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Introduction 

1. Background

Many factors, whether genet�c, or related to l�festyle 
or the env�ronment, have been �dent�f�ed over the 
past 50 years as be�ng assoc�ated w�th cancer 
occurrence.

About 2 to 4% of all cancers seem to have a genet�c 
or�g�n, �.e., gene defects known to be assoc�ated w�th 
these cancers can be transm�tted from parents to 
the�r offspr�ng. Moreover, genet�c polymorph�sms 
and ep�genet�c phenomena may enhance or reduce 
the r�sk assoc�ated w�th endogenous or exogenous 
carc�nogen�c factors. Dur�ng the past two decades, 
�t has been assumed that most cancers are due to 
l�festyle or to env�ronmental r�sk factors. Very many 
ep�dem�olog�cal stud�es have been reported, but they 
are often contrad�ctory or of debatable value because 
of methodolog�cal problems or lack of suff�c�ent 
stat�st�cal power. Hence, the�r results have to be 
cr�t�cally rev�ewed. In parallel, our understand�ng of 
carc�nogenes�s has markedly progressed, but the 
data are st�ll �nsuff�c�ent to fully establ�sh the d�fferent 
steps of carc�nogenes�s and the �nteract�on between 
the var�ous endogenous or exogenous factors. In 
many f�elds, further research �s clearly requ�red. 
Nevertheless, the strategy of cancer prevent�on must 
be based on the latest est�mates of the relat�ve we�ght 
of the var�ous l�festyle and env�ronmental r�sk factors. 
The a�m of th�s report �s to est�mate the proport�ons 
of cancer attr�butable to such r�sk factors and also 
to evaluate the we�ght of each factor �n the burden 
of cancer. Th�s report d�st�ngu�shes sol�d data from 
those wh�ch are st�ll dub�ous or controvers�al; the 
former may be cons�dered and taken �nto account 
�n dec�s�on-mak�ng �n cancer prevent�on and for 
pr�or�t�z�ng publ�c health and research efforts.

D�scuss�ons about the roles of l�festyle and of the 
env�ronment �n cancer are often h�ndered by confus�on 

over the mean�ng of the term “env�ronment”, wh�ch 
�s var�ably �nterpreted to encompass qu�te d�fferent 
types of factor rang�ng from pollutants to behav�ours. 
Also, th�s term (or �ts equ�valent) �s g�ven d�fferent 
mean�ngs �n d�fferent languages. In th�s report, we use 
the term “env�ronment” as mean�ng “env�ronmental 
pollutants”, an express�on that �ncludes pollutants of 
water, a�r, so�l and food.

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 R�chard Doll and R�chard 
Peto (1981), based on US cancer mortal�ty data. 
S�nce then, only a few stud�es have tr�ed to est�mate 
the relat�ve �mportance of cancer r�sk factors (see 
Sect�on E2, General D�scuss�on for a rev�ew). In 1981, 
a number of r�sk factors were st�ll unknown and good 
qual�tat�ve and quant�tat�ve �nformat�on on exposure 
of populat�ons to r�sk factors was rare. Many nat�ons 
have now entered the era of “�nformat�on soc�et�es.” 
In th�s respect, �n 2007, we have more �nformat�on on 
exposure patterns and thus should be able to est�mate 
better the burden of cancer that can be attr�buted to 
known causes, and to prov�de an evaluat�on of the�r 
relat�ve �mportance.

At the beg�nn�ng of 2005, the IARC created a 
“th�nk-tank” on th�s top�c, w�th the a�m of develop�ng 
methods for f�rst obta�n�ng est�mates of the proport�ons 
of cancers attr�butable to known causes and second 
est�mat�ng the number of cancers that could be 
avo�dable. In July 2005, a workshop at IARC brought 
together cancer ep�dem�olog�sts who concluded that 
stud�es on attr�butable causes of cancer should start 
by exam�n�ng a few selected countr�es �n the f�ve 
cont�nents.

In September 2005, the French Académ�e 
Nat�onale de Médec�ne and the French Académ�e 
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des Sc�ences proposed to IARC to collaborate on a 
study on attr�butable causes of cancer �n France. The 
present report �s the product of th�s collaborat�on.

2. Objectives

The purpose of th�s report �s to prov�de an assessment 
of the number of cancer cases and cancer deaths 
�n France �n the year 2000 attr�butable to factors of 
demonstrated carc�nogen�c�ty or w�th a demonstrated 
assoc�at�on w�th carc�nogen�c processes.

Ion�z�ng rad�at�on �s a well establ�shed r�sk factor for 
cancer at many s�tes. There �s fa�rly good knowledge 
of the cancer r�sk due to exposure to moderate and 
h�gh doses of �on�z�ng �rrad�at�on. However, the vast 
major�ty of exposure to �on�z�ng rad�at�on �n France 
cons�sts of low and very low doses. The spec�f�c 
effects of low-dose �on�z�ng rad�at�on on cancer r�sk 
are st�ll controvers�al and d�ff�cult to quant�fy properly. 
Therefore, �t was dec�ded not to present data on cancer 
cases and deaths poss�bly attr�butable to rad�at�on for 
the whole country. Follow�ng the same argument, no 
est�mate was made for res�dent�al exposure to radon 
decay products. Sect�on D1 on �on�z�ng rad�at�on 
addresses th�s �ssue �n more deta�l.

For a number of factors, the ev�dence of a role 
�n human cancer �s suggest�ve but not demonstrated; 
these factors are rev�ewed �n a separate sect�on of the 
report (Sect�on D3), but no est�mates of attr�butable 
fract�on are prov�ded for them.

3. Methodology

Est�mat�on of attr�butable causes of cancers was 
performed by calculat�ng the proport�ons of spec�f�c 
cancers occurr�ng �n France �n 2000 attr�butable to 
spec�f�c r�sk factors. The proport�on of cancers �n the 
total populat�on that can be attr�buted to a r�sk factor 
�s called the attributable fraction (AF) (Arm�tage and 
Berry, 1987) and �s expressed as a percentage.

For cancer r�sk factors that can be avo�ded or 
completely suppressed, at least �n theory, the most 
stra�ghtforward way to est�mate the attr�butable fract�on 
�s to calculate the fract�on of all cases (exposed and 
unexposed) that would not have occurred �f exposure 
had not occurred (Rothman and Greenland, 1998). 
For th�s approach, the alternat�ve scenar�o to current 
exposure �s the absence of exposure.

For cancer r�sk factors that cannot be completely 

avo�ded or suppressed, a su�table approach cons�sts 
of est�mat�ng the avo�dable fract�on of cancer, that 
�s the fract�on of cancer that would not occur �f an 
alternat�ve scenar�o of atta�nable exposure level or 
exposure �ntens�ty were cons�dered (Murray and 
Lopez, 1999).

Most est�mates of AF �n th�s report are based 
on the scenar�o of no exposure, as th�s does not 
requ�re assumpt�on of m�n�mal levels of exposures 
to carc�nogens that would represent real�st�c targets 
for the French populat�on. However, “total absence” 
�s not a real�st�c alternat�ve scenar�o for several r�sk 
factors, notably the number of ch�ldren a women has 
(for breast and ovar�an cancer). For such factors, �t 
was deemed best to choose an alternat�ve scenar�o 
that was h�stor�cally real�st�c, �.e., exposure levels that 
had ex�sted �n France �n the past.

4. Incidence data

France does not have nat�onw�de cancer reg�strat�on 
that would allow the mon�tor�ng of cancer �nc�dence 
at the nat�onal level. There are, however, reg�str�es 
operat�ng �n several departments, some of wh�ch focus 
on spec�f�c cancers. For the year 2000, est�mates of 
cancer �nc�dence �n France were obta�ned from a 
study that est�mated the nat�onw�de burden of cancer 
for the per�od 1997–2000 (Remontet et al., 2002). 
Th�s report presented est�mates of the �nc�dence of 
cancer at the ma�n s�tes for the per�od 1978–2000, 
us�ng �nc�dence data from departmental reg�str�es and 
the nat�onal mortal�ty data for the per�od 1978–1997. 
Cancer �nc�dence �n France �n 2000 was der�ved by 
age–cohort modell�ng of (�) �nc�dence from cancer 
reg�str�es, (��) mortal�ty �n populat�ons covered by 
cancer reg�str�es, and (���) �nc�dence-to-mortal�ty rat�os 
�n populat�ons covered by cancer reg�str�es. Th�s 
model was appl�ed to pred�cted nat�onal mortal�ty for 
the year 2000 so as to est�mate the nat�onal cancer 
�nc�dence �n 2000.

