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Trends in cancer in the world

• Cancer burden is increasing in the world with 
a current annual estimate at 12.68 million 
incident cases and 7.67 million deaths

• Cancer age-standardized rates are increasing 
for many cancers in most countries of the 
world, in particular in the poorest ones

• Childhood incidence cancer rates have been 
regularly increasing in Europe at about 1% 
per year for the past 25 years

• Survival greatly improved but too many kids 
still die and all of them suffer much too much

Why is cancer increasing?

• Population increase          accounted in rates
• Aging of the population    accounted in rates
• Better diagnosis  true but small in childhood
• Screening   not in childhood except neurobl.
• Change in classification              not recently
• True and real increase YES! Unfortunately

Why is childhood cancer 
increasing?

• No effect of population size in European 
countries (fewer number of children born per 
woman)

• Children are not older than they were

• Some improvement in diagnostic techniques 
but not enough to truly impact the rates

• No evidence for an earlier diagnosis

• No current screening

• True increases YES! Unfortunately

What are the causes of an 
increase in childhood cancer?

• Genetics                                                        No
• Epigenetics Most worrisome

Imprinting and foetal programming
• Life-style (parents, children)                  Yes, in part

Parental smoking, diet and occupation
• Environment                                             Yes, in part

Role of chemical, physical and biological
carcinogens in the air, water, food, soil, objects
of daily use in the home, the school and the 
general environment

How much of childhood cancer 
is due to the environment?

• To my knowledge, no one produced any estimate

• For adults, published estimates vary from 0.07 % 
to 100 %

• The answer will depend on:

• The cancer being studied and the place of study

• The definition of the word “environment”

• The person answering the question
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A very difficult question
• Difficulty in identifying the precise 

compounds of interest and their 
metabolites

• Difficulty in evaluating low dose effects
• Difficulty in evaluating cumulative 

exposures 

• Huge difficulty in evaluating potential
interaction (antagonism/synergy) between 
many low dose agents

Individual susceptibility

• Sex

• Period in life: windows of susceptibility
– Fetal life
– Pre- and peri-puberty

– Perimenopause

• Genetic background (polymorphisms)

• Metabolic profile 

Just a few sentences from the IARC report on 
the causes of cancer

• « we conclude that in France in the year
2000, non-hereditary risk factors were
identified for only around 50 % of cancers in 
men and around 26 % in women ….Hence, a 
specific « cause » cannot be identified for a 
majority of cancers. »

• In fact, 85% of cancers in non smokers
could not be explained by the factors
considered in the analysis

• Doesn’t it make sense to think a part of the 
85% could be explained by some of the 
environmental factors they chose to ignore?

Citations from IARC, 2007

Today ®®®® Tomorrow  (molecular epidemiology)

Markers of exposure Markers of disease

external    internal      internal early                pre
Exp ®®®® dose  ®®®® dose  ®®®® biologically  ®®®® biological ®®®® neoplastic ®®®® K

active dose          effects         disease

Markers of susceptibility

The need for a picture at the individual level
In the old days  (classic epidemiology)

QuestionnaireQuestionnaire

ExposureExposure CancerCancer

Adapted from Sasco, 2007

Genetic intervention

Modulation of
carcinogenic
mechanisms

Gene

Environment

Cancer

Avoidance of risk factors

Three approaches to primary cancer 
prevention

Sasco, 1995

Life style

Genetic intervention
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Genetic prevention

• Not really yet an option but some are 
working on it….

• Two levels:
- diagnosis
- intervention

• Methodological but essentially ethical 
question

Genome sequencing

Search for cancer genes:
- Useful if something  can be proposed 

Ex: BRCA 1, 2, 3 – screening 
(mammography, echography), 
pharmacoprevention, prophylactic surgery 
(mastectomy, ovariectomy). 

Colon cancer genes – similar 
approach of screening (colonoscopy) and 
prophylactic surgery

Other genes: little to be done 
except close monitoring
- Issues: individual/family; informed 
consent; confidentiality; stigmatisation; 
pharmacoprevention; prenatal assessment

Genetic polymorphisms

• Has been proposed for identifying high 
risk individuals 

• Still a research issue
• Would be helpful if something can be 

proposed and have a positive impact

Pharmacoprevention

Vaccines

Chemoprevention

Vaccines
• HBV:

Excellent risk/benefit ratio 
In the South, should be part of the neonatal immuni sation
programme
Issue of cost

• HPV (16, 18):
Most probably good risk/benefit ratio in the South
Issue of comparative efficacy (North/South)
Problem of cost
Try innovative strategies (mother-daughter approach )

