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1. Definition of exposure

Tobacco smok�ng causes cancer of the oral cav�ty, 
pharynx, oesophagus, stomach, nasal cav�ty and 
s�nuses, larynx, lung, k�dney, ur�nary bladder, urethra 
and uter�ne cerv�x, as well as acute myelo�d leukaem�a 
(IARC, 2004). Because of the length of the latency 
per�od, tobacco-related cancers observed today are 
related to the c�garette smok�ng patterns over several 
prev�ous decades. After cessat�on of smok�ng, the 
�ncrease �n r�sk of cancer �nduced by smok�ng rap�dly 
ceases: benef�t �s ev�dent w�th�n f�ve years and �s 
progress�vely more marked w�th the passage of t�me. 
Tobacco smok�ng also causes many other d�seases, 
most notably chron�c obstruct�ve pulmonary d�sease, 
�schaem�c heart d�sease and stroke. All forms of 
tobacco cause cancer. The greatest lung cancer r�sk 
�s due to c�garette smok�ng because c�garette smoke 
�s usually �nhaled. C�gars and p�pes can enta�l s�m�lar 
r�sks �f the�r smoke �s �nhaled. C�gar and p�pe smoke 
are assoc�ated w�th s�m�lar r�sks of cancers of the oral 
cav�ty, pharynx, larynx, and oesophagus.

For the purpose of th�s study, we cons�dered 
regular smok�ng of any tobacco product. We 
cons�dered only smok�ng status (current and former 
smok�ng); durat�on and amount of smok�ng were not 
taken �nto account. Smokeless tobacco products were 
not cons�dered because they are not used �n France. 
Exposure to second-hand smoke, an establ�shed 
lung carc�nogen (IARC, 2004) �s cons�dered among 
a�r pollutants (Sect�on B10). The alternat�ve exposure 
scenar�o �s that of never hav�ng smoked.

Risk factors selected for estimate calculations

2. Data used for relative risk (RR) estimates

We conducted a meta-analys�s of stud�es �ncluded 
�n the recent IARC Monograph (IARC, 2004). Th�s 
meta-analys�s �ncluded all cancers for wh�ch a causal 
assoc�at�on �s establ�shed, w�th the except�on of 
s�nonasal cancer (small number of attr�butable cases), 
nasopharyngeal cancer (small number of attr�butable 
cases) and acute myelo�d leukaem�a (�nc�dence and 
mortal�ty data not ava�lable for France). We calculated 
sex-spec�f�c meta-relat�ve r�sks for current and former 
smok�ng. However, fewer stud�es were ava�lable 
for tobacco-related cancer �n women than �n men, 
and RRs for current smokers among women were 
somet�mes h�gher than the correspond�ng RRs for 
men, but w�th w�der conf�dence �ntervals. In v�ew of 
th�s stat�st�cal �nstab�l�ty of RR est�mates for women, 
when RRs �n women were h�gher than �n men (or were 
unknown), the RRs for men were used for both sexes 
(Table B1.1). Est�mates for former smokers among 
women were also based on few stud�es, ma�nly of 
case–control des�gn. Therefore, �nstead of est�mat�ng 
RRs for former smokers among women from meta-
analyses, we calculated the rat�o of the ln(RR) for 
current smokers to that of former smokers among 
men and we appl�ed th�s rat�o to the ln(RR) for current 
smokers among women. We est�mated the conf�dence 
�ntervals that were ava�lable for th�s measure us�ng 
the var�ance of ln(RR) for current smokers among 
women (th�s cho�ce was more conservat�ve than 
us�ng the var�ance of the ln(RR) for former smokers 
among men). For cancer of the cerv�x uter�, the rat�o 
ln(RR current)/ln(RR former) and the var�ance used 
were the average of those of all other s�tes.

Risk factors selected for estimate calculations
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3. Data used for exposure prevalence

Data on prevalence of smok�ng were abstracted from 
nat�onw�de surveys (Table B1.2). Prevalence data 
for 1985 were est�mated by l�near �nterpolat�on us�ng 
results of surveys conducted �n 1983 and 1986, wh�ch 
y�elded the follow�ng f�gures for 1985: current male 
smokers: 48.2%, current female smokers: 30.4%, 
former male smokers: 27.7%, former female smokers: 
14.0%.

4. Calculation of AFs

Table B1.3 l�sts the AFs and numbers of cancer cases 
and deaths attr�butable to tobacco smok�ng �n France 
�n 2000. A total of 43 466 cases of cancer among 
men (27.0% of the total) and 7095 cases among 
women (6.1%) were attr�butable to tobacco smok�ng. 
Lung cancer represented about 45% of tobacco-
attr�butable cancers �n both men and women; �n 
men, oral cav�ty and pharyngeal cancer represented 
an add�t�onal 21%. G�ven the h�gh fatal�ty of many 
tobacco-assoc�ated cancers, correspond�ng f�gures 
for mortal�ty are h�gher than for �nc�dence (33.4% of 
all cancer deaths �n men and 9.6% �n women).

5. Sensitivity analysis

Different lag-times

If a lag-t�me of 10 years (�.e., us�ng tobacco smok�ng 
data for 1990) �s cons�dered, prevalence of tobacco 
smok�ng for males �s lower than �n 1985 and prevalence 
for females �s h�gher. The fract�on of �nc�dent cancers 
attr�butable to tobacco would therefore be 26.8% for 
men and 6.3% for women. The fract�on of cancer 
deaths attr�butable to tobacco would be 33.1% for 
men and 9.9% for women.

If a lag-t�me of 20 years (�.e., us�ng tobacco 
smok�ng data for 1980) �s cons�dered, prevalence 
of tobacco smok�ng for males �s h�gher than �n 1985 
and prevalence for females �s lower. The fract�on 
of �nc�dent cancers attr�butable to tobacco would 
therefore be 27.2% for men and 5.5% for women. 
The fract�on of cancer deaths attr�butable to tobacco 
would be 33.5% for men and 8.7% for women.

Indirect estimate of the attributable fraction 
for women

Surveys of tobacco smok�ng that �ncluded only 
quest�ons on smok�ng status (current smoker or 
former smoker) y�eld prevalence data that cannot 
be adjusted for the number of c�garettes smoked. 
Indeed, �n surveys conducted �n the 1970s, women 
who declared be�ng current smokers often had 
very low consumpt�on. Because we used RRs from 
a meta-analys�s that �ncluded a large proport�on of 
stud�es conducted �n the USA or �n Nord�c countr�es, 
the pattern of tobacco smok�ng for women �n 1985 
descr�bed m�ght not have been comparable to that of 
French women.

We therefore calculated the attr�butable fract�on 
for tobacco smok�ng us�ng an �nd�rect compar�son for 
women. Because tobacco smok�ng �s by far the ma�n 
env�ronmental cause of lung cancer, and because 
that cancer �s not curable, lung cancer mortal�ty 
stat�st�cs are good �nd�cators of the ep�dem�c of cancer 
assoc�ated w�th tobacco smok�ng. We hypothes�zed 
that �n French women, no lung cancer �n 1950 was 
related to tobacco smok�ng, and any �ncrease �n lung 
cancer mortal�ty rates after 1950 was attr�butable to 
tobacco smok�ng:

AF = (mortal�ty rate �n year X – mortal�ty rate �n 1950) 

 / mortal�ty rate �n year X

We performed th�s calculat�on for the year 2000 by 
age group (Table B1.4). These age-spec�f�c AFs were 
appl�ed to age-spec�f�c numbers of deaths �n 2000, 
and among the 4246 lung cancer deaths �n French 
women �n 2000, 2596 were attr�butable to tobacco 
smok�ng, correspond�ng to an AF of 61.1%.

6. Comparison with indirect method 
of calculating AFs

An alternat�ve method of calculat�ng tobacco-
attr�butable r�sks has been proposed by Peto and 
colleagues (1992). The method �s based on the 
assumpt�on that current lung cancer mortal�ty prov�des 
a better measure of the effect of the exposure of 
�nterest – l�fet�me tobacco smok�ng – than does 
smok�ng prevalence �tself. A Smok�ng Impact Rat�o 
(SIR) �s calculated by compar�ng the lung cancer 
mortal�ty observed �n a g�ven populat�on w�th that 
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expected �n a (reference) populat�on of non-smokers, 
typ�cally, rates among never-smokers enrolled �n the 
Amer�can Cancer Soc�ety Cancer Prevent�on Study II 
(ACP-CPS-II). ASIR=1 �s equ�valent to a populat�on 
compr�s�ng ent�rely l�fet�me smokers, and SIR=0 �s 
equ�valent to a populat�on compr�s�ng ent�rely never-
smokers. An est�mate of the number of deaths from 
cancer and other causes attr�butable to tobacco 
smok�ng �n France and other countr�es �n 2000 has 
recently been calculated (www.deathsfromsmok�ng.
net), based on three groups of cancer: lung, upper 
aerod�gest�ve tract (oral cav�ty, pharynx, larynx, 
oesophagus) and all other cancers. Table B1.5 
compares the est�mates from that project w�th those 
we produced. Wh�le f�gures �n men are fa�rly s�m�lar, 
reflect�ng the fact that the tobacco ep�dem�c has 
reached �ts matur�ty among French men, d�screpanc�es 
�n women may be partly expla�ned by the fact that 
the ACP-CPS-II results on lung cancer mortal�ty �n 
non-smok�ng women �n the USA are not appl�cable 
to non-smok�ng French women. The �nd�rect est�mate 
of the attr�butable fract�on for women we calculated 
above �n sub-sect�on 5 suggests that the results of 
the “deathsfromsmok�ng” project may underest�mate 
the fract�on of lung cancers attr�butable to tobacco �n 
French women.

7. Discussion

Our analys�s conf�rmed that tobacco �s the ma�n 
avo�dable cause of cancer �n France among both 
men and women. There are several reasons why our 
results for men are l�kely to represent a conservat�ve 
est�mate of the burden of tobacco-assoc�ated cancer. 
F�rst, we d�d not �nclude a few rare cancers (cancers 
of the nasopharynx, nose and paranasal s�nuses, 
myelo�d leukaem�a) for wh�ch a causal assoc�at�on 
w�th tobacco smok�ng has been demonstrated (IARC, 
2004). Second, for several other cancers, a causal 
assoc�at�on w�th tobacco smok�ng �s suspected, 
although not yet demonstrated: a notable example �s 
colorectal cancer, for wh�ch an assoc�at�on has been 
reported �n several stud�es. In our meta-analys�s, 
we also calculated summary r�sk est�mates for 
colorectal cancer: RRs �n men were 1.17 for current 
smok�ng and 1.16 for former smok�ng, wh�ch would 
correspond to 2173 �nc�dent cases of cancer and 933 
cancer deaths. Th�rd, the meta-analys�s was based 
largely on stud�es conducted �n populat�ons smok�ng 

pr�mar�ly or exclus�vely blond-tobacco c�garettes, 
wh�le consumpt�on of black-tobacco c�garettes, wh�ch 
�s assoc�ated w�th a h�gher RR of most tobacco-
related cancers (IARC, 2004), �s a character�st�c of 
French smokers.

On the other hand, as d�scussed above, the 
tobacco-related ep�dem�c of lung cancer and other 
cancers among French women has not yet reached 
�ts matur�ty, wh�le �n the UK and the USA, the peak �n 
female smok�ng was already reached �n the 1980s. 
Also, Amer�can and Br�t�sh women used to smoke 
more than French women (H�ll and Laplanche, 
2005a). For these reasons, the use of RRs ma�nly 
from stud�es conducted �n populat�ons, such as those 
of the UK and �n the USA, �n wh�ch women have been 
smok�ng for a longer t�me and at h�gher level m�ght 
result �n an overest�mate of the attr�butable fract�on 
�n French women. However, the alternat�ve approach 
we used to est�mate the AF of lung cancer among 
women (rat�o of d�fference �n mortal�ty �n 2000 and 
1950 over mortal�ty �n 2000) suggested that any 
overest�mate was not very large, s�nce �t resulted �n 
an AF of 61.1%, comparable to the 69.7% obta�ned 
when the method of Lev�n (1953) was used. Because 
we cannot exclude the poss�b�l�ty that some lung 
cancer occurr�ng �n 1950 �n women was attr�butable 
to tobacco smok�ng, the est�mate of 61.1% has to be 
cons�dered as a m�n�mal AF for French women and 
the results of the �nd�rect method proposed by Peto 
et al. (1992) are l�kely to underest�mate the role of 
tobacco as a carc�nogen among French women.

Sens�t�v�ty analys�s exam�n�ng a 10- or 20-year 
lag-t�me y�elded est�mates of attr�butable fract�ons 
close to those w�th a 15-year lag-t�me.

In our est�mates, we d�d not take �nto account the 
average consumpt�on of c�garettes and other tobacco 
products by French smokers. It �s unclear whether the 
assumpt�on that the level of tobacco consumpt�on �s 
s�m�lar �n France and �n the populat�ons covered by 
the meta-analys�s would result �n b�as, and �f so, what 
the d�rect�on and magn�tude of such a b�as would be.

In conclus�on, the type of tobacco consumed �n 
France and the exclus�on of some cancers from our 
calculat�ons, lead us to cons�der our est�mates of lung 
cancer cases and deaths caused by tobacco smok�ng 
to be m�n�mum values for France �n 2000.

Some aspects of the carc�nogen�c�ty of tobacco 
relevant to the burden of cancer �n France are dealt 
w�th �n other sect�ons of th�s report (Sect�on B10 for 
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second-hand smoke, and Sect�on C2 for �nteract�ons 
between tobacco smok�ng and other r�sk factors).
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Table B1.1 – Relative risks (RR) of cancer of specific organs associated with tobacco smoking, by sex*

* From meta analys�s of stud�es reported �n the IARC monograph on tobacco (2004) and Gand�n� et al. (2007)
§ RRs for former smokers among women were est�mated us�ng the rat�o of ln(RR current smoker) to ln(RR former smoker) 
among men that we appl�ed to ln(RR current smoker) for women.
† When RRs for women were h�gher than for men or when no RR was est�mable for women, the RR for men was used 
�nstead
‡ For cerv�x uter�, the rat�o ln(RR current)/ln(RR former) and the var�ance used were the average of those of all other s�tes 

Table B1.2 - Surveys on tobacco smoking in France around 1985 (from Hill and Laplanche, 2005b)

Year Number Prevalence (%) of tobacco smoking Source

Men Women

Men Women Smokers Ex-smokers Smokers Ex-smokers

1983 941 1036 51 29 CFES§

1983 707 786 55 27 34 18 CFES§

1985 * – – 48.24 27.67 30.39 14.00

1986 960 1040 46 30 CFES§

1986–1987 5874 7280 28 12 INSEE

* L�near �nterpolat�on for 1985
§ Com�té França�s d’Educat�on pour la Santé, now INPES

Risk factors selected for estimate calculations

Cancer site Men Women

Current smoking Former smoking Current smoking Former smoking §

Oral cav�ty 4.22 1.57 1.60 1.16

Pharynx 6.82 2.28 3.29 1.67

Oesophagus 2.52 2.13 2.28 1.96

Stomach 1.74 1.34 1.45 1.22

L�ver 1.85 1.69 1.49 1.41

Pancreas 1.63 1.10   1.63† 1.10

Larynx 5.24 4.96   5.24† 4.96

Lung 9.87 3.18 7.58 2.78

K�dney 1.59 1.27 1.35 1.17

Ur�nary bladder 2.8 1.90 2.73 1.87

Cerv�x uter� – – 1.83   1.32‡
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Table B1.3 – Numbers of cancer cases and deaths attributable to tobacco smoking in France, 

by sex, for the year 2000

Cancer Men Women

AF% Cases Deaths AF% Cases Deaths

Oral cav�ty 63.1% 3531 854 17.0% 266 71

Pharynx 76.0% 5619 1943 44.1% 367 138

Oesophagus 51.1% 2065 1777 34.4% 319 239

Stomach 31.1% 1405 981 14.3% 373 288

L�ver 37.5% 1882 1884 17.1% 164 273

Pancreas 24.9% 673 904 17.0% 373 546

Larynx 75.9% 2932 1291 64.8% 234 97

Lung 83.0% 19216 17085 69.2% 3178 2939

K�dney 26.4% 1403 499 11.5% 343 127

Ur�nary bladder 52.8% 4742 1715 39.3% 702 396

Cerv�x uter� – – – 22.9% 777 336

Total 43466 28934 7095 5449

% of all cancers 27.0% 33.4% 6.1% 9.6%

Table B1.4 – Fractions (AF) of lung cancer attributable to tobacco smoking in French women in 2000, 

calculated by the indirect method

Age group Mortality rate in 1950 Mortality rate in 2000 AF (%)

0–29 0.11 0.06 0%

30–39 1.31 1.47 10.9%

40–49 3.65 10.37 64.8%

50–59 8.13 19.48 58.3%

60–69 14.71 29.96 50.9%

70+ 16.55 50.22 67.0%

All   61.1%*

*AF for all ages est�mated after calculat�on of AFs for each age category and appl�cat�on of age-spec�f�c AFs to the numbers 
of lung cancer deaths observed �n each age category �n 2000. See text for more deta�ls on the method of calculat�on

Attributable causes of cancer in France in the year 2000
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Table B1.5. Comparison of cancer deaths attributable to tobacco smoking in France (2000) in this study 
and in the “deathfromsmoking” (DFS) project

Cancer Men Women

This study DFS This study DFS

% No. % No. % No. % No.

Lung 83 17 085 90 18 545 69 2939 42 1774

UADT 65 5866 60 5460 37 545 16 256

Others 10 5984 11 6496 4 1965 1 297

Total 33 28 935 35 30 501 10 5449 4 2327

UADT, upper aerod�gest�ve tract (oral cav�ty, pharynx, larynx, oesophagus)

Risk factors selected for estimate calculations
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1. Definition of exposure

The present rev�ew focuses on the carc�nogen�c 
effects of alcohol dr�nk�ng and does not take 
�nto account other health effects of th�s hab�t. 
Furthermore, no d�st�nct�on �s made accord�ng to 
e�ther type of alcohol�c beverage (e.g., beer, w�ne, 
hard l�quor, home-made sp�r�ts) or dr�nk�ng patterns 
(e.g., regular versus b�nge dr�nk�ng), because the 
data are �nadequate to conclude whether the r�sk 
of cancer var�es accord�ng to these character�st�cs. 
The only d�mens�on of dr�nk�ng wh�ch �s cons�dered 
relevant for r�sk est�mate �s �ntake expressed �n grams 
per day of ethanol.

The alternat�ve exposure scenar�o �s that of no 
alcohol �ntake.

2. Data used for RR estimates

For all cancers but breast cancer, RRs were 
extracted from a recent meta-analys�s (Corrao et 
al., 2004). S�nce all RRs were compat�ble w�th a log-
l�near �ncrease �n r�sk w�th dose, we f�tted a l�near 
regress�on model to calculate the ln(RR) for �ntake of 
an add�t�onal gram of ethanol per day. In the case of 
breast cancer, we used the results of a recent large 
pooled analys�s, wh�ch prov�ded an RR of 1.071 for 
�ntake of an add�t�onal 10 g/d (Hamaj�ma et al., 2002). 
Table B2.1 l�sts the RRs used �n the analys�s.

3. Data used for exposure prevalence

Few temporal surveys on alcohol consumpt�on �n 
France have been reported. We retr�eved data from 
the WHO WHOSIS database (www.who.�nt) on adult 
(≥15 years of age) per capita alcohol consumption. 
WHOSIS alcohol consumpt�on data were calculated 
from off�c�al stat�st�cs on product�on, sales and 
�mports and exports, tak�ng �nto account stocks 
whenever poss�ble. We used these survey data as 
measures of alcohol�c beverage dr�nk�ng because 
self-reported consumpt�on data are l�kely to be 

grossly underest�mated. For �nstance, da�ly �ntakes 
among adults �n an INSEE 1986–87 survey could 
be est�mated as 24.7 g �n men and 6.0 g �n women, 
cons�der�ng a standard dr�nk of 10 g; annual total 
�ntakes calculated from these f�gures were well below 
the WHOSIS data.

S�nce the consumpt�on f�gures from econom�c 
data were not broken down by sex, we used INSEE 
survey data to der�ve the male-to-female rat�o �n 
alcohol consumpt�on. In the 1986–87 INSEE survey, 
consumpt�on was reported as the number of dr�nks per 
day; we used a standard amount of 10 g ethanol per 
dr�nk to est�mate the da�ly consumpt�on (IARC, 1988). 
In the INSEE survey, consumpt�on was reported by 
�ntervals of “number of dr�nks per day”. Therefore, 
we took the average of the bounds of each �nterval 
for the calculat�on of da�ly consumpt�on. The alcohol 
consumpt�on rat�o �n the 1986–87 INSEE survey was 
4.12; we part�t�oned the total amount of alcohol drunk 
per adult �n 1985 (der�ved from the WHOSIS database, 
17.22 L of pure alcohol per year) �nto average da�ly 
�ntakes for men (62.3 g/d) and women (14.4 g/d). Th�s 
latest part�t�on of alcohol per adult took �nto account 
a sex rat�o (male/female) of 0.95 to account for sl�ght 
d�fferences �n populat�on s�ze.

4. Calculation of AFs

Table B2.1 l�sts the results of the calculat�on of 
attr�butable fract�ons, and Table B2.2 the number of 
�nc�dent cancer cases and cancer deaths attr�butable 
to alcohol dr�nk�ng. A total of 17 398 cases of cancer 
among men (10.8% of the total) and 5272 cases 
among women (4.5%) were attr�buted to alcohol 
dr�nk�ng (Table B2.2). Head and neck cancers 
represented the largest group of alcohol-attr�butable 
cancers �n men, wh�le breast cancer contr�buted 
more than 70% of alcohol-attr�butable cancers �n 
women. Correspond�ng f�gures for mortal�ty are 9.4% 
of cancer deaths �n men and 3.0% �n women.

