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In the�r sem�nal work on the ep�dem�ology of cancer, 
Doll and Peto (1981) est�mated that about 80% of 
cancers have an �dent�f�able cause related to l�festyle 
or env�ronment. Th�s est�mate was der�ved essent�ally 
from the observat�on of cons�derable between-
country d�fferences �n spec�f�c-cancer mortal�ty and 
�n l�festyle and env�ronment.

In contrast to the�r evaluat�ons, we conclude that 
�n France �n the year 2000, non-hered�tary r�sk factors 
were �dent�f�ed for only around 50% of cancers �n men 
and around 26% cancers �n women (see Sect�on C1). 
Other stud�es, based on approaches s�m�lar to the one 
adopted �n th�s report, y�elded results on attr�butable 
fract�ons of cancer for the Nord�c countr�es and for 
the world (Olsen et al., 1997, Danae� et al., 2005) that 
were qu�te s�m�lar to those we found. Hence, a spec�f�c 
“cause” cannot be �dent�f�ed for a major�ty of cancers. 
Th�s �s not surpr�s�ng �n v�ew of the �nsuff�c�ency of our 
knowledge of carc�nogenes�s.

S�nce the 1950s, cons�derable means have been 
devoted to the �dent�f�cat�on of causes of cancer and 
the study of carc�nogenes�s, notably �n the USA. 
The programme “Europe Aga�nst Cancer” of the 
European Comm�ss�on from 1985 to 2000 succeeded 
�n ra�s�ng concerns about cancer causat�on and ways 
to control the d�sease �n Europe. Huge progress �n 
the understand�ng of carc�nogenes�s has been made, 
but these advances have ra�sed new problems.

About 2–4% of cancers have an establ�shed 
genet�c or�g�n, be�ng due to known mutat�ons 
assoc�ated w�th h�gher cancer r�sk. However, genet�c 
ep�dem�ology and stud�es on tw�ns (L�chtenste�n et 
al., 2000) suggest that the hered�tary component �s 
greater. For �nstance, for breast and ovar�an cancer, 

bes�des carr�ers of mutat�ons �n the BRCA1 and 2 
genes, there �s a notable proport�on of fam�l�al cancers 
�n wh�ch these genes are not mutated. In other types 
of cancer too, mutat�ons of known genes are not 
suff�c�ent to account for all hered�tary factors (Kony 
et al., 1997). Cons�derable funds and energy have 
been devoted �n the 1990s and 2000s to f�nd�ng other 
var�at�ons �n the genet�c code and �ts express�on �n 
order to def�ne the contr�but�on of hered�tary factors 
to the probab�l�ty of cancer occurrence; but th�s �s a 
long-term endeavour.

The a�m of th�s sect�on �s to show that, desp�te the 
l�m�tat�ons of our current knowledge, recent advances 
�n cancer b�ology are already suff�c�ent to help �n 
�nterpret�ng the ep�dem�olog�cal data. Carc�nogenes�s 
�s such a large f�eld of research that we shall not 
attempt to cover all of �t. However, �n order to put �nto 
perspect�ve the ep�dem�olog�cal data, many of �ts 
facets mer�t d�scuss�on.

1. Carcinogenesis: a complex multi-step 
process

1-1 Complexity of carcinogenic processes

Dur�ng the past two decades, new data have 
demonstrated that carc�nogenes�s �s a far more 
complex process than prev�ously suspected (P�tot and 
Dragan, 1994; Vogelste�n and K�nzler, 1993, 2004; 
Ito et al., 1995; Trosko, 1997; Sjöblom et al., 2006; 
Sonnensche�n and Soto, 2000; Tub�ana, 2007) and 
research has focused on several new problems such 
as the role of react�ve oxygen spec�es (ROS) �n DNA 
damage (Sp�tz et al., 2004), �mmunosurve�llance, 
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and the defences aga�nst mutat�on and appearance 
of aberrant cells at the level of the cell, the t�ssue 
and the m�croenv�ronment. It �s now recogn�zed that 
cancer �s not caused s�mply by the transformat�on 
of one cell, but also �nvolves the react�ons of the 
m�croenv�ronment and the t�ssue (Averbeck et al., 
2006, Averbeck, 2007; Hanahan and We�nberg, 
2000; Hahn and We�nberg, 2002; Park et al., 2003).

Berenblum and Shub�k (1947) were the f�rst to 
d�st�ngu�sh, through the�r exper�ments on the sk�n of 
rodents, two steps dur�ng carc�nogenes�s: initiation, 
wh�ch �s caused by a genotox�c agent (the one they 
used was 7,12-d�methylbenz[a]anthracene (DMBA), 
and promot�on, wh�ch was assoc�ated w�th the local 
appl�cat�on of croton ester o�l or mechan�cal �rr�tat�on. 
Mutat�ons caused by genotox�c agents generally 
rema�n occult �n the genome unt�l a promoter agent 
�s appl�ed. In exper�mental an�mals, the t�me �nterval 
between �n�t�at�on and promot�on can be very long, 
wh�ch suggests that �n�t�at�on �s an �rrevers�ble step, 
probably l�nked to DNA damage �n the stem cells. 
On the other hand, the �nterval between promot�on 
and emergence of an �nvas�ve cancer �s relat�vely 
constant. Observat�ons �n humans are cons�stent w�th 
exper�mental data. The �nterval between �n�t�at�on and 
emergence of an �nvas�ve cancer can be very long. 
For example, follow�ng the atom�c-bomb explos�ons 
over H�rosh�ma and Nagasak�, an excess of breast 
cancer was observed; but �rrespect�ve of the age at 
�rrad�at�on, the breast cancers �n �rrad�ated women 
were detected at the same age as �n non-�rrad�ated 
women. However, the excess of breast cancer �s 
much greater when the age at �rrad�at�on �s young 
(around age at menarche).

In the 1960s, progression was recogn�zed as a 
th�rd ma�n step.

Arm�tage and Doll (1957) analysed the relat�onsh�p 
between age and occurrence of cancer and concluded 
that cancer was due to accumulat�on �n the genome 
of a s�ngle cell of 6 to 10 spec�f�c genom�c damages. 
They thought that many of the events were occurr�ng 
by chance and that carc�nogenes�s was a stochast�c 
process. Later �t was shown that the probab�l�ty of 
such accumulat�on was extremely small �n normal 
c�rcumstances (Brash, 1997), but can be enhanced 
by several mechan�sms (see Sect�on 1-3-2).

1-2 The role of reactive oxygen species (ROS) 
in initiation

Aerob�c l�v�ng organ�sms have ex�sted for at least 
2.5 b�ll�on years. Dur�ng oxygen metabol�sm, ROS 
are produced wh�ch are potent genotox�c agents 
(Burcham, 1999; Hs�e et al., 1986; Guyton and 
Kensler, 1993; Klaun�g et al., 1997; Fe�nendegen, 
2002; De Bont and van Larebeke, 2004; Barnes 
and L�ndahl, 2004). About 95% of molecular oxygen 
�s converted �nto carbon d�ox�de and 5% �nto ROS 
(Barber and Harr�s, 1994). These ROS cause much 
DNA damage each day �n each cell (Burkart et al., 
1999, Cadet et al., 2004): about 55 000 s�ngle strand 
breaks, 8 double strand breaks (the most deleter�ous 
damage) and many other types of DNA damage.

The amount of DNA damage caused each day 
by ROS �s s�m�lar to that �nduced by a rad�at�on dose 
equal to 200 mSv per day (Burkart et al., 1999). Dur�ng 
ox�dat�ve stress, wh�ch can be �nduced by several 
types of aggress�on, such as an �nfect�on or strenuous 
phys�cal exerc�se (Dent et al., 2003; Bakken�st and 
Kastan, 2004), the number of ROS, and the result�ng 
extent of DNA damage, can be much h�gher. DNA �s a 
frag�le macromolecule. Aerob�c organ�sms would not 
have surv�ved w�thout effect�ve repa�r mechan�sms. 
Cell defences are act�vated dur�ng ox�dat�ve stress 
and they �nclude: (�) the synthes�s of ant�-ox�dant 
molecules (such as glutath�one) and enzymat�c 
systems wh�ch destroy ROS (such as catalase or 
superox�de d�smutase, SOD), (��) DNA repa�r, (���) 
�n mult�cellular organ�sms, s�nce the�r appearance 
about 500 m�ll�on years ago, control or el�m�nat�on of 
mutant cells, wh�ch plays a cruc�al role �n protect�ng 
the organ�sm (Averbeck et al., 2006; Averbeck, 2007; 
Chandra et al., 2000).

1-3 Defence mechanisms

1-3-1 DNA repair. Most of the DNA repa�r systems 
present �n mammal�an cells ex�sted already �n yeast 
800 m�ll�on years ago, but have become more 
soph�st�cated dur�ng evolut�on. Almost noth�ng was 
known about DNA repa�r �n 1980, but th�s has s�nce 
become one of the ma�n top�cs of cell b�ology research. 
It �nvolves sensor molecules wh�ch constantly mon�tor 
DNA molecules. When a certa�n amount of damage 
�s detected, s�gnall�ng systems are tr�ggered (e.g., the 
�ntranuclear ATM and ATR s�gnall�ng systems), wh�ch 
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arrest cell progress�on and may act�vate DNA repa�r 
mechan�sms, or apoptot�c pathways (Averbeck et al., 
2006; Averbeck, 2007, Bakken�st and Kastan, 2003; 
Chr�stmann et al., 2003; Hoe�jmakers, 2001; Jeggo 
and Lobr�ch, 2006; Sancar et al., 2004).

In a mammal�an cell, several thousand genes 
are devoted to protect�ng the genome. Defects �n 
the DNA repa�r systems are assoc�ated w�th much 
h�gher cancer �nc�dence. For example, xeroderma 
p�gmentosum �s a d�sease �n wh�ch DNA repa�r 
mechan�sms follow�ng �rrad�at�on by solar ultrav�olet 
rays are �mpa�red. In these pat�ents, the �nc�dence of 
sk�n cancer �s dramat�cally �ncreased.

Most mutat�ons are not caused by a genotox�c 
agent but are due to errors dur�ng DNA repa�r. 
These errors are very �nfrequent when the amount 
of cell damage �s small, but the�r �nc�dence �ncreases 
markedly when the amount of DNA damage 
s�multaneously present �n a cell becomes greater, 
because the repa�r mechan�sms then become more 
error-prone (D�komey and Brammer, 2000); however, 
even when the amount of damage �s l�m�ted, m�srepa�r 
can occur.

