. As such, p53 is thus one of the
main obstacles to cancer development. In
many cancer cells, p53 function is
destroyed by a variety of mechanisms, the
most common being missense mutation
of the TP53 gene. A missense mutation
consists in a change in a single pair of
bases that alters the coding sequence of
the gene, resulting in a mutant protein that
differs by only one amino-acid. To date,
over 100,000 human tumours have been
analysed for mutation in TP53, and all
mutations that have been identified are
compiled into a world-wide database
maintained at IARC (http://www-
p53.iarc.fr/index.html). Soon after this
database was initiated in the 1990s, it
became evident that different types of
cancers showed differences in mutation
frequency, type and position within the
gene. Such tumour-specific mutation
patterns may reflect the specific mode of
action of the mutagens that have caused
the tumours. On the other hand, the muta-
tion may persist in the cancer cells
because it perturbs p53 function in a way
that suits cancer development in a
particular organ (Shi et al, 2005). In the
first instance, the mutation pattern may be
considered as a biomarker of exposure. In
the second instance, it may be useful as a
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biomarker for early detection, prognosis
or prediction of cancer disease.

Studies on liver cancer provide a good
illustration of how TP53 mutations can be
useful as biomarkers. The majority of
hepatocellular carcinomas (HCC) detected
world-wide occur in sub-Saharan Africa
and South—East Asia. This high incidence
is explained by the synergy between two
important factors of risk for HCC that are
highly prevalent in these regions, chronic
infection by the hepatitis B virus (HBV)
and contamination of the diet by a car-
cinogenic mycotoxin, aflatoxin (Figure
1). Liver cancers that develop in this
context very often contain a single, typi-
cal mutation at codon 249 in TP53. This
mutation is rare in other cancers, as well
as in liver cancers from other parts of the
world (Szymanska et al, 2004).

Recent studies by IARC scientists and
their collaborators in Africa and Asia
have shown that the mutation at codon
249 occurred very early on in the process
of cancer development, and was even
detectable at very low levels in subjects
who do not have a clinically detectable
liver cancer (Lleonart et al, 2005). To
detect such low levels, a powerful
methodology using mass spectrometry
has been set up and used to search for
very small amounts of mutant in the blood
of normal subjects who are chronic
carriers of HBV and exposed to aflatoxin.
The extreme sensitivity and specificity of
the methods allow mutant DNA to be
detected even when it represents less than
0.1% of the DNA fragments present in the
blood. Measuring this mutation may

provide a good, individual marker of
mutagenic exposure to aflatoxin.
Furthermore, it may also allow to identify
the individuals who are at high risk of
developing a cancer of the liver, thus
focusing preventive and clinical interven-
tion on the population groups that most
need it. In parallel, molecular studies are
conducted in the laboratory to understand
how the codon 249 mutant perturbs liver
cells, with the ultimate goal of finding a
new therapeutic approach to neutralize it.
Indeed, it should be possible to design
pharmacological agents that specifically
target those cells harbouring a p53
mutant. Destroying these cells at an early
stage may allow their eradication even
before their evolution into a full-blown
cancer lesion.

In cancers of other organs than the liver,
however, the analysis of TP53 mutations
is much more complex because mutations
occur at many different positions within
the gene. To facilitate the analysis of a
large series of specimens, IARC has set
up a collaboration with a group based in
Estonia to develop, test and validate a
new type of DNA microarray. In compar-
ison against classical techniques, this new
array was shown to perform better in
terms of sensitivity, speed, and cost (Le
Calvez et al, 2005). This new method is
now ready for application to large scale
studies, such as the case-control studies
developed by several groups at IARC.

Genetic biomarkers
Although all human beings share the
same, global genome, there are a large

number of variations from one individual
to the other. These inherited sequence
variants may play a role in susceptibility
to disease, including cancers that are
common or rare in the general population.
The increased risk they may confer may
be anything between modest (~1.25
< OR < 2) and high (OR = 5). Over the
last decade, testing at-risk individuals for
mutations in high-risk susceptibility
genes such as BRCAI, BRCAZ (breast
cancer, ovarian cancer), MLH1, and
MSH2 (colon cancer) has become an
important part of clinical cancer genetics
practice because the resulting genotype
information influences the medical and
surgical management of mutation carriers
and can be used to add years to their lives
(Armstrong et al, 2004, Domchek et al,
2003, Lynch and Lynch, 2000, Rebbeck
et al, 2004, Rebbeck, 2004, Watson et al,
2003, Whittemore et al, 2004). In
contrast, consideration of genotype at
modest-risk loci has not yet entered
clinical practice. There are two principal
reasons for this difference: (i) few modest-
risk loci have been conclusively demon-
strated, and (ii) individually, such
sequence variants do not confer enough
of an increase in risk to either motivate or
justify available risk management
methods.

There are two scenarios in which
modest-risk sequence variants may even-
tually be shown to confer enough risk to
impact clinical cancer genetics practice.
The first is when there is a strong gene-
environment interaction and the second is
when a number of individual modest-risk

GtoT
Codon 249

Liver cancer > 50%

Other cancers: <2%

Figure 1. Aflatoxin, a common contaminant for staple diet in many tropical countries, forms adducts on specific DNA
positions and generates characteristic mutations at codon 249 in the TP53 gene. These mutations are common in liver

cancer in Africa and South-East Asia.

Left to right: contaminated corn, aflatoxin, adduct on guanine in DNA, prevalence of TP53 mutation at codon 249 in liver and other

cancers
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variants can be combined into a multi-
genic model that predicts high-risk for
individuals who have inherited specific
genotype combinations. In principle, the
main genes involved in ethanol metabo-
lism, alcohol dehydrogenase (ADH) and
acetaldehyde dehydrogenase (ALDH)
could provide examples of both of these
scenarios (see section on Alcohol and
Cancer).