Attributable causes of cancer in France in the year 2000
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5. Sensitivity analysis

Lag-time

We mod�f�ed the latency t�me from 15 to 10 years; 
the level of alcohol dr�nk�ng �n 1990 was lower than 
�n 1985, w�th 16.24 l�tres of pure alcohol consumed 
per person and per year �n France. Th�s represents 
58.5 g/d of alcohol for men and 13.8 g/d for women. 
Us�ng these f�gures, the fract�on of �nc�dent cancers 
attr�butable to alcohol would be 10.4% for men and 
4.3% for women, and the fract�on of cancer deaths 
attr�butable to alcohol 9.0% for men and 2.9% for 
women.

We further mod�f�ed the latency to 20 years. The 
level of alcohol dr�nk�ng �n 1980 was 19.66 l�tres of 
pure alcohol consumed per person. Th�s represents 
66.6 g/d of alcohol for men and 20.7 g/d for women. In 
th�s case, the fract�on of �nc�dent cancers attr�butable 
to alcohol would be 11.3% for men and 6.3% for 
women, and the fract�on of cancer deaths attr�butable 
to alcohol dr�nk�ng would be 9.9% for men and 4.2% 
for women.

Standard drink of 12 grams per drink

To est�mate the rat�o of alcohol consumpt�on between 
males and females, we rel�ed on the 1986–87 INSEE 
survey, wh�ch reported consumpt�on �n dr�nks per 
day. We repeated the analys�s us�ng 12 g ethanol 
per dr�nk �nstead of 10 g. S�nce the rat�o est�mate �s 
�ndependent of the dose cons�dered, the result�ng 
male to female alcohol dr�nk�ng rat�o was 4.12. The 
fract�on of �nc�dent cancers attr�butable to alcohol 
dr�nk�ng was then s�m�lar to the est�mate w�th 10 
grams per dr�nk.

6. Discussion

The ev�dence l�nk�ng alcohol dr�nk�ng to cancer r�sk 
has been rev�ewed (Boffetta and Hash�be, 2006; 
IARC, 2007). There �s conv�nc�ng ep�dem�olog�cal 
ev�dence that the consumpt�on of alcohol�c beverages 
�ncreases the r�sk of cancers of the oral cav�ty, 
pharynx, larynx, oesophagus, l�ver, colorectum and 
female breast. The r�sks �ncrease w�th the amount of 
ethanol drunk.

Bes�des �ncreas�ng cancer r�sk, alcohol dr�nk�ng 
enta�ls complex health consequences, mak�ng �t 

d�ff�cult to draw conclus�ons on the net health effect 
of d�fferent dr�nk�ng patterns. There �s some ev�dence 
for a J-shaped pattern of r�sk of total mortal�ty and 
card�ovascular d�sease w�th �ncreas�ng alcohol 
consumpt�on. In add�t�on, alcohol dr�nk�ng �ncreases 
the r�sk of �njury �n all other act�v�t�es and acc�dent 
mortal�ty rates are �nfluenced by per cap�ta alcohol 
consumpt�on. Moreover, alcohol dur�ng pregnancy 
has a detr�mental effect on the development of the 
fetus and �ts central nervous system, often result�ng 
�n malformat�ons, behav�oural d�sorders and cogn�t�ve 
def�c�ts �n the postnatal per�od.

Alcohol dr�nk�ng �n both sexes (F�gure B2.2) 
has cons�derably decreased �n France over recent 
decades (CNE, 1999) (F�gure B2.1), result�ng �n 
sharp decreases �n alcohol-related d�seases such as 
l�ver c�rrhos�s (F�gure B2.3) and oesophageal cancer 
(F�gure B2.4).

Although our est�mates of the number of cancers 
attr�butable to alcohol dr�nk�ng �n men are h�gher than 
those der�ved �n the past for the USA or Austral�a 
(Holman and Engl�sh, 1995), they are comparable 
to those prov�ded for Europe �n recent stud�es 
(Rehm et al., 2003; Boffetta and Hash�be, 2006). 
It �s noteworthy that alcohol dr�nk�ng �s the second 
greatest avo�dable cause of cancer �n French men 
after tobacco smok�ng. Sens�t�v�ty analys�s based on 
e�ther a 10- or 20-year latency, or us�ng a d�fferent 
standard alcohol content of a dr�nk d�d not mater�ally 
affect the attr�butable fract�on est�mates.

The accuracy of our est�mates �s l�m�ted by the 
qual�ty of the ava�lable data on �nd�v�dual alcohol 
consumpt�on. Th�s �s part�cularly problemat�c because 
patterns of alcohol dr�nk�ng �n France have undergone 
major changes dur�ng the last 50 years. 
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Table B2.1 - Relative risks for alcohol drinking and attributable fractions, by sex

§ Men: 62.3 g/d ; women: 14.4 g/d

* Based on l�near extrapolat�on from results of meta-analys�s (Corrao et al., 2004)

† Based on results of pooled analys�s (Hamaj�ma et al., 2002)

Table B2.2 - Number of cancer cases of and deaths attributable to alcohol drinking in France in 2000, by sex

Cancer Incident cases Deaths

Men Women Men Women

Oral cav�ty, pharynx 9185 591 2765 180

Oesophagus 2228 157 1918 117

Colorectal 2178 455 936 206

L�ver 1593 81 1594 135

Larynx 2214 64 975 27

Breast – 3925 – 1027

Total 17398 5272 8188 1692

% total cancer cases/deaths 10.8% 4.5% 9.4% 3.0%

Risk factors selected for estimate calculations

Cancer
Ln 

(Risk per g/d)
RR for average 
consumption§

AF%

Men Women Men Women

Oral cav�ty, pharynx 0.020* 3.41 1.33 70.7 24.6

Oesophagus 0.013* 2.23 1.20 55.2 16.9

Colorectal 0.002* 1.13 1.03 11.2 2.7

L�ver 0.006* 1.47 1.09 31.8 8.4

Larynx 0.014* 2.34 1.22 57.3 17.8

Breast 0.007† – 1.10 – 9.4
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Figure B2.1 - Alcohol consumption per adult (age 15 +) per day in grammes in France

Fig. B2.2 - INRA/ONIVINS surveys on wine consumption in France (ONIVINS 2000)
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Figure B2.3 Mortality from liver cirrhosis in France

Data sources : INED and WHO Europe (* European standard populat�on was used for rate calculat�ons)

Figure B2.4 - Incidence of oesophagus cancer in Calvados. Incidence per 100 000 person-years, age-adjusted 

(world population). Data from Launoy et al. (1997), updated by G. Launoy for the needs of th�s study
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1. Definition of exposure

Several �nfect�ous agents have been �dent�f�ed 
as caus�ng human cancer. For most of them, an 
�ncreased r�sk of cancer has been demonstrated 
only �n relat�on to several years of chron�c �nfect�on. 
Publ�shed ep�dem�olog�cal data �n France on some 
spec�f�c cancers or �nfect�ons were �nadequate for 
est�mat�on of an AF. Table B3.1 summar�zes the 
current l�st of recogn�zed assoc�at�ons betweens 
�nfect�ons and cancer, �nd�cat�ng any reasons for 
exclus�on from th�s report.

An AF was calculated for cerv�cal cancer and oral/
pharyngeal cancer follow�ng �nfect�on w�th human 
pap�llomav�rus (HPV), l�ver cancer follow�ng �nfect�on 
w�th hepat�t�s B v�rus (HBV) and hepat�t�s C v�rus 
(HCV), Hodgk�n lymphoma follow�ng �nfect�on w�th 
Epste�n–Barr v�rus (EBV), non-Hodgk�n lymphoma 
follow�ng �nfect�on w�th EBV, and stomach cancer 
follow�ng �nfect�on w�th Helicobacter pylori.

2. Data used for RR estimates

RRs used �n the est�mat�on of AFs are reported �n 
Table B3.2. The RRs of l�ver cancer follow�ng �nfect�on 
w�th HBV and HCV were der�ved from a meta-analys�s 
(Donato et al., 1998).

Pers�stent HPV �nfect�on of the cerv�x �s now 
cons�dered as a necessary and suff�c�ent cond�t�on 
for occurrence of cerv�cal cancer and thus the AF for 
HPV was cons�dered equal to 1. The RR of oral and 
pharyngeal cancer follow�ng �nfect�on w�th the same 
agent was der�ved from a pooled analys�s based on 
Nord�c serum banks (Mork et al., 2001).

The RR of stomach cancer follow�ng �nfect�on w�th 
H. pylori was der�ved from a meta-analys�s (Esl�ck et 
al., 1999).

3. Data used for prevalence

Data on prevalence of exposure to �nfect�ous agents 
are l�sted �n Table B3.2. The sex-spec�f�c prevalence 

of HBV and HCV �nfect�on among adults was der�ved 
from a recent InVS report (InVS, 2005).

The prevalence of HPV �n the anogen�tal tract 
was der�ved from a survey of French women (Clavel 
et al., 2004); the same f�gure was used for men. The 
HPV prevalence �n the oral cav�ty was der�ved from 
the pooled analys�s of Nord�c serum banks (Mork et 
al., 2001); the same f�gure was used for men and 
women.

The prevalence of H. pylori �nfect�on was der�ved 
from a survey of asymptomat�c pregnant women 
(Kalach et al., 2002); th�s f�gure was appl�ed to adults 
of both sexes. One major assumpt�on �n the use of 
such data, �n the absence of comparable h�stor�cal 
data, �s that prevalence of �nfect�on has rema�ned 
stable over t�me.

4. Calculation of AFs

Although �t �s well establ�shed that EBV �s �mpl�cated 
�n the occurrence of several cancers, e.g., Burk�tt 
lymphoma (de Thé et al., 1978) and Hodgk�n 
lymphoma (Mueller et al., 1989), there �s st�ll great 
uncerta�nty as to the extent of these assoc�at�ons 
(Thorley-Lawson, 2005). For AF est�mat�on, we took 
f�gures from the IARC Monograph Vol. 70 on �nfect�ons 
and cancer (IARC, 1997), wh�ch suggested that 30 
to 50% of Hodgk�n lymphoma may be due to chron�c 
EBV �nfect�on. A s�m�lar est�mate was also used by 
Park�n (2006). Non-Hodgk�n lymphoma occurr�ng �n 
�mmunocomprom�sed pat�ents may be due to EBV 
�nfect�on (IARC, 1997), w�th an est�mated AF of 8% 
(Engels et al., 2005).

Table B3.3 reports the AFs and attr�butable 
numbers of cancer cases and deaths for the year 
2000. A total of 4206 cases among men (2.6% of the 
total) and 4871 cases among women (4.2% of the 
total) were attr�butable to �nfect�ons �n France �n 2000. 
L�ver cancer due to �nfect�on w�th e�ther HBV or HCV 
represented about half of the �nfect�on-related cancer 
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cases �n men, wh�le cerv�cal cancer, all of wh�ch �s 
attr�buted to HPV �nfect�on, represented almost 70% 
of �nfect�on-related cancers �n women.

G�ven the h�gh fatal�ty of most �nfect�on-related 
cancers, th�s group of cancers accounts for a larger 
proport�on of cancer deaths than of cancer cases 
(Table B3.3).

5. Discussion

The val�d�ty of our est�mates for France has certa�n 
l�m�tat�ons:

(1) The RRs we used were largely der�ved 
from other populat�ons (e.g., the effect of d�fferent 
genotypes of hepat�t�s v�ruses),

(2) There was a lack of data on prevalence of 
�nfect�ous agents from representat�ve samples of 
the French populat�on,

(3) There are no h�stor�cal data on prevalence 
of �nfect�on that would allow us to relate cancers 
occurr�ng �n 2000 to past exposures.

Our est�mates are also much lower than those from 
prev�ous attempts to quant�fy the burden of cancer 
attr�butable to �nfect�ons (Zur Hausen, 2006; P�san� 
et al., 1997). P�san� and colleagues (1997) est�mated 
that 9% of cancers occurr�ng �n developed countr�es 
�n 1990 were attr�butable to chron�c �nfect�ons. More 
recently, Zur Hausen (2006) est�mated that about 
20% of human cancer �n developed countr�es could 
be of �nfect�ous or�g�n. Th�s �s based on laboratory 
�nvest�gat�ons but also on some ep�dem�olog�cal 
data. For �nstance, space–t�me cluster�ng �s often 
observed for acute leukaem�as and NHL (Alexander 
et al., 1999). Moreover, some r�sk factors such as 
agr�cultural occupat�ons and contact w�th cattle or 
meat (butchers, abatto�r workers) could be related to 
a role of v�ruses. Interest�ngly, �nterm�ttent �nfect�ons 
(wh�ch “educate” the �mmune system) and stays 
�n k�ndergarten appear to have a protect�ve effect. 
K�nlen (1995) hypothes�zed that the m�x�ng of two 
populat�ons w�th d�fferent exposure to a putat�ve v�ral 
agent could promote an ep�dem�c of the relevant 
�nfect�on, and some such un�dent�f�ed �nfect�ons 
could be assoc�ated w�th �ncreased leukaem�a r�sk. 
Accord�ng to th�s hypothes�s, the h�gh �nc�dence 
of leukaem�a around some nuclear plants would �n 
fact represent a cluster�ng of leukaem�a cases due 
to the arr�val of a new populat�on (dur�ng and after 

construct�on of nuclear plants) who m�xed w�th local 
�nhab�tants who had a d�fferent h�story of contact w�th 
�nfect�ous agents.

The d�screpanc�es between the est�mates by these 
authors and our own may have var�ous explanat�ons:

(1) The prevalence of �nfect�ous agents 
assoc�ated w�th cancer �s lower �n France than 
�n some other countr�es; �t �s certa�n that a 
greater proport�on of cancers can be attr�buted 
to �nfect�ous agents �n countr�es where several 
�nfect�ous agents are more prevalent, such as 
EBV, HIV, HPV or HBV.

(2) Our est�mates are based on �nfect�ous 
agents for wh�ch (�) there �s suff�c�ent ev�dence 
for a causal role �n the occurrence of several 
cancers, and (��) exposure data for France are 
ava�lable. Many other est�mates are based on 
expert op�n�ons, on ecolog�cal data or on model 
approaches, wh�ch �nvar�ably lead to est�mates 
h�gher than those based on demonstrated r�sk 
levels assoc�ated w�th measured frequency of an 
agent �n a populat�on.

(3) The actual assoc�at�ons between �nfect�ous 
agents and cancer are known to be underest�mated, 
because of the absence of appropr�ate tools to 
detect known agents (e.g., detect�on of HPV �n 
some head and neck cancers). Th�s �s the case for 
agents such as H. pylori and EBV that are l�kely 
to cause more cancers than those attr�butable to 
them solely on the bas�s of current knowledge of 
the�r carc�nogen�c effects.

(4) Underest�mat�on of AF also results from 
the absence of proof of a causal role of some 
�nfect�ous agents; for example, some as yet 
un�dent�f�ed �nfect�ous agents are suspected to 
play a role �n leukaem�a and NHL.

Cancers are more frequent �n HIV-pos�t�ve 
�nd�v�duals and AIDS pat�ents than �n the general 
populat�on (IARC, 1996b). We could not est�mate 
the burden of cancer assoc�ated w�th HIV carr�age 
and AIDS, as est�mates of HIV prevalence �n France 
appear to be �ncomplete: HIV/AIDS Surve�llance �n 
Europe reported 5778 HIV-pos�t�ve cases �n France 
for 2004, compared w�th 16 781 �n Belg�um and 68 
556 �n the UK (EuroHIV, 2005). It must be ment�oned 
that the �ntroduct�on of h�ghly act�ve ant�retrov�ral 
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therap�es (HAART) �n recent years has led to 
cons�derable changes �n cancer occurrence among 
HIV-�nfected subjects, w�th a rap�d decl�ne �n the 
�nc�dence of AIDS-assoc�ated cancers (e.g., Kapos� 
sarcoma and NHL, but not Hodgk�n lymphoma), and 
an �ncrease of non-AIDS assoc�ated cancers (e.g., 
colon cancer), because of longer surv�val of HIV-
�nfected subjects and of AIDS pat�ents (Bed�mo et al., 
2004; Cl�fford et al., 2005; Del Maso et al., 2005).

It �s expected that as coverage w�th ant�-HBV 
vacc�ne progresses �n France, l�ver cancer �nc�dence 
and mortal�ty w�ll start to level off and then decl�ne.
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Table B3.1 - Recognized associations of cancer with infections existing in France

Biological agent Target organ Reference Reason for exclusion*

Epste�n–Barr v�rus (EBV) Hodgk�n d�sease IARC, 1997 Included

EBV Non-Hodgk�n lymphoma 
�n �mmunocomprom�sed 
pat�ents

IARC, 1997 Included

EBV Nasopharynx IARC, 1997 P

Human �mmunodef�c�ency v�rus 
(HIV)

Non-Hodgk�n lymphoma IARC, 1996b P

HIV Kapos� sarcoma IARC, 1996b P, D

Human pap�lloma v�rus (HPV) Cerv�x uter� IARC, 2006 Included

HPV Oral cav�ty, pharynx IARC, 2006 Included

HPV Anus, pen�s, vulva, vag�na IARC, 2006 D

Hepat�t�s B v�rus (HBV) L�ver IARC, 1994a Included

Hepat�t�s C v�rus (HCV) L�ver IARC, 1994b Included

Helicobacter pylori Stomach IARC, 1994c Included

*D: lack of data on �nc�dence and mortal�ty of the cancers �n France

P: lack of relevant data on prevalence or �nc�dence of the �nfect�on �n France
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Table B3.2 - RRs and prevalence of exposure to infectious agents used in the calculation of AFs

Agent Cancer RR Prevalence of infection %

Men Women

HBV L�ver cancer 18.8 1.19 0.16

HCV L�ver cancer 31.2 0.73 0.99

HPV Cerv�cal cancer ∞ 15.3* 15.3*

HPV Oral pharyngeal 
cancer

2.1 6.5 6.5

H. pylori Stomach cancer 2.04 21.3 21.3

*Not used for AF calculat�on, that �s assumed to be 100%

Table  B3.3 – Numbers of cancer cases and deaths attributable to chronic infection in France, 

by sex, for the year 2000

Cancer Agent Men Women

AF% Cases Deaths AF% Cases Deaths

Hodgk�n lymphoma EBV 40.0% 294 67 40.0% 252 47

NHL EBV 8.0% 442 182 8.0% 350 175

L�ver HCV 18.1% 906 907 23.0% 221 368

L�ver HBV 17.5% 876 877 2.8% 27 44

Stomach H. pylori 18.1% 820 572 18.1% 473 365

Oral cav�ty and 
pharynx

HPV 6.7% 867 261 6.7% 160 49

Cerv�x uter� HPV – 100% 3387 1463

Total 4207 2866 4870 2511

% all cancers 2.6% 3.3% 4.2% 4.4%

Attributable causes of cancer in France in the year 2000
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1. Definition of exposure

In th�s study, we took �nto account occupat�onal 
exposures for wh�ch a causal assoc�at�on w�th human 
cancer has been def�n�tely establ�shed (S�em�atyck� 
et al., 2004). A number of establ�shed occupat�onal 
carc�nogens, however, have not been used �n 
recent decades (e.g., mustard gas, chloro-methyl 
ethers) and are not further cons�dered. In the case 
of v�nyl chlor�de and formaldehyde (Cogl�ano et al., 
2004), the tumours causally assoc�ated w�th the 
exposure are very rare (ang�osarcoma of the l�ver 
and nasopharyngeal carc�noma, respect�vely) and 
est�mates of attr�butable cases of cancer are not 
g�ven because these f�gures are very low. We d�d not 
calculate an AF for occupat�onal exposures to X-rays 
for reasons d�scussed �n Sect�on D1.

In add�t�on to spec�f�c agents and groups of agents, 
IARC has class�f�ed several exposure c�rcumstances 
(ma�nly �ndustr�es and occupat�ons) as Group 1 
carc�nogens. W�th the except�on of pa�nt�ng, the rubber 
�ndustry and boot and shoe manufactur�ng, these were 
not �ncluded �n the est�mates of AF because e�ther the 
relevant agents were already �ncluded �n the est�mate 
(e.g., cab�net and furn�ture mak�ng represented by the 
agent wood dust) or they are �ndustr�es or occupat�ons 
that have no longer been operat�ng �n recent decades 
(e.g., coal gas�f�cat�on).

For all occupat�onal agents, the alternat�ve 
exposure scenar�o �s that of no exposure.

2. Data used for RR estimates

RRs were extracted from recently publ�shed meta-
analyses or pooled analyses. If no such meta-
analys�s was ava�lable, one was performed ad hoc for 
th�s project on the bas�s of or�g�nal publ�shed art�cles 
and recent rev�ews. B4.1 l�sts the RRs, most of wh�ch 

were der�ved from meta-analyses performed at the 
IARC1.  Pract�cally all RRs were der�ved from stud�es 
�n men; RRs were assumed to be equal �n women.

For occupat�onal exposure to radon, we used a 
spec�f�c approach outl�ned below.

3. Data used for exposure prevalence

The prevalence of exposure to the agents �ncluded �n 
the analys�s �s shown �n Table B4.2.

For most agents, the number of exposed workers 
was obta�ned from the SUMER 1994 survey, that 
prov�ded est�mates of the numbers of workers 
employed �n each �ndustry (SUMER 1994). The 
SUMER 1994 survey was conducted �n 1994 by 
1205 occupat�onal phys�c�ans, who each recorded 
the exposures exper�enced by 50 workers randomly 
selected �n the�r pract�ces. The survey �ncluded 
samples from approx�mately 7 000 000 male and 
5 000 000 female workers, mostly employed �n the 
pr�vate sector. It notably excluded farmers, c�v�l 
servants and self-employed workers. We adopted the 
follow�ng steps to est�mate the prevalence of l�fet�me 
occupat�onal exposure for the French populat�on 
older than 15 years old �n 1994 (22.3 m�ll�on men and 
24.2 m�ll�on women �n 1994, accord�ng to INSEE):

Step 1: Active population from SUMER 1994: We 
est�mated the prevalence of occupat�onal exposures �n 
the SUMER 1994 populat�on, represent�ng 7 000 000 
act�ve males and 5 000 000 act�ve females. Because 
th�s was a study among the act�ve populat�on, we took 
the populat�on to be aged 15–64 years.