Some spec�f�c cancer s�tes were not reported by 
Remontet et al. (2002):

(1) For sinonasal cancer �nc�dence (ICD 10: C30, 
C31), we calculated the rat�o of �nc�dence of s�nonasal 
to lung cancer �n n�ne cancer reg�str�es that record 
s�nonasal cancers (Park�n et al., 2002: Bas-Rh�n, 
Calvados, Doubs, Haut-Rh�n, Hérault, Isère, Manche, 
Somme and Tarn) and appl�ed that rat�o (0.019 for 
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men and 0.033 for women) to lung cancer �nc�dence 
�n France, wh�ch y�elded est�mates for s�nonasal 
cancer �nc�dence for France of 453 cases for men and 
151 cases for women. Mortal�ty data were ava�lable 
d�rectly from Cep�Dc data: 99 deaths for men and 42 
deaths for women.

(2) For the �nc�dence of pharynx cancer (ICD 10: 
C09–14), we est�mated the proport�on of pharynx 
cancer among oral cav�ty and pharynx cancers (ICD 
10: C00–14) �n French reg�str�es (Park�n et al., 2002: 
Bas-Rh�n, Calvados, Doubs, Isère, Somme and 
Tarn). The proport�on of pharynx cancer among oral 
cav�ty and pharynx cancers was 57% for men and 
35% for women. We appl�ed th�s proport�on to data 
reported by Remontet et al. (2002) for oral cav�ty and 
pharynx comb�ned, and obta�ned f�gures of 7396 
cases of pharynx cancer for men and 833 cases for 
women. Mortal�ty data were ava�lable d�rectly from 
Cep�Dc data: 2558 deaths for men and 312 deaths 
for women.

(3) For colon cancer (ICD 10: C18), we est�mated 
the proport�on of colon cancer among colorectal 
cancers (ICD 10: C18–21) �n French reg�str�es 
(Park�n et al., 2002: Bas-Rh�n, Calvados, Doubs, 
Isère, Somme and Tarn). We est�mated that colon 
cancer represents 57% of colorectal cancers for men 
and 63% for women. We appl�ed these proport�ons 
to data reported by Remontet et al. (2002) for colon 
and rectum comb�ned, and obta�ned f�gures of 11 132 
cases of colon cancer for men and 10 606 cases for 
women. Mortal�ty data were ava�lable d�rectly from 
Cep�Dc data: 6092 deaths for men and 5719 deaths 
for women.

(4) For adenocarcinoma of the oesophagus, we 
had recourse to a European study that used data from 
the cancer reg�str�es of Bas-Rh�n and Calvados and 
reported separately the �nc�dence of oesophageal 
adenocarc�noma (Botterweck et al., 2000). 
Proport�ons of adenocarc�noma were est�mated 
as 17.6% of all oesophageal cancers �n males, and 
34.7% �n females. We appl�ed these proport�ons for 
�nc�dence and mortal�ty data of oesophagus (ICD 
10: C15), wh�ch led to est�mates of 711 cases for 
men and 322 for women. The correspond�ng f�gures 
for mortal�ty were 612 deaths for men and 241 for 
women.
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5. Mortality data

Mortal�ty data were prov�ded d�rectly by the Inst�tut 
Nat�onal de la Santé et de la Recherche Méd�cale, 
Centre d’Ep�dém�olog�e sur les Causes Méd�cales 
de Décès (INSERM-Cep�DC) for the year 2000 by 
f�ve-year age groups and by sex for each ICD 10 
code (Internat�onal Class�f�cat�on of D�sease, 10th 
rev�s�on).

F�fty-s�x per cent of all uterus cancers were coded 
as “uterus not further spec�f�ed” (ICD 10 code C55). 
Mortal�ty data for cancers of the cerv�x and corpus 
uter� would be underest�mated unless th�s “not 
spec�f�ed” category �s red�str�buted among the two 
s�tes. Therefore, we est�mated for each age group 
the proport�on of deaths due to cerv�x or corpus uter� 
cancer (ICD 10 codes C53 or C54). We appl�ed these 
proport�ons to the “not class�f�ed” uter�ne cancer 
deaths and reallocated these to e�ther cerv�x uter� 
cancer or corpus uter� cancer.

6. Issues in the classification of diseases 
and causes of death

Remontet and co-workers (2002) comp�led cancer 
�nc�dence and mortal�ty data us�ng the 9th rev�s�on of 
the Internat�onal Class�f�cat�on of D�sease (ICD 9), and 
est�mated cancer �nc�dence �n 2000 us�ng project�ons 
of mortal�ty for 2000. INSERM mortal�ty data for 
2000 were class�f�ed us�ng the 10th rev�s�on of the 
ICD. D�fferences between the two ICD class�f�cat�ons 
could have affected the mortal�ty est�mates, notably 
for uterus and prostate cancer, mult�ple myeloma and 
leukaem�a. However, Pav�llon and co-workers (2005) 
est�mated that d�fferences �n the two class�f�cat�on 
systems d�d not �nduce d�screpanc�es greater than 
10% �n causes of deaths. Therefore, we d�d not correct 
the �nc�dence data for 2000 comp�led by Remontet 
and co-workers to match the INSERM mortal�ty data 
for 2000. Table A1.1 summar�zes cancer �nc�dence 
and mortal�ty �n France �n the year 2000 for males 
and females.

7. Risk factors for cancer in France

R�sk factors cons�dered �n th�s report were those for 
wh�ch there �s ev�dence for a causal assoc�at�on w�th 
cancer.
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The f�rst type of r�sk factor cons�dered compr�ses 
those agents class�f�ed by the IARC as Group 1 
carc�nogens, �.e., agents for wh�ch there �s sufficient 
evidence of carcinogenicity �n humans. Except�onally, 
an agent may be placed �n th�s category when ev�dence 
of carc�nogen�c�ty �n humans �s less than sufficient 
but there �s sufficient evidence of carcinogenicity 
�n exper�mental an�mals and strong ev�dence �n 
exposed humans that the agent acts through a 
relevant mechan�sm of carc�nogen�c�ty¹. S�nce 1971, 
the Internat�onal Agency for Research on Cancer has 
prov�ded evaluat�ons of the carc�nogen�c potent�al of 
substances based on ep�dem�olog�cal and b�olog�cal 
ev�dence. The term “substance” encompasses s�ngle 
phys�cal, chem�cal, or b�olog�cal agents, and m�xtures 
of phys�cal chem�cal, b�olog�cal and phys�cal agents, 
and also places or c�rcumstances concentrat�ng st�ll 
unknown carc�nogen�c agents. Table A1.2 summar�zes 
the l�st of carc�nogen�c agents cons�dered �n th�s 
report.

The second type of r�sk factor �ncludes �nd�v�dual 
cond�t�ons known to be causally assoc�ated w�th 
cancer occurrence. These factors are not evaluated 
�n IARC Monographs but some have been evaluated 
by work�ng groups convened by the IARC. An IARC 
work�ng group came to the conclus�on that there was 
suff�c�ent ev�dence �n humans for a cancer-prevent�ve 
effect of avo�dance of we�ght ga�n (IARC, 2002), 
and thus th�s report est�mates AFs assoc�ated w�th 
overwe�ght and obes�ty. The same IARC work�ng 
group reported that there was suff�c�ent ev�dence for 
a protect�ve effect of phys�cal act�v�ty on the r�sk of 
breast cancer and colon cancer (IARC, 2002).