Mutation screening data for high-risk
susceptibility genes such as BRCAI,
BRCA2, MLH1 and MSH2 are used in
clinical cancer genetics practice to advise
patients on their risks of breast, ovarian,
colon, endometrial, and other cancers,
and on possible risk reduction strategies.
State-of-the-art clinical testing methods
have a very high sensitivity for clearly
deleterious sequence variants such as
frameshifts and other protein truncating
mutations. But these same methods find
many unclassified sequence variants
(UCVs). Gene testing centres report both
clearly deleterious mutations and UCVs
to physicians who in turn report them to
patients. But the test reports that include
an UCV are ambiguous and create diffi-
culties for both physicians and patients.
Over the last several years, considerable
effort has gone towards analysis of
UCVs, in particular unclassified missense
substitutions, with the goal of developing
efficient methods to classify many of
them as either neutral or deleterious.
Recently, Goldgar et al, (2004) developed
an analytic framework that integrates four
different methods of UCV analysis
(Goldgar et al, 2004). Each of the meth-
ods integrated in this framework is an
independent estimator of risk, and each is
formulated as a likelihood expression.
Other research groups have already
started to use this framework (Lovelock
et al, 2005; Wappenschmidt et al, 2005),
and it should contribute to classification
of a considerable number of UCVs over
the next few years. One of the
methods integrated within Goldgar's
framework uses “in silico” sequence
analysis to identify groups of unclassified
substitutions that are highly enriched for
deleterious mutations and other groups
that are highly enriched for neutral
substitutions (Abkevich er al, 2004,
*Tavtigian et al, 2005), we expect the
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integrated framework and improved
versions of the methods that it combines
to prove an efficient, robust, and clinical-
ly useful approach to the analysis of
UCVs (*Tavtigian et al, 2005; *Tavtigian
et al, in press).

Hormonal Biomarkers
Tumour development is a consequence of
mutations in proto-oncogenes and tumour
suppressor genes that normally control
cell proliferation. The likelihood that
mutations become fixed by transmission
to daughter cells, in part depends on the
rate of cell proliferation, and on the fail-
ure of cells to undergo apoptosis
(programmed death) (Preston-Martin er
al, 1990). In addition, the likelihood of
proliferating cells to accumulate muta-
tions may also depend on the pool-size of
cells maintained in a relatively undiffer-
entiated state, as only non-differentiated
cells have the potential to divide.
Hormones and growth factors have well-
documented roles in maintaining a proper
balance between cellular differentiation,
proliferation and programmed death.
Alterations in endogenous hormone and
growth factor metabolism may thus affect
the risk of developing cancer. Besides
their well-documented roles in regulating
cellular differentiation, mitosis and apop-
tosis in vitro, there is abundant evidence
from animal experiments and cell or tis-
sue cultures that some of these hormones
may favour the selective growth of pre-
neoplastic and neoplastic cells (Dickson
and Stancel, 2000; Aaronson, 1991).
Epidemiologists have had a long-
standing interest in the sex steroids,
especially in relation to cancers of
steroid-sensitive tissues or organs such as
the breast, endometrium, ovary, and
prostate (Henderson et al, 1982).
Classical hypotheses are that. elevated
blood concentrations of oestrogens will
increase the risk of breast cancer (‘oestro-
gen excess’” hypothesis), and that elevated
oestrogens in the absence of progesterone
will increase risk of endometrial cancer
("unopposed oestrogen’ hypothesis).
With regard to ovarian cancer, animal
studies have suggested that excessive
stimulation by luteinizing hormone (LH)
follicle-stimulating hormone (FSH) or
both may enhance the malignant transfor-

mation of entrapped  epithelium
‘gonadotropin’ hypothesis (Cramer ef al,
1983), either directly, or through the stim-
ulation of ovarian production of andro-
gens or oestrogens (Lukanova and Kaaks,
2005).

Prospective cohort studies provide the
ideal design for epidemiological studies
relating blood hormone levels to cancer
risk. IARC has collaborations with sever-
al major prospective studies world-wide,
including cohorts in the USA and Europe,
and especially the European Prospective
Investigation into Cancer and Nutrition
(EPIC). To enhance large-scale studies on
hormone metabolism and cancer risk, a
specialized hormone assay laboratory was
set up. Key results from several studies
performed at IARC in prospective cohorts
include increased risks of cancer of the
breast (*Kaaks ef al, 2005a, see Figure 2)
and endometrium (Lukanova et al, 2004a)
among postmenopausal women who had
elevated blood concentrations of andro-
gens or oestrogens (DHEAS, androstene-
dione, testosterone) and low concentra-
tions of sex-hormone binding globulin
(SHBG). Interestingly, elevated androgen
concentrations, and low levels of proges-
terone during the luteal phase of the
menstrual cycle, were also related to
increased risk of breast cancer in women
of premenopausal age (*Kaaks ef al,
2005b). While excess body weight could
clearly be identified as one of major causes
of oestrogen excess among post-
menopausal women, the causes for the
comparatively elevated androgen levels
remain largely unknown, and are an
important area of current research, First
study results also suggest a possible
increase in ovarian cancer risk among
premenopausal women with elevated
circulating androgens (Lukanova et al,
2003; and EPIC unpublished results),
which could reflect increased ovarian
exposure to luteinizing hormone.

In addition to the sex steroids, there
has been increasing interest in the possi-
ble roles of insulin, insulin-like growth
factor-I (IGF-I) and IGF-binding proteins
in tumour development (Khandwala et al,
2000). These hormones have tropic
effects on a wide variety of tissue types,
and are also important regulators of the
synthesis and biological availability of
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sex steroids, by stimulating steroidogene-
sis. In addition, the metabolism of insulin
and IGF-1 is also strongly related to
nutrition and energy metabolism, thus
making these hormones interesting candi-
dates for explaining relationships
between nutritional energy balance and
cancer risk. Deregulations in the metabo-
lism of insulin or IGF-I might thus form a
metabolic link between a Western
lifestyle, characterised by lack of physical
activity and excess energy intake,
increased levels of bioavailable andro-
gens and oestrogens, and high incidence
rates of various forms of cancer that are
frequent in industrially developed

societies (*Kaaks & Lukanova, 2001).
Recent prospective studies conducted at
IARC have also shown increased risks of
cancers of the colon (*Kaaks et al, 2000)
and endometrium (Lukanova et al,
2004b) among women and men who have
elevated blood concentrations of insulin,
and reduced concentrations of IGF-
binding proteins-1 and -2. In addition,
studies have shown direct increased risks
of cancers of the prostate (Stattin et al,
2004) and colon (Palmgyvist et al, 2002)
among men and women with high blood
levels of IGF-I. Besides nutritional
lifestyle factors, genetic susceptibility
factors have been shown to be important

determinants of between-subject differ-
ences in their blood levels of IGF-I, and
the identification of the specific under-
lying gene variants is an area of very
active research.

In addition to the sex steroids, insulin
and the IGF-I system, many other
hormones have been postulated to be of
potential relevance to cancer develop-
ment, including, for example, the follis-
tatin/activin/inhibin system, thyroid hor-
mones, and various cytokines. Relating
these hormonal and metabolic parameters
to cancer risk will remain an important
area for future research.