Step 2: Active population not covered by SUMER 
1994: The INSEE stat�st�cs show that the overall 
act�ve populat�on 15–64 years old �n France �n 1994 

1 
The meta-analyt�cal work was done for th�s project, and �nvolved rev�ew of large ser�es of stud�es. User-fr�endly summary tables of th�s 

work are now under construct�on, and are ava�lable upon request.

Risk factors selected for estimate calculations
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compr�sed 14 m�ll�on males and 11 m�ll�on females. 
We thus calculated that the act�ve populat�on 15–64 
years old not covered by SUMER 1994 represented 
7 m�ll�on males and 6 m�ll�on females. We appl�ed 
to th�s populat�on half of the occupat�onal exposure 
prevalence est�mated from SUMER 1994 �n Step 1.

Step 3: Inactive population: The INSEE stat�st�cs 
for 1994 �nd�cate the presence of 4.9 m�ll�on �nact�ve 
men and 7.6 m�ll�on �nact�ve women aged between 
15–64 years old. Because th�s populat�on could 
have been exposed dur�ng an occupat�on pr�or to an 
unemployment per�od, we cons�dered that �nact�ve 
people 15–64 years old had an occupat�onal exposure 
prevalence equal to one fourth of the prevalence 
est�mated from SUMER 1994 (Step 1).

Step 4: Population over 65 years old: The INSEE 
stat�st�cs show that there were 3.4 m�ll�on men and 
5.6 m�ll�on women aged 65 years old or more �n 1994. 
For th�s populat�on, we appl�ed a prevalence of past 
exposure correspond�ng to the prevalence computed 
for the overall age group 15–64 years old (Steps 
1–3). To account for the fact that �n th�s populat�on 
the rate of unemployment was lower, and to account 
for the secular decrease �n exposure to occupat�onal 
carc�nogens, we appl�ed a correct�on factor of 1.25 
to the prevalence of occupat�onal exposure der�ved 
from the SUMER 1994 survey for the 15–64 year age 
group.

Step 5: Correction factor for lifetime exposure: 
F�nally, we had to take �nto account the fact that the 
SUMER 1994 survey was a cross-sect�onal study 
(�.e., done at a prec�se moment) and concerned only 
the last job held. Hence, for est�mat�on of l�fet�me 
occupat�onal exposure prevalence, a factor of 3 was 
appl�ed, based on the rat�o between cross-sect�onal 
(last job) and l�fet�me prevalence of exposure to 
resp�ratory carc�nogens est�mated among controls 
�ncluded �n a European mult�centr�c case–control 
study of laryngeal cancer and occupat�on (Berr�no 
et al., 2003). Th�s rat�o of 3 represented an average 
number of pos�t�ons held dur�ng profess�onal l�fe.

Exposure to polycycl�c aromat�c hydrocarbons was 
est�mated by add�ng together the SUMER exposures 
to polycycl�c aromat�c hydrocarbons, to combust�on 
fumes and to tar and p�tch. In the case of exposure 
to m�neral o�ls, the SUMER survey d�d not d�st�ngu�sh 
between untreated and m�ldly treated o�ls, and 
treated o�ls. A greater role �n cancer �s establ�shed for 

untreated and m�ldly treated o�ls. A separate survey 
est�mated that 37% of French workers exposed to 
m�neral o�ls �n var�ous �ndustr�es were exposed to 
untreated and m�ldly treated o�ls (INRS, 2002), and 
we appl�ed th�s proport�on to the total number of 
m�neral-o�l exposed workers �n SUMER. Exposure 
to �norgan�c ac�ds �n the SUMER survey was not 
taken �nto account because the carc�nogen�c agent 
‘strong �norgan�c ac�d m�sts conta�n�ng sulfur�c ac�d’ 
represents only a small fract�on of �t.

The SUMER 1994 survey d�d not �nclude 
est�mates for radon exposure, and we adopted a 
spec�f�c approach for th�s agent (see below). In the 
case of asbestos, the AF was est�mated �n a d�fferent 
way than for the agents l�sted above (see sub-sect�on 
B4.4).

Occupat�onal exposure to wood dust represents a 
spec�al case �n France because of the h�gh proport�on 
of workers exposed to hard wood dust, wh�ch enta�ls 
a h�gher r�sk of s�nonasal cancer compared w�th soft 
wood dust; most stud�es have been conducted among 
workers exposed to soft wood dust (Demers et al., 
1995). The calculat�on of AF based on the SUMER 
exposure data and the results of occupat�onal cohort 
stud�es (Demers et al., 1995) y�elded a f�gure that was 
lower than the number of cases of s�nonasal cancer 
rece�v�ng compensat�on for occupat�onal exposure to 
wood dust (87 men �n 2000) �n France (D�rect�on des 
Relat�ons du Trava�l, 2002). We therefore used the 
number of compensated cases �n men for calculat�on 
of the AF of s�nonasal cancers attr�butable to wood 
dust, and appl�ed the same AF to cancer deaths. It �s 
worth not�ng that numbers of s�nonasal cancers due to 
wood dust exposure may be underest�mated because 
only salar�ed workers rece�ve compensat�on, but not 
craftsmen (e.g., cab�net makers) because they are 
�ndependent workers. However, the real numbers are 
not known. No compensat�on for s�nonasal cancer �n 
women was reported by the D�rect�on des Relat�ons 
du Trava�l (2002), but profess�onal exposure of women 
to wood dust �s rare.

The prevalence of hav�ng ever had employment 
as a pa�nter or �n the rubber �ndustry was der�ved 
from controls �ncluded �n the European mult�centr�c 
study of laryngeal cancer and occupat�on (Berr�no et 
al., 2003).

Attributable causes of cancer in France in the year 2000
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4. Calculation of the AF for asbestos

Asbestos �s a natural s�l�cate f�bre that causes 
lung cancer and mesothel�oma of the pleura and 
per�toneum. It �s a major occupat�onal carc�nogen. In 
France, �n 1906, the f�rst report was �ssued on h�gh 
mortal�ty rates observed �n a text�le factory us�ng 
asbestos �n Condé-sur-No�reau, Calvados (Sénat, 
2005). Mass�ve �mports of asbestos �n France 
started after 1945, peaked �n the 1970s and 1980s 
and cons�derably decreased s�nce 1990; use �n 
�ndustry and bu�ld�ng construct�on was forb�dden on 
1 January 1997 (Sénat, 2005). To est�mate the AF 
of mesothel�oma for asbestos, we used the results 
of the French Nat�onal Mesothel�oma Surve�llance 
Programme: 83.2% (95% CI 76.8–89.6) for men and 
38.4% (95% CI 26.8–50.0) for women (Goldberg et 
al., 2006).

For lung cancer, we used the RR reported �n a 
meta-analys�s of 69 occupat�onal cohort stud�es 
(Goodman et al., 1999). Data on prevalence reported 
�n the SUMER 1994 survey probably grossly 
underest�mate l�fet�me exposure prevalence, g�ven 
the sharp decl�ne �n prevalence and level of asbestos 
exposure exper�enced �n all European countr�es s�nce 
the early 1980s. We therefore used data on prevalence 
reported �n a mult�centr�c French case–control study 
(Iwatsubo et al., 1998). In th�s study, med�um to very 
h�gh probab�l�ty of exposure to asbestos represented 
9.1% of all job per�ods. We used th�s f�gure as the 
prevalence of occupat�onal exposure �n men. No 
rel�able data ex�st for women. We est�mated the rat�o 
of number of cases of lung cancer to mesothel�oma 
attr�buted to asbestos among men (rat�o = 1.7) and 
appl�ed �t to the number of mesothel�omas attr�buted 
to asbestos for women.

5. Occupational exposure 
to external ionizing radiation

Accord�ng to French law s�nce 1966–1967, workers 
occupat�onally exposed to rad�at�on above natural 
background levels have had to wear �nd�v�dual 
dos�meters. In 1985, the Serv�ce Central de Protect�on 
contre les Rayonnements Ion�sants (SCPRI) was 
respons�ble for collect�ng the recorded doses, 
but several pr�vate and publ�c laborator�es, us�ng 
spec�f�c derogat�ons, were allowed to make the�r 
own measurements. The�r data were then collected 

by SCPRI and added to the �nd�v�dual dose f�les, but 
no annual synthes�s was made before SCPRI was 
transformed �nto the Off�ce de Protect�on contre les 
Rayonnements Ion�sants (OPRI), wh�ch produced �ts 
f�rst annual report �n 1995.

From 1995 to 2005, the number of workers 
occupat�onally exposed to external �on�z�ng rad�at�on 
has shown l�ttle var�at�on. Such exposure concerns 
about 140 000 med�cal and veter�nary workers, 60 
000 nuclear �ndustry workers, 25 000 to 40 000 non-
nuclear �ndustry workers and 20 000 other workers 
�nclud�ng research and control staff (M�n�stère du 
Trava�l, 2006). We have assumed that the same 
f�gures appl�ed ten years earl�er.

The f�rst overall values reported by OPRI �n 
1995 covered 246 945 workers, of whom 187 000 
were d�rectly followed by OPRI. The r�sk descr�ptor 
recommended for rad�olog�cal protect�on purposes 
�s the sum of the �nd�v�dual doses, called “collect�ve 
dose”; �n the group followed by OPRI �n 1995 th�s 
amounted to 84 man Sv (the so-called man.s�evert 
un�t). Only 10% of �nd�v�dual doses were greater 
than zero and 46 �nd�v�dual doses were h�gher than 
the legal l�m�t, wh�ch at that t�me was 50 mSv/year. 
Th�s l�m�t d�d not change between 1985 and 1995, but 
�mprovements �n rad�olog�cal protect�on, follow�ng the 
ALARA (as low as reasonably ach�evable) pr�nc�ple, 
led to a cont�nuous decrease �n both �nd�v�dual and 
collect�ve doses. Cons�der�ng doses above 10 mSv �n 
the same OPRI group, 250 (out of a total of more than 
600 for the whole group) were recorded �n 1995, 350 
�n 1985 and 700 �n 1975. Th�s prov�des a we�ght�ng 
factor wh�ch suggests that the collect�ve dose �n 
1985 was about 185 man Sv for the whole group of 
exposed workers. S�nce then, collect�ve doses have 
cont�nuously decreased from about 120 man Sv �n 
1995, to 90 man Sv �n 2000 and 65 man Sv �n 2005. In 
2005, about 95% of the workers who had dos�metr�c 
mon�tor�ng rece�ved annual doses below 1 mSv; 5% 
�n the range 1 to 20 mSv, and less than 0.02% above 
20 mSv.

In the year 2000, on the bas�s of a nom�nal 
r�sk of 4% of fatal cancer per Sv among workers, 
l�near extrapolat�on would �mply an engaged r�sk of 
less than 10 cases for the 185 man Sv recorded �n 
1985. However, the Internat�onal Comm�ss�on on 
Rad�olog�cal Protect�on (ICRP) does not recommend 
the use of the collect�ve dose to calculate cancer r�sk 
est�mates (th�s calculat�on would support the val�d�ty of 
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the l�near relat�onsh�p w�th no threshold for assess�ng 
low-dose r�sk). Est�mat�on of an attr�butable r�sk for 
such occupat�onal exposures should therefore rely on 
�nd�v�dual exposure h�story, and on r�sk est�mates for 
d�fferent dose ranges, assum�ng no a pr�or� dose–r�sk 
model and tak�ng �nto account accurate est�mates 
of the ma�n potent�al confound�ng factors, such as 
tobacco or alcohol consumpt�on, but such data are 
not ava�lable.

As a result of the �nclus�on of leukaem�a, bone 
sarcoma and lung cancer �n the off�c�al l�st of 
occupat�onal d�seases assoc�ated w�th exposure to 
�on�z�ng rad�at�on, 20 to 30 cases of cancer per year 
�n France have been legally acknowledged as related 
to occupat�onal exposure to �on�z�ng rad�at�on, but 
th�s adm�n�strat�ve process does not have sc�ent�f�c 
value.

6. Occupational exposure to radon

Uran�um m�n�ng started �n France �n 1946 and 
ended �n 2001. Exposure levels and cancer 
mortal�ty �n the cohort of 5098 French m�ners were 
extens�vely recorded by Cogema and the Inst�tut de 
Rad�oprotect�on et de Sûreté nucléa�re (IRSN) from 
1983 up to December 1999. Ind�v�dual cumulat�ve 
exposure resulted �n an average effect�ve dose equal 
to 185 mSv. No cancer excess was observed for 
exposure levels below 150 Bq/m3 (Rogel et al., 2002). 
Excess relat�ve r�sk for cancer at h�gher exposures 
was found at 0.16% per effect�ve mSv. In 1994, lung 
cancer was the cause of death �n 126 out of 1162 
deceased m�ners and �n 1999 �t accounted for 159 out 
of 1471 deceased m�ners (IRSN “Le radon”.www.�rsn.
org/document). Correct�ng for expected deaths from 
lung cancer �n non-exposed people would �mply that 
about three deaths were attr�butable to occupat�onal 
radon exposure �n the year 2000 �n th�s cohort.

Occupat�onal, above-ground exposure to radon 
�s not documented �n France, although accord�ng to 
regulatory pol�cy �mplement�ng European d�rect�ve 
96/29 s�nce 2003, the respons�ble operators are 
asked to mon�tor exposure and reduce levels above 
400 Bq/m3. However, the reg�ons of the country and 
the workplaces wh�ch may be of concern have not 
yet been �dent�f�ed by a spec�f�c regulat�on and so 
far results of the survey are very scanty. One can 
make only very crude est�mates of the prevalence of 
exposure and therefore of the number of attr�butable 

lung cancers. Convers�on of exposure levels �n Bq/
m3 �n terms of mSv �s also a matter of debate. ICRP 
65 suggests a convers�on of about 7 mSv for a 2000 
hours of exposure to 1000 Bq/m3, wh�ch represents 
the level of act�on for the Internat�onal Atom�c Energy 
Agency (IAEA - Bas�c Safety Standards No. 115). Th�s 
�s d�rectly der�ved from convers�on factors obta�ned 
from m�ners, but �t may be supposed that �n France, 
dur�ng work �n exposed areas, breath�ng patterns and 
equ�l�br�um factors are more comparable to �ndoor 
exposure, wh�ch would result �n a lower convers�on 
factor of about 5 mSv per 1000 Bq/m3 at work.

The Un�ted Nat�ons Sc�ent�f�c Comm�tee on 
the Effects of Atom�c Rad�at�on (UNSCEAR 2000) 
prov�ded a crude est�mate of occupat�onal exposure 
above the ground on the bas�s of enqu�r�es �n the 
Un�ted K�ngdom and Germany. It was est�mated that 
about 50 000 workers �n the Un�ted K�ngdom were 
exposed to an average dose of 5 mSv per year, 
result�ng �n a collect�ve dose of about 250 man-Sv; 
�n Germany 70 000 workers were est�mated to be 
exposed to 1000–3000 Bq/m3. UNSCEAR proposed 
to adjust the expected worldw�de occupat�onal, 
collect�ve dose result�ng from radon above the ground 
on the bas�s of gross domest�c product (GDP). Th�s 
would lead to very s�m�lar numbers �n France and 
the Un�ted K�ngdom, account�ng for about 10 fatal 
cancers �n the year 2000.

Another way to deal w�th th�s problem �s to 
cons�der that exposure levels at work are s�m�lar to 
�ndoor exposure levels. Accord�ng to IRSN (Robé 
and T�rmarche, 2003), 7% of the collect�ve dose to 
radon �ndoors �s due to exposure levels above 1000 
Bq/m3. Assum�ng there were 22 m�ll�on workers �n 
1985, the collect�ve dose to radon would be about 30 
000 man Sv, w�th some 7% of workers exposed to 
1000 Bq or more, result�ng �n 2100 man Sv for 7000 
hours �ndoors; for 1600 hours of work t�me �n 1985, 
th�s leads to a collect�ve dose of about 500 man.Sv 
per year.

There �s l�ttle doubt that levels of exposure �n the 
range of 1000 Bq/m3 or more are assoc�ated w�th 
lung cancer. W�th a nom�nal coeff�c�ent of 4% of lung 
cancer deaths engaged per Sv, th�s w�ll result �n 20 
deaths attr�butable to occupat�onal above-ground 
radon �n the year 2000 assum�ng that the annual 
collect�ve dose was constant. Includ�ng the French 
m�ners cohort leads to an est�mate of 23 deaths 
attr�butable to radon.

Attributable causes of cancer in France in the year 2000
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7. Calculation of AFs for other agents

Table B4.3 l�sts the calculated AFs for �nc�dent cancer 
cases and deaths. For the year 2000, a total of 4012 
cases of cancer among men (2.5% of the total) and 
316 cases among women (0.3%) were attr�buted 
to occupat�on. Asbestos, polycycl�c aromat�c 
hydrocarbons (PAHs) and chrom�um VI were the 
ma�n occupat�onal carc�nogens. Because of the 
h�gh fatal�ty of most occupat�on-related cancers, the 
number of cancer deaths �s close to that of �nc�dent 
cases, but the percentages over total cancer deaths 
are h�gher (3.7% �n men and 0.5% �n women). Table 
B4.4 summar�zes mortal�ty results by type of cancer. 
The results �n Table B4.4 do not take �nto account 
potent�al �nteract�ons between exposures. These are 
addressed �n deta�l �n Sect�on C2. 

In the case of untreated and m�ldly treated m�neral 
o�ls, wh�ch are causally l�nked to squamous-cell 
carc�noma (SCC) of the sk�n, we calculated an AF 
only for mortal�ty (assum�ng that nearly all deaths from 
non-melanoma sk�n cancer are due to SCC), s�nce 
no rel�able data ex�st on �nc�dence of non-melanoma 
sk�n cancers.

8. Discussion

There are several reasons why we may have 
underest�mated the burden of occupat�onal cancer. 
These �nclude the lack of cons�derat�on of suspected 
occupat�onal carc�nogens such as d�esel eng�ne 
exhaust and some groups of solvents; the non-
�nclus�on of some establ�shed carc�nogens because 
rel�able exposure data were not ava�lable (e.g., strong 
�norgan�c ac�d m�sts); our �ncomplete knowledge of 
occupat�onal carc�nogens, and the use of current 
exposure prevalence data (SUMER 1994), wh�ch 
m�ght underest�mate past exposure. The SUMER 
survey was repeated �n 2002–3: est�mates of 
prevalence of exposures d�ffer from those reported 
�n the 1994 survey essent�ally because of lower 
spec�f�c�ty �n the def�n�t�on of exposure. Because 
exposure data used �n the present study should 
preferably refer to the year 1985, �t �s more log�cal to 
use the data from the 1994 survey than those from 
2002–03. In the case of obv�ous underest�mat�on �n 
the SUMER 1994 survey of the numbers of workers 
exposed �n the past (e.g., asbestos, wood dust), we 
used alternat�ve approaches to est�mate numbers 

of workers exposed to these agents. Exposure to 
benzene has also greatly decreased over t�me, but 
the rather short latency per�od between exposure to 
benzene and leukaem�a (around 5 to 7 years) just�f�es 
the use of exposure data from the m�d-1990s.

In the case of asbestos, benzene, leather dust and 
wood dust, the prevalence of exposure has also been 
calculated among 8372 male controls �ncluded �n a 
database managed at the InVS (unpubl�shed data, 
Département Santé Trava�l de l’InVS). Analys�s of 
the InVS database resulted �n est�mates of exposure 
prevalence �n 1985 to asbestos and leather dust 
comparable to those der�ved from the SUMER 1994 
study, wh�le prevalence of exposure to benzene was 
h�gher, wh�ch �s expl�cable by the secular trend �n 
exposure to th�s agent.

However, our est�mates m�ght be h�gher than the 
real levels because (�) we added together the cases 
attr�butable to d�fferent exposures, neglect�ng the fact 
that the same workers may have been exposed to 
several carc�nogens; (��) the RRs, largely der�ved from 
stud�es conducted �n the past when exposures were 
generally h�gher, may not be relevant to the exposure 
c�rcumstances determ�n�ng the current burden of 
cancer; and (���) potent�al confound�ng by smok�ng 
and other factors was not properly controlled for �n 
many stud�es.

Other l�m�tat�ons to our est�mates, of wh�ch the 
effects on the results are less clear, �nclude the 
l�m�ted qual�ty of the exposure data and the fact that 
RRs were mostly der�ved from stud�es conducted �n 
the USA and the Un�ted K�ngdom and referred ma�nly 
to men, w�th very few data for women.

Our overall est�mate of cancers attr�butable to 
occupat�on �s somewhat lower than those reported 
by other authors (summar�zed �n Table B4.5 for total 
cancers, lung cancer and bladder cancer among 
men). Methodolog�cal d�fferences �n calculat�on of 
AFs account for most of the d�fferences �n results 
between stud�es. Prev�ous est�mates based on an 
approach s�m�lar to the one we adopted resulted �n 
AFs s�m�lar to ours (Dreyer et al., 1997; Dr�scoll et 
al., 2005). Other stud�es l�sted �n Table B4.5 are l�kely 
to have resulted �n overest�mat�on of the burden of 
occupat�onal cancer for several reasons.

F�rst, cons�der�ng as certa�nly carc�nogen�c a 
number of exposures that have been found to �ncrease 
the r�sk of cancer �n a few stud�es (e.g., V�ne�s and 
S�monato, 1991) �s quest�onable, as there may be 
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many other negat�ve stud�es and one may be select�ng 
a false pos�t�ve result. A more appropr�ate approach 
�s to restr�ct the study to establ�shed carc�nogen�c 
exposures (e.g., IARC Group 1 carc�nogens).

Second, select�ng among many publ�cat�ons 
a h�gh relat�ve r�sk assoc�ated w�th an exposure 
because �t �s stat�st�cally s�gn�f�cant (e.g., Nurm�nen 
and Karjala�nen, 2001) w�ll also b�as the results. The 
correct approach �s to use relat�ve r�sks from a meta-
analys�s of all ava�lable data, wh�ch would also take 
publ�cat�on b�as �nto account.

Th�rd, transferr�ng an attr�butable fract�on 
est�mated �n one country to another country assumes 
that the prevalence of exposure used for a g�ven level 
of r�sk assoc�ated w�th that exposure �s the same �n 
both countr�es. The best approach �s to recalculate 
attr�butable fract�ons us�ng local prevalence of 
exposure, as far as poss�ble.