Most genes that are assoc�ated w�th an �ncrease 
�n cancer �nc�dence (for example, BRCA1 and BRCA2 
�n breast cancer) are genes that are �nvolved �n repa�r 
mechan�sms and/or �n cell progress�on throughout 
the cell cycle.

1-3-2 Elimination by death of cells with DNA 
damage

El�m�nat�on of cells w�th altered DNA plays a 
cruc�al role that was long overlooked (Guo and Hay, 
1999; Sancar et al., 2004; Sh�loh, 2003; Académ�e 
des Sc�ences – Académ�e de Médec�ne, 2005; 
Columbano et al., 1996; Chandra et al., 2000; 
H�ckman, 2002).

When the amount of DNA damage �n a cell �s 
small, �ntranuclear s�gnall�ng mechan�sms may not be 
tr�ggered and the cell d�es (Rothkamm and Löbr�ch, 
2003; Coll�s et al., 2004). Apoptos�s, and other types 
of programmed cell death, el�m�nate cells w�th altered 
DNA or ones �n wh�ch DNA damage has not been 
properly repa�red, as well as aberrant cells of other 
types (H�ckman, 2002; Schulte-Hermann et al., 
1995).

A defect �n apoptos�s �s a cruc�al step �n 
carc�nogenes�s because �t allows (�) the accumulat�on 
�n the same cell of a large number of mutat�ons and 

(��) clonal ampl�f�cat�on of the abnormal cells (Brash, 
1997). The TP53 gene has a cr�t�cal role �n apoptos�s 
and �n the or�entat�on of cells w�th DNA damage 
towards e�ther DNA repa�r or apoptos�s. It �s mutated 
�n over half of human cancers (Flores et al., 2002; 
Guo and Hay, 1999).

Apoptos�s �s not act�vated when the proport�on of 
cells w�th DNA damage �s too h�gh, perhaps because 
�t would dangerously enhance t�ssue �njury (Académ�e 
des Sc�ences - Académ�e de Médec�ne, 2005).

1-3-3 Senescence, or loss of prol�ferat�on potent�al, 
�s an alternat�ve pathway for avo�d�ng the transm�ss�on 
by a somat�c cell of genet�c defects to daughter cells. It 
�s programmed and �ts �mportance has been recently 
underl�ned (Camp�s�, 2005; Schm�tt, 2007).

1-4 Cancer initiation

As the f�rst step towards carc�nogenes�s, �n�t�at�on 
of cancer �s l�nked to damage to the genome of a 
s�ngle cell (�.e., the monoclonal or�g�n of human 
cancers) that succeeds �n escap�ng the numerous 
control mechan�sms preserv�ng genom�c �ntegr�ty 
and t�ssue structure (Hanahan and We�nberg, 2000). 
It corresponds to a mutat�on conferr�ng on a cell the 
ab�l�ty to prol�ferate w�thout a s�gnal from a growth 
factor (for �nstance, when a proto-oncogene becomes 
an oncogene). All genotox�c agents, endogenous 
(such as ROS) or exogenous (such as solar ultrav�olet 
rad�at�on or �on�z�ng rad�at�on), can cause �n�t�at�on.

Several broad types of mechan�sm can contr�bute 
to the accumulat�on of genom�c damage poss�bly 
lead�ng to cancer:

(�) Genetic instability, that �s a greater propens�ty 
to accumulate DNA damage because of defects 
�n DNA repa�r systems or because of a var�ety of 
mechan�sms wh�ch �nduce chromosomal defects 
(e.g., aneuplo�dy) (Bjerkv�g et al., 2005; Morgon, 
2003; L� et al., 2001).

(��) Cell proliferation: many human carc�nogen�c 
factors st�mulate cell prol�ferat�on (for example, 
hormones, alcohol, energy-r�ch d�et, and factors 
caus�ng �rr�tat�on, e.g., tobacco smoke). Greater 
cellular prol�ferat�on means h�gher numbers of 
m�toses that �ncrease the l�kel�hood of genom�c 
defects (Ames and Gold, 1990; Cohen and Ellwe�n, 
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1990; Moore and Tsuda, 1998; Columbano et al., 
1996).

 (���) Amplification of subclones with apoptotic 
defects: Normally, a cell that has �ncurred 
�rrecoverable DNA damage (e.g., caused by a 
genotox�c or a mutagen�c agent, but also by an 
error dur�ng m�tot�c processes) �s self-el�m�nated 
by apoptos�s. However, mutat�on (w�th �nact�vat�on) 
of cr�t�cal genes �mpl�cated �n cell-cycle regulat�on 
(e.g., the TP53 gene) and defects �n apoptos�s 
may allow the prol�ferat�on of cells that have 
accumulated DNA defects (Brash, 1997).

1-5 Promotion

The prol�ferat�on of �n�t�ated cells �s generally 
prevented by the constra�nts exerted by the normal 
surround�ng cells, the m�croenv�ronment and 
the t�ssue (Barcellos-Hoff, 2005; Tub�ana 2007). 
There are many promoters that may overcome 
these constra�nts: endogenous (hormones such as 
estrogen for mammary cells, growth factors, etc.) 
or exogenous (alcohol, mechan�cal �rr�tat�on, etc.). 
Inflammat�on and �nfect�ons also have promot�ng 
effects (Takahash� et al., 2000). The prol�ferat�on rate 
reverts to normal when the promoter agent ceases 
to be present, unless a sub-clone has appeared that 
can prol�ferate w�thout a promoter. The appearance 
of such a sub-clone marks the end of the promot�on 
phase and opens the th�rd phase of progress�on.

Promot�on can also be caused by agents that alter 
�ntercellular commun�cat�on such as phorbol esters. 
Fore�gn bod�es such as asbestos can also perturb 
�ntercellular commun�cat�on and may be carc�nogen�c 
through th�s mechan�sm (Klaun�g, 1991; Rosenkranz 
et al., 2000; Yamasak� et al., 1995; Brand, 1982; 
Trosko et al., 2004).

1-6 Extracellular defences against carcinogenic 
processes

The development of an �nvas�ve cancer �s opposed by 
defence mechan�sms at the levels of m�croenv�ronment, 
t�ssue and body. At the t�ssue level, ne�ghbour�ng 
cells control each other’s prol�ferat�on (e.g., the role of 
cytok�nes) (Rad�sky and B�ssell, 2004; Bhowm�ck et 
al., 2004; Barcellos-Hoff and Ravan�, 2000; Barcellos-
Hoff, 2005; Kallur� and Ze�sberg, 2006; L�otta and 

Kohn, 2001). These mechan�sms are probably s�m�lar 
to those act�ve �n embryogenes�s and �n t�ssue 
regenerat�on follow�ng an �nsult (Derksen et al., 2004; 
G�les et al., 2003; You et al., 2002; rev�ew �n Beachy 
et al., 2004). Cancerous cells can not only overcome 
but also man�pulate protect�ve mechan�sms, �n order 
to be recogn�zed as “fr�end” �nstead of be�ng fought 
as “foe” (Mueller and Fusen�ng, 2004). Many factors, 
such as �nfect�on and �nflammat�on (Chr�sten et 
al., 1999; Modugno et al., 2005), may contr�bute to 
enhanc�ng cell prol�ferat�on of potent�ally mal�gnant 
clones, fac�l�tat�ng the emergence of a clone of fully 
transformed cells.

T�ssue d�sorgan�zat�on, such as that caused by the 
death of a large number of cells or �mpa�rment of cell 
�nteract�ons, may fac�l�tate the escape of potent�ally 
mal�gnant cells from the t�ssue control system 
(Park et al., 2003). T�ssue d�sorgan�zat�on through 
d�sease also fac�l�tates the escape of a sub-clone 
from the barr�ers of the m�croenv�ronment (Clark, 
1995; Barcellos-Hoff and Ravan�, 2000; Barcellos-
Hoff, 2005). For example, l�ver c�rrhos�s fac�l�tates 
the occurrence of a l�ver cancer; lung f�bros�s 
(due to s�l�cos�s or asbestos) or chron�c bronch�t�s 
(assoc�ated w�th tobacco) fac�l�tate the occurrence 
of a lung cancer. Large amounts of any genotox�c 
agent, phys�cal or chem�cal, k�ll a h�gh proport�on of 
normal cells and therefore �nduce prol�ferat�on by a 
compensatory homeostat�c mechan�sm.

A promot�ng effect can also be caused by 
repeated exposure to a mutagen�c agent; thus, 
chron�c exposure to solar ultrav�olet �nduces clonal 
ampl�f�cat�on of sub-clones w�th an apoptos�s defect 
(Brash, 1997).

1-7 Progression

Dur�ng th�s last phase of carc�nogenes�s, preneoplast�c 
cells become progress�vely more mal�gnant, because 
dur�ng prol�ferat�on new mutat�ons can occur and 
can or�g�nate new sub-clones (Cah�ll et al., 1999). 
Progress�on cont�nues when the tumour has become 
an �nvas�ve cancer and �ncreases �ts mal�gnancy.

At the body level, �mmunosurve�llance has the 
ab�l�ty to control cancer progress�on, but when a 
cancer �s cl�n�cally detectable, th�s �s because the 
�mmune mechan�sms have been overcome (Pardoll, 
2001). Nevertheless, they can st�ll be explo�ted �n 
therapy (Ta�eb et al., 2006). Immunodepress�on 
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�ncreases the �nc�dence of several cancer types 
(Euvrard et al., 2003). St�ll at the body level, prote�ns 
can control or promote ang�ogen�c phenomena and 
thus contr�bute to the �nh�b�t�on or fac�l�tat�on of the 
�nvas�ve propert�es of tumours ar�s�ng �n the organ�sm 
(Folkman and Kallur�, 2004).

1-8 Genes involved in cancer

The sequenc�ng of the human genome has paved 
the way for new avenues of research. Sequenc�ng 
of DNA extracted from human tumours has revealed 
that the number of genes �nvolved �n carc�nogenes�s 
may be greater than prev�ously assumed (Cancer 
Genome Atlas Project). The search cont�nues for 
new genes or polymorph�sms wh�ch may enhance 
the �nteract�on between carc�nogen�c agents and 
the genome. Recently, �t has been shown that about 
300 m�cro-RNAs are present �n the genome. They 
modulate the express�on of several genes and the�r 
mutat�on or abnormal express�on appears to affect 
carc�nogenes�s (Esquela-Kerscher and Slack, 2006; 
Thompson et al., 2006).

The ex�stence of stem cells �n tumours �s now 
recogn�zed (Mon�er, 2007) and �t �s h�ghly probable 
that most human tumours der�ve from normal stem 
cells or progen�tors. After DNA damage, stem cells 
may be more prone to apoptos�s than to DNA repa�r 
(Ca�rns, 2002).