• Other vaccines (HCV, other HPV genotypes, HIV,  EBV ):
Long awaited
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Chemoprevention

• Use of vitamines and supplementation 
Most are OTC
Vitamine D:
best candidate for prevention of many cancers     ( breast, 
colorectum, lung, etc. )
Alpha-tocopherol and beta-carotene:
looked promising but failed to achieve expected res ults
Multivitamine compounds: no demonstration of efficacy
Other elements (selenium for ex.)
More appropriate in context of clear deficiency whi ch is more 
prevalent in the South (China experience with oesop hageal
cancer)

Pharmacoprevention

The example of tamoxifen for the 
prevention of breast cancer

Pharmacoprevention of breast cancer
• Tamoxifen: Proposed in the 90’s for the prevention

of breast cancer (Michael Baum, UK). Recognized
and classified as a carcinogen (IARC group 1) in 
1996

• And yet again in 2007: « It is also hoped that
research on breast cancer will lead to the 
discovery of chemopreventive drugs for healthy
women. » (IARC et al., 2007) . This had even been 
preceded a few years before by the proposal of 
trials to modify through pharmacological means
the age at puberty of girls

How did we get there?

“The possibility of discovering anticancer drugs 
to be prescribed rather than carcinogenic 
substances to be proscribed is tempting. More 
people are ready to accept prescriptions rather 
than restrictions ”

Peto et al, 1991

or
It is easier to pop up pills rather changing 
one(s life- style and the pharmaceutical 
industry will be happy about that!
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The only true primary 
prevention

And the only one which does 
work!!

Avoidance of risk factors

• Identification of risk factors
need for better and larger studies to have 
more knowledge, in particular on 
environmental factors

• Two levels of control:
individual
collective

Research

• Choice of field of research :

– is it as legitimate to study prevention or effects 
of environmental exposures on human health as 
it is to study genetics ?

– availability of funds

– need for national data as a tool for getting more 
and convincing the decision makers

Objectives for the health of 
populations

• Help individuals to adopt the most 
adequate health behaviors 

• Provide knowledge which can be used 
by decision makers, including 
governments and multinationals for the
protection of populations , including the 
most vulnerable

How to act on behavioural risk 
factors?

• As for tobacco
• Multiple approaches (from education to 

legislation)
• Main aspect: getting the message to 

the populations and to the decision 
makers Tobacco

Medicine

Population 
Health

Education

AgricultureEconomy

Politics

Legislation

Actions for the fight against tobacco

Media Sasco, 2002
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FCTC : World Health
Organisation’s Framework 
Convention on Tobacco Control 

The first international treaty for 
public health negociated under
the auspices of the WHO

Adopted in May 2003

Enforced in February 2005 (at
least 40 countries had ratified)

Nowadays : 172 Parties, 
representing about 90% of the 
world’s population 

Environmental factors

What about exposures which cannot be
controlled at the individual level?

• Environmental exposures: 

- Air pollution

- Use of growth promoters in animal husbandry 
for meat production (hormones in meat)

- pesticides residues, GMOs in food

- ELF, EMF

• From the precautionary principle to laws and 
regulations with a triple objective: 

- protect all people

- protect the most susceptible

- social justice
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The IARC classification of exposure to mobile 
phones and other sources of EMF (2011)

The IARC classification of exposure to ELF (2002)

The IARC program of Monographs on 
the evaluation of carcinogenic risks to 

humans

• Initiated in 1969 at IARC, by Dr. Tomatis
and with support of the NCI (United States 
of America) and the European 
Commission

• Objective: To prepare, with the help of 
international working groups of experts, 
and to publish in the form of monographs:
– Critical reviews of the literature
– Evaluation of evidence on the carcinogenicity 

of a wide range of human exposures

Selection of agents 1 for the  
Monographs

Agents are selected based on two main criteria :

(a) there exist indications of human exposure

(b) there exist indications or suspicion of 
carcinogenicity

1 The term “agent” covers individual chemical products , groups of chemical 
products, physical agents (such as radiations) and biological agents (ex: 
virus), or a mixture of agents; this term may also include chemical analogs 
and compounds similar to the elements suspected to be carcinogens

Summary of reported data
a. Exposure data

b. Carcinogenicity for humans
- results from epidemiological data 

- sometimes, case reports and correlation 
studies

c. Carcinogenicity from experimental animal 
data

d. Other data which can be used for the 
evaluation of carcinogenicity and its 
mechanism