Fourth, levels of exposure encountered �n 
stud�es that revealed relat�ve r�sks assoc�ated w�th 
carc�nogen�c agents were generally (much) h�gher 
than levels of exposure encountered �n most work�ng 
places, espec�ally dur�ng the most recent years. In 
th�s respect, calculat�on of AFs should avo�d �nclud�ng 
�n the formulae f�gures on exposure prevalence and 
on RR obta�ned from stud�es �nvolv�ng qual�tat�vely 
and quant�tat�vely d�fferent exposures.

Lastly, �t �s plaus�ble that some of the prev�ous 
est�mates, �nclud�ng those by Doll and Peto (1981), 
reflected the s�tuat�on of developed countr�es �n 
the 1980s, when the effect of heavy exposures 
exper�enced by workers �n the earl�er part of the 20th 
century was st�ll present.

An example of problems w�th the assessment 
of the burden of occupat�onal cancer �s prov�ded 
by the asbestos–mesothel�oma story. Est�mates 
of mesothel�oma cases �n th�s study do not reflect 
the sharp �ncrease �n mesothel�oma �nc�dence 
occurr�ng �n populat�ons exposed to asbestos dur�ng 
the�r profess�onal l�fe before 1997. Most exposure 
to asbestos took place between 1950 and 1990, 
and there �s a lag-t�me of about 30 years between 
exposure and mesothel�oma occurrence. Hence, �t �s 
expected that the peak of the mesothel�oma ep�dem�c 
w�ll be reached around 2020–2030. Accord�ng to 
one model, pred�cted annual mesothel�oma deaths 
�n French men w�ll be �n the range 1140 to 1300 
between 2026 and 2043 (Banae� et al., 2000), wh�le 
another model pred�cts that �n 2020, there w�ll be 

around 1040 mesothel�oma deaths �n French males 
and 115 �n French females (Ilg et al., 1998). After 
2030, w�th decreas�ng numbers of subjects who were 
exposed before 1997, the mesothel�oma �nc�dence �s 
expected to decl�ne stead�ly to a very low level, w�th 
probably only a few cases per year �n 2060. Industr�al 
use of asbestos represents one of the most dramat�c 
cancer ep�dem�c ep�sodes �nduced by human act�v�ty 
�n France and elsewhere, but est�mat�on of the 
fract�on of mesothel�oma attr�butable to asbestos 
exposure and accurate pred�ct�on of the future course 
of the mesothel�oma ep�dem�c �s challeng�ng for the 
follow�ng reasons:

1. The term “asbestos” encompasses two 
ma�n types of s�l�cate f�bres, �.e., chrysot�le and 
amph�boles. The latter type of f�bre has a greater 
capac�ty to �nduce mesothel�oma, but the f�bre 
type �s unknown for most of the asbestos that was 
�mported �nto France.

2. Most stud�es on exposure to asbestos 
were performed �n the 1990s, and retrospect�ve 
assessment based on past profess�onal h�story 
could prov�de at best a l�kel�hood of hav�ng been 
exposed to asbestos, w�thout good est�mates of 
dose or f�bre type.

3. Before 1980, d�agnos�s of mesothel�oma was 
not always based on b�opsy ev�dence. In France, 
few local cancer reg�str�es were �n operat�on at that 
t�me and the ev�dence on the f�rst phases of the 
mesothel�oma ep�dem�c comes ma�nly from death 
cert�f�cates, on wh�ch d�agnoses of mesothel�oma 
are prone to error.

4. Before 1990, class�f�cat�on of pleural cancer 
�n cancer reg�str�es was �mprec�se, and many 
ep�dem�olog�cal stud�es referred to pleural cancer, 
an ent�ty that could encompass cancers d�fferent 
from mesothel�oma, e.g., pleural metastas�s 
of another cancer, pleural extens�on of a lung 
cancer, pleural �nvolvement of haemato-lymphat�c 
cancer. It has been est�mated that �n France, 81% 
of “pleural cancers” were mesothel�oma (Banae� 
et al., 2000).

5. In the 1990s, few deaths from mesothel�oma 
were reported �n younger age groups (�.e., < 50 
years old). Consequently, cons�derable random 
var�at�on affects pred�ct�ons of mortal�ty from 
mesothel�oma �n younger age groups.

6. Data both on exposures to asbestos and on 

Attributable causes of cancer in France in the year 2000
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mesothel�oma mortal�ty �n women are less rel�able 
and prec�se than �n men.

7. Knowledge of past asbestos exposure 
may �nfluence the accuracy of the d�agnos�s of 
mesothel�oma.
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Exposure Cancer RR Reference

Asbestos
Mesothel�oma * –

Lung 1.48 Goodman et al., 1999

Polycycl�c aromat�c hydrocarbons, 
combust�on fumes, tar and p�tch

Lung 1.37 §

Boffetta et al., 1997Laryngeal 1.38 §

Bladder 1.40 §

Chrom�um VI
Lung 3.10 §

Hayes, 1997
S�nonasal 5.18 §

Pa�nters Lung 1.29 § IARC, 1989

N�ckel
Lung 1.80 §

Hayes, 1997
S�nonasal 2.09 §

Benzene Leukaem�a 3.30 § Lynge et al., 1997

Rubber �ndustry
Bladder 2.40 §

Kogev�nas et al., 1998
Leukaem�a 1.30 §

S�l�ca Lung 1.20 Steenland et al., 2001

Aromat�c am�nes Bladder 1.60 § V�ne�s and P�rastu, 1997

Radon Lung * –

Boot and shoe manufacture and repa�r. 
Leather dust.

S�nonasal
1.92 men 

2.71 women
t’Mannetje et al., 1999

Wood dust S�nonasal * –

Cadm�um Lung 1.17 § Hayes, 1997

Untreated and m�ldly treated m�neral o�ls
Sk�n, squamous cell 
carc�noma 

1.46 Kubas�ew�cz et al., 1991

Table B4.1 - Relative risks used in the analysis of occupational exposures

* AF calculated d�rectly, see text

§ Est�mated for the present study, on the bas�s of rev�ews quoted �n the references

Risk factors selected for estimate calculations
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Table B4.2 – Prevalence of lifetime occupational exposure in France

* Numbers (_1000) der�ved from the SUMER study �n 1994. The SUMER study of 1994 covers only 7 000 000 act�ve male 

workers and 5 000 000 act�ve female workers, mostly employed �n the pr�vate sector

† Data on prevalence of exposure not ava�lable; assumed to be zero

‡ Prevalence of exposure among controls, not shown �n or�g�nal art�cle and d�rectly obta�ned from F. Berr�no, personal 

commun�cat�on

§ For women we used the rat�o of the number of lung cancers to mesothel�omas from men, see text

II AF calculated d�rectly – see text

¶ See text for deta�ls of calculat�on of occupat�onal exposure prevalence

# SUMER 94 data refer to all m�neral o�ls. A factor of 37%, est�mated from INRS data (2002), was appl�ed to all m�neral o�l 

exposure to est�mate prevalence

Attributable causes of cancer in France in the year 2000

Agent Men Women Reference

N* % N* %

Asbestos – 9.1 § Iwatsubo et al., 1998

Polycycl�c aromat�c 
hydrocarbons, combust�on 
fumes, tar and p�tch

303 8.36 23 0.78 SUMER 1994§

Chrom�um VI 42 1.16 9 0.30 SUMER 1994

Pa�nters – 2.00  † Berr�no et al., 2003‡

N�ckel 23 0.63 23 0.78 SUMER 1994

Benzene 61 1.68 5 0.17 SUMER 1994

Rubber �ndustry – 1.10  † Berr�no et al., 2003‡

S�l�ca 85 2.35 11 0.37 SUMER 1994

Aromat�c am�nes 22 0.61 13 0.44 SUMER 1994

Radon – – – – See text ¶

Leather dust – 2.70 – 2.70 Berr�no et al., 2003‡

Wood dust II – – – – See text ¶

Cadm�um 8 0.22 2 0.07 SUMER 1994

Untreated and m�ldly 
treated m�neral o�ls

490 4.96 32 0.40 SUMER 1994 #
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Risk factors selected for estimate calculations

Table B4.3 –Numbers of cancer cases and deaths attributable to occupation in France, by sex, for the year 2000

* AF was not calculated because data on prevalence of exposure were not ava�lable.

† Squamous cell carc�noma.

‡ Inc�dence data not ava�lable.

§ These totals do not take �nto account �nteract�ons between occupat�onal factors. Interact�ons are known to be of low 

magn�tude (see Sect�on C2), and totals should thus be sl�ghtly lower

Exposure Cancer
Men Women

AF% Cases Deaths AF% Cases Deaths

Asbestos
Mesothel�oma 83.2 558 504 38.4 77 62

Lung 4.2 969 862 2.9 133 108

Polycycl�c aromat�c 
hydrocarbons, 
combust�on fumes, 
tar and p�tch

Larynx 3.1 120 53 0.3 1 0

Lung 3.0 697 619 0.3 13 12

Bladder 3.2 287 104 0.3 5 3

Chrom�um (VI)
Nose and s�nuses 4.6 21 5 1.3 2 1

Lung 2.4 550 489 0.6 29 27

Pa�nters Lung 0.6 134 119 *

N�ckel
Nose and s�nuses 0.7 3 1 0.8 1 0

Lung 0.5 117 104 0.6 28 26

Benzene Leukaem�a 3.7 135 100 0.4 10 9

Rubber �ndustry
Bladder 1.5 136 49 *

Leukaem�a 0.3 12 9 *

S�l�ca Lung 0.5 108 96 0.07 3 3

Aromat�c am�nes Bladder 0.4 33 12 0.3 5 3

Radon Lung 0.1 26 23 – – –

Leather dust Nose and s�nuses 2.4 11 2 4.4 7 2

Wood dust Nose and s�nuses 19.2 87 19 *

Cadm�um Lung 0.04 9 8 0.011 0 0

M�neral o�ls Sk�n SCC † 2.2 – ‡ 5 0.1 – –

Any exposure �n Table Cancers �n Table 4013 3183 314 256

% of all cancers § 2.5% 3.7% 0.3% 0.5%
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Table B4.4 - Numbers of cancer deaths attributable to occupational exposures, by type of cancer in 2000

Cancer Men Women

AF% Deaths AF% Deaths

Lung 11.3 2320 4.2 177

Mesothel�oma 83.2 504 38.4 62

Bladder 5.1 165 0.6 6

Leukaem�a 4.1 109 0.4 9

Larynx 3.1 53 0.3 0

Nasal s�nus 27.0 27 6.5 3

Sk�n 2.2 5 0.1 0

All cancers 3.7 3183 0.5 258

Attributable causes of cancer in France in the year 2000
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Risk factors selected for estimate calculations
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1. Definition of exposure

The body mass �ndex (BMI) �s the we�ght (�n kg) 
d�v�ded by the square of the he�ght (�n metres) of 
an �nd�v�dual. Accord�ng to �nternat�onal standards, 
male and female adults w�th a body mass �ndex 
(BMI) between 25 and 29.9 kg/m2 are cons�dered 
overwe�ght, wh�le �f the�r BMI �s equal to or greater 
than 30 they are obese.

Overwe�ght and obes�ty represent r�sk factors of 
cons�derable �mportance for card�ovascular d�seases, 
d�abetes mell�tus and arthros�s. An IARC work�ng 
group found that these factors were cons�stently 
assoc�ated w�th the cancers l�sted �n Table B5.1 
(IARC, 2002). Th�s systemat�c rev�ew concluded that 
there was not suff�c�ent ev�dence for an assoc�at�on 
of overwe�ght or obes�ty w�th prostate or gallbladder 
cancer.

The alternat�ve scenar�o taken for calculat�on 
of AF �s that of absence (�.e., zero prevalence) of 
overwe�ght and obes�ty.

2. Data used for RR estimates

We used data from a meta-analys�s by Bergstrom et 
al. (2001) (Table B5.1), that can be used for both males 
and females. Because the ev�dence for an effect of 
obes�ty and overwe�ght for breast cancer �s l�m�ted 
to postmenopausal women (IARC, 2002), we appl�ed 
the attr�butable fract�on to �nc�dence and mortal�ty of 
breast cancer occurr�ng after 49 years old.

3. Data used for exposure prevalence

We used surveys conducted by the INSEE �n the 
general population ≥ 20 years of age in 1980 and 
1991 and analysed by Ma�llard et al. (1999). In these 
surveys, samples of 6792 men and 7150 women �n 
1980, and 7250 men and 7856 women �n 1991 were 
asked to self-report the�r we�ght and he�ght. Ma�llard 
et al. made a d�rect adjustment of prevalences �n 1991 
on the age d�str�but�on of 1980. We calculated crude 

prevalences of overwe�ght and obes�ty �n 1980 and 
1991 by tak�ng the prevalences d�splayed �n F�gure 1 
of Ma�llard et al. (1999) and apply�ng them to the 1980 
and 1991 French male and female populat�ons (data 
from the Inst�tut nat�onal d’études démograph�ques 
(INED)). We then recalculated the numbers of 
overwe�ght and obese males and females per 10-
year age group and thence der�ved the prevalence 
�n 1980 and 1991 for males and females 20 years 
of age and older (Table B5.2). To est�mate the 1985 
proport�ons of overwe�ght and obes�ty, we performed 
a l�near �nterpolat�on between the 1980 and 1991 
data (Table B5.2 and F�gure B5.1). For breast cancer, 
we made these �nterpolat�ons only for women aged 
50 years and older.

4. Calculation of AFs

Calculat�ons of attr�butable fract�ons for cancer 
�nc�dence and mortal�ty are summar�zed �n Table 
B5.3. Overwe�ght and obes�ty are �nvolved �n a greater 
proport�on of cancers �n females, essent�ally because 
of the�r role �n endometr�al and breast cancer.

5. Discussion

The results of the INSEE surveys �n 1991 are qu�te 
s�m�lar to those from a study conducted �n 1988 
(Laur�er et al., 1992) �n subjects 16–50 years old, 
but with obesity reported as BMI ≥ 29 kg/m2 in men 
and ≥ 27.5 kg/m2 in women. More recent INSEE data 
from surveys �n 2003 on 21 000 adults 18 years old 
or more (us�ng self-reported we�ght and he�ght) show 
�ncreas�ng obes�ty �n both sexes, but a decrease �n 
overwe�ght �n both sexes (F�gure B5.1).

The ObEPI surveys performed �n 1997, 2000 and 
2003 used self-reported data on we�ght and he�ght 
of subjects 15 years of age and older �ncluded �n a 
sample representat�ve of the French populat�on (25 
770 subjects �n 2003) (Charles et al., 2002; ObEPI, 

Attributable causes of cancer in France in the year 2000
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2003). These surveys show an �ncrease �n obes�ty 
(both sexes comb�ned) s�m�lar to those reported �n the 
INSEE surveys (F�gure B5.2). There �s, however, a 
d�vergence between INSEE and ObEPI surveys �n the 
trends �n overwe�ght, w�th a steady �ncrease �n ObEPI 
surveys, but a decrease �n the INSEE surveys. Other 
data from selected populat�ons, but us�ng measured 
we�ght and he�ght data (and not self-reported we�ght 
and he�ght) �nd�cate susta�ned �ncreases �n overwe�ght 
and obes�ty �n the French populat�on (Salem et al., 
2006), and suggest that the INSEE data are somewhat 
b�ased towards underest�mat�on of he�ght and we�ght 
reported by �nterv�ewees.

In most �ndustr�al�zed countr�es, overwe�ght and 
obes�ty are �ncreas�ng, wh�ch w�ll contr�bute to stead�ly 
�ncreas�ng numbers of several cancers �n the future. 
In the com�ng decades, �f there �s no reversal �n the 
currently observed trends, obes�ty and overwe�ght 
w�ll s�gn�f�cantly contr�bute to further �ncreases �n 
cancer �nc�dence.
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Table B5.1 – Summary RRs of cancers associated with overweight and obesity*

Cancer site § Overweight Obesity

Oesophagus (adenocarc�noma) 2.00 2.00

Colon-rectum 1.15 1.33

K�dney 1.36 1.84

Corpus uter� 1.59 2.52

Breast �n postmenopausal women 1.12 1.25

* From Bergstrom et al., 2001

§ From IARC, 2002.

Table B5.2 – Prevalence of overweight and obesity in France in 1985 

(Ma�llard et al.; 1999, adapted as outl�ned �n text)

  Prevalence

Year Males Females

BMI = 25–29.9 1980 32.4% 20.1%

1991 33.7% 20.3%

BMI ≥ 30 1980 6.2% 6.1%

1991 6.3% 6.9%

BMI = 25–29.9 1985 § 33.0% 20.2% (29.2%*)

BMI ≥ 30 1985 § 6.3% 6.4% (9.6%*)

* Only for women ≥ 50 years old

§ Prevalence �n 1985 was est�mated by l�near �nterpolat�on of prevalence �n 1980 and 1991

Attributable causes of cancer in France in the year 2000
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Table B5.3 – Numbers of cancer cases and deaths attributable to obesity and overweight in France in the year 

2000

* See sect�on on Methods for deta�ls on est�mat�on of oesophageal adenocarc�noma

§ AF for �nc�dence/mortal�ty

Figure B5.1 –Trends in overweight and obesity in adults (18+) in France 1980-2003

(Data INSEE �n Ma�llard et al., 1999 and Lanoël and Dumort�er 2005)
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Cancer Men Women

AF% Cases Deaths AF% Cases Deaths

Oesophagus* 
(adenocarc�noma)

28.2% 200 172 21.0% 68 51

Colon-rectum 6.6% 1273 547 4.8% 826 373

K�dney 14.6% 776 276 11.3% 336 125

Corpus uter� – – – 17.8% 904 243

Breast over 50 years – – – 5.6% 1766 529

All cancers 1.4%/1.1%§ 2249 995 3.3%/2.3%§ 3900 1321



64

Figure B5.2 – Prevalence of overweight (BMI: 25-29.9) and obesity (BMI: 30+) in France in both sexes

(Data for 1980 and 1991 from INSEE, comp�led by Ma�llard et al, 1999; data for 1997, 2000 and 2003 from ObEPI surveys, 

Charles et al., 2002 and ObEPI 2003)
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1. Definition of exposure

The ev�dence for a cancer-prevent�ve effect of 
phys�cal act�v�ty was evaluated by an IARC work�ng 
group (IARC, 2002) wh�ch concluded that “there �s 
suff�c�ent ev�dence �n humans for a cancer-prevent�ve 
effect of phys�cal act�v�ty” for cancers of the colon 
and breast, and prevent�ve effects �ncrease w�th 
�ncreas�ng phys�cal act�v�ty �n terms of durat�on and 
�ntens�ty. Th�s protect�ve effect was �ndependent of 
the effect of body we�ght.

Conversely, phys�cal �nact�v�ty �s a r�sk factor for 
cancer. We took as alternat�ve exposure scenar�os 
�nd�cators related to “v�gorous recreat�onal phys�cal 
act�v�ty”.

Vigorous recreational 
activity (h/wk)

Cases Total person-
years

Multivariate adj. 
RR

Weight used for 
RR estimate

Inact�ve† 668 175 292 1.00 (reference) 17.5

0 1097 319 096 0.90 (0.81–0.99) 17.5

[1–2] 845 258 953 0.88 (0.79–0.97) 2

[3–4] 238 78 163 0.82 (0.71–0.95) 31.5

≥ 5 93 38 082 0.62 (0.49–0.78) 31.5

2. Data used for RR estimates

The RR of breast cancer assoc�ated w�th phys�cal 
�nact�v�ty was computed from the RR reported by 
the French E3N cohort study (Tehard et al., 2006). 
Th�s cohort �ncluded 98 995 women, �nsured w�th the 
“Mutuelle Générale de l’Educat�on Nat�onale”, aged 
40 to 65 years at �nclus�on and followed for an average 
of 11.4 years. S�nce the IARC evaluat�on was based 
on stud�es of recreat�onal phys�cal act�v�ty, we took 
the RR reported �n the study for v�gorous recreat�onal 
act�v�ty.

The RRs we used for calculat�ng an AF had to 
correspond to the exposure data that could be 
cons�dered as most representat�ve of phys�cal 
�nact�v�ty �n France, �.e., results from a European 
survey (Vaz de Alme�da et al., 1999 – see next sub-
sect�on for a descr�pt�on). The two publ�shed tables 
from wh�ch we der�ved RRs and exposure data are :

Excerpt 1: from Table 3 of Tehard et al., 2006

† Women who reported no moderate nor v�gorous recreat�onal act�v�ty were cons�dered as “�nact�ve”

Excerpt 2: from Table 5 of Vaz de Almeida et al., 1999

Table. Percentage of EU subjects in the different categories of time 

dedicated to leisure-time physical activity (number of hours per week) classified by sex

Sex None < 1.5 h 1.5–3.5 h > 3.5 h

Male 28 2 7 64

Female 35 2 9 54

Section B6 : Physical inactivity
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We used as the “at r�sk category” �n Excerpt 1 
the �nact�ve women and women w�th zero v�gorous 
recreat�onal act�v�ty. We used as a referent category 
women who had one or more hours per week of 
v�gorous act�v�ty.

In order to take �nto account the levels of phys�cal 
act�v�ty descr�bed �n Europe, we computed we�ghts for 
the relat�ve �mportance of each category of phys�cal 
act�v�ty reported by Vaz de Alme�da et al. (1999) 
(Excerpt 2). These we�ghts are d�splayed �n the r�ght-
hand column of Excerpt 1. The RRs of Excerpt 1 were 
transformed �nto the�r nap�er�an logar�thm equ�valent, 
�.e., ln(RRs), and apply�ng the we�ghts on these 
ln(RRs), we computed a pooled RR of breast cancer 
assoc�ated w�th phys�cal �nact�v�ty of 1.32 (95% CI 
1.06–1.64) compared w�th phys�cally act�ve women �n 
the general populat�on.