Some b�olog�cal mechan�sms �mpl�cated �n 
cancer occurrence may not be d�rectly related to 
DNA les�ons, but to mechan�sms m�m�ck�ng DNA 
les�ons or to events tak�ng place �n the cytoplasm 
and thus not requ�r�ng DNA les�ons (L� et al., 2001). 
These mechan�sms �nclude ep�genet�c events such 
as DNA methylat�on and metabol�c funct�ons w�th�n 
and between cells, �nvolv�ng complex prote�ns and 
enzymat�c funct�ons.

Ep�genet�c phenomena are a grow�ng f�eld of 
cancer research (Bayl�n and Ohm, 2006; Gaudet et 
al., 2003; Kon�sh� and Issa, 2007; W�dschwendter et 
al., 2007; Schles�nger et al., 2007; Klochender-Y�v�n 
et al., 2002). They affect the express�on of genes 
and the chromat�n structure and play an �mportant 
role �n carc�nogenes�s. The occurrence of ep�genet�c 
phenomena �nvolved �n cancer �s progress�ve and �s 
not the result of stochast�c processes.

Clearly, the prev�ous concept wh�ch assoc�ated 
carc�nogenes�s w�th the mutat�on of a l�m�ted number 

of genes �n one cell �s no longer tenable (Trosko, 
1997; Sjöblom et al., 2006). New concepts that 
have emerged dur�ng the past decade should have 
an �mpact on both the strategy of cancer prevent�on 
and the understand�ng of dose–carc�nogen�c effect 
relat�onsh�ps.

1-9 Interactions between endogenous 
and exogenous carcinogenic agents

Endogenous and exogenous carc�nogen�c agents 
are often �nterm�ngled dur�ng carc�nogenes�s, the 
exogenous be�ng able to �ncrease the probab�l�ty of a 
cancer occurrence. However, a cancer can be caused 
by endogenous factors w�thout the �ntervent�on of 
exogenous agents. Breast cancer, for example, �s 
assoc�ated w�th exposure of mammary cells to sexual 
hormones and �ts �nc�dence �s much lower after an 
ovar�ectomy, wh�ch suppresses hormonal secret�on 
(Rochefort, 2007). Conversely, the adm�n�strat�on 
of estrogen for allev�at�ng the symptoms assoc�ated 
w�th menopause �ncreases breast cancer �nc�dence 
by about 10% (Sect�on B7). Thus one should not treat 
endogenous and exogenous factors as �ndependent. 
In cancer prevent�on, both should be cons�dered, but 
the�r respect�ve roles vary w�th the type of cancer, 
l�festyle and env�ronmental factors. 95% of lung 
cancers are due to tobacco and the same proport�on of 
upper resp�ratory and upper d�gest�ve tracts cancers 
are due to the assoc�at�on of alcohol and tobacco. 
However, �n the early 1960s �n France among women, 
the proport�on of lung cancer assoc�ated w�th tobacco 
was less than 30% because �n 1945 most women d�d 
not smoke.

1-10 Examples of complexity of carcinogenic 
processes

Examples of the complex�ty of carc�nogen�c 
processes are numerous: for �nstance, �n the lung, 
tobacco smoke �s both a mutagen�c factor and 
a source of chron�c �rr�tat�on and �nfect�on wh�ch 
enhances cell prol�ferat�on and t�ssue d�sorgan�zat�on 
(Tub�ana, 1999; Hazelton et al., 2005). The rap�d 
decrease �n lung cancer �nc�dence after cessat�on 
of tobacco smok�ng underl�nes the prom�nent role of 
�rr�tat�on and �nfect�on (even more rap�d decreases 
�n card�ovascular events are observed after smok�ng 
cessat�on, also l�nked to changes �n �nflammatory 
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phenomena �n blood vessels).
Asbestos �s a potent carc�nogen�c agent. Yet �t �s 

ne�ther genotox�c nor mutagen�c. The mechan�sm by 
wh�ch �t causes genom�c aberrat�on �s open to quest�on 
and may s�mply �nvolve t�ssue d�sorgan�zat�on and 
�nterference w�th commun�cat�on between cells 
(Brand, 1982).

In Afr�ca, Burk�tt lymphoma �s due to the Epste�n-
Barr v�rus, but v�ral �nfect�on can lead to a cl�n�cal 
cancer only �f an �nfant has been contam�nated at 
a young age and �f the body defences have been 
weakened by malar�a (see Sect�on B3). Burk�tt 
lymphoma tends to d�sappear �n Afr�can reg�ons 
where malar�a has become less common over t�me.

1-11 Summary

It now appears that wh�le alterat�on of the genome 
of an �n�t�ated cell �s a key event �n carc�nogen�c 
processes, �t �s far from be�ng suff�c�ent to �nduce a 
cancer. Promot�on could be more �mportant. Currently, 
our �nsuff�c�ent understand�ng of the complex�ty of 
b�olog�cal processes �nvolved �n carc�nogenes�s leads 
to d�ff�cult�es �n formulat�ng hypotheses for the search 
for et�olog�cal factors. Cancer �s caused not only by a 
mutat�on and the appearance of a neoplast�c cell. It �s 
also, and poss�bly ma�nly, a d�sease of the t�ssue, the 
m�croenv�ronment and �ntercellular commun�cat�on.

2. Carcinogenic processes and cancer 
occurrence

The great complex�ty of carc�nogenet�c processes 
strongly suggests that a mutat�on �n a cell has a very 
small l�kel�hood of �nduc�ng an �nvas�ve cancer.

Among women w�th a mutated BRCA1 or BRCA2 
gene, only about 50% w�ll develop a breast cancer, 
although all mammary cells carry th�s defect (about 
20 b�ll�on mammary cells, among wh�ch are about 
200 m�ll�on stem cells). These numbers show that 
the �nduct�on of such a mutat�on �n a s�ngle cell 
has a very low (about 10-8) probab�l�ty of �nduc�ng 
a breast cancer, even �n a stem cell. Th�s suggests 
that a small �ncrease �n the number of cells �n wh�ch 
a mutat�on has been �nduced �n a gene �nvolved �n 
the carc�nogen�c process can �ncrease, but only 
modestly, the probab�l�ty of cancer occurrence.

Th�s conclus�on �s cons�stent w�th ep�dem�olog�cal 
data show�ng that promoters (hormones, alcohol) 

�nduce many more cancers than small doses of 
genotox�c agents. However, �t should be recalled 
that h�gh doses of genotox�c agents provoke cell 
prol�ferat�on and have a promoter act�on.

Another s�gn�f�cant recent d�scovery �s the long 
latent delay that can occur between an �n�t�at�ng 
event and the appearance of cancer �nduced by th�s 
event. For example, s�xty years after the atom�c bomb 
explos�ons �n Japan, the �nc�dence of colon cancer �s 
st�ll �ncreased, sl�ghtly but s�gn�f�cantly. Thus �n the 
search for causes of cancer, more stud�es should be 
focused on r�sk factors dur�ng �nfancy, ch�ldhood and 
adolescence. Recent data reveal�ng an assoc�at�on 
between the character�st�cs of a newborn and the 
probab�l�ty of breast cancer f�fty years later (Vatten 
et al., 2005) should encourage more �nvest�gat�on 
concern�ng gestat�on and �nfancy.

3. Dose–carcinogenic effect relationships 
and the effect of low doses

3-1 Assessing the carcinogenic effects of low 
doses

Assessment of r�sks assoc�ated w�th low-dose 
exposures has been one of the most controvers�al 
�ssues �n oncology �n recent years (Abelson, 1994; 
Ames and Gold, 1990, 1997). The �nab�l�ty of 
ep�dem�olog�cal surveys to detect ev�dence of a 
carc�nogen�c effect l�nked to low doses may be due 
to the �nsuff�c�ent stat�st�cal power of the stud�es, but 
also shows that the carc�nogen�c effect, �f �t ex�sts 
(wh�ch �s st�ll debatable), �s l�kely to be very small.

From a b�olog�cal po�nt of v�ew, our current 
knowledge �s compat�ble w�th the ex�stence of a 
threshold (Académ�e des Sc�ences - Académ�e de 
Médec�ne, 2005; Fe�nendegen et al., 2007). Cells 
react eff�c�ently to �nternal and external stresses. The 
var�ous safeguard mechan�sms protect the genome, 
to ensure the ma�ntenance of genet�c stab�l�ty and 
to el�m�nate aberrant cells (see Sect�on E1.1-3). 
The same types of complex systems of response 
and homeostat�c regulat�on operate for aggress�on 
by endogenous (ROS) or exogenous (UV, �on�z�ng 
rad�at�on, chem�cal mutagens) agents. These systems 
encompass both repa�r of damage and prevent�on of 
further damage. But the ma�n fact �s that low doses 
of a genotox�c agent (for example, �on�z�ng rad�at�on) 
�n�t�ate b�olog�cal responses that d�ffer from those 
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observed at h�gher exposure. Low doses �nduce a 
delayed appearance of temporary changes �n cellular 
s�gnall�ng affect�ng �ntracellular enzyme act�v�t�es, 
react�ons to ROS, DNA repa�r, apoptos�s, cell 
d�fferent�at�on, and adapt�ve and �mmune responses 
(Fe�nendegen et al., 2007). These changes �nclude 
a k�ll�ng effect of preneoplast�c cells (Portess et al., 
2007), wh�ch may temporar�ly decrease the cancer 
�nc�dence. The ex�stence of a hormet�c effect has 
long been debated but �s now recogn�zed, at least for 
exper�mental an�mals (Azzam et al., 1996; Calabrese, 
2004). Adapt�ve responses show that when alerted 
by a challenge dose, cells can become more res�stant 
to genotox�c agents (Wolff et al., 1988; Wolff, 1998; 
R�gaud and Moustacch�, 1996; Day et al., 2007, Tap�o 
and Jacob, 2007).

Other phenomena, such as var�at�ons �n 
mutat�ons or carc�nogen�c effects w�th dose rate 
(V�lench�k and Knudson, 2000, 2006), mod�f�cat�ons 
of phospho-proteome prof�l�ng �n response to low or 
h�gh doses of �rrad�at�on (Yang et al., 2006), low-dose 
hypersens�t�v�ty, and bystander effects (Mothers�ll and 
Seymour, 2006), conf�rm that responses to rad�at�on 
(UV or �on�z�ng) are modulated by dose. Indeed, 
act�vat�on of ant�-ox�dant defence, gene �nduct�on, 
DNA damage and s�gnall�ng clearly d�ffer at low or h�gh 
exposure levels. Moreover, modern transcr�pt�onal 
analys�s shows that the genes wh�ch are act�vated or 
repressed are not the same follow�ng a low or a h�gh 
dose (Amundson et al., 2003; Franco et al., 2005). 
Moreover, the chronology of responses �s d�fferent 
(Franco et al., 2005). Pass�ve smok�ng �s often quoted 
as an example of an agent that �s carc�nogen�c at low 
doses. Th�s conclus�on �s debatable. Pass�ve smok�ng 
corresponds to 1 to 2 c�garettes smoked per day, that 
�s, about 500 c�garettes per year, correspond�ng to 
a few grams of tar per year. Th�s �s far from be�ng a 
low dose.