Reproduct�ve factors (e.g., number of ch�ldren, 
age at f�rst b�rth, durat�on of breastfeed�ng) have 
never been evaluated by an IARC work�ng group. 
However, a large body of ev�dence supports strong 
assoc�at�ons between reproduct�ve factors and breast 
and ovar�an cancer (CGHFBC, 2001). We therefore 
�ncluded these factors �n th�s analys�s.

A number of IARC Group 1 carc�nogens 
were not �ncluded �n th�s report, e�ther because 
exposure �s very rare �n France or because they 
are �ns�gn�f�cant. For �nstance, paras�t�c �nfestat�on 
w�th Schistosoma haematobium (�nvolved �n bladder 
cancer) and Opisthorchis viverrini (�nvolved �n l�ver 
cholang�ocarc�noma), and �ntake of nutr�ents such 

as aflatox�ns (�nvolved �n l�ver adenocarc�noma) (see 
Sect�on D2).

8. Prevalence of exposures in France

The burden of cancer observed �n the year 2000 
reflects past exposure to r�sk factors. Usually, exposure 
to a r�sk factor �s spread over many years, and cancer 
may occur long after cessat�on of the exposure (e.g., 
lung cancer �n ex-smokers, mesothel�oma �n ret�red 
sh�pbu�ld�ng workers). For most cancers and r�sk 
factors, the average latency between f�rst exposure 
and d�agnos�s �s about 15 years. Hence, for evaluat�ng 
the burden of cancer �n 2000, we took �nto account 
exposures that occurred �n or around 1985.

Data on prevalence of exposure to r�sk factors 
�n France were assembled by scrut�n�z�ng many 
d�fferent sources, publ�cat�ons, reports and relevant 
�nformat�on publ�cly ava�lable on governmental 
organ�zat�on web-s�tes.

The most representat�ve exposure data for the 
populat�on at r�sk came from populat�on surveys that 
evaluated the prevalence of spec�f�c exposures �n 
France, and were conducted us�ng quota methods 
on age, sex and soc�oeconom�c character�st�cs (e.g., 
INSEE surveys). For most exposures, however, 
prevalence surveys were not ava�lable for the year 
1985, but only for other years. In th�s case, we 
calculated a l�near �nterpolat�on of survey results 
that used a s�m�lar method for years before and after 
1985, w�th we�ght�ng for sample s�zes and, when 
relevant, for age and sex d�str�but�on. When s�m�lar 
surveys before and after 1985 were not ava�lable, 
we selected the best ava�lable survey descr�b�ng the 
s�tuat�on around 1985. When no survey was ava�lable, 
we used proport�ons of exposed subjects reported �n 
observat�onal stud�es conducted �n France.

Attr�butable fract�on �s very sens�t�ve to 
m�sclass�f�cat�on of subjects who could have been 
exposed (even m�n�mally) as unexposed subjects 
(Wacholder et al., 1994). For �nstance, the error �n 
an est�mate of AF due to tobacco smok�ng �s greater 
when occas�onal smokers are categor�zed as never-
smokers than when they are �ncluded �n the ever-
smoker category. Therefore, the s�mplest and most 
robust method for est�mat�ng the attr�butable r�sk from 
several exposures �s based on d�v�s�on of subjects �nto 

Attributable causes of cancer in France in the year 2000

¹ http://monographs.iarc.fr



5

two groups, a basel�ne cons�st�ng of those unexposed 
and a group �nclud�ng everyone who was exposed.

9. Calculation of the attributable fraction 
(AF)

The AF can be calculated as a funct�on of the relat�ve 
r�sk (RR) of cancer assoc�ated w�th exposure to 
a r�sk factor and the prevalence of exposure (P) of 
a populat�on to that r�sk factor. Th�s method was 
or�g�nally descr�bed by Lev�n (1953):

 
  

The relat�ve r�sks we used were based on 
est�mates from the most recent meta-analyses or 
from best est�mates ava�lable �n publ�shed l�terature.

When a r�sk factor was reported �n the l�terature 
�n mult�ple exposure categor�es (�.e., exposures 
class�f�ed �n more than two categor�es), we used 
Lev�n’s formula adapted by Hanley (2001). Because 
of the d�str�but�ve propert�es of the AF, mult�-level 
exposures could be reduced to a s�mple d�chotomous 
s�tuat�on (�.e., ever vs. never exposed) or to an average 
exposure of the whole populat�on at r�sk when the 
relat�ve r�sk was related to an exposure level greater 
or lower than a pre-determ�ned level. These ways of 
group�ng or averag�ng strata of exposure do not affect 
AF est�mat�ons (Hanley, 2001).

Data on exposure prevalence were somet�mes 
ava�lable only as cont�nuous var�ables. For these 
cont�nuous-scale exposures, start�ng from relat�ve 
r�sks est�mated for several exposure categor�es, 
we der�ved the r�sk of cancer per un�t �ncrease �n 
exposure (e.g., the �ncrease �n r�sk of oesophagus 
cancer per un�t gram per day of alcohol consumpt�on). 
Assum�ng a log-l�near relat�onsh�p between exposure 
and r�sk of cancer, we est�mated the average r�sk for 
the whole French populat�on us�ng the average level 
of exposure of the whole populat�on. Th�s was done 
by apply�ng the follow�ng formula:

 
Because th�s log-l�near relat�onsh�p supposes that 

each �nd�v�dual has exper�enced a s�m�lar average 
exposure, we can use the s�mpl�f�ed Lev�n’s formula 

for d�rect calculat�on of the AF:

 

Th�s formula �s val�d when the r�sk of cancer per 
un�t of exposure was est�mated �n a model us�ng log 
transformat�on. Th�s �s the case for log�st�c regress�on 
or Po�sson regress�on, wh�ch are models w�dely used 
�n case–control and cohort stud�es respect�vely. We 
checked that the r�sks per un�t we used were all based 
on models w�th a log transformat�on of the r�sk.

It should be stressed that the dose–effect 
relat�onsh�p �s �n fact rarely l�near (or log-l�near) over 
the whole range of exposures, but th�s method �s 
cons�dered to be the best approx�mat�on ava�lable �n 
th�s respect.

10. Sensitivity analysis

For exposures hav�ng a large �mpact on cancer 
burden, �n order to check the robustness of AF w�th 
respect to latency t�me between exposure and cancer 
occurrence, we took d�fferent lag-t�mes between f�rst 
exposure and cancer d�agnos�s (10 and 20 years) 
when prevalence data were ava�lable for these 
per�ods.

When for a r�sk factor, the alternat�ve hypothes�s 
was not total absence of exposure, the sens�t�v�ty 
analys�s was performed tak�ng d�fferent alternat�ve 
exposure scenar�os.

A more comprehens�ve descr�pt�on of th�s 
sens�t�v�ty analys�s �s presented �n Sect�on C2.
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Attributable causes of cancer in France in the year 2000

Table A1.2 - Selected agents causally associated with cancer (IARC Group 1 carcinogens)

Agent Risk factor IARC Monograph volumes 
and year*

Alcohol Alcohol�c beverages Vol. 44 1988
Chron�c �nfect�on Helicobacter pylori Vol. 61 1994

Hepat�t�s B v�rus Vol. 59 1994
Hepat�t�s C v�rus Vol. 59 1994
Human pap�llomav�rus Vol. 64 1995

Hormonal therapy and oral 
contracept�ves

Hormonal therapy
Oral contracept�ves

Vol. 72, 95 §
Vol. 72, 95 §

1999, 2006 §
1999, 2006 §

Occupat�onal exposures Aromat�c am�nes Vol. 1 & 4, (7) † 1987
Asbestos Vol. 14, (7) 1987
Benzene Vol. 29, (7) 1987
Boot and shoe manufacture and repa�r Vol. 25, (7) 1987
Cadm�um Vol. 58 1993
Chrom�um (VI) Vol. 49 1990
M�neral o�l Vol. 33, (7) 1987
N�ckel Vol. 49 1990
Pa�nters Vol. 47 1989
Polycycl�c aromat�c hydrocarbons 
(combust�on fumes, tar, p�tch)