The RR of colon cancer assoc�ated w�th phys�cal 
�nact�v�ty was extracted from a recent meta-analys�s 
(Samad et al., 2005), wh�ch showed a s�gn�f�cant 
protect�ve effect of phys�cal act�v�ty dur�ng le�sure 
per�ods. Because d�fferent metr�cs were used �n 
the publ�cat�ons �ncluded �n the meta-analys�s, the 
author only presented est�mates of RRs for “phys�cal 
act�v�ty” w�thout categor�es. Based on 19 cohorts, the 
comb�ned RRs of colon cancer were 0.79 for men and 
0.71 for women. We used the reverse of th�s est�mate 
as the r�sk of colon cancer assoc�ated w�th phys�cal 
�nact�v�ty. We found no data on phys�cal act�v�ty and 
rectal cancer.

Table B6.1 summar�zes the RRs used to est�mate 
AFs assoc�ated w�th phys�cal �nact�v�ty.

3. Data used for prevalence

We used data reported from a European survey 
(Vaz de Alme�da et al., 1999, Kearney et al., 1999) 
conducted �n 1997 �n 15 countr�es of the European 
Un�on. Th�s survey was conducted on a sample 
of 15 239 �nd�v�duals (7467 men and 7772 women) 
aged 15 years and older. For each country, quotas 
on age and sex were used to obta�n representat�ve 
samples. Results on phys�cal �nact�v�ty by gender 
were only reported for the 15 countr�es. We appl�ed 
these proport�ons of prevalence of phys�cal �nact�v�ty 
�n Europe to France, as �n the European survey, rates 
of phys�cal �nact�v�ty �n France d�d not d�ffer from the 
European average. Twenty e�ght per cent of men and 
35% of women reported not hav�ng spent any t�me on 

phys�cal act�v�ty dur�ng le�sure per�ods (Table B6.2).

4. Calculation of AFs

Table B6.2 reports the AFs and the attr�butable 
numbers of cancer cases and deaths for the year 
2000. A total of 780 cases among men (0.5% of the 
total) and 5541 cases among women (4.7% of the 
total) were attr�butable to phys�cal �nact�v�ty �n France 
�n 2000. For women, around 75% are breast cancers. 
Phys�cal �nact�v�ty �s assoc�ated w�th 427 cancer 
deaths (0.5% of all cancer) �n men and 1812 cancer 
deaths (3.2% of all cancers) �n women.

5. Discussion

A survey by the Inst�tut Nat�onal de Prévent�on et 
d’Educat�on pour la Santé (INPES) �n 2005 among 30 
514 adults 18–65 years of age suggested a proport�on 
of 33% of phys�cally �nact�ve adults �n France (INPES, 
Baromètre Santé, 2005). Th�s est�mate �s close to the 
f�gures that we used from the European survey.

Add�t�onal data on the prevalence of phys�cal 
act�v�ty were reported �n 1997 (Steptoe et al., 
1997) from a European survey conducted �n 1989–
1992. However, th�s survey was conducted on 
un�vers�ty students aged 18–30 years who could 
not be cons�dered as representat�ve of the French 
populat�on. The prevalence of phys�cal �nact�v�ty �n 
the European survey �s h�gher than that reported �n 
the French cohort study E3N cohort, exclus�vely of 
women (Tehard et al., 2006). Only 20.2% of the E3N 
subjects were categor�zed as “�nact�ve”. However, �t �s 
probable that more act�ve women were more w�ll�ng 
than less act�ve women to part�c�pate �n a long-term 
cohort study. Furthermore, prevalence of phys�cal 
act�v�ty �s d�rectly correlated w�th educat�on level and 
the major�ty of women �n the E3N cohort had a h�gh 
educat�on level.

To the best of our knowledge, no study has yet 
tr�ed to est�mate the opt�mal level of phys�cal act�v�ty 
for cancer prevent�on. However, for colon cancer, the 
IARC work�ng group on phys�cal act�v�ty noted that 
“at least 30 m�nutes per day of more than moderate 
level of phys�cal act�v�ty m�ght be needed to see the 
greatest effect �n r�sk reduct�on” (IARC, 2002). For 
breast cancer, the “r�sk reduct�on beg�ns at levels 
of 30–60 m�nutes per day of moderate-�ntens�ty to 
v�gorous act�v�ty �n add�t�on to the usual levels of 

Attributable causes of cancer in France in the year 2000
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occupat�onal and household act�v�ty of most women” 
(IARC, 2002). In v�ew of these conclus�ons, �t �s 
probable that low or moderate phys�cal act�v�ty does 
not reduce the r�sks of colon or of breast cancer.
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Cancer Sex % inactivity RR 95% CI

Colon
Men 28% 1.27 1.10 1.47

Women 35% 1.40 1.13 1.74

Breast Women 35% 1.32 1.06 1.64

Cancer Men Women

AF% Cases Deaths AF% Cases Deaths

Colon 7% 780 427 12.3% 1304 703

Breast – 10.1% 4237 1109

Total 780 427 5541 1812

% all cancer 0.5% 0.5% 4.7% 3.2%

Table B6.1 – Prevalence of physical inactivity in French adults and associated RR

Table B6.2 – Numbers of cancer cases and deaths attributable to lack of physical activity in France, 

by sex, for the year 2000

Attributable causes of cancer in France in the year 2000
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I. Hormone replacement therapy (HRT)

Hormone therapy (HRT) for women cons�sts �n the 
use of pharmaceut�cal products conta�n�ng estrogens 
(E) alone or a comb�nat�on of estrogens and 
progestogens (E+P), regardless of reg�men and route 
of adm�n�strat�on.

1. Context

HRT has been promoted for allev�at�on of symptoms 
of menopause, or after menopause for the presumed 
benef�c�al effects of these hormones on var�ous 
health cond�t�ons such as card�ovascular d�sease and 
osteoporos�s. In the 1990s, �t was d�scovered that E 
alone �ncreased the r�sk of endometr�al cancer and 
sl�ghtly �ncreased the r�sk of breast cancer. HRT was 
then sh�fted to E+P formulat�ons.

In 1997, a large collaborat�ve study conducted 
a meta-analys�s of all observat�onal stud�es (ma�nly 
case–control stud�es) on HRT and breast cancer, 
show�ng ev�dence for a pos�t�ve assoc�at�on between 
HRT and breast cancer when HRT use lasted for 
f�ve years or more (CGHFBC, 1997). The effects of 
HRT on breast cancer r�sk were present for current 
HRT users but ceased for women who had stopped 
tak�ng HRT f�ve years prev�ously or more. Other 
stud�es reported other s�de-effects of HRT such as 
deep ve�n thrombos�s, and quest�oned the putat�ve 
card�ovascular benef�ts of HRT use.

At the end of the 1990s, two large-scale 
random�zed placebo-controlled tr�als �n the USA, the 
HERS and HERS II tr�als (Hulley et al., 2002) and the 
Women’s Health In�t�at�ve (WHI) tr�al (Rossouw et 
al., 2002; Chlebowsk� et al., 2003; Anderson et al., 
2004) were �n�t�ated to try to answer the numerous 
puzzl�ng quest�ons regard�ng HRT use and var�ous 

health cond�t�ons. Both the HERS II and WHI 
tr�als demonstrated that women tak�ng E+P had a 
h�gher r�sk of breast cancer, myocard�al �nfarct�ons, 
card�ovascular d�seases, deep venous thrombos�s, 
stroke and decl�ne of cogn�t�ve funct�ons. Reduced 
r�sks for fractures and colorectal cancer were found 
when E+P was taken for f�ve years or more. E+P 
d�d not affect endometr�al cancer �nc�dence or all-
cause mortal�ty. Tr�als w�th E alone reached s�m�lar 
conclus�ons except for breast cancer, for wh�ch, 
unexpectedly, the WHI tr�al found a reduced r�sk 
(Anderson et al., 2004). The overall conclus�on of the 
WHI tr�als was that �ncreased d�sease r�sks assoc�ated 
w�th the use of E or of E+P largely outwe�gh the 
benef�ts.

S�multaneously w�th the HERS II and WHI tr�als, 
ten cohort stud�es were conducted on HRT use and 
cancer r�sk (Table B7.1). Seven of these stud�es were 
conducted �n the Nord�c countr�es (Jernström et 
al., 2003; Olsson et al., 2003; Persson et al., 1999; 
Stahlberg et al., 2004; Tjønneland et al., 2004; Bakken 
et al., 2004; Ewertz et al., 2005), one was conducted 
�n the USA (Scha�rer et al., 2000), one �n the UK – the 
M�ll�on Women Study (MWS) (M�ll�on Women Study 
Collaborators, 2003), and a tenth �n France (Fourn�er 
et al., 2005a). The ma�n results from these cohort 
stud�es are d�splayed �n Table B7.1. The seven Nord�c 
cohorts reported breast cancer r�sks assoc�ated w�th 
HRT use (E or E+P) mostly h�gher than those from 
the MWS (2003). The French E3N cohort (Fourn�er 
et al., 2005a, 2007) y�elded relat�ve r�sks assoc�ated 
w�th four or more years of E+P use not very d�fferent 
from those found by the MWS and several Nord�c 
stud�es.

The largest cohort study was the MWS conducted 
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�n the UK (M�ll�on Women Study Collaborators, 2003). 
The MWS �ncluded 1 084 110 women between 50–64 
years old who were part�c�pants �n the Nat�onal Health 
Serv�ce Breast Cancer Screen�ng Programme, half of 
whom had used HRT. 9364 �nc�dent cases of breast 
cancer were reg�stered dur�ng follow-up. Overall, 
compared w�th women not us�ng HRT, the breast 
cancer r�sk was mult�pl�ed by 1.30 (95% CI 1.22–1.38) 
for current users of E formulat�ons, and by 2.00 (95% 
CI 1.91–2.09) for current users of E+P formulat�ons. 
Because of �ts h�gh stat�st�cal power, the M�ll�on 
Women Study was also able to assess the r�sk of the 
relat�vely rare ovar�an cancer w�th current HRT use 
(M�ll�on Women Study Collaborators, 2007). Th�s �s 
�mportant s�nce ovar�an cancer �s usually d�agnosed 
at an advanced stage, at wh�ch there �s no cure.

Cr�t�c�sms of the MWS study (e.g., Wh�tehead 
and Farmer, 2004; Lopes, 2003; Shap�ro, 2004; 
van der Mooren and Kenemans, 2004) po�nted to 
methodolog�cal problems of secondary �mportance 
and never offered any plaus�ble alternat�ve explanat�on 
for the f�nd�ngs. For �nstance, �t �s somet�mes cla�med 
that the MWS had no “control group”. The MWS �s a 
cohort study, and therefore, the women who never 
used HRT (�.e., 50% of the ent�re cohort) const�tuted 
the natural control group, and breast cancer r�sks 
were calculated us�ng women who never used HRT 
as the referent category (�.e., the category w�th no 
�ncreased breast cancer r�sk assoc�ated w�th HRT 
use). It was also cla�med that d�fferences �n age or 
�n body mass �ndex between HRT users and non-
users could expla�n f�nd�ngs. These arguments do 
not hold s�nce all r�sk calculat�ons were carefully 
adjusted on var�ables that could eventually confound 
the assoc�at�on between HRT use and breast cancer, 
such as body mass �ndex and age. 

The IARC Monograph and the AFSSAPS report 
on HRT use and cancer

In v�ew of the numerous new results publ�shed from 
2000 onwards, the IARC convened a Monograph 
meet�ng on HRT and cancer r�sk �n June 2005. 
Summary conclus�ons of th�s meet�ng were publ�shed 
�n 2005 (Cogl�ano et al., 2005) and deta�ls on 
conclus�ons of the Monograph may be found at the url: 
http://monographs.�arc.fr/ENG/Meet�ngs/91-menop-
ther.pdf. The full pr�nted Monograph �s �n press. 
The follow�ng excerpt from the deta�led conclus�ons 

about HRT and breast cancer �s access�ble on the 
ment�oned web-s�te: “Two large randomized trials, 
10 cohort studies and seven case–control studies 
reported on the relationship between the use of 
combined estrogen–progestogen menopausal 
therapy and breast cancer in postmenopausal 
women. The studies consistently reported an 
increased risk for breast cancer in users of combined 
estrogen–progestogen therapy compared with non-
users. The increased risk was greater than that in 
users of estrogen alone. The available evidence was 
inadequate to evaluate whether or not the risk for 
breast cancer varies according to the progestogenic 
content of the therapy, or its dose, or according to the 
number of days each month that the progestogens 
are added to the estrogen therapy”. Furthermore, 
concern�ng the doses of estrogens or progestogens 
�n HRT, “The data are [ ] insufficient to determine 
whether the risk varies with type of compound or the 
dose of various compounds used”.

Independently from the IARC Monograph, the 
experts of the Agence França�se de Sécur�té San�ta�re 
des Produ�ts de Santé (AFSSAPS) came to s�m�lar 
conclus�ons (AFSSAPS, 2004, 2006): “Actuellement 
aucune donnée issue d’essais randomisés ne permet 
de savoir si les risques associés au traitement 
hormonal de la ménopause sont influencés ou non par 
le type d’estrogène (estrogènes conjugués équins, 
estradiol), ou par le type de progestatif (acétate de 
médroxyprogestérone, lévonorgestrel, noréthistérone, 
progestérone, etc.), ou par la voie d’administration de 
l’estrogène (orale, transdermique), ou enfin par les 
modalités d’utilisation du progestatif (administration 
séquentielle ou continue).” (AFSSAPS, 2006, page 
5).

There �s thus at present no conv�nc�ng ev�dence 
from laboratory or human stud�es that the r�sk of 
breast cancer assoc�ated w�th HRT use would 
d�ffer accord�ng to the const�tuents and the�r dose, 
cont�nuous or sequent�al adm�n�strat�on, or the route 
of adm�n�strat�on.

Timing and duration of HRT use

Pract�cally all the breast cancer r�sk assoc�ated w�th 
HRT use �s l�nked to current use, as opposed to past 
use. Past HRT use �s taken to mean that use of HRT 
ceased at least one year prev�ously, and current use 
may be def�ned as tak�ng HRT �n the last 12 months. 

Attributable causes of cancer in France in the year 2000
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Past HRT has been assoc�ated rarely w�th a s�gn�f�cant 
small �ncrease �n breast cancer r�sk.

All stud�es on HRT and breast cancer have shown 
that the r�sk among current HRT users �ncreases w�th 
t�me s�nce f�rst use. Table B7.3 shows the �ncreas�ng 
r�sk assoc�ated w�th HRT use found �n the MWS 
(2003), w�th a relat�ve r�sk of 2.31 after 10 years of 
use. HRT use for less than 12 months enta�ls no or 
only low �ncrease �n breast cancer r�sk (MWS, 2003; 
CGHFBC, 1997).

The breast cancer r�sk assoc�ated w�th HRT does 
not pers�st after cessat�on of HRT use, and probably 
the r�sk becomes very low �f not �nex�stent 12 months 
after cessat�on of HRT use.

HRT use, age, obesity and breast cancer risk

The breast cancer r�sks found �n the WHI tr�al and 
the MWS study were �ndependent of the age and the 
we�ght of the women, because the random�zat�on 
process �n the WHI tr�al led to a balanced d�str�but�on 
of women accord�ng to age and body mass �ndex. In 
the MWS study, all relat�ve r�sks were adjusted for 
e�ght character�st�cs of the women, �nclud�ng exact 
age and body mass �ndex. Therefore, arguments 
reject�ng or downplay�ng the results of these stud�es 
on the bas�s of d�fferences between usual HRT users 
�n France and women part�c�pat�ng �n the WHI tr�al or 
the MWS study are �nval�d.

Impact of the WHI and of MWS results on HRT 
use

As a f�nal note, s�nce publ�cat�on of the WHI tr�al 
results �n 2002, HRT use has started to fall �n many 
countr�es, �nclud�ng France. For example, between 
the end of 2002 and the end of 2003, 28.3% of 
women �n the Rhône-Alpes reg�on ceased tak�ng HRT 
(Gayet-Ageron et al., 2005). In the USA, the fall was 
part�cularly marked and �t seems that the f�rst s�gns 
of a subsequent decl�ne �n breast cancer �nc�dence 
are already observable (Clarke et al., 2006; Ravd�n 
et al., 2007).

Other aspects relevant to HRT and breast cancer 
are further covered �n the D�scuss�on, such as the 
role of the formulat�on and type of HRT used, and the 
French stud�es on HRT use and breast cancer.

2. Definition of exposure

The r�sk of breast and of ovar�an cancer assoc�ated 
w�th HRT �s related to current use of these med�c�nes. 
Cancer r�sk decreases rap�dly after cessat�on of HRT 
and falls to zero after a few years. Therefore, no lag-
t�me between HRT use and breast or ovar�an cancer 
occurrence was cons�dered �n th�s analys�s.

3. Data used for RR estimates

Cohort stud�es other than the MWS (2003) that 
prov�ded data on current HRT use for 4 or 5 years 
and more �ncluded a total of 178 920 women (Table 
B7.1). If a meta-analys�s of r�sk assoc�ated w�th HRT 
was performed, because of the s�ze of the MWS (1 
084 110 women), the summary relat�ve r�sks would be 
nearly equal to those found �n th�s study. We therefore 
used est�mates from the M�ll�on Women Study (2003), 
a large cohort study conducted �n the UK that �ncluded 
1 084 110 women aged 50–64 years, recru�ted 
between 1996 and 2001 and followed dur�ng an 
average of 2.6 years. Est�mates from the WHI tr�als 
are not opt�mal as tr�al stopp�ng rules were based on 
a comb�nat�on of several endpo�nts. Also, the MWS 
was more representat�ve of HRT use by women �n 
Europe.

4. Data used for exposure prevalence

A nat�onal survey was conducted �n France �n 2003, 
as part of a survey cover�ng Germany, the UK, 
France and Spa�n (Strothman & Schne�der, 2003). 
Th�s survey reported durat�on of HRT use for France 
that allowed est�mat�on of proport�ons of French 
HRT users by durat�on of HRT use. For th�s survey, 
representat�ve nat�onal samples of women 45–75 
years of age were const�tuted through quota methods 
based on telephone d�rector�es. Data were collected 
through telephone �nterv�ews. Informat�on on the total 
number of women contacted and on response rates 
was not reported. In France, the f�nal sample �ncluded 
2004 women aged 45–75 years, of whom 454 (23%) 
reported current HRT use.

Proport�ons of women tak�ng E or E+P were 
der�ved from the ESPS-EPAS survey c�ted �n the 
AFSSAPS report of 2005, accord�ng to wh�ch 17% 
of HRT users took E only and 83% took E+P. The 
ESPS-EPAS survey was conducted every four years 
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on a sample of French c�t�zens reg�stered �n three 
ma�n soc�al-secur�ty off�ces. For HRT use, data were 
ava�lable for 1532 women 40 years old or older �n 
2000, and 1558 women 40 years old or older �n 2002. 
Th�s survey d�d not report durat�on of HRT use.

5. Calculation of AFs

Breast cancer

Table B7.3 prov�des deta�ls of AF calculat�ons for 
breast cancer. Categor�es of durat�on of HRT use �n 
the MWS study (2003) had a one-year d�fference from 
those of Strothman and Schne�der (2003), but th�s 
d�fference was not l�kely to affect the AF est�mates 
apprec�ably. The overall AF was 18.8% for women 
aged 45–75 years. In 2000, there were 28 288 breast 
cancer cases and 5958 deaths from breast cancer 
�n French women aged 45–74 years (numbers and 
deaths from breast cancer at exactly 75 years old 
were not ava�lable). Thus �n France, �n the year 2000, 
5313 breast cancer cases and 1119 breast cancer 
deaths could be attr�buted to HRT use. These f�gures 
represent 12.7% of breast cancer cases and 10.2% of 
breast cancer deaths �n women of all ages.

Ovarian cancer

Table B7.4 prov�des deta�ls of AF calculat�ons for 
ovar�an cancer. Categor�es �n the MWS (2003) had 
a one-year d�fference from those of Strothman and 
Schne�der (2003), but th�s d�fference was not l�kely to 
affect the AF est�mates apprec�ably. The overall AF 
was 3.5% for women aged 45–75 years, represent�ng 
101 ovar�an cancer cases and 62 ovar�an cancer 
deaths. In 2000, there were 4488 ovar�an cancer 
cases and 3210 deaths from ovar�an cancer. Thus �n 
France, �n the year 2000, accord�ng to the MWS data, 
HRT could have been the cause of 2.6% of ovar�an 
cancer cases and 2.2% of ovar�an cancer deaths �n 
women of all ages.

6. Discussion

Comparison with estimates 
in the AFSSAPS report of 2005

The survey by Strothman and Schne�der was 
conducted �n 2003 and accord�ng to data on HRT use 

�n the Rhône-Alpes reg�on (Gayet-Ageron et al., 2005), 
�t �s unl�kely that results from the WHI tr�al and the 
MWS study publ�shed �n 2002 and 2003 had already 
led to cessat�on of HRT prescr�pt�on �n France. The 
survey by Strothman and Schne�der sampled women 
45 to 75 yeas old, and conf�rmed data show�ng that a 
non-negl�g�ble fract�on of French women 65 years old 
and more were tak�ng HRT, essent�ally for prevent�on 
of osteoporos�s (Aubry and Guégen, 2002).

The AFSSAPS report of 2005 est�mated an AF of 
3–6% for women 40 to 65 years of age, such that an 
annual number of 650 to 1200 breast cancer cases 
�n France �n the years 2000–2002 would be due to 
HRT use (AFSSAPS 2005). Est�mates made �n the 
2005 AFSSAPS report were based on rates of HRT 
use �n women 40 to 64 years of age der�ved from 
var�ous databases, one of them be�ng the ESPS-
EPAS survey we used ourselves to est�mate numbers 
of women tak�ng E or E+P. For relat�ve r�sks of HRT 
use and breast cancer, the AFSSAPS looked at four 
d�fferent hypothet�cal r�sk scenar�os for var�ous forms 
of estrogens and progestogens, used alone or �n 
comb�nat�on, tak�ng �nto account the durat�on of HRT 
use (i.e., <5 or ≥5 years). Relative risks taken from 
four stud�es (CGHFBC, 1997; Chlebowsk� et al., 2003; 
MWS, 2003; Fourn�er et al., 2005) were attr�buted 
to each hypothes�s, but the relat�ve r�sks used were 
chosen from d�fferent stud�es accord�ng to durat�on of 
use of HRT. Breast cancer numbers �n France were 
est�mated us�ng data produced by the FRANCIM 
network of French cancer reg�str�es. The numbers 
of breast cancers attr�butable to HRT use were then 
calculated us�ng a mathemat�cal model appl�ed to 
each r�sk hypothes�s and whose �nputs were, among 
other parameters, the chosen relat�ve r�sks and the 
proport�ons of women tak�ng the d�fferent types of 
HRT. The d�fferences between our est�mates and the 
AFSSAPS ones have four ma�n or�g�ns:

(1) The RRs we used from the MWS (2003) are 
h�gher than those used �n the AFSSAPS report. The 
follow�ng cons�derat�ons support the use of h�gher 
RRs:

 
(�) Cohort stud�es �n Nord�c countr�es �nclud�ng 

a var�ety of HRT preparat�ons prov�de support for 
the RRs from the MWS (Table B7.1).