3-2 Extrapolations from carcinogenic effects of 
high-doses

Carc�nogen�c effects of low doses or concentrat�ons of 
phys�cal or chem�cal agents are generally est�mated by 
an extrapolat�on based on a dose–effect relat�onsh�p. 
The most w�dely used �s the l�near no-threshold (LNT) 
relat�onsh�p, based on the assumpt�on that (�) even the 
smallest dose of a carc�nogen can cause a mutat�on 
wh�ch may �n�t�ate the carc�nogen�c process, (��) the 

probab�l�ty of �n�t�at�on (per un�t dose) �s constant, 
�rrespect�ve of the dose, dose-rate or concentrat�on, 
an assumpt�on that �s debatable because the eff�cacy 
of cell defence decreases w�th greater local t�me 
and spat�al dens�ty of the damage (D�komey and 
Brammer, 2000), and (���) after the �n�t�at�on of a cell, 
the carc�nogen�c process evolves s�m�larly whatever 
the number of damaged cells �n the m�croenv�ronment 
or the t�ssue. The d�scuss�on above (Sect�on E1.1-3) 
shows that recent data are not cons�stent w�th these 
three assumpt�ons.

V�ews oppos�ng the LNT hypothes�s have been 
expressed (Abelson, 1994; Ames and Gold, 1997; 
Fe�nendegen et al., 2007; Tub�ana et al., 2006a,b; 
Yamamoto et al., 1998). Pasteur, 125 years ago, 
showed that �noculat�on of a small amount of m�cro-
organ�sms can “vacc�nate” aga�nst subsequent 
�noculat�ons of large amounts of the same m�cro-
organ�sm. Adapt�ve responses that occur follow�ng 
an aggress�on by low doses of a genotox�c agent may 
correspond to a s�m�lar type of protect�ve mechan�sm 
operat�ng by a temporary up-regulat�on of defences 
(Fe�nendegen, 2007; Wolff et al., 1988; Wolff, 1998).

Currently, most regulat�ons regard�ng carc�nogens 
are based on the LNT relat�onsh�p, desp�te �ts 
uncerta�n val�d�ty. In rad�oprotect�on (see Sect�on 
D1), for example, the ph�losophy of the current 
recommendat�ons �s that there �s no �nnocuous dose. 
Rather than def�n�ng a safe dose, th�s concept leads 
to the need to def�ne what amount of r�sk �s acceptable 
to soc�ety.

The jo�nt report of the two academ�es (Académ�e 
des Sc�ences - Académ�e de Médec�ne, 2005) 
po�nted out the drawbacks of the LNT hypothes�s and 
�ts l�m�tat�ons. The absence of ep�dem�olog�cal data 
for low doses does not allow us to conclude that such 
doses have no carc�nogen�c effect but ne�ther does 
�t just�fy the use of LNT. For most carc�nogens, the 
ex�stence of a threshold �s plaus�ble due to the eff�cacy 
of defence mechan�sms �n the low dose range. In such 
cases, the use of LNT �s not recommended because �ts 
drawbacks (the anx�ety ra�sed by r�sk overest�mat�on 
and the cost of protect�ve measures) can be greater 
than the advantages of the precaut�onary approach.

W�th regard to promot�on or to ep�genet�c 
processes, LNT �s even less sc�ent�f�cally plaus�ble 
(Trosko, 1997). The ex�stence of a threshold �s h�ghly 
probable when the carc�nogen�c agents are non-
genotox�c promot�ng factors and for factors wh�ch 

Discussion



154

�nduce ep�genet�c transformat�on, but a threshold 
may also ex�st for genotox�c agents.

3-3 Statistical considerations on effects of low 
doses

A carc�nogen�c agent may be assoc�ated w�th a low 
relat�ve r�sk of cancer (say, RR < 1.25) �f exposure to 
that carc�nogen�c agent �s l�m�ted to low doses. In the 
absence of a threshold and �f a large proport�on of the 
populat�on �s exposed to such low doses, a low r�sk 
factor could nevertheless have a low but observable 
�mpact on cancer �nc�dence �n the populat�on. F�gure 
E1.1 plots AFs accord�ng to exposure prevalence and 
for var�ous levels of RR assoc�ated w�th exposure to 
low doses of a hypothet�cal carc�nogen�c agent. If the 
excess r�sk �s less than 10% (�.e., RR = 1.10), then 
even �f all the populat�on were exposed to the agent, 
less than 10% of cancer would be due to that agent. It 
�s only �f the RR �s h�gher that the proport�on of cancer 
attr�butable to the agent �ncreases substant�ally. 

Because study�ng the effect of low doses poses 
form�dable problems �n ep�dem�ology, most low-
dose effects are der�ved from mathemat�cal models 
that more or less assume that the type of r�sk 
factor–cancer relat�onsh�p at low doses �s s�m�lar to 
the relat�onsh�ps observed w�th med�um and h�gh 
doses. As prev�ously d�scussed, th�s assumpt�on �s 
debatable for a number of reasons. Nevertheless, for 
some r�sk factors, low doses could theoret�cally be 
assoc�ated w�th spec�f�c effects on some b�olog�cal 
events, �nclud�ng cancer, for �nstance, a chem�cal 
substance w�th hormone-l�ke act�v�ty when act�ng 
at low dose on spec�f�c receptors, or hormones that 
have d�fferent types of b�olog�cal act�v�ty at low and at 
h�gher concentrat�ons (e.g., the so-called hormone-
d�sruptors). The latter phenomenon, however, has 
never been observed �n ep�dem�olog�cal stud�es and 
rema�ns h�ghly hypothet�cal.

Figure E1.1 - Attributable fraction of cancer to an agent in case of low RR
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4. Not all cancers have an identifiable non-
genetic cause

Exogenous genotox�c agents play a role �n cancer by 
�ncreas�ng the number of mutat�ons, but, as prev�ously 
d�scussed (Sect�on E1.1-8), cancer �n�t�at�on can occur 
w�thout exogenous r�sk factors. Hence, for many 
cancers, �t �s probably �llusory to expect to d�scover a 
spec�f�c causal factor expla�n�ng the�r occurrence.

Age�ng �s the ma�n determ�nant of the �nc�dence of 
several major cancers (e.g., colorectal cancer, prostate 
cancer). W�th age�ng, a stead�ly greater proport�on 
of cancer may not be due to spec�f�c exogenous 
causes, but rather to the probab�l�ty that age�ng cells 
accumulate b�olog�cal “damage” or “errors”, poss�bly 
lead�ng to carc�nogen�c processes. Another poss�b�l�ty 
�s less effect�ve �mmunosurve�llance.

5. Diet and nutritional factors

The most compell�ng ev�dence for a role for d�et and 
nutr�t�onal factors �n cancer occurrence comes from 
ep�dem�olog�cal stud�es of m�grants and of decl�n�ng 
stomach cancer �nc�dence.

M�grant stud�es show that subjects mov�ng from 
areas w�th a low �nc�dence of several cancers, 
�nclud�ng colorectal and breast cancer, tend to acqu�re 
the cancer �nc�dence levels of the host populat�ons 
(e.g., Tomat�s et al., 1990; McCred�e et al., 1999, 
Maskar�nec and Noh, 2004). Th�s observat�on led to the 
hypothes�s that nutr�t�on was the predom�nant factor 
respons�ble. However, other factors than nutr�t�on 
could also be �nvolved (e.g., changes �n reproduct�ve 
factors �n women, although th�s explanat�on cannot 
be evoked for colorectal cancer).

The dramat�c decl�ne �n stomach cancer over 
the past 50 years �n most �ndustr�al�zed countr�es 
�s deemed to be partly due to changes �n food 
preservat�on (e.g., refr�gerat�on �nstead of salt�ng 
or smok�ng) and nutr�t�onal hab�ts (e.g., greater 
ava�lab�l�ty of fresh fru�ts and vegetables). A decl�ne 
�n Helicobacter pylori colon�zat�on of the stomach due 
to ant�b�ot�c treatment for other d�seases or spec�f�c 
erad�cat�on of th�s bacter�um has probably also 
contr�buted to the decrease �n the stomach cancer 
burden (Tomat�s et al., 1990).

Uncerta�nt�es about the role of nutr�t�onal factors 
ar�se from the apparent �nab�l�ty of ep�dem�olog�cal 
stud�es to �dent�fy cr�t�cal nutr�ents or d�etary patterns 

assoc�ated w�th cancer r�sk (Roe, 1979; Kolaja et 
al.,1996). Several new avenues be�ng explored 
are outl�ned below, and new ep�dem�olog�cal and 
exper�mental stud�es are needed to exam�ne the 
relevance of these concepts.

(�) Most prospect�ve stud�es and �ntervent�onal 
tr�als on nutr�t�on and cancer have been performed 
�n adults, whereas in utero l�fe, ch�ldhood and 
adolescence probably represent per�ods of greater 
�mpact of nutr�t�onal factors that may be �nvolved �n 
cancer. Some data strongly suggest that d�et dur�ng 
early age and dur�ng pregnancy may have an �mpact 
on cancer �nc�dence dur�ng adulthood (Vatten et 
al., 2005). Nutr�t�on (da�ly �ntake of calor�es) has a 
major �mpact on the secret�on of several p�tu�tary 
hormones, such as a growth factor wh�ch, �n turn, 
strongly �nfluences cell prol�ferat�on �n spec�f�c 
t�ssues. S�nce 1950, the he�ght of g�rls and boys �n 
France and most other �ndustr�al�zed countr�es has 
dramat�cally �ncreased (by over 10 cm �n young adult 
age), as has the�r foot s�ze; moreover the mean age at 
menarche has decreased by 2 to 3 years. In countr�es 
where d�et �s poor �n prote�n or �n calor�es, or where 
�ntest�nal paras�tes are common, the he�ght of ch�ldren 
and adolescents �s generally much smaller than �n 
�ndustr�al�zed or affluent countr�es and var�es w�th the 
soc�o-econom�c class; �n these countr�es the �nc�dence 
of breast and colon cancer �s also much lower. When 
people m�grate from these reg�ons to developed 
countr�es (or when the�r l�festyle �s “western�zed”, 
as �n S�ngapore), the�r he�ght �ncreases, menarche 
occurs earl�er and the �nc�dence of breast and colon 
cancer r�ses. It has been hypothes�zed that these 
changes may be related to var�at�ons �n hormonal 
balance. H�gh levels of IGF1 and IGF2 are assoc�ated 
w�th h�gher �nc�dence of breast and colorectal cancer 
(Hank�nson et al., 1998; Khandwala et al., 2000; 
Schne�d et al., 1992). Thus a h�gh �nc�dence of these 
types of cancer and h�gher he�ght and early age at 
menarche m�ght be related to h�gher levels of growth 
factors.