Vol. 35, (7) 1987

Radon decay products Vol. 78 2001
Rubber �ndustry Vol. 28, (7) 1987
S�l�ca Vol. 68 1997
Wood dust Vol. 62 1995

Pollutants Non-occupat�onal exposure to asbestos Vol. 14, (7) 1987
Radon decay products Vol. 78 2001
Secondhand smok�ng Vol. 83 2004

Rad�at�on Background exposure, terrestr�al gamma 
and cosm�c rays

Vol. 75 2000

Med�cal d�agnos�s rad�at�ons Vol. 75 2000
Solar rad�at�on Sun exposure Vol. 55 1992

UVA and psoralens Vol. 24, (7) 1987
Tobacco Tobacco smok�ng Vol. 83 2004

*http://monographs.�arc.fr.
§ In press.
† (7) refers to the last update of evaluat�on reported �n IARC Monographs on the Evaluat�on of Carc�nogen�c R�sks to 
Humans, Overall Evaluat�ons of Carc�nogen�c�ty: An Updat�ng of IARC Monographs Volumes 1 to 42, Supplement 7, Lyon, 
1987.
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Th�s sect�on exam�nes temporal trends �n cancer 
�nc�dence and cancer mortal�ty �n France. It has been 
known for many years that �nc�dence and mortal�ty 
of most human cancers steeply �ncrease w�th the 
age�ng of populat�ons. The worldw�de phenomenon of 
populat�on age�ng �s therefore, �n most countr�es, the 
pr�nc�pal cause of the �ncreas�ng number of cancer 
cases and cancer deaths over t�me. Populat�on age�ng 
�s part�cularly s�gn�f�cant �n Europe and so most of the 
change �n the numbers of pat�ents d�agnosed w�th or 
dy�ng from cancer �s due to the �ncreas�ng number of 
people �n older age strata.

We f�rst exam�ne the effects of populat�on age�ng 
on mortal�ty trends. Next, we exam�ne the res�dual 
�nc�dence and mortal�ty trends after the �nfluence of 
age�ng �s removed by stat�st�cal adjustments. F�nally, 
we exam�ne the reasons other than age�ng that are 
l�kely to underl�e the observed changes �n �nc�dence 
and mortal�ty of spec�f�c cancers.

1. Data on cancer incidence and mortality 
in France

For �nc�dence, we comb�ned the data from cancer 
reg�str�es that have reported s�nce 1978 or 1979 
and publ�shed data �n the Cancer Incidence in Five 
Continents (CI5) ser�es (Park�n et al., 2005); namely 
Bas-Rh�n (1978–1997), Calvados (1978–1997; except 
for leukaem�a, because of the �ncomplete report�ng 
of the d�sease [see CI5 Vols. VII and VIII]), Doubs 
(1978–1997), and Isère (1979–1997). These reg�str�es 
cover only 5.6% of the French populat�on, but prov�de 
data cover�ng at least 20 years, wh�ch �s a reasonable 
t�me w�ndow for appra�sal of trends.

For mortal�ty, we used data from H�ll et al. (1989, 
1990, 1991, 1993, 2001) for mortal�ty before 1968, and 
the WHO mortal�ty database for mortal�ty between 
1968 and 2003 (WHO, 2006). The French populat�on 
f�gures for the per�od from 1968 to 2003 were those 

prov�ded for 1 January of each year by the INSEE. All 
�nc�dence and mortal�ty rates have been standard�zed 
on age, us�ng the standard World populat�on def�ned 
by Seg� (1960), and �ntroduced �n CI5 volume I by Doll 
et al. (1966).

2. Temporal trends in cancer incidence and 
mortality in France

Decrease in age-adjusted cancer mortality 
over time

Before look�ng at changes �n any spec�f�c cancer, 
we exam�ned how populat�on �ncrease and age�ng 
have �nfluenced cancer mortal�ty �n France. Table 
A2.1 shows that �n a per�od of 35 years, from 1968 
to 2003, the number of cancer deaths �n France 
�ncreased by 50% �n men (from 58 914 to 88 201) and 
by 26% �n women (from 46 865 to 59 033). However, 
the computat�ons deta�led �n Table A2.1 show that the 
�ncrease �n the number of cancer deaths over t�me �s 
ent�rely due to the �ncrease �n populat�on s�ze and to 
age�ng.

Apply�ng the cancer mortal�ty rates observed �n 
1968 to the populat�on of 2003 (the “expected deaths” 
�n Table A2.1), we see that the numbers of cancer 
deaths observed �n 2003 were 6.9% lower �n French 
men and 18.9% lower �n French women than �f the 
1968 rates were st�ll val�d �n 2003. Hence, relat�ve 
to 1968, the burden of cancer deaths �n France has 
actually decreased by 6.9% �n men and by 18.9% �n 
women.

Age-adjusted cancer mortality is decreasing 
but age-adjusted cancer incidence is increasing

F�gure A2.1 d�splays temporal trends �n age-adjusted 
�nc�dence �n the four reg�str�es that had data from 
1978 unt�l 1997, and the age-adjusted mortal�ty rates 
for the whole French populat�on from 1950 unt�l 2004. 

Introduction

Section A2: Temporal trends in cancer 
incidence and mortality in France
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The trends �n cancer mortal�ty rates observed �n 
the four departments from wh�ch the �nc�dence data 
or�g�nate were s�m�lar to those observed �n the ent�re 
French populat�on.

Most cancers that occurred �n 1950, the year 
from wh�ch the earl�est mortal�ty data ex�st, were 
�n�t�ated �n the 1930s, when a large part of the French 
populat�on was l�v�ng �n rural areas, w�th low numbers 
of motor�zed veh�cles and less chem�cal substances 
than after the Second World War.

Over a twenty-year per�od, cancer �nc�dence rates 
have �ncreased by 23% �n men and by 20% �n women. 
Because the rates �n F�gure A2.1 are adjusted for age, 
the �ncreases �n �nc�dence are real, and not related to 
the age�ng of the French populat�on. In contrast, the 
cancer mortal�ty rate �n males reached a max�mum 
around 1985 and decreased stead�ly thereafter, down 
to the level �t was �n the early 1950s.

To properly �nterpret the d�screpancy between 
age-adjusted �nc�dence and age-adjusted mortal�ty 
trends, we need to exam�ne the reasons for changes 
�n trends for spec�f�c cancers.

3. Reasons for changes in incidence 
and mortality of specific cancers

F�gures A2.2 to A2.8 d�splay trends �n age-adjusted 
�nc�dence and mortal�ty rates of the most common 
and selected less common cancers �n French men 
(F�gures A2.2, A2.3, A2.4) and women (F�gures 
A2.5, A2.6, A2.7, A2.8). F�gure A2.9 d�splays trends 
�n mortal�ty from cancer �n ch�ldren and adolescents. 
Cancer �nc�dence data �n ch�ldren could not be used 
because French ch�ldhood cancer reg�str�es �nclude 
data cover�ng d�fferent per�ods of t�me, wh�ch made 
d�ff�cult the product�on of temporal trends.

Reasons for changes �n cancer �nc�dence and 
mortal�ty other than age�ng, descr�bed by Doll and 
Peto (1981), are summar�zed below:

1. Adm�n�strat�ve and demograph�c reasons:
a. Changes �n h�stolog�cal class�f�cat�on;
b. Changes �n d�sease class�f�cat�on;
c. Changes �n completeness of reg�strat�on;
d. Changes �n populat�ons: changes �n 

denom�nators for calculat�on of rates, or s�gn�f�cant 
�mm�grat�on of populat�ons hav�ng d�fferent cancer 
ep�dem�olog�cal prof�les;
2. Changes �n compet�ng causes of death;

3. Changes �n d�sease d�agnos�s;
4. Changes �n earl�er detect�on and screen�ng 
pract�ces;
5. Changes �n exposure to r�sk or to protect�ve 
factor(s) assoc�ated w�th cancer occurrence:

a. Changes �n nature of r�sk factors (qual�tat�ve 
change);

b. Changes �n exposure to r�sk factors 
(quant�tat�ve change).
6. For mortal�ty: changes �n eff�cacy of treatments 
and ava�lab�l�ty of eff�c�ent treatments.

