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Abstract The objective of this work was to detail the

incidence and mortality trends of invasive and in situ

breast cancer (BC) in France, especially regarding the

development of screening, over the 1990–2008 period.

Data issued from nine population-based cancer registries

were studied. The incidence of invasive BC increased

annually by 0.8 % from 1990 to 1996 and more markedly

by 3.2 % from 1996 to 2003, and then sharply decreased

until 2006 (-2.3 % per year), especially among women

aged 50–69 years (-4.9 % per year). This trend was

similar whatever the introduction date of the organized

screening (OS) program in the different areas. The

incidence of ductal carcinoma in situ steadily increased

between 1990 and 2005, particularly among women aged

50–69 years and 70 and older. At the same time, the

mortality from BC decreased annually by 1.1 % over the

entire study period. This decrease was more pronounced in

women aged 40–49 and 50–69 and, during the 1990–1999

period, in the areas where OS began in 1989–1991. The

similarity in the incidence trends for all periods of

implementation of OS in the different areas was striking.

This suggests that OS alone does not explain the changes

observed in incidence rate. Our study highlights the

importance of closely monitoring the changes in incidence
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and mortality indicators, and of better understanding the

factors causing variation.

Keywords Breast cancer � Ductal carcinoma in situ �
Incidence � Mortality � Population-based registries �
Epidemiology

Introduction

Breast cancer (BC) is the most common cancer and the

leading cause of cancer-related death in women in France,

as in many developed countries [1]. Many changes were

observed in BC incidence trends during the past 20 years.

Among the main factors that can influence BC incidence,

the effects of screening and of hormone replacement

therapy (HRT) after menopause are controversial, espe-

cially regarding the major decrease observed in many

Western countries around 2003 [2, 3]. Other known risk

factors, including endogenous and exogenous hormonal

factors (e.g., age at menarche, at menopause, and at first

pregnancy, lactation), alcohol consumption, obesity,

genetic factors, and irradiation may also influence the

incidence of BC [4].

In France, an organized screening (OS) program for BC

was introduced in a few pilot areas from 1989, and then

gradually extended to the whole French territory until

2004. Women aged 50–69 years (up to 74 years after

2002) were invited to undergo bilateral mammogram

screening every 2 years, with 100 % reimbursement by

their health insurance [5]. Alongside the OS, opportunistic

screening was also performed through practitioners’ direct

prescription outside the OS program [6].

Here, we detail the incidence and mortality trends of

invasive and in situ BC through French population-based

cancer registries data, especially regarding the develop-

ment of screening.

Method

Data

This study was conducted within the framework of the

French network of cancer registries (FRANCIM). Inci-

dence analysis was based on the databases of nine registries

(Bas-Rhin, Calvados, Côte d’Or, Doubs, Hérault, Isère,

Loire-Atlantique, Vendée, and Tarn), selected because of

their long-term routine recording of ductal carcinoma

in situ (DCIS). These nine registries covered an area of 7.3

million inhabitants in 2008. All first-incident invasive

female breast carcinoma and first-incident DCIS, diag-

nosed between 1990 and 2008, were considered for this

study. Noninvasive lobular neoplasia and nonepithelial

cancers, such as lymphoma and sarcoma, were excluded.

French cancer registries routinely collect cases from path-

ological laboratories, departments of medical data pro-

cessing, clinical services of public and private hospitals,

health insurance funds, and medical practitioners. Data are

recorded according to the European Network of Cancer

Registries (ENCR) recommendations [7]. The quality and

completeness of these population-based registries are cer-

tified every 4 years by an audit of the French National

Institute of Health and Medical Research (Inserm) and the

French Institute for Public Health Surveillance (InVS).

Mortality data for BC between 1990 and 2008 were pro-

vided for each year by the Centre for Epidemiological

Research into Medical Causes of Death (CépiDc).

Analysis

The incidence rates were calculated for the 19-year period

(1990–2008), and based on person-years derived from the

annual estimates of population by age and sex provided by

the National Institute of Statistics and Economic Studies

(Insee). Age-standardized rates (ASR) were estimated by the

direct method using the standard world population for both

incidence and mortality. Time trends in incidence and mor-

tality were estimated using the conventional average annual

percent of change (AAPC) calculated by quasi-Poisson age-

period models. The setup date of screening programs varied

from district to district: 1989–1991 in Bas-Rhin and Isère;

1996–1999 in Calvados, Loire-Atlantique, and Hérault;

2003–2004 in Côte d’Or, Doubs, Tarn, and Vendée. Thus,

AAPCs for incidence were detailed according to four periods

(1990–1996, 1996–2003, 2003–2006, and 2006–2008).