(��) It �s plaus�ble that the effects of nutr�t�on on 
cancer are exerted by unspec�f�c factors such as 
the amount of calor�es, rather than by spec�f�c 
nutr�ents or foods (El�as et al., 2007; Kolaja et al., 
1996; Roe, 1979). An�mal exper�ments cons�stently 
show that total energy �ntake has more �nfluence on 
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cancer occurrence than spec�f�c nutr�ents. In such 
exper�ments, notably �n rodents, h�gher da�ly food 
�ntake �s assoc�ated w�th shorter l�fe expectancy and 
h�gher cancer �nc�dence. The b�olog�cal rat�onale 
beh�nd the total energy hypothes�s comes from the 
known l�nk between m�tot�c act�v�ty and cancers of 
ep�thel�al or�g�n (e.g., colorectal cancer), and between 
h�gh energy �ntake and m�tot�c act�v�ty (e.g., �n the 
colon). In humans, overwe�ght and obes�ty are also 
assoc�ated w�th �ncreased cancer �nc�dence, but we 
do not know whether or to what extent an �ncrease �n 
da�ly food �ntake has an �mpact on cancer �nc�dence. 
The protect�ve role of phys�cal act�v�ty on colorectal 
and breast cancer �s �ndependent of we�ght (IARC, 
2002) and could be related to b�olog�cal mechan�sms 
that are also �nfluenced by energy �ntake. Da�ly food 
�ntake var�es markedly from country to country; �n 
France �t has markedly �ncreased dur�ng the past 
decade (even �n �nd�v�duals w�thout overwe�ght). The 
average da�ly food �ntake �n France �s now 3500 kcal/
day/�nhab�tant. The average �n developed countr�es 
�s 3300 and �n develop�ng countr�es 2400, but �t can 
be much lower �n some countr�es, for example 1600 
�n Eth�op�a. The �mpact of these var�at�ons of food 
�ntake on cancer �nc�dence �n humans has not yet 
been adequately stud�ed.

(���) Another new research avenue concerns the 
concept of “nutr�t�onal d�sequ�l�br�um”. Up to now, 
most stud�es have assessed cancer r�sk by compar�ng 
subjects hav�ng m�n�mal, �ntermed�ate and max�mal 
�ntake of nutr�ents. Nutr�t�onal d�sequ�l�br�um �s more 
concerned w�th the “best balance” between several 
nutr�ents, w�thout reference to e�ther too low or too 
h�gh quant�t�es of a g�ven nutr�ent. The qual�ty of the 
m�x between nutr�ents could be the cr�t�cal factor, 
�nstead of quant�tat�ve �ntake of spec�f�c nutr�ents.

6. Possible causes for underestimation 
of cancers associated with non-hereditary 
risk factors

6-1 Underestimation of the role of infectious 
agents

That �nfect�ous agents play a role �n cancer occurrence 
has been known for over 40 years, and research on 
v�ruses and cancer has led to the unve�l�ng of many 
bas�c b�olog�cal mechan�sms �mpl�cated �n normal l�fe 

and �n carc�nogenes�s.
Many cancers are assoc�ated w�th v�ral, bacter�al 

and paras�t�c agents. Some �nfect�ous agents are now 
known to be a necessary cause of a cancer, such 
as human pap�llomav�rus (HPV) �n cerv�cal cancer. 
Occurrence of several other cancers �s strongly 
related to �nfect�ous agents, e.g., Helicobacter pylori 
colon�zat�on for stomach cancer, chron�c �nfect�on 
w�th hepat�t�s B and C v�ruses (HBV and HCV) for l�ver 
carc�noma, EBV for Hodgk�n d�sease, and var�ous 
v�ruses for some leukaem�as.

Furthermore, cancers found w�th greater 
frequency �n HIV-pos�t�ve pat�ents not treated w�th 
h�ghly act�ve ant�retrov�ral agents (HAAR therapy) 
(e.g., Kapos� sarcoma and non-Hodgk�n lymphoma 
(NHL)) show that some �mmune d�sorders assoc�ated 
w�th �nfect�ons could be at the or�g�n of several types of 
cancer. Th�s hypothes�s may also have a role �n NHL 
and leukaem�a occurr�ng �n HIV-negat�ve subjects, 
who may have a genet�c propens�ty to develop 
a cancer when �nfected w�th as yet un�dent�f�ed 
�nfect�ous agents (Zur Hausen, 2006).

More and more ep�dem�olog�cal and laboratory 
data suggest that �nfect�ous agents may be d�rect or 
�nd�rect causes of var�ous cancers, �nclud�ng HPV 
�n squamous carc�noma of the aerod�gest�ve tract 
(Hammarstedt et al., 2006).

Infect�ons could �nfluence cancer occurrence 
through �nflammatory processes that would have an 
�mpact on �mmune funct�on and change the l�kel�hood 
of develop�ng cancer. S�m�lar mechan�sms could 
underl�e the effect of agents act�ng on �nflammatory 
processes to mod�fy the l�kel�hood of cancer, e.g., the 
ant�cancer effect of non-stero�dal ant�-�nflammatory 
drugs, and the role of stero�d hormones �n endometr�al 
cancer (Modugno et al., 2005).

Hence, �t �s expected that follow�ng further 
research, the proport�on of cancer attr�butable to 
�nfect�ous agents w�ll substant�ally �ncrease.

6-2 Poor knowledge of the role of hormone-
related factors

There �s now cons�stent ev�dence that �n women, 
hormones �nvolved �n reproduct�ve funct�on are 
�mpl�cated �n breast and �n gynaecolog�cal cancers 
(Rochefort, 2007). The reproduct�ve funct�on �nvolves 
several hormones and much rema�ns to be eluc�dated 
regard�ng the�r role �n cancer; for �nstance, �n breast 
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cancer, the respect�ve roles of stero�d hormones 
such as estrogen�c, progesteron�c and androgen�c 
hormones, and of polypept�de hormones such as the 
growth hormone and prolact�n rema�n to be clar�f�ed. 
Wh�le l�fet�me exposure to stero�d hormones m�ght 
promote breast cancer development, prolact�n could 
represent a strong protect�ve factor. Furthermore, 
pept�de hormones and receptors �nvolved �n obes�ty 
and d�abetes mell�tus, but also �n growth, could 
be far more eff�c�ent than stero�d hormones for 
transformat�on of normal breast ep�thel�al cells �nto 
cancerous cells of h�gh mal�gnant potent�al.

In sp�te of many gaps �n knowledge, research on 
breast cancer has perm�tted a better understand�ng of 
the relat�onsh�p between hormones and cancer and 
led to the d�scovery of eff�c�ent hormonal treatments 
(e.g., tamox�fen) (Rochefort, 2007). It �s also hoped 
that breast cancer research w�ll lead to the d�scovery 
of drugs for chemoprevent�on of the d�sease �n healthy 
women.

6-3 Difficulty in assessing exposures accurately 
and the “risk dilution” or “misclassification” 
effect

Retrospect�ve assessment of exposure �n case–
control ep�dem�olog�cal stud�es �s often �mperfect 
because most �nformat�on prov�ded by �nd�v�duals 
�s prone to b�as (recall, �nterv�ew, select�on b�ases, 
etc.). Informat�on from laboratory measurements �n 
humans often focuses on one or few b�olog�cal �tems 
that are not too d�ff�cult or expens�ve to measure. Use 
of past med�cal records �s often l�m�ted by a lack of 
standard�zat�on of the data recorded.

Imperfect�ons �n exposure assessment generally 
lead to “m�sclass�f�cat�on” of an exposure–d�sease 
assessment¹, wh�ch results �n f�nd�ng �ncreased 
(enhanc�ng effect) or decreased (protect�ve effect) 
r�sks of smaller magn�tude (�.e., RR closer to un�ty 
(1.0)) than �f perfect exposure measurement had 
been poss�ble. Furthermore, most human cancers 
are not due to a s�ngle agent but to s�multaneous or 
consecut�ve comb�nat�ons of several agents (�nclud�ng 
complex m�xtures) and ep�dem�olog�cal methods have 
poor ab�l�ty to explore the effect of such m�xtures.

There �s clearly a need for some sort of “exposome” 
that could prov�de unb�ased �nformat�on on many 

exposures at the same t�me, �ncorporat�ng the qual�ty 
and quant�ty of exposures, and t�me relat�onsh�ps 
between exposures (W�ld, 2005). Such an “exposome” 
would usefully supplement new laboratory analyt�cal 
methods that screen DNA alterat�ons (e.g., mutat�ons) 
and var�at�ons (e.g., s�ngle nucleot�de polymorph�sms, 
SNPs), and phenomena occurr�ng at ep�genet�c, 
prote�n�c and metabol�c levels. For example, �n the 
case of �on�z�ng rad�at�on, the study of aberrat�ons 
�n blood lymphocytes prov�des useful �nformat�on 
regard�ng exposure (see M�ller et al., 2001 for other 
examples). In that respect, there �s a need to search 
for b�omarkers that could (�) measure exposures, and 
(��) �dent�fy �nd�v�duals w�th b�olog�cal character�st�cs 
mak�ng them more suscept�ble to cancer.

6-4 Difficulty in performing studies 
in children and adolescents

Most of what we know about the causes of cancer 
has been der�ved from stud�es �n adults. However, 
research has gradually revealed that younger age and 
even in utero l�fe �s a per�od of h�gher suscept�b�l�ty 
to carc�nogens that has cons�derable repercuss�ons 
on cancer occurrence dur�ng adulthood. Th�s 
phenomenon was f�rst recogn�zed for �on�z�ng 
rad�at�on, and later for ultrav�olet rad�at�on and some 
med�c�nal products (e.g., d�ethylst�lbestrol, DES). It �s 
now suspected that the �n�t�al steps of some cancers 
may take place in utero or dur�ng the f�rst years of 
l�fe (e.g., test�s cancer, cutaneous melanoma, some 
breast cancers). Infancy, ch�ldhood and adolescence 
seem p�votal for hormone-related cancers (e.g., 
breast, ovary, prostate) and probably also for cancers 
�nfluenced by d�etary hab�ts (e.g., colorectal cancer 
and stomach cancer). A relat�onsh�p has been 
observed between the s�ze of the newborn and 
probab�l�ty of breast cancer, suggest�ng the �mpact of 
in utero hormonal �nfluence (Vatten et al., 2005).