Figure 2. Postmenopausal serum sex steroid and breast cancer risk
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WHO Classification of Tumours

‘Blue Books’

The aim of the WHO blue books is to establish a pathological classi-
fication and grading of human tumours that is accepted and used

world-wide.

Without clearly defined clinical and
histopathological diagnostic criteria, and
more recently genetic and expression
profiles, epidemiological studies and
clinical trials are difficult to conduct. The
blue book project was initiated through a
resolution of the WHO Executive Board
in 1956 and the World Health Assembly
in 1957. The first edition was published
during 1967-81 by WHO. The second
edition was edited in 1982-2002 under
the auspices of the WHO Cancer Unit but
published by Springer Verlag, Heidel-
berg. The Series Editor was Dr Sobin, the
Armed Forces Institute of Pathology
(AFIP) in Washington DC.

The third edition of the WHO
blue books has been published by
IARCPress since 2000. The Series

Editors are Dr Paul Kleihues and Dr
Leslie H. Sobin (Table 1). In contrast to
previous editions, this edition not only
covers pathology, but also contains con-
cise sections on epidemiology, clinical
signs and symptoms, major genetic
alterations and expression profiles, and
predictive factors. Diagnostic criteria,
pathological features and associated
genetic alterations are described in a
strictly disease-oriented =~ manner.
Consensus/editorial meetings for all ten
volumes were held at IARC in
1999-2003. Editing of the first six
volumes was completed in 1999-2003 in
TARC. In 2004 and 2005, the remaining
four volumes were edited by Dr Kleihues,
in Zurich, Switzerland, and were
published by TARCPress (Fig. 1). The

; WHO Classification of Head and Neck Tumours o .
Consensus Conference, International Agency for Research on Cancer,
Lyon, France - 16-19 July 2003

third edition has been a great success,
being widely distributed among patholo-
gists all over the world.

Pathology and Genetics of Tumours of
the Urinary System and Male Genital
Organs covers tumours of the kidney, the
urinary system, the prostate, the testis and
paratesticular tissue, and the penis.
Sections on all recognized neoplasms and
their variants include new ICD-O codes,
incidence, age and sex distribution,
location, clinical signs and symptoms,
pathology, genetics, expression profiles
and predictive factors. Pathology and
Genetics of Tumours of Endocrine
Organs covers tumours of the pituitary,
the thyroid and parathyroid, the adrenal
gland, the endocrine pancreas and inherited
tumour syndromes. Pathology and
Genetics of Tumours of the Head and
Neck covers tumours of the nasal cavity
and paranasal sinuses, the nasopharynx,
the hypopharynx, larynx and trachea, the
oral cavity, oropharynx, and the
salivary glands, as well as odontogenic
tumours, and tumours of the ear and the
paraganglionic system and inherited
tumour syndromes. Pathology and
Genetics of Tumours of the Skin covers
keratinocytic, melanocytic, appendageal,
haematopoietic, soft tissue and neural
tumours, as well as inherited tumour
syndromes. In each volume, each entity is
extensively discussed with information
on clinicopathological, epidemiological,
immunophenotypic and genetic aspects of
these diseases.
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Figure 1. WHO ‘blue books’ published in 2004-2005

WHO Classification of Skin Tumours
Consensus Conference, International Agency for Research on Cancer,
22-25 September 2003 Lyon, France
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Table 1. World Health Organization Classification of Tumours (WHO Blue Books)

Title Editors Consensus No of Publication Pages/
conference contributors Copies printed
1 Tumours of the P. Kleihues (France), July 27-30, 1999 109 Feb. 2000 314
Nervous System W.K. Cavenee (USA) 14 000
2 Tumours of the S.R. Hamilton (USA), November 6-9, 1999 143 Oct. 2000 314
Digestive System L.A. Aaltonen (Finland) 13 000
3 Tumours of E.S. Jaffe (USA), November 8-11, 75 July 2001 361
Haematopoietic N.L. Harris (USA), 2000 35 000
and Lymphoid H. Stein (Germany),
Tissues J.W. Vardiman (USA)
4 Tumours of the F.A. Tavassoli (USA), January 12-16, 2002 136 Oct. 2003 423
Breast and P. Devilee (The Netherlands) March 16-20, 2002 25 000
Female Genital
Organs
5 Tumours of Soft C.D.M. Fletcher (USA), April 24-28, 2002 147 Oct. 2002 427
Tissue and Bones K.K. Unni (USA), 15 000
Fredrik Mertens (Sweden)
6 Tumours of the W.D. Travis (USA), March 12-16, 2003 Sept. 2004 342
Lung, Pleura, E. Brambilla (France), 197 10 000
Thymus and H.K. Miller-Hermelink (Germany),
Heart C.C. Harris (USA)
7 Tumours of the J.N. Eble (USA), December 14-18, 131 March 2004 349
Urinary System G. Sauter (Switzerland), 2002 10 000
and Male Genital J.I. Epstein (USA),
Organs I.A. Sesterhenn (USA)
8 Tumours of R.A. DelLellis (USA), April 23-26, 2003 150 Oct. 2004 321
Endocrine Organs R.V. Lloyd (USA), 10 000
P.U. Heitz (Switzerland),
C. Eng (USA)
Head and Neck L. Barnes (USA), July 16-19, 2003 129 June 2005 460
9 Tumours J.W. Eveson (UK), 10 000
P. Reichart (Germany),
D. Sidransky (USA)
10 Skin Tumours P.E. LeBoit (USA), September 22-25, 150 Nov. 2005 355
G. Burg (Switzerland), 2003 10 000

D. Weedon (Australia),
A. Sarasin (France)
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Gliomas of astrocytic, oligodendroglial and ependymal origin

account for more than 70% of all brain tumours.

Current knowledge on the survival of
glioma patients and on factors that are pre-
dictive of outcome is based largely on
clinical trials on patients with malignant
gliomas (anaplastic astrocytoma and
' glioblastoma). However, clinical trials
have a strong bias towards the recruitment
of patients with better prognosis, i.e. high
preoperative Karnofsky performance
score and younger age (Stewart, 2002;
Weller et al., 2003). Therapeutic trials
have less frequently addressed the out-
come of patients with low-grade diffuse
astrocytoma or oligodendroglioma, since
in many centres, these patients are not
subjected to adjuvant radio- and
chemotherapy. Similarly, studies on
genetic alterations and how they
influence response to therapy and
survival are usually based on
small numbers of patients, often
contradictory and difficult to
validate. In recent years, it has
been established that primary
(de novo) glioblastomas and
secondary glioblastomas derived
from low-grade or anaplastic
gliomas develop through different
genetic pathways (*Kleihues and
Cavenee, 2000). However, these stud-

ies, too, were based on small cohorts of
selected cases and the relative frequencies
of these glioblastoma subtypes remained
unclear.

