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Abstract
Background: The incidence and incidence trends of breast cancer according to molecular subtype are unknown at
a population level in France. The registry data enables this study and may give this information, that is crucial to
describe and understand breast cancer epidemiology.
Methods: We estimated the incidence rates of breast cancer for each molecular subtype using data from three cancer
registries in France for the period from 2007 to 2012. Molecular subtypes were defined with immunohistochemical
data. Poisson models were estimated to modelize the course of breast cancer incidence and to test the trends.
Results: The study included 12,040 patients diagnosed between 2007 and 2012 in the three administrative areas
covered by the registries. There was no significant trends in the proportion of each molecular subtype year by year.
The age distribution of incident cases was different depending on the molecular subtypes (p < 0.001). The course of
incidence between 2007 and 2012 was also different depending on molecular subtype according to the multivariate
Poisson model (p < 0.001).
Conclusion: The description of incident cases of breast cancer according to molecular subtype at a population
level showed differences in trends. The trends in incidence differed according to molecular subtype, and this
should improve our understanding of overall changes in incidence. This analysis is important to plan screening
and treatment resources at a population level.
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Background
Breast cancer is the most frequent cancer in women in
France [1]. Trends in incidence are well described [1], although explanations for these trends are lacking. Epidemiological studies have failed to propose explanations
for observed trends in breast cancer incidence. However,
help may be at hand from biological researchers. Indeed,
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breast cancer is now defined according to molecular
subtypes [2], which can be roughly identified by routine
immunohistochemical exams, namely hormonal receptors
(HR) and Human epidermal growth factor receptor
(HER2) [3]. The molecular subtypes identified correspond
to different disease profiles within the overall heading of
breast cancer. Their epidemiological features are not
the same, with different risk factors, recurrence patterns,
recurrence rates and survival curves. Additionally, management is not the same, and treatment now depends on
the molecular subtype.
There is still few population-based epidemiological studies on this subject, since immunohistochemical characteristics are rarely available at a population level. HER2
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status is available in the Surveillance, Epidemiology and
End Result program (SEER) registries since 2010, and HR
status since slightly earlier. Descriptions of incidence according to molecular subtypes were reported by the SEER
[4, 5] for two years (2010, 2011), corresponding to the first
years with available HER2 status. One study was conducted
in Norway, with estimation of secular trends, with imputation for unknown molecular subtypes [6]. However, to the
best of our knowledge, no study exists to date reporting
trends in the incidence of breast cancer according to molecular subtype from a population perspective.
French cancer registries systematically record precise
information about each case. HR and HER2 status have
been recorded since 2007 in three French cancer registries, namely th registries of the Manche, Loire-Atlantique
and Côte d’Or Departments of France.
Therefore, this study aimed to describe the trends in
breast cancer incidence according to molecular subtype
at a population level.

Materials and methods
Population

Data from three French cancer registries were used
(Manche, Loire Atlantique and Côte d’Or). These registries
perform exhaustive registration of all new cases of breast
cancer diagnosed within their administrative area. The
population of these three administrative areas gather
2,300,000 inhabitants. These three population-based
registries are labelled by the INSERM (Institut National
de la Santé et de la Recherche Médicale), the Santé
Publique France Agency, and the National Cancer Institute (INCA). The mortality/incidence ratio is 20.7 and
the microscopic verification proportion is 99.5% for female invasive breast cancer in the Loire-Atlantique cancer
registry (2012–14).
The mortality/incidence ratio is 19.4 and the microscopic verification proportion is 98.2% for female invasive
breast cancer in the Manche cancer registry (2012–14).
All patients diagnosed with an invasive breast cancer
between 2007 and 2012 were included in the study (n =
12,040 patients).
Data

Year of diagnosis and age at diagnosis were available in
the registry data. Age classes were computed in four
groups for the population description, and then by fiveyear intervals for incidence standardization. Immunohistochemical data such as oestrogen receptor (ER), progesterone
receptor (PR) and human epidermal growth factor receptor
(HER2) were recorded for each new breast cancer case. If
HER2 expression status was uncertain by immunohistochemistry, analysis by fluorescence in situ hybridization
(FISH) was performed. Immunohistochemical analyses and
FISH analyses were performed in routine laboratories, no
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special analysis was performed for this study. Molecular
subtypes were defined as follows: triple negative (TN)
(HER2 negative, ER negative and PR negative), HR+/HER2(HER2 negative, ER positive, PR positive or negative), HR
+/HER2+ (HER2 positive, ER positive, PR positive or
negative), HR-/HER2+ (HER2 positive, ER negative, PR
negative). For 1683 patients, molecular subtype was not
defined because of missing data on immunohistochemical
analyses. They were included as NA (not available) in the
univariate description, but they were excluded from the
Poisson model.
The population composition by age and gender for
each administrative area and for each year was obtained
from the National Institute of Statistics and Economic
Studies (Institut National des Statistiques et des Etudes
Economiques, INSEE).
Statistical analysis

Descriptive analysis of available data was performed. Crude
incidence rates were estimated year by year, for the overall
cases, and then by molecular subtype. Standardized incidence rates were estimated, according to the World
standard population from the World Health Organization
(WHO) [7] . Standardized incidence rates were also estimated by year, for the overall population and for each
molecular subtype.
Poisson models were used to analyse the incidence
rates by year, age class and molecular subtype. Interaction
was tested by the likelihood ratio test. Bsplines were used
to adjust semi-quantitative variable such as age class.
Statistical analyses were performed with R 3.2.2 software [8].