Ep�dem�olog�cal research �n m�nors poses 
cons�derable problems. The �dent�f�cat�on of su�table 
controls may be more problemat�c than w�th adults 
and �n many countr�es the �mposs�b�l�ty of collect�ng 
b�olog�cal mater�al (e.g., blood samples) from ch�ldren 
or adolescents poses major l�m�ts on the scope 
of poss�ble �nvest�gat�ons. In add�t�on, ch�ldhood 
exposure �s d�ff�cult to assess both �n retrospect�ve 

¹ Sometimes also called «dilution» of exposure-disease assesment.
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stud�es (e.g., case–control stud�es) and �n cancer-
related prospect�ve stud�es, because of the need for 
very long follow-up. Furthermore, numerous legal, 
moral and eth�cal barr�ers d�scourage the �n�t�at�on of 
stud�es �n ch�ldren and when poss�ble such stud�es 
are l�kely to be very expens�ve. Current developments 
�n the leg�slat�ve env�ronment �n North Amer�ca and 
�n Europe are further d�m�n�sh�ng the prospects for 
conduct�ng stud�es �nvolv�ng ch�ldren. However, 
desp�te these d�ff�cult�es and the very long t�mescale 
necessary for obta�n�ng relevant �nformat�on, cohort 
stud�es should be launched, because they would 
prov�de un�que and �mportant �nformat�on.

7. Early detection and the emerging concept 
of “cancer without disease”

The ava�lab�l�ty of methods allow�ng detect�on of 
cancers at an earl�er stage of development leads 
to substant�al �ncreases �n cancer �nc�dence. Th�s 
�ncrease �s essent�ally due to the f�nd�ng of cancers 
that cause no symptoms or cl�n�cal s�gns, that are 
more �ndolent and would probably never (or would 
take a long t�me to) become cl�n�cally apparent². 
The �ssue of �ncreased detect�on of tumours hav�ng 
h�stolog�cal character�st�cs of cancer, but not the 
cl�n�cal features of cancer, was already ra�sed by Doll 
and Peto (Append�x C of the�r 1981 publ�cat�on) and 
other authors (Fox, 1979).

In the past, many of these �ndolent tumours 
rema�ned un�dent�f�ed and never caused death. Thus 
the�r detect�on can be cons�dered as an undes�rable 
s�de-effect of screen�ng. The treatment appl�ed �s 
often s�m�lar to that of potent�ally more dangerous 
cancers because, at present, �t rema�ns hard to 
pred�ct the short-term or long-term outcome of small 
cancers on the bas�s of ava�lable cl�n�cal, h�stolog�cal, 
�mag�ng and laboratory parameters. In th�s respect, 
the �ncrease �n cancer �nc�dence and �n overtreatment 
�nduced by early-detect�on methods may also be 
v�ewed as a consequence of the fact that d�agnos�s of 
cancer �s based on h�stolog�cal cr�ter�a, rather than on 
cr�ter�a allow�ng pred�ct�on of the l�kely cl�n�cal course 

of the d�sease. Many of the small tumours would not 
evolve �nto �nvas�ve d�sease, �.e., they are “cancers 
w�thout d�sease” (Folkman and Kallur�, 2004).

It rema�ns to be determ�ned whether �ndolent 
screen-detected cancers are assoc�ated w�th r�sk 
factors found to be assoc�ated w�th symptomat�c 
or cl�n�cally apparent cancers. For several organs, 
the answer �s l�kely to be negat�ve. For �nstance, 
spontaneous format�on of small tumours hav�ng 
cancerous h�stolog�cal character�st�cs takes place �n 
the thyro�d of many subjects (ma�nly �n females), but 
most w�ll never evolve �nto l�fe-threaten�ng d�sease. 
The spectacular �ncrease �n thyro�d cancer �nc�dence 
observed �n many countr�es �n the last decades 
parallels the advent of new exploratory tools, such 
as ultrasonography w�th h�gh-frequency probes and 
f�ne needle b�opsy methods, and does not seem to 
be related to changes �n exposure to yet unknown 
r�sk factors. The cl�n�cal stud�es carr�ed out for early 
detect�on and treatment of neuroblastoma �n ch�ldren 
have not resulted �n lower mortal�ty, wh�ch strongly 
suggests that most of these small screen-detected 
tumours would not have led to an �nvas�ve cancer 
(Sch�ll�ng et al., 2002; Woods et al., 2002).

Another example �s prostate cancer. Up to now, 
no cons�stent env�ronmental or l�festyle r�sk factor has 
been def�n�tely �dent�f�ed for th�s cancer and prostate 
cancer occurrence �s largely assoc�ated w�th age�ng. 
The �nc�dence of prostate cancer has dramat�cally 
r�sen �n populat�ons where test�ng for prostate-
spec�f�c ant�gen (PSA) has become w�despread (See 
Sect�on A2). Many of the prostate cancers found by 
PSA test�ng would have rema�ned cl�n�cally s�lent, 
and probably most of these should not be assoc�ated 
w�th an env�ronmental or l�festyle r�sk factor.

It �s therefore poss�ble to hypothes�ze that the 
net �mpact of early-detect�on methods �ncreases 
the proport�on of cancers for wh�ch there �s no real 
env�ronmental or l�festyle r�sk factor, so that the 
proport�on of cancers for wh�ch such r�sk factors may 
account �s decreased. In th�s respect, AFs est�mated 
�n th�s report are probably more val�d for mortal�ty 
data than for �nc�dence data.

²   In addition to indolent cancers, finding of in situ cancers is also considerably increased by early detection methods. These are tumours that have not developed 
beyond the basal membranes separating the epithelium from the conjunctival stroma. Before widespread availability of mammographic screening, in situ breast cancers 
represented less than 2% of all breast tumours, while they may now represent up to 20%. In situ cancers have low malignant potential, but in many organs, the likelihood 
of transformation into invasive cancer is uncertain, and therefore, treatment is often similar to that of invasive cancer. Note that regardless of malignant potential to evolve 
into an invasive cancer, some in situ tumours (e.g., in the breast) may be voluminous and require extensive surgery. Normally, cancer incidence data only include invasive 
cancers, and in situ cancers should not be counted as incident cancers. However, on needle biopsies, it can be difficult to distinguish in situ and invasive cancer in a 
small specimen of a small tumour.
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Th�s study shows that �n France, �n the year 2000, 
tobacco smok�ng and alcohol dr�nk�ng were by far 
the ma�n r�sk factors of cancer; tobacco account�ng 
for 27% of the total cancer burden �n men and 6% �n 
women, and alcohol account�ng for 11% of the total 
burden �n men and 4% �n women. Infect�ous agents, 
obes�ty and overwe�ght, phys�cal �nact�v�ty, ultrav�olet 
rad�at�on, occupat�on and hormone treatment each 
accounted for 1 to 3.3% of the total cancer burden �n 
men or �n women. Reproduct�ve factors and a�r, so�l, 
food and water pollutants each accounted for between 
0.1% and 1% of the total cancer burden. For pollutants, 
we cons�dered only IARC Group 1 carc�nogens. If 
suspected carc�nogens such as outdoor a�r pollut�on 
w�th f�ne part�cles had been cons�dered, pollutants 
could account for around 1% of all cancers.

Th�s study was based on establ�shed carc�nogen�c 
agents (�.e., IARC Group 1 carc�nogens), �.e., agents for 
wh�ch there �s suff�c�ent ev�dence for carc�nogen�c�ty 
�n humans. Most relat�ve r�sks were der�ved from 
the most recent meta-analyses of observat�onal 
ep�dem�olog�cal stud�es. A few attr�butable fract�ons 
(AFs) were not der�ved from relat�ve r�sks and data 
on exposure, but from AFs d�rectly est�mated for 
ent�re populat�ons (�.e., those for sun exposure, EBV 
�nfect�ons, and occupat�onal asbestos�s). A model 
approach was never used. We never had recourse to 
est�mat�ons based on expert op�n�on.

The AF est�mates presented �n th�s report are 
to be cons�dered as m�n�mal est�mates, as we are 
aware that prevalence of some exposures may be 
underest�mated (e.g., �nfect�ons). In the absence 
of better sc�ent�f�cally val�d sources of data, these 
rema�n the best est�mates based on current sc�ent�f�c 
knowledge.

The study d�scarded numerous agents for wh�ch 
some sc�ent�f�c l�terature suggests that they are 

carc�nogen�c �n humans. The bas�c rule �s that only 
accumulat�on of sc�ent�f�c ev�dence from several 
sources (e.g., d�fferent �ndependent sc�ent�f�c teams) 
and several d�sc�pl�nes (e.g., laboratory exper�ments 
and ep�dem�olog�cal data) can form the bas�s for a 
set of arguments cons�stent w�th the recogn�t�on of 
an agent as carc�nogen�c, or not carc�nogen�c, �n 
humans.

Most stud�es on cancer r�sk factors were carr�ed 
out �n North Amer�ca, the UK, the Nord�c countr�es, 
the Netherlands, Italy or As�a. For many r�sk factors, 
no study has been conducted �n France. Th�s does 
not mean that relat�ve r�sks der�ved from non-French 
stud�es are not val�d for France, as tox�c substances, 
drugs, pollutants, etc., are expected to exert 
s�m�lar effects �n France and �n other �ndustr�al�zed 
countr�es.

Weaknesses of th�s study reflect the currently 
�nadequate knowledge �n several f�elds, �n part�cular:

1. The l�m�ted understand�ng of the complex 
processes �nvolved �n carc�nogenes�s (see 
Sect�on E1).

2. The lack of rel�able data on the causal 
assoc�at�on between many substances and 
cancer, bear�ng �n m�nd that a stat�st�cal correlat�on 
between cancer and exposure to a substance 
does not �mply causal�ty.

3. Uncerta�nty about dose–effect relat�onsh�ps 
between exposure and cancer occurrence 
(see Sect�on E1). The shape of the dose–effect 
relat�onsh�p may be non-l�near, e.g., an agent 
m�ght be h�ghly carc�nogen�c at h�gh dose and 
�nnocuous at low dose.