In order to overcome these problems,
IARC has conducted a large population-
based study on close to 1000 patients
combining incidence and survival rates
with data on key genetic alterations in
astrocytic and oligodendrogliomas in the
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Canton of Zurich, Switzerland (approx.
1.16 million inhabitants) (*Burkhard et
al, 2003; *Ohgaki et al, 2004; *Ohgaki et
al, 2005; *Okamoto et al, 2004). The fol-
lowing conclusion emerged. (i) Patients
with pilocytic astrocytoma (WHO grade
I) have an excellent prognosis after surgi-
cal intervention (96% S5-year survival),
suggesting that adjuvant radio- or chemo-
therapy is unnecessary in the manage-
ment of this generally benign neoplasm

(Fig. 1). (ii) In low-grade gliomas (WHO
grade II), age and histological type are
significant predictors of clinical outcome.
TP53 mutations and LOH 1p/19q are
genetic hallmarks of astrocytomas and
oligodendrogliomas, respectively and

these alterations are mutually exclusive
(*Huang et al, 2004). (iii) The prognosis
of glioblastoma patients at the population
level is even worse than generally
assumed from clinical trials, with less
than 2% surviving more than 3 years.
Through the entire age range, higher age
is the strongest predictor of poor outcome
(Fig. 2). (iv) Secondary glioblastomas
originating from low-grade or anaplastic
astrocytoma are rare, accounting for only
about 5% of all glioblastomas. However,
they are a distinct entity, based on their
occurrence in younger patients, a higher
proportion of females and a genetic
pathway characterized by frequent
and early TP53 mutations. (v) LOH
10q is the most frequent genetic
alteration in both pathways to
primary and secondary glioblas-
tomas, and the only one associ-
ated with poorer survival of
glioblastoma patients. (vi)
G:C—>A:T TP53 mutations at
CpG sites, particularly in the
hotspot codons 248 and 273,
constitute an early genetic event
associated  with  malignant
transformation in the pathway to
secondary glioblastoma. In primary
glioblastomas, they are less frequent
and may, at least in part, reflect increased
genomic instability during tumor progres-
sion. Low-grade astrocytomas are
genetically characterized by frequent
TP53 mutations and show a consistent
tendency to progress to glioblastomas,
while oligodendrogliomas show frequent
and concurrent LOH 1p and 19q, and may
progress to anaplastic  oligoden-
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Figure 1. Survival of patients with pilocytic astrocytoma (WHO grade I), low-grade astrocytoma (WHO grade II), anaplastic
astrocytoma (WHO grade lil), and glioblastoma (WHO grade IV). Except for patients with pilocytic astrocytoma, who have
excellent survival, outcome of other diffuse astrocytomas, in particular glioblastomas, is poor
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Figure 2. Kaplan-Meier curves showing that younger age of patients with
glioblastomas is predictive for longer survival

drogliomas (*Kleihues and Cavenee,
2000). The histological diagnosis of these
gliomas may be very difficult, with
marked inter-observer variation, particu-

larly in cases that lack the typical patterns
of astrocytic and oligodendroglial differ-
entiation. This is at least partly due to the
lack of specific and reliable markers for

neoplastic oligodendrocytes. ¢cDNA and
oligonucleotide microarray techniques
have been used to establish gene expres-
sion patterns of astrocytic tumors
(Fuller et al, 1999; Gutmann et al, 2002,
*Huang et al, 2000; Markert et al, 2001;
Rickman et al, 2001; Sallinen et al, 2000;
Tanwar et al, 2002) and oligoden-
drogliomas (Fuller er al, 1999; Mukasa er
al, 2002; Watson et al, 2001) with differ-
ent histological grades, but direct compar-
ison between oligodendrogliomas and
low-grade astrocytomas have never been
carried out.

TARC has performed direct compari-
son of cDNA expression patterns between
histologically and genetically typical low-
grade oligodendrogliomas and astrocy-
tomas. Cluster analysis and partial least
squares analysis of 79 genes that had at
least a two-fold difference in expression
between oligodendrogliomas and low-
grade astrocytomas revealed clear
distinctions between oligodendrogliomas,
low-grade astrocytomas and normal
cerebral white matter. Furthermore, clus-
ter analysis based on the entire gene set
divided the 17 subjects with oligoden-
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drogliomas into two subgroups with sig-
nificantly different survival. These results

low-grade astrocytomas differ in their
gene expression profiles, and that there

distinct expression profiles related to
clinical outcome (Fig. 3) (*Huang ef al,

demonstrate that oligodendrogliomas and ~ are subgroups of oligodendroglioma with ~ 2004).
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Figure 3. Hierarchical clustering analysis based on the entire set of 1176 genes separated normal brain tissues (NBT) from
tumours and divided 17 oligodendrogliomas into two major subgroups A and B (left). Kaplan-Meier analysis showing
significantly longer survival for patients in oligodendroglioma subgroup A than those in oligodendroglioma subgroup B

(right)
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Recent advances in the area of breast cancer genetics have been
greatly assisted by work that has refined our ability to define
molecular and morphological subgroups of breast cancer.

This refinement has been achieved via
skilled interpretation, standardisation and
combination of data from expression
arrays, immunohistochemistry, array
CGH and morphological studies (t"Veer et
al, 2002; Sorlie et al, 2003; West et dl,
2001). Many of these breast cancer sub-
groups are now known to represent bio-
logically and genetically distinct diseases.

Definition of breast cancer subgroups
has been particularly useful to researchers
defining the role of BRCAI in breast can-
cer predisposition. Women who carry a
germline mutation in BRCA/ have been
found to be predisposed to high grade

atypical medullary histological features
and are ER negative (*Lakhani ef al,
1998). Further division of ER-negative
breast cancers using data from microarray
expression studies have placed BRCAI
mutation-associated breast cancers with
the basal epithelial subtype (ER-/HER2/-
CK5/6+) (Foulkes et al, 2003; Nielsen ef
al, 2004) a cancer subgroup associated
with a poor outcome (Foulkes et al, 2004).