The rema�nder of th�s sect�on exam�nes the 
�nfluence of these var�ous reasons on trends �n 
cancer �nc�dence and mortal�ty �n France assoc�ated 
w�th factors other than age�ng. As a note of caut�on, 
the reasons outl�ned below by no means expla�n the 
total�ty of the observed t�me-trends, but the ava�lable 
data suggest that they have played an �mportant role 
�n changes �n �nc�dence or �n mortal�ty rates.

In cancers w�th h�gh fatal�ty rates, for wh�ch no 
eff�c�ent treatment yet ex�sts, changes �n �nc�dence 
w�ll be paralleled by equ�valent changes �n mortal�ty, 
but w�th a t�me lag that �s proport�onal to the average 
surv�val of these pat�ents.

Inc�dence of a cancer may �ncrease wh�le mortal�ty 
rema�ns stable or decreases. Pers�stence over t�me 
of a d�screpancy between �ncreas�ng age-adjusted 
�nc�dence and stable age-adjusted mortal�ty rates �s 
usually a result of �ncreas�ng d�agnos�s of cancers 
w�th low mal�gnant potent�al, some of wh�ch would 
probably never have surfaced as cl�n�cal cancers. 
Such �ncreased detect�on of slow-progress�ng, non-
aggress�ve cancers w�ll not affect mortal�ty unless the 
�ncreased detect�on �ncludes d�agnos�s at an earl�er 
stage of cancers that would have been l�fe-threaten�ng 
�f d�agnosed later. Cancer screen�ng act�v�t�es may 
affect mortal�ty only �f the latter cond�t�on �s true.

A d�screpancy between �nc�dence and mortal�ty 
trends may also be due to an �ncrease �n the �nc�dence 
of cancer, �nclud�ng cancers at an advanced stage, 
due to chang�ng prevalence of r�sk factors �n the 
populat�on wh�le eff�c�ent treatment �s ava�lable to 
l�m�t cancer mortal�ty. When eff�c�ent treatment ex�sts, 
these two s�tuat�ons can be d�st�ngu�shed by look�ng 
at trends �n �nc�dence of cancer by stage at d�agnos�s, 
or by other �nd�cators of cancer progress�on, such 
as tumour s�ze, lymph node �nvolvement, tumour 
d�fferent�at�on or b�omarkers of aggress�veness. 

Attributable causes of cancer in France in the year 2000
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Unfortunately, only very few reg�str�es record these 
parameters of cancer progress�on.

(1) Changes due to administrative reasons
Part of the change �n �nc�dence and mortal�ty from 
haemato-lymphat�c cancers probably results from 
changes �n class�f�cat�on. For �nstance, some 
leukaem�as are �ncreas�ngly cons�dered as sub-types 
of non-Hodgk�n lymphoma (NHL). In add�t�on, some 
haematolog�cal d�sturbances are now cons�dered as 
cancer when prev�ously they were not, such as some 
m�ld forms of NHL. The �ncrease �n mult�ple myeloma 
�s probably due to better d�agnos�s and changes 
�n the h�stolog�cal class�f�cat�on of sub-cl�n�cal 
haematolog�cal d�sturbances, ma�nly �n the elderly.

The �ncrease �n bladder cancer �nc�dence �s not 
paralleled by a s�m�lar �ncrease �n mortal�ty. Bladder 
cancer �nc�dence �s subject to great var�ab�l�ty due 
to �nclus�on of pre-cancerous les�ons �n reg�stry 
f�les. Earl�er detect�on may also play a role (e.g., 
cystoscop�c exam�nat�ons).

(2) Changes due to competing causes of death
Compet�ng causes of death refers to the decrease �n 
one cause of death that leaves the road open for other 
causes of death, that may or may not be assoc�ated 
w�th the same r�sk factor(s). For �nstance, pr�mary l�ver 
cancer �n France �s often assoc�ated w�th c�rrhos�s, a 
d�sease mostly due to h�gh alcohol consumpt�on. The 
latter �s far more common �n men than �n women (see 
Sect�on B2). It �s hypothes�zed that part of the �ncrease 
�n the �nc�dence of pr�mary l�ver cancer observed �n 
populat�ons unexposed to aflatox�n and �n wh�ch the 
�nc�dence of v�ral hepat�t�s �nfect�on has not �ncreased 
�s due to more effect�ve treatment of l�ver c�rrhos�s. 
As a consequence of greater surv�val of pat�ents w�th 
c�rrhos�s, the later development of l�ver cancer would 
become more l�kely (Tub�ana et H�ll, 2004).

Prolongat�on of l�fe expectancy has g�ven t�me to 
lung cancer to emerge �n workers exposed to s�l�cos�s, 
who would prev�ously have d�ed from obstruct�ve 
chron�c bronch�t�s. S�m�larly, pr�mary prevent�on efforts 
and the ava�lab�l�ty of eff�c�ent treatments have led to 
drast�c decreases �n mortal�ty from card�ovascular 
d�seases, part�cularly �schaem�c heart d�sease. The 
decrease �n mortal�ty from card�ovascular d�sease 
assoc�ated w�th smok�ng may have resulted �n 
subsequent d�agnos�s of a lung cancer that would 
have rema�ned undetected �f smokers had d�ed from 

card�ovascular d�sease.
Congen�tal malformat�on �s a r�sk factor for 

ch�ldhood cancer, for example �n the ur�nary 
tract. Better surv�val of ch�ldren w�th congen�tal 
malformat�ons may have led to greater �nc�dence of 
several ch�ldhood cancers that would otherw�se not 
have occurred.

(3) Changes due to changes in detection methods
The cont�nuous �ncreas�ng trend �n prostate cancer 
mortal�ty before 1988 was probably due to stead�ly 
better �dent�f�cat�on of elderly pat�ents suffer�ng 
from prostate cancer (e.g., more systemat�c blood 
measurement of alkal�ne phosphatases and bone 
X-ray exam�nat�ons �n older pat�ents), that led to 
�ncreas�ng cert�f�cat�on and reg�strat�on of prostate 
cancer as the underly�ng cause of death (Lev� et al., 
2004).

Increases �n k�dney cancer �nc�dence �n males 
and females �s ma�nly attr�butable to �ncreased 
�nc�dental detect�on of these cancers dur�ng med�cal 
�nvest�gat�ons, for �nstance, abdom�nal X-ray before 
surgery, assessment of causes of h�gh blood pressure, 
or �terat�ve echography of abdom�nal organs. 

For l�ver cancer, mortal�ty data are not always 
rel�able because the l�ver �s an organ frequently 
�nvolved �n metastat�c d�ssem�nat�on of cancers of 
other organs. As a consequence, many cases of 
“pr�mary l�ver cancer” or of death from “l�ver cancer,” 
are �n fact related to other (somet�mes und�agnosed) 
pr�mary cancers.

The �ncrease �n tumours of the central nervous 
system �s most probably due to better d�sease 
ascerta�nment made poss�ble by cont�nuous 
�mprovements �n non-�nvas�ve �mag�ng technolog�es 
(e.g., CAT scan, MRI, PET scan). These have 
perm�tted the detect�on of health cond�t�ons that �n the 
past rema�ned und�agnosed.

Changes �n ultrasound exam�nat�ons and 
d�agnost�c procedures such as f�ne needle asp�rat�on 
have contr�buted to the �ncrease �n thyro�d cancer 
�nc�dence (see Sect�on D1).

D�agnos�s of pancreat�c cancer has been much 
�mproved w�th the advent of new �mag�ng technolog�es 
and endoscop�c techn�ques.

Better �mag�ng methods have also played a role �n 
the better �dent�f�cat�on of causes of death �n ch�ldren, 
�nclud�ng bra�n tumours and rarer cancers.