Results
Overall, 12,040 incident cases of breast cancer were included in the three French departments between 2007
and 2012 (Table 1). Among all cancer cases, 4.5% were
diagnosed before the age of 40, and 30.5% after 70 years
of age.
The proportion of ER positive tumours was high (78.8%).
All PR-positive tumours were ER positive; 10.3% of tumours were positive for HER2.
Estimated incidence rates are presented in Table 2. HR
+/ HER2-cancers were the most frequent. The lowest
standardized incidence rate (SIR) was in 2009, and the
highest in 2010 for the overall population.
Figure 1 presents the proportion of each molecular
subtype among cancers for each year. Figure 2 presents
the proportion of each molecular subtype, by age class.
The frequency of cancers with unknown subtype decreased
with year of diagnosis. There were more unknown types
among elderly patients. The proportion of triple negative
cancers was higher in younger patients than in elderly
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Table 1 Description of the population of patients with breast
cancer diagnosed between 2007 and 2012 in three French
administrative areas

for the 60–64 age class. This decreasement is not confirmed in 2012 diagnosis year.

Variable

Discussion
Our study is based on population data from established
and exhaustive cancer registries. For this study, molecular information about breast tumours was recorded, and
these data about molecular subtype are now recognized
as useful for predicting prognosis and therefore, for
making treatment decisions. The results show different
evolution of molecular profile incidence among age class
and among the studied years of diagnosis.
The strength of this study is the report of valid population data, with a good registration of incident cases.
Nevertheless, the immunohistochemical data were not
available for all incident cases. This missing data were
more frequent in early years and for old patients. The
SEER reports [4, 5] had missing data about immunohistochemical analyses for 12% of patients in 2010. The report from Norway [6] produced imputed estimation.
Here, missing data were described by age class and by
year of diagnosis, to show that they were not missing at
random. Missing data were more frequent in first year of
immunohistochemical data registration and for elderly
patients.
The spread of the different molecular subtypes is similar to that described by Howlader and Kohler [4, 5] in
the SEER study. In their article, Howlader et al. found
73% Luminal A tumours, defined as HR+/HER2- tumours (versus 77.6% in our study), 12% triple-negative
tumours (versus 10.7% in our study), 5% HER 2 positive
tumours with negative hormone receptors (versus 4.3%)
and 10% HR+/HER2 + tumours (versus 7.3% in our
study). These two studies, both conducted on population
databases, thus reported coherent results, and both reported a different spread in molecular subtypes than that
described in clinical trials, where HER2 positive tumours
are described as being much more frequent than in
population databases (15–30% vs 11.8%) [9]. Indeed, HER2
positive tumours are probably more exposed to inclusion
in clinical trial since they are probably more frequently
managed in cancer comprehensive cancer.
The profile of incidence by age class and by molecular
subtype also differed compared to that described in the
United States, where the age class with the maximal incidence is around 65–75 [4], compared to age 50–60 in
France. This may be due to nationwide implementation
of mass screening for breast cancer from age 50 onwards
in France. For the administrative areas described here, the
participation rate to the national screening programme
is between 52% and 55%. This national program is for
women aged between 50 and 75 years-old.
The course of the trends in breast cancer incidence
may be at least partially explained by the incidence of

N = 12,040

%

2007

1976

16.4

2008

1940

16.1

2009

1910

15.9

2010

2069

17.2

2011

2063

17.1

2012

2082

17.3

< 40

547

4.5

40–54

3447

28.6

55–69

4377

36.4

> = 70

3669

30.5

ER+ (699 NA, 6%)

9492

78.8

PR+ (707 NA, 6%)

8144

67.6

HER2+ (1524 NA, 13%)

1239

10.3

TN

1111

9.2

HR+/HER2+

758

6.3

HR+/HER2-

8041

66.8

HR-/HER2+

447

3.7

NA

1683

14.0

Year

Age class

Biomarker

Molecular subtype

ER: estrogen receptor, PR: progesterone receptor, HER2: human epidermal growth
factor receptor, TN: triple negative; HR: hormonal receptor; NA: not available