Refinement of our understanding of
the morphological and molecular pheno-
type of breast cancers associated with
BRCAI mutations has contributed to
ongoing work to classify the cancer pre-

sequence variants identified in BRCAI
Many studies are now able to combine
genetic, functional and histopathological
evaluation of individuals and families that
carry these unclassified variants that have
in many instances provided sufficient
data for clinically relevant re-classifica-
tion (*Goldgar et al, 2004; *Lovelock ef
al, 2005; *Southey et al, 2003). A
detailed summary of work involving the
classification of unclassified variants in
BRCAI and BRCA?2 is provided above in
Genetic biomarkers.

Although counselling and genetic test-
ing of at-risk women is now underway in

cancers commonly with medullary or disposition potential of missense many centres, the information about risk
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Multiple-case breast cancer families are valuable resources for breast cancer genetics research.
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Breast cancer, a heterogeneous disease made up of many molecularly and

morphologically definable subgroups

of cancers provided to gene mutation car-
riers is currently based on limited data
obtained from retrospective analyses in
families largely selected for high inci-
dence of living affected women. Several
large collections of BRCAI and BRCA2
mutation carriers have now been assem-
bled throughout the world to refine these
estimates. The International BRCAI/2
Carriers Cohort Study (IBCCS) is a
prospective observational study coordi-
nated from IARC that has now recruited
more than 3000 participants (www-
gep.iarc.fr). Other studies are progressing
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our understanding of the possible role of
modifier genes (*Hughes et al, 2005) and
the role of environmental exposures, such
as oral contraceptive use (*Milne et al,
2005; Narod er al, 2002) in carriers of
BRCA! and BRCA2 mutations.
Segregation and twin studies support
the notion that genetic susceptibility to
breast cancer in women is conferred by a
large number of genes, of which only a
few have been identified. BRCAI and
BRCAZ2 currently explain a proportion of
multiple-case breast (and ovarian) cancer
families and the screening for mutations

in these genes is an important aspect of
the clinical management of these families
as mutations in these genes confer high
lifetime risks of breast and ovarian
cancer. A recent meta-analysis of 22 pop-
ulation-based studies estimated that the
average cumulative risks in BRCAI- and
BRCA2-mutation carriers by age 70 years
were 65% (95% CI 44-78%) and 45%
(95% CI 31-56%) respectively (2).
However, only 1-2% of all breast cancers
are thought to be attributable to BRCAI
and BRCA2.

Mutations in the ATM gene were once
thought to account for up to 5% of all
breast cancers (Easton, 1994) because the
carrier frequency is estimated to be as
high as 1% and many studies had found a
moderate increased risk of breast cancer
in female relatives of AT patients and
known heterozygote female carriers
(Olsen et al, 2001; Swift et al, 1990) and
many others. Early reports that assessed
specific ATM variants estimated the
average penetrance to age 70 years to be
55% (95% CI = 26-88%) and 78% (95%
CI = 36-99%) for 7271 T>G and
c.1066-6T>G respectively but larger
international consortia have more recent-
ly reported greatly reduced penetrance
estimates of only 17.2% (95% CI = 4.7-
37.5%) for ¢.1066-6T>G (*Thompson ef
al, 2005). Further international efforts are
underway to clarify which ATM variants
convey breast cancer risk and the magni-
tude of that risk.

The only other genes known to be
responsible for a proportion of inherited
susceptibility to breast cancer have been
identified via the characterisation of
Li-Fraumeni and Li-Fraumeni-like kin-
dreds. The proportion and subtype of
breast cancer that might be attributable to
TP53 mutations is not yet known.
CHEK2 (a G2 checkpoint kinase known
to phosphorylate p53) was first associated
with inherited breast cancer risk with the
observation of a protein truncating muta-
tion in a family with Li-Fraumeni syn-
drome. CHEK2 has become the first
example of a relatively common variant
(observed in 5% of non-BRCA1/2 breast
cancer families in Northern Europe)
(Vahteristo et al, 2002) that confers a
moderate (2-fold, determined after a
collaborative analysis of over 10,000
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cases and matched controls) risk of breast
cancer (Chek2, 2004; *Meijers-Heijboer
et al, 2002). The contribution of CHEK?2
in other ethnic groups, clarification of its

References

Antoniou A, Pharoah PD, Narod S, Risch HA,
Eyfjord JE, Hopper JL, Loman N, Olsson H,
Johannsson O, Borg A, Pasini B, Radice P,
Manoukian S, Eccles DM, Tang N, Olah E, Anton-
Culver H, Warner E, Lubinski J, Gronwald I,
Gorski B, Tulinius H, Thorlacius S, Eerola H,
Nevanlinna H, Syrjakoski K, Kallioniemi OP,
Thompson D, Evans C, Peto J, Lalloo F, Evans DG,
Easton DF, Average risks of breast and ovarian can-
cer associated with BRCA1 or BRCA2 mutations
detected in case Series unselected for family histo-
ry: a combined analysis of 22 studies. Am J Hium
Genet 2003; 72(5): 1117-1130

CHEK?2 Breast Cancer Case-Control Consortium.
CHEK2*1100delC and susceptibility to breast can-
cer: a collaborative analysis involving 10,860 breast
cancer cases and 9,065 controls from 10 studies. Am
J Hum Gener 2004; 74(6): 1175-1182

Cox DG, Hankinson SE, Hunter DJ. The
erbB2/HER2/neu receptor polymorphism Ile655Val
and breast cancer risk. Pharmacogenet Genomics
2003; 15(7): 447-450

Dunning AM, Healey CS, Pharoah PD, Teare MD,
Ponder BA, Easton DF. A systematic review of
genetic polymorphisms and breast cancer risk.
Cancer Epidemiol Biomarkers Prev 1999; 8(10):
843-854

Easton DF. Cancer risks in A-T heterozygotes. fnt J
Radiat Biol 1994; 66(6 Suppl): S177-S182

cancer  spectrum
(which may include
colorectal cancer,
(Meijers-Heijboer
et al, 2003) and its
possible interaction
with other breast
cancer susceptibili-
ty genes is the topic
of current investi-
gations.

What and
where are the other
breast cancer sus-
ceptibility genes?