4. The lack of ava�lab�l�ty of accurate data on 
exposure to known r�sk factors.

5. D�fferences �n length of the lag-t�me for 
d�fferent carc�nogens. For some factors, lag-t�me 
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may be very long (e.g., reproduct�ve factors and 
breast cancer occurrence after 50 years old), but 
�t may also be short, for �nstance benzene and 
leukaem�a (about 5 years of lag-t�me).

Methodological limitations of the study

The methods we used for est�mat�on of AFs may be 
cr�t�c�zed on several grounds:

(1) The lag-t�me of 15 years was somewhat 
arb�trary and exposures may have changed 
across generat�ons. However, we adapted our 
cho�ce of lag-t�me accord�ng to �ts relevance 
for r�sk factors. Thus, for �nstance, for hormone 
therapy and oral contracept�ves, only current 
use was taken as relevant to breast cancer. For 
ultrav�olet rad�at�on and for profess�onal exposure 
to asbestos, approaches for est�mat�ng AFs were 
not based on a lag-t�me.

(2) RRs and exposure measurements for 
AF calculat�ons should be der�ved from s�m�lar 
populat�ons hav�ng s�m�lar exposure to a spec�f�c 
r�sk factor. S�nce most of the RRs and data on 
exposure or�g�nated from d�fferent sources, the 
cho�ce of RRs and exposures was somet�mes not 
opt�mal (e.g., for phys�cal �nact�v�ty).

(3) We assumed AFs to be equ�valent for cancer 
�nc�dence and mortal�ty. Th�s assumpt�on �s true 
only �f the r�sk factor �s not a prognost�c factor for 
mortal�ty, as the AF would then be d�fferent. For 
�nstance, obes�ty �s a r�sk factor for breast cancer 
occurrence, but probably a stronger r�sk factor for 
breast cancer mortal�ty after 50 years old. In th�s 
respect, the AF assoc�ated w�th obes�ty for breast 
cancer mortal�ty �s probably underest�mated.

Difficulty in finding exposure data for France

We found exposure data for France for the major�ty of 
r�sk factors. However, we have to deplore the d�ff�culty 
encountered �n access�ng many of the exposure 
data, desp�te the devoted efforts of the work�ng group 
to �dent�fy potent�al sources. For some exposure 
prevalence data, reports or art�cles do not suff�c�ently 
descr�be the collect�on methods used and �t therefore 
rema�ns d�ff�cult to assess the�r qual�ty. Many sources 

of data were not publ�shed �n the sc�ent�f�c l�terature or 
�n other peer-rev�ewed formats. Th�s was part�cularly 
the case for data on occupat�onal exposures. Great 
care was taken �n choos�ng exposure data most 
representat�ve of the preva�l�ng s�tuat�on �n France 
at the end of the twent�eth century. Data from 
certa�n sources were not used because they were 
der�ved from selected sub-populat�ons unl�kely to be 
representat�ve of the French populat�on. Exposure 
data doubtless ex�st of wh�ch we are unaware, but �t 
�s �mprobable that the�r ava�lab�l�ty would s�gn�f�cantly 
change the est�mates presented �n th�s report.

In any case, th�s work has revealed the need for 
France to const�tute a central repos�tory of data on 
exposure prevalence, for �nstance, for the purpose 
of health surve�llance. Th�s repos�tory should spec�fy 
the methods used for data collect�on and be updated 
regularly.

How the study results can address public 
concerns about the “environment”

In the developed countr�es, exposure to known 
carc�nogens has s�gn�f�cantly decreased over t�me, 
ma�nly s�nce the 1950s, as has exposure to many 
�nd�cators of poss�ble contact w�th carc�nogens (e.g., 
some gases, “d�rty” �ndustr�al act�v�t�es, uncontrolled 
mass�ve waste d�sposal). Th�s h�stor�cal fact �n �tself 
argues aga�nst the common percept�on that the 
“env�ronment” �s the cause of �ncreases �n cancer 
�nc�dence.

For many exposures, there �s not suff�c�ent 
sc�ent�f�c ev�dence to establ�sh them as cancer 
r�sk factors. In th�s respect, publ�c concern about 
“env�ronmental pollutants” �s d�sproport�onate to the 
known magn�tude of �mpact of such pollutants on 
cancer. As stressed �n the �ntroduct�on to th�s report, 
some confus�on comes from the d�fferent def�n�t�ons 
for “env�ronment”, wh�ch has d�fferent mean�ngs 
accord�ng to language. In the�r most appropr�ate 
sense, “env�ronmental pollutants” �nclude pollutants 
of water, a�r, so�l and food.

Attr�but�on of cancers w�th unknown cause to a 
s�ngle cause by default (or to a group of causes, e.g., 
“pollut�on”) �s unjust�f�ed and represents a fallac�ous 
argument. By s�m�larly flawed reason�ng, the gap 
�n cancer causes could equally be attr�buted to 
global cl�mate change, to the �ncreas�ng number of 
telev�s�ons �n our �mmed�ate env�ronment, or to the 
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�ncrease �n soc�al well-be�ng.
It �s unl�kely that all cancers w�th ‘unknown’ cause 

are due to factors that w�ll ever be �dent�f�ed. However, 
as seen �n Sect�ons A2, D3 and E1, even �f we do not 
know the r�sk factor(s) respons�ble for the �ncreas�ng 
�nc�dence of a cancer, we usually do have clues as to 
the l�kely type of r�sk factor �nvolved or not �nvolved. 
In th�s respect, pollutants of a�r, food, water and so�l, 
as well as occupat�onal exposures, do not prov�de the 
preferred work�ng hypotheses for the �dent�f�cat�on of 
r�sk factors respons�ble for the �ncrease �n �nc�dence 
of some cancers. The development of new detect�on 
methods, screen�ng effects, l�festyle factors, d�et 
dur�ng pregnancy, �nfancy and ch�ldhood and 
hormonal and �nfect�ous agents are stronger avenues 
for future research.

Past studies on attributable risk of cancers

Several stud�es that est�mated proport�ons of cancer 
attr�butable to r�sk factors were restr�cted to one 
r�sk factor or to one part�cular s�te of cancer (e.g., 
Mezzett� et al., 1998). Only four stud�es other than 
the present one est�mated the �mpact of carc�nogens 
on large populat�ons and they used qu�te d�fferent 
methodolog�es (Doll and Peto, 1981; Olsen et al., 
1997; Danae� et al., 2005; Doll and Peto, 2005). The 
ma�n results of these stud�es are summar�zed �n Table 
E2.1.

The f�rst est�mate of the relat�ve �mportance 
of genet�c and env�ronmental factors �n the global 
burden of cancer was made by Doll and Peto (1981) 
us�ng cancer mortal�ty data from the USA. In the�r 
sem�nal work, these authors came to the conclus�on 
that around 80% of cancers could be attr�butable to a 
spec�f�c l�festyle or known env�ronmental cause (Table 
E2.1). Subsequently, R. Peto and co-workers appl�ed 
the same method to est�mate the �mpact of tobacco 
smok�ng on the worldw�de burden of cancer (Peto et 
al., 1994). Recently, J. Peto updated the est�mates of 
the relat�ve �mportance of causes of cancer for the 
world (Peto, 2001).

In 1981, Doll and Peto postulated that the greatest 
d�fferences �n cancer mortal�ty between countr�es 
could reveal the pressure of env�ronmental and 
l�festyle factors on cancer burden. Countr�es w�th the 
lowest rates for a spec�f�c cancer were more l�kely 
to reflect the background cancer rate essent�ally 
attr�butable to genet�c or other endogenous factors. 

The�r ranges of “acceptable est�mates” (Table E2.1) 
were qu�te w�de, reflect�ng uncerta�nt�es �n the 
est�mates. Thus, for �nstance, d�et was deemed to 
account for 35% of cancer mortal�ty, but the range of 
acceptable est�mates was 10 to 70%. These est�mates 
reflected the qual�ty of the data ava�lable at that t�me. 
Furthermore, th�s methodology was �mpl�c�tly based 
on the assumpt�on that each type of cancer can be 
cons�dered �ndependently. Th�s assumpt�on �s open 
to d�scuss�on. One factor, such as a h�gh calor�e 
�ntake through food, may �ncrease the �nc�dence 
of some cancers (d�rectly or by �ncreas�ng some 
hormonal secret�ons) and decrease the �nc�dence of 
others (by enhanc�ng the organ�sm’s defences). Th�s 
�s why �t �s useful to cons�der the overall �mpact of 
each r�sk factor. Another assumpt�on was that non-
genet�c causes would sooner or later be �dent�f�ed for 
most common cancers. Nowadays, th�s assumpt�on 
�s no longer regarded as val�d and �t appears that 
the occurrence of many cancers �s probably not 
assoc�ated w�th l�festyle or env�ronmental causes 
(e.g., most prostate cancers) (see Sect�on E1).

In 2005, Doll and Peto produced new est�mates 
of the proport�ons of cancer deaths attr�butable to 
env�ronmental and behav�oural r�sk factors, th�s t�me 
for cancer deaths �n the Un�ted K�ngdom (Table E2.1). 
As for the 1981 report, the methods used to est�mate 
AFs were not clearly deta�led (e.g., sources of relat�ve 
r�sks, exposure prevalence data, compar�sons of 
cancer death rates �n populat�ons exposed and non-
exposed to cancer r�sk factors). However, compar�son 
of the f�gures reported �n the two publ�cat�ons by Doll 
and Peto shows substant�al changes �n AF est�mates 
for several factors, for �nstance d�et. An accompany�ng 
note �n the 2005 publ�cat�on sa�d that probably only 2% 
�s avo�dable �n pract�ce, ma�nly through avo�dance of 
obes�ty. The AF for occupat�on was halved, probably 
to reflect changes �n profess�onal env�ronments 
towards cleaner work�ng places and less contact w�th 
hazardous substances.

Researchers from the Harvard School of Publ�c 
Health (Danae� et al., 2005) attempted to determ�ne 
the proport�on of cancers attr�butable to l�festyle and 
env�ronmental factors worldw�de. These authors used 
est�mates of relat�ve r�sks der�ved from systemat�c 
rev�ews and meta-analyses. Exposure prevalences 
were est�mated for each World Bank Reg�on. For 
h�gh-�ncome countr�es, e�ght cancer r�sk factors 
were selected, and �mportant r�sk factors such as 
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reproduct�ve factors were not taken �nto account. 
Select�on of exposure prevalence data d�d not always 
p�ck up the most appropr�ate and rel�able sources �n 
countr�es categor�zed as “h�gh-�ncome countr�es”. The 
referent category for “no exposure” was chosen as 
the “theoret�cal m�n�mum r�sk exposure d�str�but�on”, 
an arb�trary category that seldom corresponds to 
real-world cond�t�ons. The authors concluded that the 
n�ne factors they selected accounted for about 43% 
of cancer deaths �n h�gh-resource countr�es �n 2001.

