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Abstract

Purpose Low socioeconomic background (SB) has been associated with lower breast cancer (BC) incidence and higher BC
mortality. One explanation of this paradox is the higher frequency of advanced BC observed in deprived women. However,
it is still unclear if SB affects similarly BC incidence. This study investigated the link between SB and early/advanced BC
incidence from Loire-Atlantique/Vendee Cancer registry data (France).

Materials and methods Fourteen thousand three hundred fifty three women living in the geographic area covered by the
registry and diagnosed with a primary BC in 2008-2015 were included. SB was approached by a combination of two eco-
logical indexes (French European Deprivation Index and urban/rural residence place). Mixed effects logistic and Poisson
regressions were used, respectively, to estimate the odds of advanced (stage > II) BC and the ratio of incidence rates of early
(stage 0-I) and advanced BC according to SB, overall and by age group (<50, 50-74,>75).

Results Compared to women living in affluent-urban areas, women living in deprived-urban and deprived-rural areas had
a higher proportion of advanced BC [respectively, OR=1.11 (1.01-1.22), OR=1.60 (1.25-2.06)] and lower overall (from
— 6to — 15%) and early (from — 9 to — 31%) BC incidences rates Advanced BC incidence rates were not influenced by SB.
These patterns were similar in women under 75 years, especially in women living in deprived-rural areas. In the elderly, no
association between SB and BC frequency/incidence rates by stage was found.

Conclusion Although advanced BC was more frequent in women living in deprived and rural areas, SB did not influence
advanced BC incidence. Therefore, differences observed in overall BC incidence according to SB were only due to higher
incidence of early BC in affluent and urban areas. Future research should confirm these results in other French areas.
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Introduction

Lowering health-related social inequality is on the politi-
cal agenda of many countries. In France, tackling socio-
economic and geographic inequalities has been one of the
priorities of the successive national cancer plans since 2014
P4 Claire Delacote [1,2].

claire.delacote @inserm.fr Breast cancer (BC) remains by far the most common can-
cer and the leading cause of death from cancer in women,
worldwide and in France [3, 4]. It has been previously
reported that deprived and rural populations have a lower
overall BC incidence but a higher proportion of advanced
stage at diagnosis and a higher burden of BC mortality
[5-10]. This paradox could in part reflect differences in
exposure to BC risk factors and in the use of the healthcare
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system for cancer diagnosis/screening and treatment
[11-13]. The higher mortality may also be related to the
higher proportion of advanced BC at diagnosis in deprived
populations [14-16], in line with lower participation to
organized screening programs [11, 17, 18]. A higher mortal-
ity rate should be driven by a higher incidence of advanced
stage (or other prognostic factors) at diagnosis and/or dif-
ference in BC management. Nevertheless, there is no clear
evidence that the socioeconomic difference observed in
terms of proportion would be found in terms of incidence
rate of advanced BC. Although, incidence is the benchmark
epidemiological indicator in public health and very useful
to implement prevention actions, only a few studies focused
on the relation between socioeconomic background (SB) and
incidence of advanced BC [16, 19-21]. Two of them were
performed in women over 50 years old and in the United
States, where racial health disparities are important. Two
studies were conducted in Europe but focused on limited
age ranges (30—48 or > 50 years old). In these studies, where
definition of advanced BC changed between them, it was not
consensual that incidence of advanced BC was higher in low
socioeconomic groups. As the link between BC incidence,
stage, and SB may vary according to age, country, and health
system, further investigation is needed to better understand
this relationship.

Thus, the aim of the study was to investigate stage-spe-
cific BC incidence according to SB from a large French
population-based cancer registry.

Materials and methods
Study population

Fourteen thousand five hundred forty two women aged 15
and older who were newly diagnosed with a primary in situ
or invasive breast carcinoma between 2008 and 2015 and
living in Loire-Atlantique and Vendee (two affluent depart-
ments in western metropolitan France) at diagnosis were
eligible for this study. Lymphomas and sarcomas were ineli-
gible as well as women who presented prior in situ or inva-
sive breast carcinoma.

Eligible cases were identified from Loire-Atlantique/
Vendee Cancer Registry, with the following International
Classification of Diseases for Oncology third edition (ICD-
0-3) topography codes (C50.X) and malignant morphology
codes (M8000-8575, 8980, 8982, 8983) with the exception
of mammary Paget disease alone (M8540) (see Supplemen-
tary Material for the detailed list of exclusion codes).

The Loire-Atlantique/Vendee Cancer Registry registers
all the incident cancer cases occurring in these two depart-
ments from different sources, including cytopathology lab-
oratories, the medical information departments of public
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and private hospitals, the regional cancer network, health
insurance organization departments, and general and spe-
cialist practitioners. The data quality and completeness of
the Loire-Atlantique/Vendee Cancer Registry are certified
every 5 years by the national Registries Evaluation Commit-
tee (CER). The last certification was obtained on 01/01/2021
for 5 years.

Data collection

In addition to data routinely collected in Loire-Atlantique/
Vendee Cancer Registry, extensive information was col-
lected from medical records: mode of detection, tumor
characteristics at diagnosis (clinical and pathological TNM
stages, Scarff-Bloom-Richardson (SBR) grade, estrogen
(ER) and progesterone (PR) receptor status, human epider-
mal growth factor receptor-2 (HER2) status), and therapeutic
management.