patients, while the proportion of HER2+ tumours decreased with age.
Using Poisson models, we analysed the incidence rates
by age class, molecular subtype and year of diagnosis.
The final model is adjusted for year of diagnosis, molecular subtype and patient age. It also includes a term for the
interaction of the year of diagnosis with molecular subtype
(p < 0.001), as well as a term for the interaction of age
class with molecular subtype (p < 0.001), since these interactions were significant using likelihood ratio tests. The
trend in incidence was therefore different among age
classes according to molecular subtype. The course of
incidence from 2007 to 2012 also significantly differed
depending on the molecular subtype according to this
model. The incidence rates obtained by Poisson modelisation by by year, according to the different molecular
subtypes and for each age class are described in Fig. 3.
Only four age classes are described. The other age class
are available in Appendix 1. HR+/HER2- tumours incidence does not seem to change except for 60–64 age
class, where it seems to increase with time. The other
molecular subtypes tend to decrease in incidence, except
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Table 2 Crude and world- and Europe standardized incidence rates (per 105 person-years) for the overall population and for each
molecular subtype, by year, from 2007 to 2012
Year of diagnosis

2007

2008

2009

2010

2011

2012

Overall

170.99

166.88

159.45

177.99

170.83

171.37

TN

15.88

16.80

14.23

13.70

16.28

16.48

HR+/HER2+

9.59

11.10

10.36

11.41

9.38

13.00

HR+/HER2-

110.23

106.95

107.13

121.43

118.90

114.76

HR-/HER2+

5.65

5.28

5.65

6.75

6.59

6.45

Overall

116.84

113.77

109.67

119.35

114.59

113.89

TN

11.96

13.00

10.43

9.85

11.22

12.00

HR+/HER2+

6.70

8.26

8.37

8.74

7.26

10.03

HR+/HER2-

75.78

73.03

72.73

82.07

79.68

75.21

HR-/HER2+

4.10

4.08

4.53

5.00

4.94

4.48

Overall

154.27

149.78

142.02

157.86

150.87

149.10

TN

15.35

15.95

13.11

12.52

13.85

14.85

HR+/HER2+

8.37

10.65

10.20

11.18

9.32

11.88

HR+/HER2-

100.97

96.98

95.48

108.85

106.15

100.69

HR-/HER2+

4.90

4.99

5.35

6.33

6.09

5.61

Crude incidence rate (IR)

World Standardized IR

Europe Standardized IR

TN: Triple Negative; HR: Hormone Receptors; HER: Human epidermal growth factor

each molecular subtype. Indeed, several studies have
shown that the distribution of molecular subtypes depends on ethnicity as well as environmental risk factors
[10] even if a recent French study found no significant
association between socioeconomic status and molecular
subtype [11] . Ethnicity and environmental risk factors

100

Proportion of each molecular subtype
from 2007 to 2012
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3.8

3.5
5.4

4.2

6.3

6.6

7.4

9.6
9.5

9.2

8.2

66.8

67.3

70.3

67.3

2010

2011

2012

40

60

3.7
5.7

14

14.1

20

Proportion of incident cases (%)

80

17.3

HR−/HER2+
NA

0

HR+/HER2−
TN
HR+/HER2+

2007

2008

2009

Year of diagnosis

Fig. 1 Proportion of each molecular subtype among breast cancer
cases diagnosed between 2007 and 2012

Fig. 2 Proportion of each molecular subtype by age class among
breast cancer cases diagnosed between 2007 and 2012
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Fig. 3 Incidence rates of breast cancer according to molecular subtype from 2007 to 2012, by age class, estimated by Poisson regression.The
Model was adjusted on age class, year of diagnosis, molecular subtype, interaction between molecular subtype and age class and between
molecular subtype and year of diagnosis. Black: HR+/HER2-, red: HR+/HER2+, green: Triple negative, BlueHR-/HER2+

were not studied here but the differences in incidence
trends between the molecular subtypes may be explained
by changes in environmental factors.
Treatment of breast cancer is now adapted according
to the molecular subtype, and recurrence-free survival
differs among the different subtypes, both in terms of
time to recurrence, and type of recurrence [12]. The analysis of incidence and prognosis at a population level should
take into account these molecular subtypes to evaluate and
compare patient survival and to plan ressources needed for
treatment.
These different molecular subtypes have different risk
factors, and a different distribution across age classes.
Some studies showed that the proportion of luminal A
subtype increased with age class [13], whereas triple negative tumours decreased with age. In absolute incidence
rates, these findings were not observed in our study.
This study aimed to describe the trends in incidence
and distribution among age classes of breast cancers

by molecular subtypes. The models used show an
increasing proportion of luminal non HER2 cancers
between 2007 and 2012, the one targeted by the
screening program since they progress slowly. The effect of age class was also significantly different depending on the molecular subtype in our study. First, the
overall trends show a decrease in breast cancer incidence in 2009. This decrease corresponds to a decreasing proportion of cancers diagnosed in the screening
program.

Conclusions
The overall trends in incidence of breast cancer may be
explained by the trends in incidence of molecular subtypes. This study shows significant differences in the age
distribution by molecular subtype, and in year-on-year
trends between molecular subtypes. Further studies are
needed to understand the differences observed here.
This analysis is crucial for the planning of screening,
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diagnosis and treatment resources for breast cancer at a
population level.
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