Linkage  studies
have failed to
identify further

susceptibility loci
(*Rahman et al,
2002; *Thompson
et al, 2002). Further searches involving
IARC, an international collaboration and
several hundreds more multiple-case
breast cancer families will need to over-

Foulkes WD, Brunet JS, Stefansson IM, Straume O,
Chappuis PO, Begin LR, Hamel N, Goffin IR,
Wong N, Trudel M, Kapusta L, Porter P, Akslen
LA. The prognostic implication of the basal-like
(cyclin E high/p27 low/p53+/glomeruloid-micro-
vascular-proliferation+) phenotype of BRCAI-
related breast cancer. Cancer Res 2004; 64(3): 830-
835

Foulkes WD, Stefansson IM, Chappuis PO, Begin
LR, Goffin JR, Wong N, Trudel M, Akslen LA.
Germline BRCA1 mutations and a basal epithelial
phenotype in breast cancer. J Natl Cancer Inst
2003; 95(19): 1482-1485

Goldgar DE, Easton DF, Deffenbaugh AM,
Monteiro AN, Tavtigian SV, Couch FJ. Integrated
evalnation of DNA sequence variants of unknown
clinical significance: application to BRCAl and
BRCA2. Am J Hum Genet 2004; 75(4): 535-544

Hughes DJ, Ginolhac SM, Coupier I, Barjhoux L,
Gaborieau V, Bressac-de-Paillerets B, Chompret A,
Bignon YJ, Uhrhammer N, Lasset C, Giraud S,
Sobol H, Hardouin A, Berthet P, Peyrat JP, Fournier
], Nogues C, Lidereau R, Muller D, Fricker JP,
Longy M, Toulas C, Guimbaud R, Yannoukakos D,
Mazoyer S, Lynch HT, Lenoir GM, Goldgar DE,
Stoppa-Lyonnet D, Sinilnikova OM. Breast cancer
risk in BRCA1 and BRCA2 mutation carriers and
polyglutamine repeat length in the AIB1 gene. Int J
Cancer 2005; 117(2): 230-3

come the challenges associated with
possibly searching for lower penctrance
genes and the heterogeneity of breast
cancer.

Beyond these few high- to moderate-
risk genes, an enormous investment has
been put into the search for common
variants that convey breast cancer risk.
Although some associations have been
reported, no definitive associations with
common polymorphisms have been
established in case-control studies (Cox et
al, 2005; Dunning et al, 1999; Thompson
and Easton, 2004). The utilization of
genome-wide association technology,
incorporation of family history and
genetic constraints (Thompson and
Easton, 2004), and the incorporation of
inter-mediate quantitative phenotypes
known to be associated with breast cancer
risk, such as breast density and hormone
levels (¥Lurie et al., 2005), may improve
the power of current and future searches
for breast cancer susceptibility genes.

Lakhani SR, Jacquemier J, Sloane JP, Gusterson
BA, Anderson TJI, van de Vijver MJ, Farid LM,
Venter D, Antoniou A, Storfer-Isser A, Smyth E,
Steel CM, Haites N, Scott RJ, Goldgar D,
Neuhausen S, Daly PA, Ormiston W, McManus R,
Scherneck S, Ponder BA, Ford D, Peto J, Stoppa-
Lyonnet D, Bignon YJ, Struewing JP, Spurr NK,
Bishop DT, Klijn JG, Devilee P, Cornelisse CI,
Lasset C, Lenoir G, Barkardottir RB, Egilsson V,
Hamann U, Chang-Claude J, Sobol H, Weber B,
Stratton MR, Easton DF. Multifactorial analysis of
differences between sporadic breast cancers and
cancers involving BRCA1 and BRCA2 mutations. J
Natl Cancer Inst 1998; 90(15): 1138-1145

Lovelock PK, Healey S, Au W, Sum E, Tesoriero A,
‘Wong EM, Hinson S, Brinkworth R, Bekessy A, Diez
0, Izatt L, Solomon E, Jenkins M, Renard H, Hopper J,
Waring P, Investigators K, Tavtigian SV, Goldgar D,
Lindeman GJ, Visvader JE, Couch FJ, Henderson BR,
Southey M, Chenevix-Trench G, Spurdle AB, Brown
MA. Genetic, functional and histopathological evalua-
tion of two C-terminal BRCA1 missense variants. J
Med Genet 2005; In press

Lurie G, Maskarinec G, Kaaks R, Stanczyk FZ, Le
Marchand L. Association of genetic polymorphisms
with serum estrogens measured multiple times dur-
ing a 2-year period in premenopausal women.
Cancer Epidemiol Biomarkers Prev 2005; 14(6):
1521-1527

171



Breast Cancer Genetics

Meijers-Heijboer H, van den OA, Klijn J,
Wasielewski M, de Snoo A, Oldenburg R, Hollestelle
A, Houben M, Crepin E, Veghel-Plandsoen M,
Elstrodt F, van Duijn C, Bartels C, Meijers C, Schutte
M, McGuffog L, Thompson D, Easton D, Sodha N,
Seal S, Barfoot R, Mangion J, Chang-Claude J, Eccles
D, Eeles R, Evans DG, Houlston R, Murday V, Narod
S, Peretz T, Peto J, Phelan C, Zhang HX, Szabo C,
Devilee P, Goldgar D, Futreal PA, Nathanson KL,
Weber B, Rahman N, Stratton MR. Low-penetrance sus-
ceptibility to breast cancer due to CHEK2(*)-1100delC
in noncarriers of BRCA1 or BRCA2 mutations. Nat
Genet 2002; 31(1): 55-59)

Meijers-Heijboer H, Wijnen J, Vasen H,
Wasielewski M, Wagner A, Hollestelle A, Elstrodt
F, van den BR, de Snoo A, Fat GT, Brekelmans C,
Jagmohan S, Franken P, Verkuijlen P, van den OA,
Chapman P, Tops C, Moslein G, Burn J, Lynch H,
Klijn J, Fodde R, Schutte M. The CHEK2 1100delC
mutation identifies families with a hereditary breast
and colorectal cancer phenotype. Am J Hum Genet
2003; 72(5): 1308-1314

Milne RL, Knight JA, John EM, Dite GS, Balbuena
R, Ziogas A, Andrulis IL, West DW, Li FP, Southey
MC, Giles GG, McCredie MR, Hopper JL,
Whittemore AS. Oral contraceptive use and risk of
early-onset breast cancer in carriers and noncarriers
of BRCA1 and BRCA2 mutations. Cancer
Epidemiol Biomarkers Prev 2005; 14(2): 350-356

Narod SA, Dube MP, Klijn J, Lubinski I, Lynch HT,
Ghadirian P, Provencher D, Heimdal K, Moller P,
Robson M, Offit K, Isaacs C, Weber B, Friedman E,
Gershoni-Baruch R, Rennert G, Pasini B, Wagner T,
Daly M, Garber JE, Neuhausen SL, Ainsworth P,
Olsson H, Evans G, Osborne M, Couch F, Foulkes
WD, Warner E, Kim-Sing C, Olopade O, Tung N,
Saal HM, Weitzel J, Merajver S, Gauthier-Villars
M, Jernstrom H, Sun P, Brunet JS. Oral contracep-
tives and the risk of breast cancer in BRCA1 and
BRCA2 mutation carriers. J Natl Cancer Inst 2002;
94(23): 1773-1779