 
(��) In some models, the AFSSAPS report used 
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an RR of 1.24 from the �ntent-to-treat analys�s of 
the WHI tr�al (Chlebowsk� et al., 2003). The �ntent-
to-treat analys�s was performed accord�ng to the 
number of women allocated to the �ntervent�on 
group, and the presence �n the �ntervent�on group 
of women who d�d not take HRT decreased the 
RR found �n th�s group. The RR of 1.49 found for 
women �n the �ntervent�on group who actually 
took HRT was more appropr�ate for est�mat�ng 
attr�butable fract�ons.

 (���) In some models, the AFSSAPS report 
cons�dered that E+m�cron�zed progesterone 
conveyed no �ncreased r�sk of breast cancer.

(2) The AFSSAPS report cons�dered women 
40–64 years of age, wh�le we cons�dered women 
45–75 years of age. The age range we cons�dered 
was probably more representat�ve of HRT use by 
French women because, as observed �n many other 
countr�es, at least one report shows that a proport�on 
of French women 65 years old and more were tak�ng 
HRT, essent�ally for prevent�on of osteoporos�s (Aubry 
and Guégen, 2002). Also, because �t was a survey 
on a random sample of the populat�on, the study of 
Strothmann and Schne�der (2003) was probably 
more representat�ve of the French female populat�on, 
�n sp�te of �ts relat�vely small s�ze and l�m�tat�ons �n 
the report�ng of the survey methods used (e.g., the 
proport�on of non-responders was not reported). 
The women �n the MWS were younger (50–64 years 
at cohort �ncept�on) than �n the Strothmann and 
Schne�der survey (45–75 years), but the WHI tr�al 
has shown that r�sk of breast cancer assoc�ated w�th 
HRT after menopauses was �ndependent of age and 
of the same magn�tude �n women 50–59, 60–69, and 
70–79 years of age.

Formulation and route of administration of HRT 

The HRT formulat�on used �n the WHI tr�al for non-
hysterectom�zed women was an assoc�at�on of a 
cont�nuous comb�nat�on of oral conjugated equ�ne 
estrogens (CEE 0.625 mg/day) and a synthet�c 
progestogen, medroxyprogesterone acetate (MPA 
2.5 mg/day). The MWS ma�nly stud�ed r�sk assoc�ated 
w�th estrogens comb�ned w�th MPA, noreth�sterone 
or norgestrel. In Nord�c countr�es, HRT �ncorporat�ng 
testosterone der�vat�ves �s w�dely used. Hence, 

the tr�als on HRT reported to date (HERS II and 
WHI), the MWS study and cohort stud�es �n Nord�c 
countr�es and �n the USA d�d not �nvest�gate all forms 
of HRT reg�mens, some of wh�ch are more commonly 
used �n France (e.g., transdermal preparat�ons, 
or natural progestogens �n the form of m�cron�zed 
progesterone (E + m�cron�zed P)). For th�s reason, 
uncerta�nt�es rema�n on the real breast cancer r�sk 
assoc�ated w�th some HRT formulat�ons (Modena 
et al., 2005), although the b�olog�cal mechan�sms 
of these formulat�ons seem not very d�fferent from 
those of other forms of HRT (IARC 2007; Rochefort 
and Sureau, 2003). The poss�b�l�ty of a d�fference 
�n breast cancer r�sk accord�ng to formulat�on and 
route of adm�n�strat�on was st�mulated by the French 
E3N cohort study wh�ch found �n a f�rst report that 
women currently us�ng HRT conta�n�ng m�cron�zed 
progesterone had a breast cancer r�sk of 0.9 (95% 
CI 0.7–1.2) that contrasted w�th a r�sk of 1.4 (95% CI 
1.2–1.7) �n women who were current users of other 
E+P formulat�ons (Fourn�er et al., 2005). In a further 
report (Fourn�er et al., 2007), breast cancer r�sks were 
presented accord�ng to the type of progestogen used, 
but w�thout cons�der�ng the route of adm�n�strat�on. 
The latter study was the f�rst to show breast cancer 
r�sk accord�ng to var�ous types of progestagen (e.g., 
progesterone, dydrogesterone, other progestagens) 
and has no equ�valent �n the l�terature.

Results of the E3N cohort study on E + m�cron�zed 
P confl�ct somewhat w�th those from the PEPI tr�al 
(Greendale et al., 2003) that found an �ncrease 
�n rad�olog�cal breast dens�ty �n women tak�ng E 
+ m�cron�zed P s�m�lar to the �ncrease observed 
�n women tak�ng a cont�nuous oral comb�nat�on 
of conjugated equ�ne estrogens (CEE 0.625 mg/
day) and MPA (2.5 mg/day) – the formulat�on used 
�n the WHI tr�al – or cont�nuous conjugated equ�ne 
estrogens (CEE 0.625 mg/day) and cycl�c MPA (2.5 
mg/day) on days 1–11. Rad�olog�cal breast dens�ty �s 
now known to be the ma�n r�sk factor for breast cancer 
occurrence (Boyd et al., 2005) and one would expect 
that a spec�f�c HRT preparat�on lead�ng to an �ncrease 
�n rad�olog�cal breast dens�ty s�m�lar to that observed 
w�th other types of HRT would be assoc�ated w�th an 
equ�valent �ncrease �n breast cancer r�sk.

The E3N study �s the only study to date on 
spec�f�c transdermal HRT preparat�ons, and these 
results need to be conf�rmed by other stud�es before 
val�dat�on of the conclus�on that transdermal E + 
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m�cron�zed P does not convey a h�gher r�sk of breast 
cancer. Th�s conclus�on was also reached by the 
AFSSAPS �n �ts last rev�s�on of the HRT �ssue �n June 
2006 (AFSSAPS, 2006). The best way to d�sentangle 
the �ssue of the HRT compos�t�on and formulat�on 
would be to have large stud�es organ�zed to assess 
the health effects of HRT preparat�ons that were 
not stud�ed �n the HERS II, WHI, MWS and Nord�c 
cohort stud�es. The preferable way forward would be 
a random�zed controlled tr�al of a transdermal HRT 
preparat�on conta�n�ng E + m�cron�zed progesterone. 
In the absence of further conf�rmatory data on cancer 
r�sk assoc�ated w�th some HRT preparat�ons, �t 
�s better to base publ�c health th�nk�ng on the best 
ava�lable sc�ent�f�c ev�dence that has been repeatedly 
found �n the WHI tr�al, the MWS and the Nord�c cohort 
stud�es.

Studies on HRT use and breast cancer in France 
other than the E3N cohort study

Two stud�es �n France compared breast cancer 
occurrence �n women who were or who were not 
prescr�bed HRT (de L�gn�ères et al., 2002; Chevall�er et 
al., 2005; Esp�é et al., 2006). These two stud�es used 
des�gns that are unconvent�onal �n ep�dem�olog�cal 
research.

The f�rst study �ncluded 3175 women who attended 
a large endocr�nology outpat�ent cl�n�c at least once 
between January 1975 and December 1987, and 
who were postmenopausal or 50 years old or more at 
some po�nt dur�ng the per�od of �nclus�on (de L�gn�ères 
et al., 2002). The mean durat�on between �nclus�on �n 
the study group and the end of observat�on was 8.9 
years (range: 1 to 24 years). H�stor�es of HRT use 
and of breast cancer d�agnos�s were retrospect�vely 
reconst�tuted from med�cal f�les or from d�rect contact 
w�th the women. The denom�nators for numbers of 
woman-years of observat�on were calculated from 
f�rst v�s�t to the cl�n�c �f women were postmenopausal 
(th�s f�rst v�s�t could have taken place before 1975), 
or from the date of menopause �f �t occurred after 
January 1975. Women were not �ncluded �f they had a 
d�agnos�s of breast cancer before potent�al �nclus�on 
�n the study. Breast cancer occurrence was compared 
between women who used HRT and those who d�d 
not. After adjustment for age at menopause, year of 
b�rth and calendar per�od, the r�sk of breast cancer �n 
ever-users of HRT was 1.03 (95% CI 0.61–1.75) for 

5–9 years of use, and 1.15 (95% CI 0.64–2.05) for 
use for 10 years or more. Current HRT users had a 
relat�ve r�sk of 0.83 (95% CI 0.51–1.83), and former 
users (use stopped �n the four years before breast 
cancer d�agnos�s) had a relat�ve r�sk of 1.42 (95% CI 
0.76–2.44).

The second study, called the MISSION study, 
compr�sed two d�st�nct phases: a h�stor�cal phase 
est�mat�ng breast cancer r�sk accord�ng to past HRT 
use, and a prospect�ve phase st�ll �n progress a�m�ng 
at exam�n�ng assoc�at�ons between HRT use and 
�nc�dence of new breast cancer cases. The MISSION 
study �ncluded 6755 women who attended the pract�ce 
of 825 volunteer gynaecolog�sts between 5 January 
2004 and 28 February 2005 (Chevall�er et al., 2005; 
Esp�é et al., 2006). All women were postmenopausal at 
study �nclus�on. Us�ng a standard random procedure, 
each gynaecolog�st had to sample e�ght women, four 
currently us�ng or hav�ng used HRT w�th�n the last 
f�ve years (the “treated group”) and four not us�ng and 
not hav�ng used HRT w�th�n the last f�ve years (the 
“untreated group”). Results publ�shed so far are those 
of the h�stor�cal phase (Esp�é et al., 2006). All data 
came from med�cal records of women who attended 
gynaecolog�c pr�vate pract�ces. H�stolog�cally-proven 
breast cancer cases were �ncluded �n the analys�s 
�f they occurred after the menopause, and, �n the 
treated group, �f they had been d�agnosed after the 
f�rst dose of HRT. Mean HRT use dur�ng th�s phase 
was 7.9 years. Accord�ng to med�cal records, over the 
ent�re per�od of retrospect�ve gather�ng of data, �.e., 
from the f�rst contact of women after menopause w�th 
the�r gynaecolog�st unt�l study �nclus�on �n 2004, 1.0% 
of women �n the treated group and 6.2% of women 
�n the untreated group had a breast cancer after 
menopause (�.e., the prevalent breast cancer cases). 
Standard�zed breast cancer �nc�dence rates from 1 
January 2003 unt�l 31 December 2003, that �s dur�ng 
the year before start of �nclus�on of women �n the 
study, were calculated and age-adjusted tak�ng the 
standard European populat�on as reference. These 
age-adjusted �nc�dence rates were then compared 
w�th age-spec�f�c �nc�dence rates prov�ded by the 
FRANCIM network of French cancer reg�str�es. The 
standard�zed �nc�dence rate (SIR) of breast cancer 
�n women �n the “treated” group was 1.04 (95% CI 
0.35–3.15), wh�le the SIR �n women of the “untreated” 
group was 2.50 (1.24–3.36).

The study by de L�gn�ères et al. (2002) and the 
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MISSION study y�elded results suggest�ng no �ncrease 
�n breast cancer r�sk w�th HRT use, regardless of 
current ut�l�zat�on or durat�on of ut�l�zat�on. Th�s �s 
�n sharp contrast w�th the results from the US, UK, 
Nord�c and French E3N prospect�ve stud�es. In fact, 
these cons�derable d�fferences �n results proceed 
from the severe b�ases that may affect retrospect�ve 
stud�es of the k�nd that were used �n both stud�es. 
B�ases poss�bly affect�ng the results from these two 
stud�es are:

(1) The two study des�gns resemble retrospect�ve 
cohort stud�es, but ne�ther of them prov�ded 
�nformat�on on data collect�on completeness, that 
�s, up to what po�nt med�cal records were accurate 
and up-to-date, or for how many women the d�sease 
status (breast cancer yes or no) had been assessed 
up to the end of the observat�on per�od. Cohort stud�es 
�nev�tably have subjects who are lost to follow-up (�.e., 
subjects �ncluded �n the study for whom data on the 
ma�n endpo�nt are m�ss�ng). No loss to follow-up was 
reported by the two stud�es. Th�s deta�l �nd�cates that 
�n both stud�es, the retrospect�ve assessment of HRT 
use and of breast cancer occurrence d�d not �nclude 
all women who were present at the beg�nn�ng of the 
retrospect�ve observat�on per�od, because �n the 
meant�me, a number of women no longer attended the 
gynaecology cl�n�c or pract�ce, for �nstance because of 
a breast cancer d�agnosed �n another med�cal fac�l�ty 
that rema�ned unknown to the gynaecolog�st. Such 
select�on b�as would work towards exclus�on from the 
retrospect�ve cohort of women more suscept�ble to 
develop a breast cancer. More spec�f�cally, for each 
study:

a) The study by de L�gn�ères et al. (2002) 
d�d not report the number of women for whom 
the retrospect�ve data collect�on d�d not extend 
unt�l study term�nat�on on 1 December 1995. 
Retrospect�ve data collect�on was also �nterrupted 
�n case of death, but the �nvest�gators seem to 
have been �gnorant of the cause of death. Hence, 
because of the absence of l�nks w�th a complete 
populat�on-based cancer reg�stry, �nvest�gators 
may well have rema�ned �gnorant of a fract�on of 
the women who developed a breast cancer and 
were d�agnosed and treated elsewhere. Because 
of the relat�vely small number of breast cancers 
�n th�s study (105 �n total), retr�eval of few m�ss�ng 

breast cancer cases could have led to major 
changes �n the results.

b) The MISSION study presents add�t�onal 
sources of b�as l�nked to m�sclass�f�cat�on of 
exposure and of d�sease status, and to select�on 
b�ases of women �ncluded �n the study. Table 
B7.2 �llustrates the sources of b�as that may 
account for a large part of the cons�derably 
h�gher number of breast cancers found among 
“untreated” women than among “treated” women. 
The same m�sclass�f�cat�on and select�on b�ases 
also affected the retrospect�ve est�mat�on of 
breast cancer �nc�dence performed for the year 
2003, before study �nclus�on. These b�ases �n 
both exposure and d�sease assessment w�ll also 
underm�ne the prospect�ve part of the study, that 
�s l�kely to y�eld results as b�ased as those from 
the retrospect�ve study.

(2) Pat�ents attend�ng gynaecolog�cal cl�n�cs 
do not represent a natural cohort of the female 
populat�on, or even of a spec�f�c segment of the female 
populat�on, such as nurses or teachers. Women 
attend gynaecolog�sts for a var�ety of reasons. In 
th�s respect, women to whom HRT was prescr�bed 
were therefore probably not comparable to women to 
whom HRT was not prescr�bed, and �t �s known that 
French women tak�ng HRT have a d�fferent breast 
cancer r�sk prof�le to non-HRT users (Fourn�er et al., 
2005, 2007).

a) The study by de L�gn�ères et al. (2002) 
performed stat�st�cal adjustments for only three 
factors assoc�ated w�th breast cancer, and d�d not 
adjust for a number of other known �mportant r�sk 
factors for breast cancer that could be unevenly 
d�str�buted between HRT users and non-users 
(e.g., reproduct�ve factors, body mass �ndex, use 
of mammograph�c screen�ng).

b) In the MISSION study, women who rece�ved 
HRT were younger, we�ghed less, were taller, had 
lower body mass �ndex, were of h�gher soc�o-
econom�c status, had sl�ghtly earl�er menarche, 
had a late menopause less often, had less ch�ldren, 
lower breastfeed�ng t�me, and fewer f�rst-degree 
relat�ves w�th breast cancer than women who d�d 
not rece�ve HRT. Th�s �mbalance �n known breast 



76

cancer r�sk factors may partly expla�n the results 
obta�ned by th�s study.

In conclus�on, �t �s �mposs�ble to draw from 
these two stud�es any conclus�on on the assoc�at�on 
between HRT use and breast cancer occurrence.

Reasons why breast cancer risk associated 
with HRT use in France should not be 
underestimated

Regardless of methodolog�cal �ssues, there are 
at least four good reasons why breast cancer r�sk 
assoc�ated w�th HRT use �n France should not be 
underest�mated:

(1) The proport�on of women tak�ng E+P 
comb�nat�ons �s h�gher �n France than �n the USA or 
the Un�ted K�ngdom. In the WHI tr�al, of 100 women 
who took HRT �n the past, 38% had taken E and 62% 
had taken E+P. In the MWS, these proport�ons were 
34% and 66%, respect�vely. In the French E3N cohort, 
the proport�ons were 12% and 88% respect�vely. In 
the ESPS-EPAS survey c�ted �n the AFSSAPS report 
of 2005, about 17% of women tak�ng HRT took E 
only and 83% took E+P. S�nce E+P confers a h�gher 
breast cancer r�sk than E only, a greater proport�on 
of breast cancers occurr�ng �n French women tak�ng 
HRT can be attr�buted to HRT than �n the USA or the 
Un�ted K�ngdom.

(2) Even �f one assumes that the comb�nat�on of 
E + transdermal P (�.e., the “French HRT reg�men”) 
was assoc�ated w�th a lower or no �ncrease �n breast 
cancer r�sk, the fact rema�ns that 83% of women 
us�ng HRT �n France d�d use HRT found by Amer�can, 
UK and Nord�c stud�es to be assoc�ated w�th elevated 
breast cancer r�sk, and thus a part of the breast 
cancer d�agnosed �n French postmenopausal women 
�s attr�butable to HRT use.

(3) As expla�ned above, the results from the 
WHI tr�al and the MWS cohort were �ndependent of 
body mass �ndex by v�rtue of equal d�str�but�on of 
women’s character�st�cs thanks to random�zat�on �n 
the WHI tr�al and to stat�st�cal adjustment for women’s 
character�st�cs �n the MWS study. But random�zat�on 
and adjustment methods do not preclude that the 
effect of HRT on breast cancer r�sk could vary w�th 

body mass �ndex. In the WHI tr�al, the MWS and the 
US cohort, the breast cancer r�sk assoc�ated w�th 
HRT �ncreased substant�ally w�th decreas�ng body 
mass �ndex (Chlebowsk� et al., 2003; Reeves et al., 
2006; Scha�rer et al., 2000). Lean women have less 
endogenous product�on of estrogens than fatter 
women, and therefore may be more sens�t�ve to 
exogenous estrogens. In 2003, 11% of adult French 
women were obese (see Sect�on B5), wh�le �n 2002, 
25% of Br�t�sh women were obese (Renn�e and Jebb, 
2005), and obes�ty levels �n the USA are h�gher than 
�n the Un�ted K�ngdom (data from CDC Atlanta on 
www.cdc.gov). Hence, French women would be more 
sens�t�ve to exogenous estrogens than Br�t�sh or US 
women, and the r�sks found �n the WHI and MWS 
stud�es could well be underest�mates for French 
women, assum�ng that all HRT formulat�ons actually 
have about the same �nfluence on breast cancer 
r�sk.

(4)  S�nce 1980, a great var�ety of progestogen has 
been w�dely prescr�bed �n France to premenopausal 
women to treat�ng var�ous premenopausal cond�t�ons 
as well as for contracept�on (Lowy and We�sz, 2005; 
Fourn�er et al., 2005b). The �mpact of th�s prescr�b�ng 
pattern on breast cancer r�sk was unknown unt�l 
the E3N cohort study recently showed that use by 
French women 40–49 years old of progestogens for 
longer than 4.5 years was s�gn�f�cantly assoc�ated 
w�th breast cancer r�sk (RR 1.44, 95% CI 1.03–2.00) 
(Fabre et al., 2007).

II. Oral contraceptives (OC)

In 2005, OC were class�f�ed as class 1 carc�nogen�c 
agents by the IARC (Cogl�ano et al., 2005). Current OC 
use enta�ls a modest but real �ncrease �n breast cancer 
r�sk that d�sappears about 10 years after cessat�on of 
OC use. Reasons underly�ng th�s class�f�cat�on can 
be found at the url: http://monographs.�arc.fr/ENG/
Meet�ngs/91-contracept�ves.pdf

1. Definition of exposure

Women 15 to 45 years old who are current users of 
oral contracept�ves (OC). No lag-t�me was cons�dered 
�n the analys�s.

Ava�lable data on OC use and cancer relate to 
f�rst and second generat�ons of OCs. There are not 

Attributable causes of cancer in France in the year 2000
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yet any data on th�rd-generat�on OCs.

2. Data used for RR estimates

We used data from the pooled study conducted by the 
Collaborat�ve Group on Hormonal Factors �n Breast 
Cancer (Oxford, UK). In an analys�s of 53 297 women 
w�th breast cancer and 100 239 women w�thout 
breast cancer from 54 ep�dem�olog�cal stud�es, the 
est�mate of breast cancer r�sk among current users 
was 1.24 (95% CI 1.15–1.33) (Collaborat�ve Group on 
Hormonal Factors �n Breast Cancer, 1996).

3. Data used for exposure prevalence

In 2001, a nat�onal survey was conducted �n France 
on a representat�ve sample of women (Lave�ss�ère et 
al., 2003). Quest�onna�res were self-adm�n�stered and 
sent by post to 5000 women aged 15–45 years old. 
Answers from 3609 women were rece�ved (response 
rate was 72%).

4. Calculation of AF

The prevalence of women tak�ng OCs was der�ved 
from the French nat�onal survey (Table B7.5). AFs 
were computed for each age group, tak�ng an RR of 
1.24, and then summed. AFs were found of 7.8% for 
�nc�dence and of 7.7% for mortal�ty. In 2000, there 
were 5320 cases and 762 deaths from breast cancer 
among women 15–45 years of age. Thus �n women 
aged 15–45 years �n 2000, 414 �nc�dent breast 
cancer cases and 59 breast cancer deaths could be 
attr�buted to current OC use. These f�gures represent 
1.0% of breast cancer cases and 0.5% of breast 
cancer deaths �n women of all ages.