Stratified analyses were conducted according to four age

groups: less than 40, 40–49, 50–69, and 70 years and older.

In the 50–69 years group (age group targeted by the OS

program for most of the study period), stratified analyses

were also conducted according to three area groups, merged

by the date of initiation of the OS program (1989–1991: Bas-

Rhin and Isère; 1996–1999: Calvados, Loire-Atlantique, and

Hérault; 2003–2004: Côte d’Or, Doubs, Tarn, and Vendée).

AAPCs for mortality were calculated for two periods

(1990–1999 and 1999–2008) according to the graphical

presentation of standardized mortality rate, which showed a

small change in the linear trend of mortality only in 1999.

Similarly to incidence, analyses were stratified according to

the same age groups and area groups.

All statistical analyses were performed using R software

version 3.0.1 [8].

168 Breast Cancer Res Treat (2014) 147:167–175

123



Results

Incidence

Between 1990 and 2008, 8,232 DCIS and 78,268 invasive

BC cases were diagnosed in the nine areas (Table 1).

DCIS accounted for 9.5 % of all BC, for 11.5 % in

women aged 40–69, but for only 5 % in women aged

70 years and older.

As shown in Fig. 1, the aged-standardized incidence rate

of invasive BC annually increased moderately by 0.8 %

from 1990 (ASR = 74.1/100,000) to 1996, and then shar-

ply by 3.2 % until 2003 (ASR = 102.5/100,000). After-

ward, the incidence rate of invasive BC suddenly dropped

by 2.3 % per year until 2006 when it is stabilized

(ASR = 94/100,000). Recent changes concerned mainly

women aged 50–69 years (annual increase of 4.6 % from

1996 to 2003 and decrease of 4.9 % after 2003). From

1996 to 2003, a significant rise was also observed in

women younger than 50 years but to a lesser extent (2.3

and 1.4 %, respectively, for age groups 20–39 and 40–49),

and after 2003, the decrease was not significant. In women

aged 70 and older, a significant annual increase of 2.0 %

was observed from 1996 to 2003.

By grouping areas according to the implementation date

of the OS program, the major increase observed after 1996

in women aged 50–69 years occurred in every area,

including those areas that did not yet enjoy a screening

program at that time (Fig. 2). Annual increases of 4.6, 4.2,

and 7.4 % were seen in the areas with an OS program

introduced in 1989–1991, 1996–1999, and 2003–2004,

respectively. Regardless of the screening program’s date of

introduction, the decrease after 2003 was similar in the

three grouped areas.

The standardized incidence rate of DCIS was twice as

high in 2005 when it peaked (ASR = 14.2/100,000) as in

1990 (ASR = 7.2/100,000), before declining to 11.5/

100,000 in 2008 (Fig. 3). The rise was quite substantial,

being above 5 % per year between 1990 and 2003, and

slowing down after 2003. Conversely to invasive BC, the

annual increase over the 1996–2003 period was high in

both women aged 50–69 and 70 years and older (6.1 and

8.9 %, respectively). A non-significant increase was also

observed in younger women (Fig. 3). In parallel, the pro-

portion of DCIS cases increased in each age group

(Table 1).

Mortality

Between 1990 and 2008, 22,709 deaths from BC occurred

in the nine study areas. During the same period, the age-

standardized mortality rate annually decreased by 1.1 %T
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from 20.1/100,000 in 1990 to 16.1/100,000 in 2008

(Fig. 4). For all women aged 40 years and over, the rate of

mortality decline diminished by age group: from 2.1 % for

women aged 40–49 years to 0.8 % for those aged 70 years

or more. Mortality rates remained constant for women

younger than 40 years, at around 1/100,000.