Introduction
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(4) Changes due to early detection and 
screening
Early detect�on may follow, and be a result of, the 
�ntroduct�on of new detect�on methods, but �s also due 
to greater d�sease awareness among pat�ents and 
doctors, who pay more attent�on to early symptoms or 
early cl�n�cal s�gns of cancerous processes. Screen�ng 
denotes the systemat�c search for a spec�f�c cancer 
wh�le �t �s cl�n�cally s�lent.

(4.1) Earlier detection and screening when 
precursor cancer lesions exist
Cancer mortal�ty can decrease because of h�gher 
curab�l�ty of cancers d�agnosed at an earl�er stage 
or because numbers of �nc�dent cases are lower. 
Lower �nc�dence results from the removal of cancer 
precursor les�ons such as polyps �n the colon, and 
�ntraep�thel�al neoplas�a �n the cerv�x. Th�s scenar�o 
appears to apply to colorectal cancer and cerv�cal 
cancer.

The �nc�dence of and mortal�ty from cerv�cal cancer 
have stead�ly decreased because of w�despread use 
of screen�ng modal�t�es able to �dent�fy preneoplast�c 
les�ons that can be removed. Other factors also play 
a role, such as lower par�ty (number of ch�ldren per 
mother), gynaecolog�cal hyg�ene and protect�on 
aga�nst sexually transm�tted d�seases.

Increas�ng trends �n colorectal cancer �nc�dence 
contrast w�th decreas�ng mortal�ty. Reasons for 
�ncreases �n �nc�dence (e.g., obes�ty, lack of phys�cal 
act�v�ty) are d�scussed further below. Unt�l recently, 
decreas�ng mortal�ty due to earl�er detect�on and 
downstag�ng of cancer was �n part dr�ven by greater 
d�sease awareness (Aut�er et al., 2003) and �n part by 
progress �n treatment (see below). Implementat�on of 
screen�ng for colorectal cancer (e.g., w�th the faecal 
occult blood test, FOBT) �s l�kely to further reduce 
mortal�ty. Also, use of screen�ng methods that can 
lead to the removal of polyps (�.e., endoscopy and 
v�rtual colonoscopy) should reduce both �nc�dence 
and mortal�ty from th�s cancer.

(4.2) Earlier detection and screening when 
precursor cancer lesions do not exist
Early detect�on and screen�ng that does not �nvolve 
a cancer precursor les�on and can only a�m for 
earl�er detect�on of cancerous les�ons, can st�ll lead 
to a lower�ng of cancer mortal�ty because of the 
greater curab�l�ty of pat�ents w�th screen-detected 

cancer. However, �nc�dence may �ncrease because 
of �ncreased detect�on of �ndolent cancers that would 
have never (or very slowly) progressed to cl�n�cally 
apparent d�sease and would probably never have 
become l�fe-threaten�ng. Th�s scenar�o appears to 
apply to breast, prostate and thyro�d cancer.

Age-adjusted breast cancer �nc�dence �n France 
has �ncreased by 65% over a 20-year per�od (the 
�ncrease �n �nc�dence was 82% �n women 50 years 
old or more, and 55% �n women below 50 years old), 
contrast�ng w�th a small permanent �ncrease �n all-
age breast cancer mortal�ty unt�l 1994, after wh�ch a 
decrease of 11.6% occurred between 1995 and 2003 
(calculated us�ng jo�npo�nt analys�s from US-SEER 
Programme) (F�gures A2.5 and A2.6).

Mammograph�c screen�ng has played a major 
role �n the �ncrease �n �nc�dence of breast cancer, 
but the r�se started well before such screen�ng 
became ava�lable to many women. The �ncreas�ng 
trends observed before around 1995 are due partly 
to greater d�sease awareness, partly to greater 
detect�on by phys�cal breast exam�nat�on (e�ther self-
exam�nat�on or by a phys�c�an or a nurse), partly to 
changes �n reproduct�ve factors, partly to �ncreas�ng 
use of hormone treatment (HRT) after menopause, 
and partly to �ncreas�ng rates of obes�ty (see below).

 Prostate cancer �nc�dence �n France has �ncreased 
by a factor of 2.6 over 20 years, largely because of 
the use of test�ng for prostate-spec�f�c ant�gen (PSA). 
Mortal�ty from prostate cancer reached �ts peak �n 
1988. A sl�ght decl�ne �n mortal�ty �s observable just 
after 1988, and between 1989 and 2002, �t decreased 
by 16%. Attr�but�on of th�s sl�ght mortal�ty decrease to 
PSA screen�ng �s quest�onable; the peak �n mortal�ty 
of 1988 corresponds to the start of PSA test�ng and 
the follow�ng upsw�ng of the �nc�dence. It �s d�ff�cult 
to assess the contr�but�on of PSA test�ng that started 
�n 1988 because of the rather long lag-t�me ex�st�ng 
between prostate cancer d�agnos�s and death. 
Other factors may have contr�buted to �mprov�ng the 
prognos�s of prostate cancer, such as earl�er d�agnos�s 
(non-PSA-based) and therapeut�c progress, �nclud�ng 
hormonal treatments (see below).

(5) Changes due to changes in exposure 
to risk or to protective factors
In men, lung cancer �nc�dence and mortal�ty have 
been decreas�ng s�nce the late 1980s. In women, 
�nc�dence and mortal�ty are r�s�ng sharply and lung 
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cancer has almost overtaken colorectal cancer as 
the second most �mportant cause of cancer death 
after breast cancer. In men, these trends are mostly 
attr�butable to the decreas�ng number of smokers 
and also to control of occupat�onal carc�nogens. In 
women, trends are ent�rely due to the �ncreas�ng 
number of French women who smoke.

Cancers of the mouth, pharynx, larynx and 
oesophagus are strongly related to alcohol 
consumpt�on and tobacco smok�ng. A decrease �n 
smok�ng and alcohol consumpt�on among French 
males s�nce 1950 (see Sect�ons B1 and B2) was 
followed by marked decreases �n the �nc�dence of 
and mortal�ty from these cancers. Mortal�ty probably 
further decreased because of greater d�sease 
awareness, lead�ng to earl�er d�agnos�s and more 
effect�ve treatment.

The �ncrease �n pr�mary l�ver cancer �nc�dence �s – 
at least �n part – expla�ned by the �ncreas�ng number 
of people �n France (and �n Europe) �nfected w�th 
hepat�t�s C v�rus (HCV). However, the contr�but�on of 
HCV to l�ver cancer �n France rema�ns to be assessed. 
Introduct�on of systemat�c test�ng of blood donat�ons 
for the presence of HCV �s l�kely to curb the ep�dem�c 
of HCV �nfect�on.

Stomach cancer �nc�dence and mortal�ty have 
dramat�cally decreased �n France and �n many other 
�ndustr�al�zed countr�es s�nce 1950. The �nc�dence 
of th�s cancer cont�nues to decrease but �n 2000, �t 
st�ll caused 4940 deaths �n France. The decrease �n 
gastr�c colon�zat�on by Helicobacter pylori �nduced by 
w�despread use of ant�b�ot�cs and more recently, the 
poss�b�l�ty to detect the presence of that bacter�um and 
to erad�cate �t, should contr�bute to further decreases 
�n stomach cancer �nc�dence and mortal�ty. Other 
poss�ble factors contr�but�ng to the temporal changes 
�nclude food preservat�on methods (refr�gerat�on 
�nstead of salt�ng and smok�ng) and the ava�lab�l�ty of 
fresh fru�ts and vegetables. However, we st�ll have no 
f�rm data conf�rm�ng the ex�stence or �mportance of 
such nutr�t�onal factors �n relat�on to stomach cancer 
burden.

Colorectal cancer �nc�dence �s st�ll on the r�se, 
ma�nly �n men, probably because of �ncreases �n 
overwe�ght and obes�ty and �n phys�cal �nact�v�ty. 
St�ll un�dent�f�ed d�etary r�sk factors are probably also 
�nvolved.