172

Nielsen TO, Hsu FD, Jensen K, Cheang M, Karaca
G, Hu Z, Hernandez-Boussard T, Livasy C, Cowan
D, Dressler L, Akslen LA, Ragaz J, Gown AM,
Gilks CB, van de RM, Perou CM,
Immunohistochemical and clinical characterization
of the basal-like subtype of invasive breast carcino-
ma. Clin Cancer Res 2004; 10(16): 5367-5374

Olsen JH, Hahnemann JM, Borresen-Dale AL,
Brondum-Nielsen K, Hammarstrom L, Kleinerman
R, Kaariainen H, Lonngvist T, Sankila R, Seersholm
N, Tretli S, Yuen J, Boice ID, Jr., Tucker M. Cancer
in patients with ataxia-telangiectasia and in their rel-
atives in the nordic countries. J Natl Cancer Inst
2001; 93(2): 121-127

Rahman N, Teare MD, Seal S, Renard H, Mangion
J, Cour C, Thompson D, Shugart Y, Eccles D,
Devilee P, Meijers H, Nathanson KL, Neuhausen
SL, Weber B, Chang-Claude J, Easton DF, Goldgar
D, Stratton MR. Absence of evidence for a familial
breast cancer susceptibility gene at chromosome
8p12-p22. Oncogene 2000; 19(36): 4170-4173

Sorlie T, Tibshirani R, Parker J, Hastie T, Marron
JS, Nobel A, Deng S, Johnsen H, Pesich R, Geisler
S, Demeter J, Perou CM, Lonning PE, Brown PO,
Borresen-Dale AL, Botstein D. Repeated observa-
tion of breast tumor subtypes in independent gene
expression data sets. Proc Natl Acad Sci USA 2003;
100(14): 8418-8423

Southey MC, Tesoriero A, Young MA, Holloway
Al, Jenkins MA, Whitty J, Misfud S, kConFab,
McLachlan SA, Venter DJ, Armes JE. A specific
GFP expression assay, penetrance estimate, and his-
tological assessment for a putative splice site muta-
tion in BRCA 1. Hum Mutar 2003; 22(1): 86-91

Swift M, Chase CL, Morrell D. Cancer predisposi-
tion of ataxia-telangiectasia heterozygotes. Cancer
Genet Cytogener 1990; 46(1): 21-27

Thompson D, Antoniou AC, Jenkins M, Marsh A,
Chen X, Wayne T, Tesoriero A, Milne R, Spurdle A,
Thorstenson Y, Southey M, Giles GG, Khanna KK,
Sambrook J, Oefner P, Goldgar D, Hopper JL,

Easton D, Chenevix-Trench G. Two ATM variants
and breast cancer risk. Hum Mutat 2005; 25(6): 594-
595

Thompson D, Easton D. The genetic epidemiology
of breast cancer genes., ] Mammary Gland Biol
Neoplasia 2004; 9(3): 221-236

Thompson D, Szabo CI, Mangion J, Oldenburg RA,
Odefrey F, Seal S, Barfoot R, Kroeze-Jansema K,
Teare D, Rahman N, Renard H, Mann G, Hopper JL,
Buys §S, Andrulis IL, Senie R, Daly MB, West D,
Ostrander EA, Offit K, Peretz T, Osorio A, Benitez
J, Nathanson KL, Sinilnikova OM, Olah E, Bignon
YJ, Ruiz P, Badzioch MD, Vasen HF, Futreal AP,
Phelan CM, Narod SA, Lynch HT, Ponder BA,
Eeles RA, Meijers-Heijboer H, Stoppa-Lyonnet D,
Couch FJ, Eccles DM, Evans DG, Chang-Claude J,
Lenoir G, Weber BL, Devilee P, Easton DF,
Goldgar DE, Stratton MR, Evaluation of linkage of
breast cancer to the putative BRCA3 locus on chro-
mosome 13q21 in 128 multiple case families from
the Breast Cancer Linkage Consortium. Proc Narl
Acad Sci USA 2002; 99(2): 827-831

't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart
AA, Mao M, Peterse HL, van der KK, Marton MI,
Witteveen AT, Schreiber GJ, Kerkhoven RM,
Roberts C, Linsley PS, Bernards R, Friend SH. Gene
expression profiling predicts clinical outcome of
breast cancer. Nature 2002; 415(6871): 530-536

Vahteristo P, Bartkova J, Eerola H, Syrjakoski K,
Ojala S, Kilpivaara O, Tamminen A, Kononen I,
Aittomaki K, Heikkila P, Holli K, Blomgvist C,
Bartek J, Kallioniemi OP, Nevanlinna H. A CHEK?2
genetic variant contributing to a substantial fraction
of familial breast cancer. Am J Hum Genet 2002;
71(2): 432-438

West M, Blanchette C, Dressman H, Huang E,
Ishida S, Spang R, Zuzan H, Olson JA, Jr., Marks
JR, Nevins JR. Predicting the clinical status of
human breast cancer by using gene expression pro-
files. Proc Natl Acad Sci USA 2001; 98(20): 11462-
11467



Education and Training at the IARC

One of the statutory functions of the
Agency in its mission to promote interna-
tional collaboration and support of all
phases of cancer research is the training
and education of personnel. The Agency
seeks to achieve this aim through its fel-
lowships programme and its courses pro-
gramme which are designed to assist the
development of cancer research and pre-
vention in all countries, with special
emphasis on low- and medium-resource
countries, as well as those in which such
work is not well established, and to train
future collaborators in the scientific pro-
gramme of the Agency.

Research training is one of the key
elements of the TARC mission and the
Research Training Fellowships
Programme has been a major success
since its inception. With the passage of
time, many of the opportunities offered
by the Fellowships Programme which
used to be unique have come to be dupli-
cated elsewhere. Whereas 20 years ago
the IARC Fellowships Programme was
one of the few ways to obtain training in
cancer research in a major institute in
another country, there are now many pos-
sible routes to achieving this.

Rather than compete for students with
other programmes with similar offers,
IARC endeavours to contribute in a
unique manner. The IARC Fellowships
Programme is designed to benefit stu-
dents and junior cancer researchers from
parts of the world where training in can-
cer research is rarely available.