1990-1996 1996-2003 2003-2006 2006-2008
Age (years) AAPCa

CI95%
b AAPC CI95% AAPC CI95% AAPC CI95%

20-39 years 1.2 [-1.2 ; 3.6] 2.3 [0.6 ; 4.0] -1.9 [-6.8 ; 3.2] -1.7 [-7.7 ; 4.6]
40-49 years 0.4 [-0.2 ; 1.4] 1.4 [0.4 ; 2.4] -0.4 [-3.4 ; 2.8] 0.2 [-4.3 : 4.9]
50-69 years 0.9 [-0,2 ; 2,0] 4.6 [3,4 ; 5,9] -4.9 [-7,2 ; -2,6] -0.3 [-2.5 ; 3.1]
>70 years 1.0 [-0,6 ; 2,6] 2.0 [0,6 ; 3,5] 0.9 [-2,3 ; 4,2] -2.6 [-4.2 ; -1.1]
All ages 0.8 [0,2 ; 1,4] 3.2 [2,5 ; 3,8] -2.3 [-3,7 ; -0,8] -0.7 [-2.1 ; 0.6]

a average annual percentage of change (%), b Confidence Interval

Fig. 1 Invasive breast cancer

incidence trends according to

age at diagnosis from 1990 to

2008 (France, 9 département

areas)

Fig. 2 Invasive breast cancer

incidence trends in women aged

50–74 years according to the

initiation date of the screening

program from 1990 to 2008

(France, 9 département areas)
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Among women aged 50–69 years, a significant decrease

was observed between 1990 and 2008, regardless of the OS

date of introduction (Fig. 5). The largest annual decrease

(–2.4 %) was found in areas where OS was implemented in

1989–1991. The decrease was higher before than after

1999 (–3.7 and –2.5 %, respectively). Conversely, the

mortality rate remained constant between 1990 and 1999,

and then annually decreased significantly by 1.9 % until

2008 in areas that began OS in 1996–1999 as well as in

2003–2004.

Discussion

Our study provides an update of BC epidemiology using

population-based data. Incidence trends of in situ carci-

noma in France are provided for the first time.

Incidence

The upward trend of aged-standardized incidence rates for

invasive BC observed in our study, by 0.8 % per year

between 1990 and 1996 and by 3.2 % per year between

1996 and 2003, is concordant with the national estimate of

a 2.4 % annual increase between 1980 and 2005 [9]. Both

management practices and risk factors can influence BC

incidence. Implementation of a screening program should

lead to an increase in incidence in the early years, through

the diagnosis of prevalent cases, then a decrease during a

phase of ‘‘screening saturation’’ (after all prevalent cases

have been discovered), followed by a stabilization and a

return to the tendency induced by changes in the risk

factors.

The increase in incidence was sharpest in the age group

targeted by OS, supporting the idea that the introduction of

OS has an impact. However, the similar patterns of inci-

dence changes regardless of the date of OS introduction,

and the rising incidence in the other age groups, suggest

that the impact of the OS program itself was only partial.

Part of the rise could be related to opportunistic screening,

which increased in the early 1990s in France. Few data are

available to estimate the widespread use of opportunistic

screening. In 1994, the percentage of women aged

50–69 years, who had one mammography examination

within the three previous years, ranged from 57 to 78 %

(average 68 %) in five areas with an implemented OS

program, and 48 % in an area without an OS program [10].

Part of the increase in incidence observed after the

screening implementation could reflect overdiagnosis. A

recent review of studies evaluating the proportion of can-

cers overdiagnosed by screening in Europe reported a value

between 1 and 10 % [11]; however, this value is still

debated [12], especially because of methodological reasons

[11, 13, 14]. Part of the increase in incidence possibly

Fig. 3 In situ breast cancer

incidence trends according to

age at diagnosis from 1990 to

2008 (France, 9 départements

areas)
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linked to this phenomenon was too complex to consider in

our study.

It is also plausible that part of the increase in the inci-

dence of invasive BC observed from 1991 to 2003 was

related to changes in exposure to risk factors. A study

conducted in two areas (Isère and Tarn) highlighted an

increase in the incidence of both cancers of advanced

stages (T3–4 or N1 or M1) and of localized stages between

1990 and 2003 in women aged 50–74 years [15]. The

growing use of HRT in the 1990s in France may have

played a role in the inflation of BC incidence together with

the development of screening. It is likely that other risk

factors (such as reduced parity or increasing age at first

pregnancy for women born between 1935 and 1950) have

also impacted incidence. Indeed, a previous work showed

that BC incidence began to rise prior to 1990 and to the

implementation of a screening program [9].