Changes �n r�sk factors �mpl�cated �n the �ncrease 
�n breast cancer �nc�dence �nclude the use of 

hormone replacement treatment (HRT) and oral 
contracept�ves, changes �n reproduct�ve factors, 
�ncreas�ng prevalence of overwe�ght and obes�ty, and 
decreas�ng levels of phys�cal act�v�ty. The cumulat�ve 
effects on breast cancer �nc�dence of HRT use and 
mammograph�c screen�ng have been descr�bed 
for other countr�es, such as the USA (Cal�forn�a), 
Sweden, Denmark and Sw�tzerland (Geneva) (see 
Bouchardy et al., 2006 for a rev�ew).

In add�t�on to HRT use, s�nce 1980, a w�de var�ety 
of progest�n-based drugs have been prescr�bed �n 
France to premenopausal women for treatment of 
many “female d�sorders” (e.g., the so-called “luteal 
�nsuff�c�ency”, Lowy and We�sz, 2005), and the �mpact 
of th�s pract�ce on breast cancer r�sk �s unknown.

Oral contracept�ve use has recently been 
class�f�ed as a Group 1 carc�nogen by the IARC 
(see Sect�on B7), but �ts use accounts for few breast 
cancer cases. In contrast, use of oral contracept�ves 
decreases ovar�an cancer �nc�dence (see below).

Ovar�an cancer �nc�dence and mortal�ty have 
been decreas�ng slowly s�nce the late 1980s, 
probably because of the w�despread use of oral 
contracept�ves. It �s unknown to what extent the 
pract�ce of hysterectomy has contr�buted to these 
favourable trends �n France.

Unt�l the m�d-1990s, �nc�dence of and mortal�ty 
from non-Hodgk�n lymphoma (NHL) have doubled 
over 20 years. Reasons for these �ncreases rema�n 
unknown, although current research �s focus�ng on 
v�ral and �mmune factors. Ultrav�olet rad�at�on could 
also be �nvolved, but data are contrad�ctory. The 
role of chem�cal pollutants, wh�ch were �ncr�m�nated 
earl�er, has not been supported by more recent data. 
It should be recalled that the �nc�dence of Hodgk�n 
lymphoma (HL) has markedly decreased and a 
number of lymphomas prev�ously class�f�ed as HL 
are now class�f�ed as NHL. Hence, the �nc�dence of 
both HL and NHL comb�ned probably deserves more 
attent�on than the �nc�dence of NHL alone.

S�m�larly to most populat�ons of European 
descent, test�s cancer �nc�dence �s r�s�ng stead�ly 
�n France for unknown reasons, probably related to 
changes �n l�festyle or �n some exogenous r�sk factor. 
One current hypothes�s focuses on exposure in utero 
to a substance tr�gger�ng dormant pre-cancerous 
test�cular les�ons. After the start of adolescence, 
under the �nfluence of androgens, these les�ons 
would progress �nto cancer.
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As �n other l�ght-sk�nned populat�ons, �nc�dence of 
cutaneous melanoma �n France has seen a dramat�c 
two-fold �ncrease �n the last two decades. Mortal�ty 
has r�sen at a lower pace, as most of the �ncreas�ng 
�nc�dence concerns early-stage melanomas curable 
by surgery. Melanoma �nc�dence and mortal�ty 
�n France are st�ll generally on the r�se, probably 
because of delays �n the �mplementat�on of effect�ve 
prevent�on campa�gns based on sun protect�on 
(Sever� et al., 2000).

(6) Changes in mortality due to availability 
of efficient treatment
Eff�c�ent treatment modal�t�es comb�n�ng 
chemotherapy, hormone therapy, rad�otherapy, 
surgery and support�ve care are now ava�lable for 
most cancers (e.g., Hodgk�n lymphoma, leukaem�a, 
breast cancer, colorectal cancer, test�cular cancer). 
These modal�t�es have contr�buted to the decrease �n 
mortal�ty observed �n the last th�rty years for a large 
number of cancers.

Effect�veness of cancer treatments has part�cularly 
�mproved for ch�ldhood cancer, result�ng �n sharp 
decreases �n the mortal�ty due to these cancers �n 
France (F�gure A2.9).

(7) Summary of factors likely to be involved 
in increasing cancer incidence
Table A2.2 summar�zes factors known or suspected 
to be assoc�ated w�th the �nc�dence of common 
and less common cancers �n France. Compet�ng 
causes, changes �n detect�on and d�agnos�s and 
screen�ng effects play �mportant roles �n the �ncrease 
�n �nc�dence, whereas �t seems that a�r, water, so�l 
and food pollutants have had l�ttle demonstrable 
�mpact on cancer occurrence, w�th the except�on of 
mesothel�oma, for wh�ch the causal agent (asbestos) 
�s clearly establ�shed.

4. Summary graphical representation 
of temporal trends

F�gures A2.10 and A2.11 summar�ze temporal 
trends �n age-adjusted �nc�dence and age-adjusted 
mortal�ty of most common cancers (draw�ngs done 
after Pep�n, 2006). The s�ze of the lozenges �s related 
to the �nc�dence rates of cancers �n 1997. Notable 
�ncreases �n both �nc�dence and mortal�ty are seen for 
cutaneous melanoma (�n both sexes), l�ver cancer (�n 

men), NHL (�n both sexes), mult�ple myeloma (�n both 
sexes), lung cancer (�n women), k�dney cancer (�n 
both sexes), and pancreat�c cancer (�n both sexes). 
Increases �n �nc�dence and mortal�ty are moderate 
for lung cancer �n men, and for the central nervous 
system �n both sexes.

For breast and prostate cancer, �ncreases �n 
�nc�dence are not paralleled by changes �n mortal�ty.

Dramat�c decreases �n �nc�dence and mortal�ty are 
observed for stomach cancer (both sexes), cancers of 
the mouth, pharynx, larynx and oesophagus �n men, 
and cerv�cal cancer �n women.

The ava�lab�l�ty of eff�c�ent treatment for test�cular 
and colorectal cancer and leukaem�a �s man�fested 
�n decreases �n mortal�ty wh�le �nc�dence was st�ll on 
the r�se �n 1997.

As descr�bed earl�er, mortal�ty data for l�ver 
cancer are not always rel�able, as many cases of 
“pr�mary l�ver cancer” or of death from “l�ver cancer,” 
are �n fact related to metastas�s of other (somet�mes 
und�agnosed) pr�mary cancer.

5. Discussion

Th�s sect�on offers a complementary v�ew to the work 
done by Remontet and co-workers (2002, 2003), that 
explored �n much more deta�l cancer �nc�dence and 
mortal�ty trends �n France. The ma�n d�fference �s that 
th�s sect�on rel�es only on data from cancer reg�str�es 
and off�c�al mortal�ty stat�st�cs and no modell�ng 
approach was used to est�mate recent mortal�ty or 
�nc�dence rates at the nat�onal level. Interested readers 
may f�nd deta�led stat�st�cs on cancer mortal�ty �n 
France on the web-s�te of the Inst�tut de ve�lle san�ta�re 
(www.�nvs.sante.fr/cancer_1983_2002/default.htm). 
The “Atlas de la Mortal�té en France” d�splays �n great 
deta�l the geograph�cal patterns of mortal�ty from 
cancer and from other causes (Salem et al., 1999a, 
b). A compar�son between European countr�es of 
project�ons of cancer �nc�dence and mortal�ty data for 
the year 2006 may be found �n Ferlay et al. (2007).

W�th the age�ng of the French populat�on, annual 
absolute numbers of cancer cases and deaths 
w�ll cont�nue to �ncrease stead�ly. The �ncrease �n 
�nc�dence due to age�ng �s further �ncreased by early 
detect�on and screen�ng. Thus, to compare changes 
�n the overall burden of cancer over t�me that �s not due 
merely to age�ng or to screen�ng, the best �nd�cator 
rema�ns the age-adjusted cancer mortal�ty rate.