Other pertinent data for the evaluation of 
carcinogenicity and its mechanisms

(i) Evidence of genotoxicity (structural modifications  of the genes): for ex. 
structure-activity considerations,  adduct formatio n, mutagenicity (effect 
on a specific gene), chromosomic mutation/aneuploïdy

(ii) Evidence of effects on expression of pertinent genes (functional 
alterations at the intra-cellular level): for ex. modification of structure or 
quantity of expression of a proto-oncogene or a tum or suppressor gene, 
modification of metabolic activation/inactivation o r DNA repair

(iii) Evidence of pertinent effects on cellular beha vior (morphological or 
behavioral modifications at the cellular or tissue level): for ex. induction 
of mutagenesis, compensatory proliferation of cells , preneoplasia or 
hyperplasia, survival of premalignant or malignant cells 
(immortalisation, immunosuppression), effects on me tastatic potential

(iv) Evidence on effects of dose, timing and duratio n of exposures, 
interaction between agents: for ex. early/late stages from 
epidemiological studies; initiation/promotion/progr ession/ malignant 
conversion from animal experiment data; toxicokinet ics

Evaluation procedure

A. Epidemiological data
Sufficient
Limited
Inadequate
Evidence suggesting lack of carcinogenicity

B. Animal carcinogenicity data
Sufficient
Limited
Inadequate

Evidence suggesting lack of carcinogenicity

C. Overall Evaluation (Group 1, 2A, 2B, 3 or 4)
Usually a combination of A. + B.
However, other relevant data, including mechanistic  data, may

influence the final categorization. In such cases, brief wording
is added 
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Summary of evidence required for 
classification

Group 1- Carcinogenic to humans
Sufficient evidence in humans

Group 2A - Probably carcinogenic to humans
Limited evidence in  humans and sufficient evidence  in animals

Group 2B - Possibly carcinogenic to humans
Limited evidence in  humans, less than sufficient e vidence in animals or 
inadequate evidence in humans, sufficient evidence in animals or inadequate 
evidence in humans, limited evidence in animals, wi th other relevant 
supporting data

Group 3 - Not classifiable
Inadequate evidence in humans and less than suffici ent evidence in 
experimental animals

Group 4 - Probably not carcinogenic to humans

Criteria for Group 2A
Group 2A – The agent (mixture) is probably carcinogenic 
to humans .
The exposure circumstance entails exposures that ar e 
probably carcinogenic to humans.
The category is used when there is limited evidence of 
carcinogenicity in humans and sufficient evidence of 
carcinogenicity in experimental animals . In some cases, 
an agent (mixture) may be classified in this catego ry when 
there is inadequate evidence of carcinogenicity in 
humans, sufficient evidence of carcinogenicity in 
experimental animals and strong evidence that the 
carcinogenesis is mediated by a mechanism that also  
operates in humans . Exceptionally , an agent, mixture or 
exposure circumstance may be classified in this cat egory 
on the basis of limited evidence of carcinogenicity in 
humans .

ELF- High and very high power lines 
and childhood leukaemia

• Pionnering study: Denver, CO based on the 
wire code of the homes of the children 
(Wertheimer and Leeper, 1979)

• Followed by many other studies: California, 
Sweden, Denmark, Norway, Germany, 
Greece, New-Zealand, Canada, UK, USA, 
between 1991 and 2001

• 2 meta-analyses in 2000: Ahlbom et al; 
Greenland et al

What did these studies show?

• No perfect concordance 
• Yet, most studies showed for the most 

exposed children an increased risk of some 
cancers : almost consistently that included 
leukaemia , in particular Acute 
Lymphoblastic Leukaemia (ALL). In the 
meta-analyses, the OR could be as high or 
higher than 2, without evidence of a clear 
dose-response, nor of recognized causal 
mechanisms. Other potential cancer site: 
brain

What’s new since 2001?

• New studies in Germany, UK, Italy, Japan, Iran, 
Brazil, California et 3 new meta-analyses

• Confirmation of the prior results: in general 
increased risk for childhood leukaemia around 1.5 
to 2, going up to 5 for ALL , for the ones exposed 
to 0.2 to 0.4 µT , specifically when taking into 
account exposure measured in the bedroom 
during the night , with for that exposure a dose-
response effect or as a function of distance to the 
lines (less than 100 m, but up to 600 m), with 
possibility of interactions with other exposures 
such as metallic nanoparticules; possibility of an 
increased risk for brain tumours and overall 
cancer mortality, in particular of children

Most pertinent and most recent 
epidemiologic studies on EMF

- Hardell studies
- The INTERPHONE study
- The 2011 studies
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Spending 50 minutes with your phone pressed against the ear increases 
activity in the brain

JAMA,  Feb. 23, 2011, Vol. 305, p. 808 © 2011 America n Medical Assn.
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What is the INTERPHONE study ?