In many instances, students come
to TARC to work towards a Ph.D.
(Doctorate) or to complete a post-doctoral
period of training. This continues to be
encouraged and developed although it is
essential to focus on training opportuni-
ties which do not already exist and to
provide some measure of training corre-
sponding to the needs of the student.

Given the widespread possibilities for
training in cancer research for students in
developed countries, the IARC pro-
gramme concentrates on unique features
including a focus on students from low-
and medium-resource countries and a
focus on students being trained at the
IARC, with a senior JARC scientist des-
ignated as a student supervisor.

IARC Post-graduate Training Fellow-
ships

The aim of this programme has been to
provide young postdoctoral scientists
from any country with training in aspects
of cancer research ranging from biostatis-
tics and epidemiology to environmental
chemical carcinogenesis and mechanisms
of carcinogenesis, so that they can return
to their own country to implement and
develop programmes in cancer research
or cancer control. At the beginning of
2005, given the widespread possibilities
for training in cancer research for stu-
dents in developed countries, the pro-
gramme was refocused and reorganized
in an attempt to make a unique contribu-
tion in this area by giving priority to jun-
ior scientists from low- or medium-
resource countries who are engaged in
research in medical or allied sciences, and
wish to pursue a career in cancer research.
Training is now offered in any of the
Agency’s Research Groups in Lyon and
the duration of the fellowship has been
extended to two years.

IARC  Post-graduate  Training
Fellowships are restricted to students
from low- and medium-resource coun-
tries coming to TARC and a limited num-
ber of junior post-doctoral scientists from
high-resource countries to work in insti-
tutes in low- or medium-resource coun-
tries. Five kinds of Fellowships are avail-
able: TARC Short-Term Fellowships to
learn a precise technique; TARC Senior

Visiting Scientist Awards (for one year);
JIARC Research Training Fellowships —
Post-doctoral Fellowships; and IARC
Research Training Fellowships — Master’s
/Ph.D. The additional Fellowship is an
Expertise Transfer Fellowship, intro-
duced in 2005 to enable an established
and experienced investigator to spend
from six to twelve months in an appropri-
ate host institute in a low- to medium-
resource country in order to transfer
knowledge and expertise in a research
area relevant to the host country and relat-
ed to the Agency’s programme.

IARC  Short-Term  Fellowships
provide a structure for supporting short-
term students from any country and/or
trainees visiting IARC for scientific work
experience.

In 2004, the IARC Senior Visiting
Scientists was awarded to Dr Christine
Friedenreich (Alberta Cancer Board,
Calgary, Alberta, Canada), who spent a
year in the Hormones Team, Nutrition
and Hormones Group, and in 2005 to Dr
Gajalakshmi Vendhan (Epidemiological
Research Center, Chennai, Tamil Nadu,
India), who will spend one year in the
Gene-Environment Epidemiology Group.

The IARC Research Training
Fellowships will be available for post-
doctoral candidates for a period of two
years to be spent at the IARC working in
a nominated Group. IARC Groups will
compete to host awardees. The IARC
Master’s/Ph.D. Fellowships will follow a
new paradigm. Initial awards will be for
a period of 18 months to allow the candi-
date to complete a Master’s degree. After
nine months, the performance and apti-
tude of candidates will be reviewed and
those who performed to a high level will
be offered an additional two years to
complete a Ph.D. within the same univer-
sity programme.
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Education and training

In the 2004-2005 biennial period, post-
doctoral Fellowships were awarded to
junior scientists from Algeria, Armenia,
Australia, Brazil (2), Denmark, Estonia,
France (2), India (2), Jordan, Nepal,
Nigeria, Pakistan, People’s Republic of
China, Poland, Republic of Korea,
Sweden and the United States of
America.

An additional programme of Training
Fellowships for laboratory technicians
and research engineers is being
developed. An award of up to two years
will be offered to candidates to study for
an advanced technology qualification.

TARC Training Courses
The TARC Training Courses programme
has been reviewed and a revised formula
has been adopted. Basically, the series of
courses which have been staged in vari-
ous regions of the world has been
replaced by a core course in Lyon each
summer (IARC Summer School),
although the opportunity to hold brief,
specialist courses in different regions has
been retained.

The IARC Summer School consists of
a series of courses offered at IARC during
four weeks at the same time each year,
starting in 2005. Attendance will be
week-specific and participants will be
accepted for any combination of weeks
and courses. Participants may come back
to Lyon to follow different courses in
different years.

The IARC Summer School will
incorporate and systematize all advanced
IARC courses, which are now run
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sporadically in different locations. It will
also incorporate the Summer School of
Cancer Registration currently organized
by the Descriptive Epidemiology Group.
In general, it will focus on the priority
areas of IARC activity.

Week 1 of the Summer School
includes courses on cancer registration,
week 2 courses at a basic level, week 3
will include intermediate courses and
week 4 will include advanced-level
courses. Lecturers in all courses will be
TARC scientists, as well as high-profile
guest lecturers. A certificate will be
provided at the end of each course; a
special certificate will be provided for the
completion of a three-week or a
four-week cycle. All courses are in
English.

Trainees, students, postdocs and senior
visiting scientists at IARC
In keeping with the Agency’s mission to
provide education and training in the field
of cancer research, as well as to provide
appropriately qualified persons with
training and experience in cancer research
and related support areas at IARC in
positions that will provide some comple-
mentary support to the Agency’s activi-
ties, in addition to the Fellowships
programme, JARC welcomes a substan-
tial number of trainees, students, postdocs
and visiting scientists each year (between
60 and 70), who come with either outside
funds or who are funded in part or in total
by the Agency.

As part of the continuing education
activities, the IARC Seminar Series was

introduced in 2004 to provide a more
structured framework for training of
junior staff and for communication
among scientists. Attendance at the semi-
nars forms part of the on-going training
programme.

Of considerable importance is the
health and safety of all those working at
IARC. The application and admission
procedure for these categories of
non-staff was reviewed in 2005, taking
into account vaccination requirements for
those coming to work in the Agency’s
laboratories, as well as the necessity for
all newcomers to follow basic safety
training on arrival. This resulted in a new
application form and new guidelines
being drawn up which enter into effect on
I January 2006, and should benefit all
who are working at TARC.

IARC provides research training at a
wide variety of levels which can accom-
modate the needs of scientists from a
broad range of backgrounds and with
different levels of skills. IARC funding of
these activities is complemented by exter-
nal resources. The Training and Courses
programme gratefully acknowledges the
financial ~support of the Italian
Association for Cancer Research for its
continuous support of the Fellowships
Programme and the International
Programme of the National Cancer
Institute of the United States.