Attributable causes of cancer in France in the year 2000
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Temporal trends �n all-cancer mortal�ty �n France 
for men and women resemble those observed �n most 
European countr�es (Boyle et al., 2003).

Decreas�ng age-adjusted mortal�ty �s due ma�nly 
to decreases �n the �nc�dence of cancers w�th h�gh 
fatal�ty rates, such as lung cancer and cancer of 
oesophagus �n men, of cancer of the cerv�x uter� �n 
women, and of stomach cancer �n both sexes. The 
decreases �n mortal�ty from these cancers �n France 
are attr�butable ma�nly to temporal changes �n 
exposure to r�sk or protect�ve factors, notably smok�ng 
and alcohol dr�nk�ng �n men, oral contracept�ves �n 
women, and poss�bly reduct�ons �n H. pylori �nfect�on 
�n both sexes.

Earl�er detect�on has also contr�buted to 
decreas�ng mortal�ty from many cancers, for �nstance 
breast cancer, colorectal cancer, cerv�cal cancer, 
and also cancers for wh�ch no systemat�c screen�ng 
�s organ�zed but d�agnos�s tends to occur at stead�ly 
earl�er stage, for �nstance head and neck cancers.

Most of the �ncrease �n cancer �nc�dence �s 
dr�ven by breast and prostate cancer. Increas�ng 
breast cancer �nc�dence �s �nduced by changes �n 
reproduct�ve factors, use of HRT and screen�ng. 
Increas�ng prostate cancer �nc�dence �s largely 
attr�butable to PSA screen�ng that detects ma�nly 
prostate cancers that are not l�fe-threaten�ng and 
should not be treated.

Changes �n occupat�onal exposures have 
contr�buted to the trends �n morb�d�ty and mortal�ty due 
to selected cancers �n men, such as mesothel�oma 
and s�nonasal cancer. These factors have also 
contr�buted to a proport�on of lung and bladder 
cancer, but the�r �nfluence on trends �n �nc�dence of 
and mortal�ty from these cancers �s far less �mportant 
than that of tobacco smok�ng.

The ava�lable ev�dence does not allow any 
temporal trend �n cancer occurrence to be 
attr�buted w�th conf�dence to changes �n exposure 
to pollutants. However, g�ven that levels of exposure 
to many known carc�nogen�c agents have drast�cally 
decreased dur�ng recent decades, one could argue 
that these agents m�ght have played a role (�f any) 
�n cancers w�th decreas�ng �nc�dence, rather than �n 
cancers w�th �ncreas�ng �nc�dence (e.g., non-Hodgk�n 
lymphomas).

For more frequent cancers such as breast, 
prostate and colorectal cancers, no or few data ex�st 
to support a contr�but�on of occupat�onal factors 

or pollutants to temporal changes �n �nc�dence or 
mortal�ty.

The decl�ne �n cancer mortal�ty observed �n France 
parallels the general decl�ne �n cancer mortal�ty �n the 
European Un�on (EU) �n recent decades. Exam�nat�on 
of trends �n cancer mortal�ty �n Europe over the past 
30 years has shown that, after long-term �ncreases, 
age-standard�zed mortal�ty from most common 
cancers has fallen s�nce the late 1980s (Qu�nn et al., 
2003).

Progress aga�nst cancer �n Europe has been 
the focus of the Europe aga�nst Cancer programme 
of the European Comm�ss�on that was launched �n 
1985. It was expected that th�s programme would 
foster cancer control efforts �n EU Member States 
and ach�eve a 15% decl�ne �n cancer mortal�ty all 
over Europe (Boyle et al., 2003). In th�s respect, 
the s�tuat�on �n France seems part�cularly pos�t�ve, 
as here, between 1985 and 2002, cancer mortal�ty 
decl�ned by 21% �n men and by 12% �n women. It must 
be noted, however, that for some cancers, the decl�ne 
�n mortal�ty occurred for causes largely �ndependent 
of coord�nated cancer control efforts, for �nstance, the 
secular decl�ne �n stomach cancer mortal�ty and the 
secular decl�ne �n alcohol consumpt�on �n France.

Surv�val data are often used as an �nd�cator of the 
sever�ty and of the management of cancers d�agnosed 
�n a populat�on. However, surv�val data do not replace 
mortal�ty data, as surv�val may vary cons�derably over 
t�me and between countr�es for reasons unrelated to 
treatment or to earl�er detect�on of cancer that would 
otherw�se be d�agnosed at a more advanced stage 
(Boyle and Ferlay, 2005). Surv�val �s cons�derably 
�nfluenced by the so-called lead-t�me b�as, that �s, 
the add�t�onal t�me of observat�on of a cancerous 
pat�ent due to d�agnos�s of the cancer at an earl�er 
moment �n �ts progress�on. Ignor�ng lead-t�me g�ves 
a b�ased �mpress�on of longer surv�val that �s �n fact 
due to a longer per�od of observat�on. Increased 
detect�on of more �ndolent cancers of good prognos�s 
by screen�ng �s another source of b�as, called length-
t�me b�as, that art�f�c�ally �ncreases surv�val because 
proport�onally more cancers of good prognos�s are 
�ncluded for the calculat�on of surv�val durat�on. One 
way to control these b�ases �s to take �nto account 
stage at d�agnos�s of cancers reg�stered over t�me or 
�n d�fferent countr�es. Ava�lab�l�ty of data on stages 
often leads to better explanat�ons of cancer surv�val 
observed over t�me or across areas (Sant et al., 2003; 
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C�ccolallo et al., 2005); th�s requ�res reg�strat�on of 
stage by cancer reg�str�es.
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Figure A2.1 - Evolution of incidence (1978-1997) and mortality (1950-2004) from cancer in France

Mortal�ty trends �n the départements of Bas-Rh�n, Calvados, Doubs and Isère are d�splayed as dotted l�nes.



20

Figure A2.2 - Evolution of incidence (1978-1997) and mortality (1950-2004) by cancer in France

Most frequent cancers - Males

Attributable causes of cancer in France in the year 2000
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Figure A2.3 – Evolution of incidence (1978-1997) and mortality (1950-2004) by cancer in France

Cancers of �ntermed�ate frequency - Males
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Figure A2.4 – Evolution of incidence (1978-1997) and mortality (1950-2004) by cancer in France

Less frequent cancers - Males

Attributable causes of cancer in France in the year 2000
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Figure A2.5 - Evolution of incidence (1978-1997) and mortality (1950-2004) by cancer France

Most frequent cancers - Females
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Figure A2.6 - Evolution of incidence (1978-1997) and mortality (1968-2004) of breast cancer in France 

Over a 20 year per�od, breast cancer �nc�dence has �ncreased by 82% �n women 50 and older 

and by 55% �n women younger than 50

Attributable causes of cancer in France in the year 2000
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Figure A2.7 – Evolution of incidence (1978-1997) and mortality (1950-2004) by cancer in France

Cancers of �ntermed�ate frequency - Females
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Figure A2.8 – Evolution of incidence (1978-1997) and mortality (1950-2004) by cancer in France

Less frequent cancers - Females
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Figure A2.9 – Evolution of mortality (1950-2004) by cancer in France

Cancer �n Ch�ldren (0-14)
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Figure A2.11 - Synthesis of the evolution of the incidence and the mortality from cancer in France, in females, 

between 1978 and 1997 (rates adjusted by age). The percentages on the ordinate (incidence) and on the abscissa 

(mortality) indicate the annual average change in the rates of incidence and mortality over the period 1978 to 

1997. The s�ze of the po�nts �s proport�onal to the rate of �nc�dence of the cancers

Figure A2.10 - Synthesis of the evolution of the incidence and the mortality from cancer in France, in males, 

between 1978 and 1997 (rates adjusted by age). The percentages on the ordinate (incidence) and on the abscissa 

(mortality) indicate the annual average change in the rates of incidence and mortality over the period 1978 to 

1997. The s�ze of the po�nts �s proport�onal to the rate of �nc�dence of the cancers 