• The largest ever conducted 
epidemiological study on cell 
phones and selected tumors

Study funding

• Total cost well over 20 million US $, of 
which at least 6 from the industry

• Mixture of public (mostly European Fifth 
Framework Program) and private (Mobile 
Manufacturers’ Forum and GSM 
Association) funding, the latter being 
provided at the international level through 
the UICC

• Limited stated conflict of interest

Study description

• About 6600 cases and about 7800 population 
referents

• 2708 gliomas, 2409 meningiomas, 1105 acoustic 
neuromas and around 400 parotid gland tumors

• Study subjects recruited between 1999 and 2004 , 
i.e. at a time when use of cell phones was still 
limited to selected population groups and 
individual use was modest in terms of duration of 
exposure

• Collection of information through questionnaires
to the subjects themselves or to proxies
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Publication of study results

• First publications were from selected national 
investigators (at least for 9 countries and some 
combinations of countries), with a first publicatio n 
in 2004

• First publication of the pooled data at the total 
international level only appeared in May 2010, i.e.
5 years after they were first analyzed at IARC

• First international publication on brain tumors
• The INTERPHONE Study Group. (corresponding 

author: Dr Elisabeth Cardis, CREAL but prior 
IARC). Brain tumour risk in relation to mobile 
telephone use: results of the INTERPHONE 
international case-control study.  Int J Epidemiol
2010; 39: 675-694

Main results on brain tumors
• "Results: A reduced odds ratio (OR) related to ever h aving been a 

regular mobile phone user was seen for glioma [OR 0. 81; 95% 
confidence interval (CI) 0.70–0.94] and meningioma ( OR 0.79; 95% CI 
0.68–0.91), possibly reflecting participation bias or other 
methodological limitations. No elevated OR was observed 10 or more 
years after first phone use (glioma: OR 0.98; 95% C I 0.76–1.26; 
meningioma: OR 0.83; 95% CI 0.61–1.14). ORs were <1. 0 for all deciles 
of lifetime number of phone calls and nine deciles of cumulative call 
time. In the 10th decile of recalled cumulative call  time, 1640 h or more, 
the OR was 1.40 (95% CI 1.03–1.89) for glioma, and 1.15 (95% CI 0.81–
1.62) for meningioma; but there are implausible values of reported use 
in this group. ORs for glioma tended to be greater in the temporal l obe 
than in other lobes of the brain, but the CIs around the lobe-specific 
estimates were wide. ORs for glioma tended to be greater in subjects 
who reported usual phone use on the same side of th e head as their 
tumour than on the opposite side.”

Cut and paste from the original publication, 2010

Conclusions as from the publication

• “Conclusions: Overall, no increase in risk of 
glioma or meningioma was observed with 
use of mobile phones. There were 
suggestions of an increased risk of glioma
at the highest exposure levels, but biases 
and error prevent a causal interpretation . 
The possible effects of long-term heavy use 
of mobile phones require further 
investigation. ”

Cut and paste from the original publication, 2010

What does it mean ?

• Technically speaking , the study shows an overall 
protective effect of cell phones (users of cell 
phones have a reduced risk of brain tumors)

• BUT there is in fact an increased risk for the ones 
who were the heaviest phone users (at least 1640 
hours). This increase is clearer for temporal 
gliomas on the side of the head to which the 
phone was usually held , i.e. the risk is found 
exactly where it was expected

• Further analyses in the Annex 2 confirm an 
increased risk (around 2) for the most exposed 

So, what do I (and some others) 
conclude ?

• Better safe than sorry
• Be cautious
• The INTERPHONE study is biased (in 

particular as far as the participation of 
referents is concerned), but despites that, it 
is NOT negative and shows risk for the 
heaviest users

• The heavy users of yesterday are the light 
users of today

• The worst may be for people exposed at a 
young age and is mostly yet to be seen

Studies published since the 
Monograph meeting

Some (but not all) of these were 
included in the IARC evaluation
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Results for EMF – May 2011
• Evidence in humans: limited
based on glioma and acoustic 
neuroma
• Evidence in experimental animals: 
limited
• Weak mechanistic evidence
relevant to RF-EMF induced cancer 
in humans
• Group 2 B

2A / 2B – Why we do care?