After 2003, the incidence of invasive BC decreased by

2.3 % per year until 2006. As in many countries in the

early 2000s, this occurred particularly among women aged

50–65 years [16, 17]. There has been much debate on the

reason for the decline [2, 3, 18]. It could be related to the

coexistence of several factors: a decrease in the prescrip-

tion of HRT combined with a possible saturation of

screening. In the USA, BC incidence started to decrease

before 2000, slowly until 2002 (possibly related to

screening saturation) and then more sharply after 2002,

with the additional effect of decreasing HRT use [19]. By

contrast, in France, the screening program was introduced

gradually and generalized only in 2004; however, oppor-

tunistic screening increased from the early 1990s. In our

study, the similarity in incidence trends of invasive cancers

suggests that the saturation phase, combining opportunistic

and OS, occurred at exactly the same time in all the areas

where OS was implemented at different periods. This

would be quite surprising. It is more likely that the rapid

decline in HRT use of 62 % from 2001 to 2006, evidenced

by the National Health Fund, sharpest in women aged

50–64 years between 2002 and 2004, partly explained the

drop in BC incidence in 2003, in addition to a partial

screening saturation effect in some areas [20]. The effect of

HRT should be temporary, because it only exerts a pro-

moter effect accelerating the growth of already existing

tumor cells [21].

Stabilization or a decrease of other known risk factors,

such as the significant drop in alcohol consumption

between 1955 and 2008, should also be mentioned [22].

However, for younger cohorts of women, other factors

seem to develop rather unfavorably, such as increasing age

at first pregnancy, obesity, or night work. These factors

change gradually over time, and if they continue to develop

adversely in the next few years, then the incidence could

start increasing again in women aged 40–74, as already

evidenced in women younger than 40 years [23].

Age 1990-1999 1999-2008 1990-2008
 (years) AAPC a CI b

95% AAPC CI95% AAPC CI95%

20-39 3.9 [-0.3 ; 8.3] -2.4 [-7.2 ; 2.7] -0.8 [-2.5 ; 0.9]
40-49 -0.5 [-2.8 ; 1.8] -4.4 [-6.7 ; -2.0] -2.1 [-3.1 ; -1.2]
50-69 -1.1 [-3.4 ; 1.2] -2.0 [-4.1 ; 0.1] -1.2 [-2.0 ; -0.4]
>70 -0.3 [-1.2 ; 0.7] -0.7 [-1.6 ; 0.3] -0.8 [-1.2 ; -0.4]

All ages -0.5 [-1.1 ; 0.1] -1.5 [-2.1 ; -0.9] -1.1 [-1.3 ; -0.8]
a Average annual percentage of change (%), b Confidence Interval

Fig. 4 Breast cancer-related

mortality trends according to

age at diagnosis from 1990 to

2008 (France, 9 départements

areas)
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The incidence of DCIS annually rose by 5.3 % between

1990 and 1996 and then by 5.7 % between 1996 and 2003.

This increase was similar to the increase in the proportion

of DCIS among BC cases: from 7.6 % in 1990–1992 to

13.5 % in 2005–2008 among women aged 50–69 years.

The incidence trend of DCIS did not completely overlap

that of invasive BC. It was consistent with the development

of screening practices as described in other countries [24–

26]. DCIS incidence in France was close to that observed in

the UK but was lower than that observed in the US, where

the ratio DCIS/BC exceeded 20 % in 2005 [25, 27].

According to Kumar et al., differences in DCIS/BC pro-

portion between the US and the UK were partly attributed

to the differences in diagnosis practices (interpretation of

mammograms and recall rate, use of open biopsy, and

positive predictive value of open biopsy) [27]. Part of the

increase may reflect overdiagnosis [14]. However, the

increase of DCIS both in incidence rates and in the pro-

portion of diagnosed cancers occurring in women younger

than 50 and older than 69 years was also in favor of

improvements in medical practices and in radiological

diagnostic technologies. It was evidenced that the detection

of DCIS is greatest at baseline screening than at subsequent

screenings [25]. Thus, the decline after 2005 could corre-

spond to a saturation of individual and organized combined

screening. The incidence trends of DCIS may better reflect

screening expansion compared with those of invasive BC.

Mortality

We found a significant average annual decrease of 1.1 % in

BC mortality in the study area from 1990 to 2008. The

annual decrease of 1.5 % during 1999–2008 was close to

the French national estimate of 1.5 % over the 1999–2004

period [28]. This is consistent with the reduction of mor-

tality observed in many Western countries during recent

decades [28, 29].

The impact of the implementation of screening pro-

grams is still debated. Numerous studies have demon-

strated that the early detection of tumors can reduce

mortality. The latest meta-analyses found a reduction in

mortality from 15 to 20 % in favor of screening [30, 31],

and the recent large-scale population studies a reduction of

mortality for screening from 6.4 to 25 % [32–34].