The stud�es by Doll and Peto (1981, 2005) and 
by Danae� et al. (2005) were helpful for est�mat�ng 
the global effects of the ma�n establ�shed causes of 
cancer. But these approaches were not always based 
on data on prevalence of exposure of populat�ons (or 
of populat�on subgroups) to known r�sk factors der�ved 
from, for �nstance, nat�onw�de surveys or exposure 
mon�tor�ng. Furthermore, standard def�n�t�ons of 
r�sk factors were not �mplemented across countr�es. 
F�nally, the select�on of r�sk factors �n these stud�es 
was based on expert op�n�on rather than on attempts 
to systemat�cally �nclude all relevant cancer r�sk 
factors.

A study �n the Nord�c countr�es systemat�cally 
exam�ned prevalence of exposure to establ�shed r�sk 
factors �n each Nord�c country (Denmark, F�nland, 
Iceland, Norway and Sweden) and then summed 
the est�mates for all f�ve countr�es, after we�ght�ng 
for populat�on (Olsen et al., 1997). The relat�ve r�sks 
used were der�ved from stud�es conducted �n Nord�c 
countr�es or, �f no such study ex�sted, from meta-
analyses or the best ava�lable stud�es. In th�s respect, 
the methods used by the Nord�c study resemble the 
approach we used for France. However, the Nord�c 
study d�d not �nclude several r�sk factors such as 
hormone replacement therapy, because �n the m�d 
1990s the assoc�at�on between use of hormone 
replacement therapy and cancer had not yet been 
properly assessed by ep�dem�olog�cal stud�es or 
random�zed tr�als. The same appl�es to phys�cal 
�nact�v�ty.

Compared w�th s�m�lar prev�ous work, our 
report prov�des new and more deta�led �nformat�on. 
Select�on of r�sk factors was based on the best 
ava�lable knowledge of cancer r�sk factors �n the 
year 2007 (and not on expert op�n�on), and exposure 
prevalences were der�ved from the most relevant 
French sources of data. However, further progress �s 
st�ll poss�ble and relevant research �s encouraged.

In sp�te of the d�fferent methodolog�cal 
approaches, many conclus�ons of the three stud�es 
based on select�on of establ�shed cancer r�sk factors 
and est�mates of prevalence of exposures (Olsen et 
al., 1997; Danae� et al., 2005; Tub�ana et al., 2007) 
are cons�stent on several po�nts:

(�) Tobacco smok�ng rema�ns by far the ma�n 
exogenous cancer r�sk factor, followed by alcohol 
dr�nk�ng. The d�fferences between the three 
stud�es on attr�butable fract�on for tobacco are 
ma�nly due to d�fferences �n smok�ng prevalence 
between countr�es.

(��) Two stud�es (Olsen et al., 1997; th�s study 
d�d not produce est�mates of attr�butable fract�on 
for d�etary factors, and one (Danae� et al., 2005) 
just selected low �ntake of fru�t and vegetables. 
As a result, at best only a marg�nal number of 
cancers, �n the range of 0 to 3% were attr�buted to 
d�etary factors.

(���) The causes of large proport�ons of cancers 
are unknown and may be endogenous factors 
w�thout s�gn�f�cant �mpact of exogenous factors,

(�v) The �mpact of occupat�onal r�sk factors �s 
small and probably has d�m�n�shed over recent 
decades; efforts should cont�nue to further reduce 
th�s,

(v) Env�ronmental pollut�on appears to be 
a relat�vely small r�sk factor. Th�s does not 
mean that �t should be neglected or overlooked. 
Rather, further fundamental and ep�dem�olog�cal 
research should be pursued on a�r, so�l, food and 
water pollutants, w�th more thorough exam�nat�on 
of defence aga�nst carc�nogenes�s and dose–
carc�nogen�c effect relat�onsh�ps.

(v�) F�nally, �t appears that our knowledge on 
�nfect�ous factors (ma�nly v�ral) �s �nsuff�c�ent.
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Discussion

Section E3 : Recommendations

The conclus�on that only a fract�on of cancers 
occurr�ng today �n France �s attr�butable to spec�f�c 
causes (and therefore �s theoret�cally preventable) 
stresses the l�m�tat�ons of current knowledge on 
human carc�nogenes�s. Wh�le �t �s expected that �n the 
future the ev�dence �n favor or aga�nst a role of other 
r�sk factors w�ll accumulate and eventually contr�bute 
to eluc�dat�ng the�r contr�but�on to human cancer, 
recommendat�ons can be formulated to �mprove th�s 
process.

1. Recommendations to the scientific 
community

1.1 There �s a need for large-scale, long-term 
prospect�ve stud�es on exogenous and endogenous 
r�sk factors of cancer and other chron�c d�seases, 
w�th repeated measurements of relevant exposures. 
Wh�le the establ�shment and conduct of such 
stud�es exceed the resources of �nd�v�dual research 
groups, the med�cal research commun�ty should be 
encouraged to coord�nate �tself towards th�s goal. 
L�nks should be fostered between ep�dem�olog�cal and 
b�olog�cal research. In the des�gn and �nterpretat�on 
of ep�dem�olog�cal stud�es, more cooperat�on �s 
recommended between ep�dem�olog�sts, b�olog�sts, 
and cl�n�c�ans. Cancer reg�str�es should be better 
used for cancer research; they should be encouraged 
to collect data regard�ng tumour character�st�cs as 
well as bas�c �nformat�on (e.g., occupat�on) on the 
pat�ents. 

1.2 More attent�on should be pa�d to the 
assessment of pre- and per�-natal exposures, 
and of those occurr�ng �n �nfancy, ch�ldhood and 
adolescence. Ideally, the effects of these exposures 
should be stud�ed w�th�n the framework of prospect�ve 
stud�es (see recommendat�on 1.1); development of 

�ntermed�ate markers of r�sk m�ght reduce the need 
for long-term follow-up. 

1.3 The areas of cancer research wh�ch should 
be g�ven the h�ghest pr�or�ty to �mprove the current 
understand�ng of the causes of human cancers 
– and the ab�l�ty to prevent them – are those on 
nutr�t�on, hormones, and �nfect�ous agents. The key 
contr�but�on �s l�kely to come from the development 
and val�dat�on of sens�t�ve and spec�f�c methods of 
exposure assessment, �nclud�ng b�omarkers, to be 
appl�ed to large-scale populat�on stud�es. Intervent�on 
stud�es would also prov�de cr�t�cal ev�dence �n the 
f�eld of nutr�t�on and cancer.

1.4 For known and suspected carc�nogens, 
pr�or�ty should be g�ven to research (based on both 
ep�dem�olog�cal or b�omarker approaches) a�med at 
analyz�ng defenses aga�nst mutat�on at the cellular 
level and aga�nst mutant cells at the t�ssue and 
organ�sm levels.

 
1.5 In rev�ew�ng and quant�fy�ng the contr�but�on 

of d�fferent causes to human cancers, more we�ght 
should be g�ven to ev�dence-based summar�es of 
the ava�lable data, than to the results of �nd�v�dual 
stud�es. The h�ghest degree of sc�ent�f�c r�gor and 
cons�stency should be appl�ed to the assessment of 
ava�lable data. In general, conservat�ve est�mates are 
preferable to �nferences based on weak ev�dence. 
Confl�cts of �nterest of rev�ewers should be declared. 

1.6 Publ�cat�on b�as should be avo�ded. A reg�stry 
of all ep�dem�olog�cal stud�es (or at least all long-term 
prospect�ve stud�es) should be set up and all results 
(pos�t�ve or negat�ve) should be collected. Lead�ng 
journals should accept the publ�cat�on of only stud�es 
wh�ch have been reg�stered.
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2. Recommendations to the administration 
and national or international research 
foundations

2.1 Amb�t�ous long term stud�es should be 
encouraged. In part�cular, cohort stud�es should be 
set up, follow�ng �nd�v�duals from the beg�nn�ng of 
the�r l�fe �n utero to 50 or 60 years old �n order to better 
understand the factors wh�ch �nfluence health.

2.2 Data on cancer �nc�dence should be collected 
from cancer reg�str�es, checked and made ava�lable to 
the research commun�ty �n a t�mely manner. In normal 
c�rcumstances, a delay of more than three years 
should not be accepted. In France, �n the context of 
the 2003-2007 Cancer Plan, the surve�llance system 
of the populat�on has been �mproved, �nvolv�ng several 
�nst�tut�ons such as InVS, INSERM, AFFSET, INCa 
wh�ch are �n charge of the collect�on and �nterpretat�on 
of data. Strong cooperat�on between these agenc�es 
�s recommended �n order to set up a database that 
would be constantly and rap�dly updated and wh�ch 
would fac�l�tate mult�d�sc�pl�nary research at the 
nat�onal, European and �nternat�onal level.

2.3 Large-scale, h�gh-qual�ty cross-sect�onal 
stud�es should be promoted to assess exposure to 
known and suspected cancer r�sk factors. Such 
surveys should be repeated at regular �ntervals. If 
already �n place, these surveys should be coord�nated 
and the�r results made eas�ly access�ble to the 
research commun�ty. 

2.4 Pr�or�ty should be g�ven to the support of 
large-scale, prospect�ve stud�es of cancer r�sk factors 
(see recommendat�ons 1.1 and 2.1). Novel fund�ng 
mechan�sms m�ght be taken �n cons�derat�on to 
support such long term projects.

 

3. Recommendations regarding 
the information to the general public 
and the media

3.1 Emphas�s should be g�ven to comprehens�ve 
and ev�dence-based rev�ews of the ev�dence on 
the causes of human cancers. Evaluat�ons made 
by �nternat�onal, mult�-d�sc�pl�nary panels should be 
g�ven more we�ght.

3.2 Spec�f�c aspects of cancer r�sks and 
determ�nants (e.g., one part�cular cancer, one 
subset of the populat�on, one r�sk factor) should be 
cons�dered �n a general perspect�ve (e.g., mortal�ty 
from all cancers, major r�sk factors) rather than �n 
�solat�on. The role of chance and b�as �n generat�ng 
false pos�t�ve and false negat�ve results should be 
g�ven proper cons�derat�on.

3.3 The general publ�c should be educated 
to cancer r�sk assessment and management. In 
part�cular, �t �s �mportant that lay �nd�v�duals acqu�re 
the ab�l�ty to cr�t�cally evaluate results on cancer r�sk 
factors. Health educat�on at school offers the greatest 
opportun�ty for such educat�onal efforts.
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