• 2A: Probable human carcinogen
• 2B: Possible human carcinogen
• Almost the same words
• BUT
• Very different implications:
• For several countries, 2A automatically 

leads to actions being taken : listing as a 
carcinogen, legislation or reglementation, 
compensation, warnings, etc

• For 2B: usually nothing

CEFALO study
Brain tumors in children 

and adolescents
Aydin D, Feychting M, Schüz J, Tynes T, Veje
Andersen T, Samso Schmidt L, Poulsen A H , 
Johansen C, Prochazka M, Lannering B, Klaebe L, 
Eggen T, Jenni D, Grotzer M, Von der Weid N, 
Kuehni CE, Röösli M. Mobile phone use and brain 
tumors in children and adolescents; a multicenter 
case-control study. J Natl Cancer Inst 2011; 103: 1-
13

Study design, implementation  and 
funding

• Methodology: Case-referent study
Study of children and adolescents aged 7 to 19 years
diagnosed between 2004 and 2008 (352 cases of brain 
tumor ) and comparison subjects randomly selected from 
population registries and matched by age, sex, and 
geographical region (646 referents) with regard of their 
history of mobile phone use collected by face to face 
interview of the child or adolescent , whenever possible 
accompanied by at least one parent (preferably the 
mother). For deceased cases, interview of the paren ts. 
Access to traffic data from mobile phone network 
operators whenever possible

• Study conducted in Denmark, Norway, Sweden, and 
Switzerland

• Mix of public and private origin funding (details not given)
• Some authors with clear conflicts of interest

Main results of CEFALO
• “Results: Regular users of mobile phones were 

not statistically significantly more likely to have 
been diagnosed with brain tumors compared with 
non users ( OR = 1.36: 95% CI = 0.92 to 2.02 ). 
Children who started to use mobile phones at 
least 5 years ago were not at increased risk 
compared to those who had never regularly used 
mobile phones (OR = 1.26, 95% CI = 0.70 to 2.28). 
In a subset of study participants for whom 
operator recorded data were available, brain tumor 
risk was related to the time elapsed since the 
mobile subscription was started but not to amount 
of use. No increased risk of brain tumors was 
observed for the brain areas receiving the highest 
amount of exposure.”

Cut and paste from the original publication, 2011

Conclusions as from the publication

• “Conclusion: The absence of an exposure-
response relationship either in terms of the 
amount of mobile phone use or by 
localization of the brain tumor argues 
against a causal association .”

Cut and paste from the original publication, 2011
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What do I (and some others) conclude ?
• There is a risk and it is highest among the longest 

duration users
• This risk is observed with a very light (by today’s 

standards) definition of a regular user as anyone
having an average of at least one call per week for 
at least 6 months

• Most of the ORs presented in the tables are 
greater than 1 , thereby indicating a risk, even if
non statistically significant

• The subjects with the longest period since first 
subscription have an OR of 2.15 (1.07-4.29)

• How do they dare to write: “short-term use of
mobile phones does not cause brain tumors in 
children and adolescents.” ???

What do we need to act ? 

• The question of the need for absolute
proof including uncontroversial
epidemiological data before acting for 
prevention is debatable as it may delay
action for decades . There is a need for 
acting on the basis of experimental or 
toxicologic data and then in the name of 
the precautionary principle . This is an
ethical even more than a purely scientific
position

• The Snow and cholera example

Le Monde, Dec 19, 2007

What should be done in terms of 
prevention?

• Probable human carcinogen (group 2B)
• Yet too early to correctly and exhaustively

evaluate the long term health effects
• BUT: Absence of absolute proof does not mean

absence of risk
• Absolute need to inform the population, the 

politicians, industry and the media
• Specific susceptibility of the children
• Good common sense and precautionary

principle:
Limit the use of cell phones (one can still talk face t o face with
another person)
Use a wired land line whenever possible  
Keep the phone away from your body 
Protect children and foetuses

The 21 scientists appeal launched by 
David Servan-Schreiber

• Launched on June 15, 2008
• Why?: evidence of biological effects

epidemiological evidence
reality of the exposure and the case
of children

• Later translated in many languages and 
spread arount the world

What to do for ELF and many other 
exposures?

• Prevention : act now to diminish exposures. Even 
if the risk seems “small” when it is spread on a 
world scale, the consequences will be huge and in 
my opinion they are not ethically acceptable

• For those who refuse to see the scientific 
evidence and prefer to believe in bias, plead for 
the application of the precautionary principle .

• For example: no constructions under the power 
lines (homes, schools, etc…); no antennas on 
buildings with susceptible populations 

• May I dare a question for the young women 
scientists in this audience who denied the 
existence of a recognized risk: will you give a cell 
phone to your young child?
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Primum, non nocere

Hippocrate, around 400 bc