Some patterns of the decline in mortality from BC

observed in our study were in favor of an impact of OS: the

reduction accelerated after 1999, when five of the nine

areas were covered by OS; although not the greatest one, a

reduction was found in women aged 50–69 years, the tar-

geted age for OS, and the largest decrease was observed in

1990-1999 1999-2008 1990-2008

AAPC a CI b 95% AAPC CI95% AAPC CI95%

OS c starting in 89-91 -3.7 [-5.7 ; -1.6] -2.5 [-4.5 ; -0.5] -2.4 [-3.2 ; -1.6]

OS starting in 96-99 0.1 [-1.5 ; 1.7] -1.9 [-3.7 ; -0.1] -0.8 [-1.5 ; -0.1]

OS  starting in 03-04 -0.7 [-2.4 ; 1.0] -1.9 [-3.9 ; 0.1] -0.9 [-1.6 ; -0.2]
a Average annual percentage of change (%), b Confidence Interval, c Organised screening

Fig. 5 Breast cancer-related

mortality trends in women aged

50–69 years according to the

introduction date of the

screening program from 1990 to

2008 (France, 9 département

areas)
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areas that established OS in 1989–1991. This reduction was

rather modest in comparison with other European countries

where a decline of 1 to 9 % was observed before and at

least 10 years after the introduction of screening [35].

By contrast, several facts did not support the impact of OS

alone on the mortality decline in our study. We found a

decrease twice as high among women aged 40–49 years as

compared with women aged 50–69 years. The same changes

in mortality rate in the areas that started OS in 2003–2004

occurred as early (in 1999), as in those that started before.

Furthermore, we observed a significant decrease in rates

shortly after implementation of OS, although the effects on

mortality do not usually appear immediately, but several

years after OS implementation [36].

Part of the decrease in mortality could be attributed to

advances in therapy, which dramatically improved in last

few decades. The contribution of screening on the mortality

reduction observed between 1975 and 2000 in the United

States was estimated between 28 and 65 % (median con-

tribution 46 %) [37]. In Norway, Kalager et al. reported

that screening is only responsible for 33 % of the estimated

reduction in mortality [32]. Some authors stressed the

potentiating effects of both early detection and appropriate

care on the reduction of BC mortality [32, 38, 39]. In

Catalonia, among women aged 30–69 years, the reduction

in BC mortality between 1975 and 2008 was estimated to

be due to screening for 20.4 %, to adjuvant therapy for

15.8 %, and to a combination of both factors for 34.1 %

[38]. In the United States, the percentage of reduction in

mortality from BC between 1975 and 2000 was 7.5–22.7 %

for detection, 12–20.8 % for adjuvant treatment [39], and

24.9 % for the combination of both [40].

As in many studies on recent trends [41], we have not

been able to demonstrate a direct relationship between the

gradual establishment of an OS program and the reduction

in BC mortality in several French areas. The only French

study aimed at evaluating the effect of BC screening on

related mortality estimated a 19–23 % reduction in mor-

tality for cancer diagnosed between 1990 and 1996 [42].

Our results were clearly in favor of the important role

played by improvements in therapeutic management. The

impact of OS on mortality may not be entirely visible yet

because the last areas only began the program in 2004, and

opportunistic screening makes it difficult to interpret

mortality trends in France.

The strength of the present study lies in the standardized

procedures of data collection and coding used by all French

cancer registries over long periods. Nevertheless, the study

may have some limitations. The areas studied may not be

representative of the whole of France. However, the

diversity of situations in terms of population covered and

of OS practices, and the similarity of trends in all areas,

argue in favor of the relevance of our results. Moreover,

estimated trends in incidence and mortality at a national

level were consistent with ours. Another limitation is that

descriptive epidemiology alone cannot measure the impact

of the changes in known risk factors or medical practices

(including OS) on incidence and mortality trends. Although

the results should be interpreted cautiously, this study

allows many assumptions to be made.

One impressive result was the similarity of incidence

trends in the different areas for all the periods of OS

implementation. As pointed out by other authors, the

observed changes in incidence rates certainly reflect the

combination of several phenomena [43, 44]. Long-term

incidence trends related to a progressive change in exposure

to certain risk factors (such as reproductive patterns) overlap

with temporary short-term fluctuations related to the fast

changes in other risk factors such as screening or HRT use.

Our study highlights the importance of closely monitoring

the changes in incidence and mortality indicators, and of

better understanding the factors causing variation.
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