5. Discussion

OCs have been class�f�ed as a Group 1 carc�nogen�c 
agent by the IARC (Cogl�ano et al., 2005) and current 
OC use enta�ls a modest but real �ncrease �n breast 
cancer r�sk, that d�sappears �n the years follow�ng 
cessat�on of OC use. Although current OC use �s the 
cause of a m�nor�ty of breast cancers, current and 
past OC use has the follow�ng major benef�ts:

(1) Decrease �n ovar�an and endometr�al cancers. 
In th�s respect alone, cons�der�ng the overall cancer 

burden �n women, the overall balance for OC use �s 
pos�t�ve, w�th more benef�t than r�sk.

(2) Decrease of health hazards assoc�ated w�th 
unwanted and rap�dly success�ve pregnanc�es.

(3) Major decrease �n extra-uter�ne pregnanc�es.
(4) Decrease �n salp�ng�t�s, ben�gn funct�onal 

ovar�an cysts and ben�gn breast d�seases
(5) OC use �ncreases med�cal contacts, result�ng 

�n better compl�ance w�th cerv�cal cancer screen�ng
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 Table B7.3 – Calculation of AFs for breast cancer and current use of HRT, according to time since first use

% of women 
45–75 taking 

HRT† (1)

% E or 
E+P (2) ‡

% of 
women 
45–75

RR of 
breast 

cancer §
AF

= (1) x (2)

Estrogen (E) only

Current use and use dur�ng less than 1 
year

0.6% 17% 0.11% 1.00 0.0%

Current use and use dur�ng 1 to 5 years* 10.1% 17% 1.72% 1.25 0.4%

Current use and use dur�ng 6 to 10 years* 5.7% 17% 0.97% 1.32 0.3%

Current use and use dur�ng 10 years or 
more*

6.2% 17% 1.05% 1.37 0.4%

Total for E only                                                                                                                                           1.1%

Estrogen and progesterone (E+P)

Current use and use dur�ng less than 1 
year

0.6% 83% 0.51% 1.45 0.2%

Current use and use dur�ng 1 to 5 years* 10.1% 83% 8.40% 1.74 5.9%

Current use and use dur�ng 6 to 10 years* 5.7% 83% 4.76% 2.17 5.3%

Current use and use dur�ng 10 years or 
more*

6.2% 83% 5.13% 2.31 6.3%

Total for E+P                                                                                                                                             17.7%

Total for E and E+P                                                                                                                                18.8%

* Categor�es of HRT use durat�on �n the MWS (2003) had one-year d�fference w�th categor�es �n Strothmann and Schne�der 

(2003)

† % of women 45–75 tak�ng HRT adapted from Strothmann and Schne�der (2003)

‡ % tak�ng E or E+P from ESPS-EAPS (AFSSAPS, 2005)

§ RR of breast cancer from MWS (2003)

Attributable causes of cancer in France in the year 2000
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Risk factors selected for estimate calculations

Table B7.4 – Calculation of AFs for ovarian cancer and current use of HRT

% of women 
45–75 taking 

HRT† (1)
% E or E+P (2)

% of women 
45–75 RR of ovarian 

cancer
AF

= (1) x (2)

Estrogen (E) only

Current and <5 year 10.7% 17% 1.83% 1 0.0%

Current and ≥5 years* 11.9% 17% 2.03% 1.53 1.1%

Total for E only                                                                                                                                        1.1%

Estrogen and progesterone (E+P)

Current and <5 year 10.7% 83% 8.91% 1.09 0.8%

Current and ≥5 years* 11.9% 83% 9.89% 1.17 1.7%

Total for E+P                                                                                                                                           2.4%

Total for E and E+P                                                                                                                              3.5%

*Categor�es �n the MWS (2003) had one-year d�fference from categor�es �n Strothmann and Schne�der (2003)

† % of women 45–75 tak�ng HRT adapted from Strothmann and Schne�der (2003). % tak�ng E or E+P from ESPS-EAPS 

(AFSSAPS, 2005). RR of breast cancer from the MWS (2003)
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Table B7.5 - Prevalence of current OC use in women 15–45 years old in France and attributable numbers of breast 

cancer (BC) cases and deaths

Age
% Current 

OC use
AF*

All breast 
cancer 
cases

All breast 
cancer 
deaths

No. breast 
cancer cases 
attributable to 

OC use

No. breast 
cancer deaths 
attributable to 

OC use

15–19 50% 10.7% 3 0 0 0

20–24 69% 14.2% 19 1 3 0

25–29 54% 11.5% 167 11 19 1

30–34 45% 9.7% 598 70 58 7

35–39 41% 9.0% 1562 251 140 22

40–44 29% 6.5% 2971 429 193 28

BCs 15–44 5320 762 414 59

% 7.8% 7.7%

All BCs 41845 10950

% All BCs 1.0% 0.5%

% All cancers 0.4% 0.1%

*Calculated tak�ng an RR of 1.24

Attributable causes of cancer in France in the year 2000
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Risk factors selected for estimate calculations

I. Sun exposure

1. Definition of exposure

Sun exposure �s the ma�n env�ronmental cause of 
cutaneous melanoma, basal-cell carc�noma (BCC) 
and squamous-cell carc�noma (SCC) (IARC, 1992). 
Th�s sect�on focuses on cutaneous melanoma, wh�ch 
represents about 5% of all sk�n cancers, and �s the 
most deadly form.

2. Data used for estimation of RR 
for cutaneous melanoma

No RR est�mates were used (see below).

3. Data used for exposure prevalence.

No est�mates of exposure were used (see below).

4.Calculation of the attributable fraction 
(AF)

It �s d�ff�cult to sat�sfactor�ly quant�fy sun exposure, 
as many var�ables are �nvolved, such as the total 
durat�on of sun exposure, sunbath�ng hab�ts, sun 
protect�ons used, and sun exposure dur�ng ch�ldhood, 
adolescence and adult l�fe, all of wh�ch are known to 
have d�fferent effects on melanoma r�sk.

Consequently, use of Lev�n’s method, w�th 
select�on of some sun exposure �nd�cators, would 
underest�mate the AF of sun exposure for melanoma. 
The best alternat�ve approach �s to evaluate the 
proport�on of cutaneous melanoma due to sun 
exposure by compar�ng the observed �nc�dence of 
melanoma w�th est�mates of �nc�dence �n the absence 
of sun exposure. Th�s was done by Armstrong and 
Kr�cker (1993), who exam�ned the d�fference �n 

melanoma �nc�dence between Austral�an-born and 
�mm�grant populat�ons �n Austral�a, wh�ch led to an 
est�mate that 68% of all melanomas were attr�butable 
to sun exposure, �rrespect�ve of the t�me dur�ng l�fe or 
type of sun exposure.

Tak�ng an AF of 68% of melanoma assoc�ated 
w�th sun exposure, we can est�mate that for France 
�n the year 2000:

Incidence:  2085 melanoma �n men 
  and 2832 �n women
  1.3% of all cancers �n men 
  and 2.4% �n women

Mortality:  480 deaths from melanoma �n men  
  and 437 �n women

  0.6% of all cancer deaths �n men
  and 0.8% �n women

II. Use of sunscreens containing 
5-methoxypsoralen (5-MOP)

1. Definition of exposure

Psoralens are potent photocarc�nogens and tann�ng 
occurs faster when these compounds are added to 
a sk�n lot�on or taken orally. The assoc�at�on of 8-
methoxypsoralen (8-MOP) and ultrav�olet (UV) A has 
been class�f�ed as a Group 1 carc�nogen (IARC, 1980, 
1987). 5-Methoxypsoralen (5-MOP) �s class�f�ed as a 
Group 2A carc�nogen �n the absence of ultrav�olet A 
(IARC, 1986, 1987). In the presence of UVA, 5-MOP 
�s a potent photocarc�nogen (rev�ewed by Aut�er et al., 

Section B8: Ultraviolet light



86

1997). Sunscreen products conta�n�ng 5-MOP are 
�ntended for use dur�ng exposure to sunl�ght (wh�ch 
conta�ns large amounts of UVA) and can therefore be 
cons�dered as a Group 1 carc�nogen. In the 1980s, 
a French company added 5-MOP to sunscreens 
that were commerc�al�zed �n France, Belg�um and 
Greece, unt�l 1995, when the EC put a ban on the use 
of these products by the general publ�c (Aut�er et al., 
1997; IARC, 2001).

2. Data used for RR estimation

RR = 2.28 for cutaneous melanoma �n relat�on to ever 
hav�ng used 5-MOP sunscreens (from Aut�er et al., 
1995).

3. Data used for exposure prevalence

In 1992, 8.3% of French adults ≥ 18 years old ever 
used 5-MOP sunscreens (from Aut�er et al., 1995).

4. Calculation of the AF

W�th 8.3% prevalence and a r�sk of 2.28, we est�mate 
the AF assoc�ated w�th use of 5-MOP sunscreen to 
be 9.6%.

For France �n 2000, th�s would represent 296 new 
cases of melanoma for men and 401 for women, and 
68 deaths from melanoma for men and 62 deaths for 
women.

III. Discussion

There has been a susta�ned �ncrease �n �nc�dence 
of cutaneous melanoma �n France (5.9% per year 
�n men from 1980 unt�l 2000, and 4.3% per year �n 
women; Remontet et al., 2002, 2003), and there �s at 
present no s�gn of these trends levell�ng off.

The data we used for psoralen sunscreen use are 
not overest�mated: one survey �n 1989 among French 
adolescents 13–14 years old �n the south of France 
reported that 50.0% of g�rls and 22.2% of boys 
occas�onally or regularly used psoralen sunscreens 
to promote tann�ng (Grob et al., 1993). The r�sk 
assoc�ated w�th 5-MOP sunscreens w�ll d�sappear 
w�th t�me, as these products are no longer publ�cly 
ava�lable.

SCC and BCC were not cons�dered �n th�s report, 
because rel�able data on the�r �nc�dence �n France do 

not ex�st. In any case, SCC and BCC rarely evolve �nto 
�nvas�ve d�sease that may be fatal (�nvas�ve SCC or 
BCC often appear �n �mmunocomprom�sed people), 
and therefore the �nc�dence of SCC and BCC �s not 
recorded by most cancer reg�str�es. Nonetheless, the 
�nc�dence of these two types of tumour �s stead�ly 
�ncreas�ng �n most wh�te-sk�nned populat�ons, and 
because of the�r number, SCC and BCC have a 
cons�derable �mpact on health expend�ture. Based 
on data on SCC and BCC gathered by the cancer 
reg�stry of Doubs, an est�mate for France made by 
H. Sancho-Garn�er of the Un�vers�ty of Montpell�er 
(personal commun�cat�on) foresees around 42 000 
annual cases of SCC and BCC among French males, 
and 23 000 cases among French females. Most of 
these SCC cases w�ll occur �n the elderly and be due 
to a l�fet�me of chron�c sun exposure (e.g., farmers, 
construct�on and road workers), and most BCC w�ll 
be due to both chron�c and �nterm�ttent sun exposure 
(e.g., sun exposure dur�ng hol�days).
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1. Definition of exposure

Reproduct�ve factors �nclude character�st�cs 
spec�f�cally related to a woman’s h�story of g�v�ng b�rth, 
�nclud�ng age at menarche, number of b�rths (par�ty), 
age at f�rst b�rth, lactat�on (breastfeed�ng) and age 
at menopause. Each of these factors �s assoc�ated 
w�th �mportant changes �n c�rculat�ng estrogens and 
progesterone. Many publ�cat�ons have documented 
the �mportance of reproduct�ve factors �n a woman’s 
r�sk of develop�ng a cancer of the breast, ovary, 
endometr�um, cerv�x or colon dur�ng her l�fet�me (e.g., 
Pathak et al., 2000; P�ke et al., 1983, 1993). Cancer 
r�sk assoc�ated w�th each reproduct�ve factor tends 
to �ncrease or decrease �ncrementally throughout 
the range of the var�able, so that there �s no s�ngle 
low- or h�gh-r�sk group. Also, reproduct�ve factors 
are not �ndependent; for �nstance, breastfeed�ng can 
only be cons�dered �n parous women. Therefore, 
d�sentangl�ng spec�f�c effects of reproduct�ve factors 
on cancer r�sks �s d�ff�cult.

We found only very few publ�shed est�mates of 
numbers of breast and ovar�an cancers attr�butable 
to temporal changes �n reproduct�ve factors. Mad�gan 
et al. (1995) exam�ned the number of breast cancers 
�n the USA attr�butable to age at f�rst b�rth, tak�ng 
as the alternat�ve scenar�o all women be�ng parous 
and hav�ng the�r f�rst ch�ld before 20 years of age. 
The attr�butable fract�on was 29.5%, but the scenar�o 
chosen by these authors �s not real�st�c: nowadays 
women tend to have the�r ch�ldren after the term�nat�on 
of the�r stud�es (Bac et al., 2005), and there w�ll always 
be a substant�al proport�on of women unable to g�ve 
b�rth. Other s�m�lar types of scenar�o are even less 
real�st�c. For �nstance, one could calculate changes 
�n cancer burden to be expected �f all parous women 
al�ve �n 2000 had had three ch�ldren, but th�s would 
be po�ntless, as hav�ng one or more ch�ldren �s not 
mot�vated by a des�re to decrease one’s chance of 
develop�ng breast or ovar�an cancer.

In v�ew of these d�ff�cult�es, we adopted an 
or�g�nal approach for assess�ng attr�butable r�sks 
assoc�ated w�th reproduct�ve factors. We cons�dered 
the d�fference �n reproduct�ve h�story of women al�ve 
�n 2000 and of women al�ve �n 1980. Reproduct�ve 
h�story of women al�ve �n 2000 or 1980 could be 
reconstructed thanks to the ava�lab�l�ty of data on 
par�ty of women accord�ng to f�ve-year b�rth cohorts 
s�nce 1902. The compar�son year of 1980 was chosen 
because h�stor�cal data on reproduct�ve factors are 
not known for women born before 1902. The scenar�o 
we choose, look�ng at changes �n reproduct�ve 
factors between two years 20 years apart �s a real�st�c 
approach as �t corresponds to what actually happened 
�n the French populat�on.

In th�s report, we cons�dered null�par�ty, number 
of ch�ldren, age at f�rst b�rth and durat�on of 
breastfeed�ng. Unfortunately, for the last two factors, 
no data by b�rth cohort ex�st and we adopted other 
ways for est�mat�ng the�r prevalence �n women al�ve 
�n 2000 and 1980 (see below).

R�sks assoc�ated w�th reproduct�ve factors were 
assessed for breast (all four factors) and ovar�an cancer 
(only the number of ch�ldren). We d�d not cons�der 
reproduct�ve factors for cancer of the corpus uter� 
and of the colon, as ava�lable data are fragmentary 
and somet�mes contrad�ctory. Reproduct�ve factors 
for cerv�cal cancer are now cons�dered as surrogates 
for HPV �nfect�on, that �s addressed �n Sect�on B3. 
Age at menarche and age at menopauses were not 
cons�dered as we found no data on changes �n these 
two factors between 1980 and 2000, though there are 
�nd�cat�ons that s�nce the 1980s, changes �n these two 
factors were marg�nal (de la Rochebrochard, 2000 for 
age at menarche).

Attributable causes of cancer in France in the year 2000

Section B9: Reproductive factors
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2. Data used for RR estimates

(1) In null�parous women, relat�ve r�sk of breast 
cancer �s 1.36 (36% �ncrease) as compared to parous 
women hav�ng one or more ch�ldren (Layde et al., 
1989; Urs�n et al., 1994).

(2) There �s only a stat�st�cally non-s�gn�f�cant 
change �n breast cancer r�sk between null�parous 
women and women w�th only one ch�ld. After the f�rst 
ch�ld, the r�sk of breast cancer decreases by 7% for 
each add�t�onal ch�ld (CGHFBC, 2002).

(3) In parous and null�parous women, the r�sk of 
ovar�an cancer decreases by 13% for each add�t�onal 
ch�ld (Harvard Report on Cancer Prevent�on, 1996).

(4) The RR for breast cancer �s 1.67 �n women 
whose f�rst b�rth occurred at 30 years of age or older 
compared w�th f�rst b�rth before 30 years of age 
(Layde et al., 1989; Urs�n et al., 1994).

(5) Breast cancer r�sk decreases by 4.3% for each 
per�od of 12 months of breastfeed�ng (CGHFBC, 2002)

3. Data used for exposure prevalence

(1) For the prevalence of nulliparous women, we took 
data from the INED (Toulemon 2001, 2003; Toulemon 
and Mazuy, 2001) show�ng a cons�derable decrease 
�n null�parous women dur�ng the f�rst half of the 20th 
century, followed by stab�l�zat�on (F�gure B9.1). S�nce 
the end of the Second World War, the proport�on of 
h�gh mult�parous women has decl�ned and the current 
pers�stent trend �s towards stab�l�zat�on at around two 
ch�ldren per parous woman.

Data on the proport�on of null�parous women were 
ava�lable for f�ve-year per�od b�rth cohorts s�nce 1902. 
For �nstance, 22.8% of women born between 1902 
and 1907 rema�ned null�parous dur�ng the�r l�fet�me, 
compared w�th 9.77% of women born between 1947 
and 1952. Therefore, for each f�ve-year age group 
�n 1980 and 2000, we could calculate the number of 
null�parous women among women who were 38 years 
old or older �n 1980 and �n 2000. For �nstance, the 
number of null�parous women among women aged 
38–42 years �n 1980 was der�ved by mult�ply�ng the 
proport�on of null�parous women �n the b�rth cohort 
1938–1942 by the total number of women 38–42 
years of age �n 1980. The number of null�parous 
women 38–42 years of age �n 2000 was der�ved by 
mult�ply�ng the proport�on of null�parous women �n 
the b�rth cohort 1958–1962 by the total number of 

women 38–42 years of age �n 2000. We took women 
38 years old or older at f�rst b�rth as the lowest age 
l�m�t for the est�mat�on of par�ty as f�rst b�rth after th�s 
age �s not common.

These calculat�ons showed that �n 1980, 16.2% 
of women 38 years of age or older were null�parous, 
versus 11.9% �n 2000.

(2) For fertility, we calculated the mean number of 
ch�ldren born to parous women al�ve �n 1980 and 
2000 us�ng INED data on proport�ons of women who 
had zero, one, two, three and four or more ch�ldren 
per f�ve-year b�rth cohort s�nce 1902. For �nstance, 
women born between 1902 and 1907 were between 
73 and 78 years old �n 1980, and between 93 and 
97 year old �n 2000. F�gure B9.1 shows that the 
proport�ons of women born between 1902 and 1907 
who gave b�rth to zero, one, two, three and four or 
more ch�ldren dur�ng the�r l�fet�me were 22.8%, 23.9%, 
21.6%, 12.8% and 18.8%, respect�vely. For women 
born between 1947 and 1952, these proport�ons were 
9.8%, 20.0%, 38.4%, 20.3% and 11.6%, respect�vely. 
Computat�ons were done �n f�ve steps:

(�) We subtracted from each f�ve-year age 
group �n 1980 and 2000 the number of null�parous 
women obta�ned �n the computat�ons on null�par�ty 
descr�bed above, wh�ch y�elded the number of 
parous women 38 years old and older for each 
f�ve-year age group �n 1980 and 2000.

(��) For each f�ve-year b�rth cohort, we 
calculated the mean number of ch�ldren among 
parous women us�ng the formula:

  [b+2c+3d+4.5e]/(100–a)

where a, b, c, d, e are the proport�ons of women 
with 0, 1, 2, 3, and ≥4 children in each five-year 
b�rth cohort, and a+b+c+d+e = 100%. Because we 
had no deta�ls on the number of women w�th 4, 5, 
6 etc… ch�ldren for women who had four ch�ldren 
or more, we used a par�ty factor of 4.5 �nstead of 
4.0, to avo�d too great an underest�mat�on of the 
mean number of ch�ldren.

(���) For each f�ve-year age group of parous 
women �n 1980 and 2000, we appl�ed the mean 
number of ch�ldren per f�ve-year b�rth cohort found 
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�n (��), wh�ch y�elded the total number of ch�ldren 
born to parous women al�ve �n 1980 or �n 2000.

(�v) For calculat�on of the AF for breast cancer, 
we d�v�ded the total number of ch�ldren born to 
parous women �n 1980 or �n 2000 by the respect�ve 
total number of parous women �n 1980 and 2000, 
wh�ch y�elded the mean number of ch�ldren per 
parous woman �n 1980 and 2000.

(v) For calculat�on of the AF for ovar�an 
cancer, we d�v�ded the total number of ch�ldren 
born to parous women �n 1980 or �n 2000 by the 
respect�ve total number of women �n 1980 and 
2000, wh�ch y�elded the mean number of ch�ldren 
per woman �n 1980 and 2000.

F�gure B9.2 summar�zes the fert�l�ty data for all 
French women (v) and for French parous women (�v). 
The mean number of ch�ldren per woman and the 
mean number per parous woman tended to d�verge 
as the date of the mother’s b�rth approached 1902, as 
the proport�ons of null�parous women were stead�ly 
h�gher w�th �ncreas�ng age (F�gure B9.1). Peak fert�l�ty 
was observed for women born between 1927 and 
1937, �.e., those who were �n reproduct�ve age from 
the late 1940s to the early 1960s, correspond�ng to 
the baby-boom per�od. Fert�l�ty reverted to an average 
of two ch�ldren per woman among women born after 
1947 and has rema�ned fa�rly stable s�nce then.

Computat�ons y�elded an average number of 
2.61 ch�ldren per parous woman �n 1980 and of 2.47 
�n 2000. Average numbers of ch�ldren per women 
were 2.19 �n 1980 and 2.17 �n 2000. Women w�th 
h�gher fert�l�ty dur�ng the baby-boom per�od were 
proport�onally more numerous �n 1980 than �n 
2000, wh�ch expla�ns the greater average number 
of ch�ldren among parous women �n 1980. But there 
were proport�onally more null�parous women �n 1980 
than �n 2000, wh�ch expla�ns the qu�te s�m�lar fert�l�ty 
rates �n 1980 and 2000.

(3) Data on age at first birth were extracted from 
Graph 2 of Toulemon (2003). These INED data were 
corrected for proport�ons of null�parous women �n 
success�ve generat�ons (F�gure B9.3). Data were not 
ava�lable by b�rth cohort, but only as proport�ons by 
generat�on. Accord�ng to the INED, data on ch�ldb�rth 

dur�ng a spec�f�c year correspond to women born 
on average 28 years earl�er (the “generat�on”). The 
earl�est year w�th ava�lable data on th�s factor was 1970 
and thus concerned the generat�on of 1942. Women 
�n the year 2000 corresponded to the generat�on of 
1972, and women �n year 1980 corresponded to the 
generat�on of 1952. From F�gure B9.3, the proport�ons 
of women who gave b�rth after 29 years of age were 
25% �n 1952 and 41% �n 1972.

(4) For breastfeeding, we adopted the follow�ng 
steps:

 (�) We used the proport�on of women who 
ever breastfed prov�ded by the INSERM U149, 
that concerned the years 1972, 1976, 1981, 
1995, 1998 and 2003 (Blondel et al., 1997, 2001). 
The proport�ons of women who breastfed the�r 
ch�ldren were 31.7% �n 1972 and 56.5% �n 2003. 
We extrapolated to the years between 1972 and 
2003 us�ng s�mple l�near regress�on.

 (��) Accord�ng to a survey performed by 
the Inst�tut des Mamans (supported by La 
Leche League France²), the mean durat�on of 
breastfeed�ng �n early 2000 was four months. We 
assumed that the durat�on was the same �n 1985.

 (���) For per�ods before 1970, we used data 
from h�stor�cal reports (Rollet, 2005) and one 
survey done �n the Departments of Se�ne and 
Se�ne-et-O�se �n 1952 (Lesné et al., 1953). In 
1949, 57% of women breastfed newborns. That 
proport�on fell to 38% �n 1951 and to 32% �n 1952. 
We cons�dered that �n 1955, 30% of mothers 
breastfed the�r ch�ld up to the th�rd month after 
del�very.

 (�v) The average durat�on (�n months) of 
breastfeed�ng per woman was est�mated for the 
d�fferent po�nts �n t�me for wh�ch we had data on 
the percentage of women who breastfed the�r 
newborn and est�mates of the number of months 
of breastfeed�ng.

F�gure B9.4 d�splays est�mates of the average 
durat�on of breastfeed�ng �n France, tak�ng �nto 
account fert�l�ty rates �n spec�f�c age groups. Dur�ng 

Attributable causes of cancer in France in the year 2000

 ² La Leche League France on www.LLLfrance.org, and www.santeallaitementmaternel.com
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the Second World War, breastfeed�ng was common; 
after the war, �t decl�ned sharply, reach�ng a m�n�mum 
level �n the 1950s and 1960s. In the past decade, 
there has been a modest rev�val �n breastfeed�ng.

As for age at f�rst b�rth, we cons�dered the 
generat�ons born �n 1952 and 1972. From F�gure 
B9.4, we der�ved that average numbers of months 
of breastfeed�ng for all ch�ldren were 3.4 months 
�n the 1952 generat�on and 4.2 months �n the 1972 
generat�on.

4. Calculation of AF

The data used �n calculat�on of AFs are summar�zed 
�n Table B9.1. We f�rst calculated AFs for 1980 and 
2000, and then the d�fference �n AF between the two 
years.

For the mean number of ch�ldren, the 7% r�sk 
reduct�on was converted �nto a r�sk �ncrease. For 
breast cancer, AFs for each year were calculated 
us�ng the d�fference �n mean number of ch�ldren �n 
parous women. For ovar�an cancer, we used the 
d�fference �n mean number of ch�ldren �n all women.

Changes �n breast and ovar�an cancer �nc�dence 
and mortal�ty assoc�ated w�th changes �n reproduct�ve 
factors over t�me are d�splayed �n Tables B9.2 and 
B9.3. Overall, changes �n reproduct�ve factors over 
20 years were �nvolved �n 6.7% of breast cancers and 
�n 0.38% of ovar�an cancers.

5. Discussion

The 6.7% �ncrease �n breast cancers assoc�ated 
w�th reproduct�ve factors between 1980 and 2000 �s 
essent�ally due to h�gher age at f�rst b�rth; the sl�ght 
decrease �n the proport�on of null�parous women and 
the modest rev�val of breastfeed�ng had oppos�te 
effects on breast cancer r�sk, but the effect �s too 
small to counterbalance the r�se �n r�sk assoc�ated 
w�th age at f�rst b�rth.

In v�ew of the un�nterrupted �ncrease �n breast 
cancer �nc�dence that has taken place �n many 
countr�es s�nce the 1950s, the assoc�at�ons found �n 
th�s report between changes �n reproduct�ve factors 
and breast cancer �nc�dence may appear modest. 
The apparently l�m�ted contr�but�on of reproduct�ve 
factors �s probably due to not hav�ng a long enough 
t�me �nterval for the compar�sons. For �nstance, early 
menarche �s assoc�ated w�th �ncreased breast cancer 

r�sk. In France, as �n most �ndustr�al�zed countr�es, 
age at menarche has substant�ally decreased over 
t�me, from a mean age of 16 years �n the second 
part of the 18th century to 12.6 �n 1994 (de la 
Rochebrochard, 1999, 2000). Accord�ng to a model 
developed by Ducros and Pasquet (1978) for France, 
over twenty years, mean age at menarche changed 
by about 0.35 years. Th�s small d�fference over 20 
years does not fully reflect the major changes �n th�s 
reproduct�ve factor that took place over generat�ons, 
and the same would probably apply for the other 
reproduct�ve factors. Furthermore, �t �s worth not�ng 
that the current ep�dem�c of obes�ty �n g�rls less than 
10 years old w�ll contr�bute to a further decrease �n 
age at menarche, wh�ch may �n turn further �ncrease 
l�fet�me r�sk of breast cancer.

Our results �nd�cate that changes �n reproduct�ve 
factors cannot expla�n all the �ncrease �n breast 
cancer �nc�dence observed dur�ng recent decades. 
Increased d�sease awareness, mammograph�c 
screen�ng and use of hormone replacement therapy 
have probably played more �mportant roles.

D�fferent rates of breast cancer �nc�dence 
between countr�es may be expla�ned by var�at�ons 
�n reproduct�ve factors such as the number of 
ch�ldren per woman, age at f�rst b�rth and durat�on 
of breastfeed�ng, wh�ch can vary greatly between 
populat�ons.

At the �nd�v�dual level, d�fferences �n reproduct�ve 
factors between women may account for mean�ngful 
d�fferences �n �nd�v�dual r�sk of breast cancer (Pathak 
et al., 2000): a woman who has a s�ngle ch�ld after 
35 years of age and does not breastfeed has about 
a two-fold �ncrease �n l�fet�me r�sk of breast cancer 
compared w�th a woman who has more than three 
ch�ldren, the f�rst one born before she �s 20 and who 
breastfeeds each baby for at least s�x months. W�th�n 
a country, however, reproduct�ve behav�ours tend to 
homogen�ze and most women have s�m�lar levels of 
reproduct�ve r�sk factors. An example �s the pers�stent 
t�me-trend towards two ch�ldren per woman �n France 
(Toulemon and Mazuy, 2001). As a result, d�fferences 
�n breast cancer r�sk assoc�ated w�th reproduct�ve 
factors at the �nd�v�dual level do not have much �mpact 
on short-term var�at�ons �n breast cancer �nc�dence �n 
a country. Data by b�rth cohort on reproduct�ve factors 
and on breast cancer mortal�ty go�ng back to the m�d-
19th century would allow us to est�mate the �mpact of 
changes �n reproduct�ve factors �n the longer term, 
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say between the years 1950 and 2000, but such data 
probably do not ex�st.
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 Table B9.2 – Estimation of the number of breast and ovarian cancers cases and deaths in France in 2000 

attributable to changes in reproductive risk factors between 1980 and 2000

INCIDENCE

Females

Cancer N AF No. attributable

Ovary – Number of ch�ldren Ovary 4488 0.38% 17

Breast – Null�par�ty Breast ≥ 35 years 41057 –1.40% –576

Breast – Number of ch�ldren
Breast among 
parous women

34685 1.22% 424

Breast – Breastfeed�ng
Breast among 
parous women

34685 –0.30% –103

Breast – Age at f�rst b�rth
Breast among 
parous women

34685 7.20% 2498

Breast cancer cases attributable to change in reproductive factors 2243

Breast cancer % 5.4%

All cancers Total 2260

% 1.93%

MORTALITY

Females

Cancer N AF No. attributable

Ovary – Number of ch�ldren Ovary 3210 0.38% 12

Breast – Null�par�ty Breast ≥ 35 years 10868 –1.40% –152

Breast – Number of ch�ldren
Breast among 
parous women

9181 1.22% 112

Breast – Breastfeed�ng
Breast among 
parous women

9181 –0.30% –27

Breast – Age at f�rst b�rth
Breast among 
parous women

9181 7.20% 661

Breast cancer cases attributable to change in reproductive factors 594

Breast cancer % 5.4%

All cancers Total 606

% 1.06%

Attributable causes of cancer in France in the year 2000
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 Figure B9.1 – Distribution of women according to the final number of children they had, by age in the year 2000 

(data from INED)

 Figure B9.2 – Mean number of children per French woman 38 years old and more according to birth cohort 

(est�mated us�ng data from INED)

Risk factors selected for estimate calculations
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Attributable causes of cancer in France in the year 2000

 Figure B9.3 – Proportion of French parous women who had their first child at 30 years old more 

(data from INED)

 Figure B9.4 – Estimated mean number of months of breast feeding of parous women in France according to age 

in year 2000 (see text for data sources). Means are calculated considering all children women had. 
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I. Introduction

In the present study, we cons�dered pollutants for 
wh�ch a causal assoc�at�on w�th human cancer has 
been establ�shed. We calculated an AF for second-
hand smoke and �ndoor exposure to radon (Boffetta 
and Nyberg, 2003). Cancer r�sk from res�dent�al 
exposure to asbestos �s d�scussed but no AF �s 
prov�ded. Res�dent�al exposure to radon �s d�scussed 
�n Sect�on D1, but est�mates of the number of lung 
cancers due to res�dent�al radon are not prov�ded 
because of uncerta�nt�es �n the cancer r�sk assoc�ated 
w�th low doses of �on�z�ng rad�at�on (see Sect�on D1). 
For a number of other pollutants, the ev�dence of a 
role �n human cancer �s only suggest�ve; these are 
rev�ewed �n Sect�on D3 and no est�mate of AF was 
made.

II. Second-hand smoke

1. Definition of exposure

Second-hand smoke, �.e., s�destream smoke and 
exhaled ma�nstream smoke �nhaled by non-smokers, 
�s an establ�shed human lung carc�nogen (Hackshaw 
et al., 1997; IARC, 2004). Ev�dence for a carc�nogen�c 
r�sk from exposure dur�ng ch�ldhood �s not conclus�ve. 
Adult exposure occurs ma�nly at home - pr�mar�ly from 
the spouse - and �n the workplace. M�nor sources of 
exposure �nclude publ�c sett�ngs such as bars and 
restaurants. In th�s est�mate, we �ncluded only adult 
exposure to second-hand smoke at home and �n the 
workplace. The alternat�ve exposure scenar�o �s that 
of no exposure.

2. Data used for RR estimates

We used an RR of lung cancer �n never-smokers 
assoc�ated w�th second-hand smok�ng from the 
spouse or at the workplace from a meta-analys�s 
reported �n IARC Monograph Vol. 83 (IARC, 2004). In 
th�s meta-analys�s, r�sks of 1.37 and 1.24 were found 
for exposure to second-hand smoke from the spouse 
for men and women, respect�vely. For exposure at the 
workplace, the relat�ve r�sk was 1.19 for women and 
1.12 for men. We cons�dered spousal and workplace 
exposures to second-hand smoke as �ndependent 
r�sk factors for est�mat�on of the attr�butable fract�on.

3. Data used for exposure prevalence

Based on the data of the European mult�centr�c 
study on r�sk of lung cancer and �nvoluntary smok�ng 
(Boffetta et al., 1998), the proport�on of never-
smokers ever exposed to smoke from the spouse was 
12.8% �n men and 62.7% �n women; correspond�ng 
proport�ons for workplace exposure were 56.7% �n 
men and 52.8% �n women. These exposures were 
cons�dered as �ndependent �n the est�mat�on of the 
attr�butable fract�on.

4. Calculation of AFs

Because relat�ve r�sks and prevalence are relevant 
only to never-smokers, we appl�ed AFs to the number 
of lung cancer cases that occurred among men and 
women who had never smoked.

Table B10.1 d�splays deta�ls of the calculat�ons 

Risk factors selected for estimate calculations
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to est�mate the lung cancers due to secondhand 
smok�ng among never-smokers �n France �n 2000.

(�) Us�ng the prevalence data from Sect�on 
B1 on tobacco smok�ng, we f�rst calculated the 
proport�ons of never-smokers.

(��) We then computed AFs for lung cancer 
among non-smokers, us�ng the aforement�oned 
RR and exposure data from Boffetta et al. (1998), 
wh�ch y�elded an AF for second-hand smok�ng 
from the spouse among never-smokers of 4.5% 
�n men and 13.1% among women; the AF for 
second-hand smok�ng �n the workplace among 
never-smokers was 9.1% among women.

(���) We then der�ved the number of lung cancers 
�n never-smokers, assum�ng a proport�onal 
d�str�but�on of non-smok�ng-related lung cancers 
among ever- and never-smokers.

(�v) F�nally, we calculated the numbers of lung 
cancers among never-smokers attr�butable to 
second-hand smok�ng, �.e., 43 �n men and 174 �n 
women. We performed s�m�lar computat�ons for 
deaths from lung cancer that y�elded 38 deaths �n 
males and 161 deaths �n females.

III. Residential exposure to asbestos

Asbestos �s an establ�shed occupat�onal carc�nogen 
(see Sect�on B4). Res�dent�al exposure occurs 
follow�ng release of f�bres from m�nes, manufactur�ng 
plants and degradat�on of asbestos-conta�n�ng 
mater�als. A meta-analys�s that �ncluded stud�es of 
populat�ons exper�enc�ng heavy res�dent�al asbestos 
exposure est�mated an RR for pleural mesothel�oma 
of 3.5 (95% CI 1.8–7.0) (Bourdes et al., 2000; Boffetta 
and Nyberg, 2003). The correspond�ng RR for lung 
cancer was 1.1 (95% CI 0.9–1.5).

Accord�ng to a model developed by WHO �n 
1987, 5% of the European populat�on exper�enced 
res�dent�al exposure to asbestos. However, th�s model 
�ncluded ma�nly c�rcumstances of very low exposure 
and was thus l�kely to overest�mate the proport�ons 
of populat�ons exper�enc�ng exposure c�rcumstances 
comparable to those preva�l�ng �n stud�es that were 
�ncluded �n the meta-analys�s of Bourdes et al. (2000). 
In order to assess the order of magn�tude of the 

problem, we comb�ned the RR ment�oned for pleural 
mesothel�oma above w�th a proport�on of exposure of 
1%, wh�ch probably represents an overest�mate. In th�s 
case, a total of 2.4% of pleural mesothel�oma would 
be attr�butable to res�dent�al exposure to asbestos. 
In 2000, th�s corresponded to 16 cases among men 
and 5 cases among women. Correspond�ng f�gures 
for mortal�ty were 15 and 4, respect�vely. We made 
no est�mate for lung cancer as no causal assoc�at�on 
has been demonstrated between res�dent�al asbestos 
and th�s cancer.

IV. Overall estimate

Table B10.1 summar�zes the est�mates of the 
numbers of lung cancer deaths due to second-hand 
smok�ng �n France �n the year 2000. The same type 
of calculat�on performed w�th lung cancer �nc�dence 
data reveals 103 cases �n men and 174 cases �n 
women attr�butable to th�s pollutant. For res�dent�al 
asbestos, �n year 2000, there were 16 and 5 cases 
of pleural cancer �n men and women respect�vely, 
and 15 and 4 deaths, respect�vely. Overall, 0.07% 
of all cancers �n men and 0.15% �n women would be 
attr�butable to exposure to pollutants recogn�zed as 
be�ng human carc�nogens. Correspond�ng est�mates 
for cancer mortal�ty were 0.12% of cancer deaths �n 
men and 0.29% �n women.

V. Discussion

1. Methodological considerations

Ep�dem�ology has low sens�t�v�ty for �dent�fy�ng cancer 
r�sks from pollutants; m�sclass�f�cat�on of exposure 
and l�m�ted stat�st�cal power to detect small r�sks are 
the ma�n reasons for false negat�ve results. In a few 
cases, attempts have been made to correct for these 
sources of b�as (e.g., effect of regress�on d�lut�on 
�n the est�mate of RR from �ndoor radon exposure 
(Darby et al., 2005)). These problems are common 
to other areas of ep�dem�ology (e.g., stud�es on d�et 
and cancer).

On the other hand, false pos�t�ve results are also 
poss�ble, because of uncontrolled confound�ng and 
report�ng b�as. The role of the latter source of b�as �s 
often underest�mated; �n fact, many assoc�at�ons that 
have been reported between a pollutant and human 
cancer have never been repl�cated �n further stud�es 

Attributable causes of cancer in France in the year 2000
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w�th large samples, better study des�gns and more 
adequate control of confound�ng factors. To �llustrate 
th�s problem, F�gure B10.1 reports the cumulat�ve 
ev�dence of an assoc�at�on between serum level of 
DDE (d�chlorod�phenyld�chloroethylene), the ma�n 
metabol�te of DDT (d�chlorod�phenyltr�chloroethane), 
and breast cancer r�sk. In 1993, a cohort study 
reported a strong relat�ve r�sk among women w�th 
elevated levels of DDE (Wolff et al., 1993). However, 
these early results were not conf�rmed by subsequent 
larger stud�es (Kr�eger et al., 1994; Hoyer et al.,1998; 
Dorgan et al., 1999; Helzlsouer et al., 1999; Ward 
et al., 2000; Wolff et al., 2000; Laden et al., 2001), 
and �t �s �mposs�ble to draw any conclus�on from the 
overall ev�dence as to a poss�ble assoc�at�on between 
exposure to DDE and breast cancer.

Because of these l�m�tat�ons, caut�on �s needed 
�n �nterpret�ng assoc�at�ons between pollutants and 
cancer r�sk; th�s �s reflected �n the conservat�ve 
approach we have followed �n cons�der�ng only 
pollutants for wh�ch a causal assoc�at�on w�th cancer 
�s f�rmly establ�shed.

2. Second-hand smoking

Exposure to second-hand smoke from the spouse �s 
not �ndependent of that �n the workplace, and some of 
the attr�butable cases may overlap. Exclus�on of other 
sources of second-hand smoke may have resulted 
�n a small underest�mat�on of the AF. S�m�larly, �t 
�s plaus�ble that a small number of lung cancers 
occur as a consequence of second-hand smoke 
exposure among smokers. However, relat�ve r�sks of 
lung cancer �n current or past smokers are so h�gh 
compared to relat�ve r�sks assoc�ated w�th second-
hand smok�ng that the real �mpact of second-hand 
smok�ng on the lung cancer r�sk among smokers �s 
negl�g�ble. The ev�dence l�nk�ng second-hand smoke 
to other cancers �s �nconclus�ve (IARC, 2004).

3. Pollutants and tobacco smoking

The fact that most pollut�on-related cancers – at least 
�n France – or�g�nate �n the lung g�ves a spec�al 
perspect�ve to the problem, as most of these 
cancers occur �n smokers, and therefore, many (or 
even most) of them could be prevented by smok�ng 
cessat�on. Th�s cons�derat�on �s not �ntended to 
d�m�n�sh the �mportance of the problem from a publ�c 

health perspect�ve or the need to reduce harmful 
and �nvoluntary exposures, but further emphas�zes 
the role of tobacco as a human carc�nogen and �ts 
�mportance as a ma�n target of cancer prevent�on.
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Risk factors selected for estimate calculations

Table B10.1 – Estimation of the number of lung cancer deaths among never-smokers in France in 2000 

attributable to second-hand smoking

 Males Females

Prevalence of tobacco smoking (from Section B1)

% Current smokers (a) 48.2% 30.4%

% Former smokers (b) 27.7% 14.0%

% Ever-smokers (c) = (a) + (b) 75.9% 44.4%

% Never-smokers (d) = 100 – (c) 24.1% 55.6%

AF estimate for second- hand smoking among never-smokers

Exposure to smok�ng spouse 

% Never-smokers exposed to smok�ng spouse (see text) 12.8% 62.7%

RR for lung cancer (see text) 1.37 1.24

AF (e) 4.5% 13.1%

Exposure to smok�ng at workplace

% Never-smokers exposed to smok�ng at workplace (see text) 56.7% 52.8%

RR for lung cancer (see text) 1.12 1.19

AF (f) 6.4% 9.1%

Number of deaths attributed to second-hand smoking 

Total number of lung cancer deaths �n 2000 (g) 20585 4246

Lung cancer deaths �n ever-smokers attr�butable to smok�ng (h) 17085 2939

Lung cancer deaths non-attr�butable to smok�ng (�) = (g) – (h) 3500 1307

Lung cancer deaths among never-smokers (j) = (�)*(d) 843 727

Lung cancer deaths attr�butable to second-hand smok�ng from 
spouse among never-smokers (j)*(e) 

38 95

Lung cancer deaths attr�butable to second-hand smok�ng at 
workplace among never-smokers (j)*(f) 

54 66

Total number of lung cancer deaths attr�buted to second-hand 
smok�ng

92 161
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Figure B10.1 – Cumulative meta-analysis of risk of breast cancer and exposure to DDE.

Meta-relative risks (with 95 % CI), by year of publication of initial (Wolff et al., 1993) and five subsequent reports

Attributable causes of cancer in France in the year 2000