Demographic and urbanization information of each IRIS
(“Ilots Regroupés pour I’Information Statistique,” smallest
geographic unit for which French census data are available
and corresponding to on average 2,000 individuals with
relatively homogeneous social characteristics) was obtained
from the French National Statistical Institute (INSEE).

BC organized screening participation rates for women
targeted by the national program (50-74 y/o) were extracted
by the French Public Health Agency (Santé Publique France)
for each municipality.

Main outcome: early or advanced stage at diagnosis

According to the 7th TNM classification for malignant
tumors, stage at diagnosis was defined from the pathologi-
cal stage if surgery was the first treatment or from clinical
stage in the case of neoadjuvant or non-surgical treatment
[22]. For the purpose of the study, early BC included cancers
at stages 0-I while advanced BC included cancers at stages
II-IV cancers and minimum stage II cancers (i.e., BC that
had not been calculated at an exact stage but with a tumor
size>2 cm (T > 1) and/or regional lymph nodes invasion
(N> 0 except N1mi)).

Exposure: socioeconomic background (SB)

For each recorded cancer, the patient’s residence address at
diagnosis was geolocalized using Geographic Information
Systems (ArcGIS 10.2, ESRI Redlands, California, USA)
and allocated to an IRIS [23, 24].

A socioeconomic deprivation score, assessed by the
French version of the European Deprivation Index (F-EDI)
based on the 2011 national census, was assigned to each
IRIS by the ERISC/MapInMed platform (French national
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methodological platform for the study and reduction of
health social inequalities in oncology) [25].

The EDI is a country-specific ecological deprivation
index that best reflects individual experience of deprivation.
It is based on individual data from the European Union Sta-
tistics on Income and Living Conditions survey (EU-SILC)
and census data at the smallest available census unit. To be
selected, variables must be available, phrased and coded in
the same way at an individual level in the EU-SILC and at
an ecological level in census population. Multivariate logis-
tic regressions are performed to select and weight variables
reflecting the best the deprivation. This methodology allows
to construct an ecological deprivation index in a replicable
way for each European country participating to EU-SILC.
Variables and their weights changed according to their avail-
ability and country-specific features. This index filled up
an important methodological gap and it was grounded on a
solid theoretical framework, individual and aggregated vari-
ables, and on an annual Europe-wide survey allowing its rep-
lication over the time and in any European country [24]. In
France, the calculation of the F-EDI score includes ten com-
ponents best reflecting individual deprivation: overcrowding,
no access to a system of central or electric heating, non-
owner, unemployment, foreign nationality, no access to a
car, unskilled worker or farmer worker, household with 6
or more persons, low level of education, and single parent
education[23]. The categorical version (based on national
quintiles) of the F-EDI was used to define the affluent (Q1,
Q2, and Q3) and the deprived (Q4 and Q5) populations.

Regarding the urban/rural context, only IRIS within
municipalities of more than 2,000 inhabitants and in which
all buildings are interconnected by less than 200 m were
considered to be “urban,” while all the others were consid-
ered to be “rural.”

To investigate SB and consider the intrinsic relationship
between the urban/rural context and social deprivation, a
composite variable was created using F-EDI and urban/rural
residence to define four categories: affluent-urban, affluent-
rural, deprived-urban, and deprived-rural. Urban and rural
populations have not the same offer and access to healthcare;
the composite variable offers a first approach of this compo-
nent which is not included in the F-EDI [23].

Ethical statement

The Loire-Atlantique/Vendee Cancer Registry is approved
by the French National Commission for Information Tech-
nologies and Liberties (CNIL) for the collection of nomi-
nal data on cancer patients without informed consent,
for research purposes and in the strictest confidentiality.
However, each cancer patient living in the geographic area

covered by the registry is informed that their data may be
recorded in the registry database and that they can oppose
this registration. Only fully anonymized data are published.

Statistical analysis

A total of 14,353 women (98.7% of eligible women) were
finally included. Women with unknown data regarding early/
advanced stage at diagnosis (n=176) and residence address
(n=13) were excluded.

A two-step approach was implemented. (1) in terms of
proportion of advanced BC: Mixed-effects logistic regres-
sions were used to examine the likelihood (odds ratio, OR)
of being diagnosed with advanced BC according to SB.
(2) in terms of incidence: Early, advanced and all-stages
age-standardized incidence rates (ASIR) were estimated
according to SB and compared using Poisson regressions
(incidence rates ratio, IRR).

The incidence rates were estimated using population data
on 1st January from 2008 to 2015 provided by the National
Institute of Statistics and Economic Studies (INSEE). Popu-
lation estimates were given by IRIS, sex, year, and 5 year
calendar age under 75 y/o (only a unique group over 75 y/o).
Age-standardization was performed on the world standard
population.

Assuming that BC characteristics and management may
vary according to age and mode of detection, statistical
analyses were performed overall and for 3 age groups: <50,
50-74, and > 75 years old. Age group definition was influ-
enced by the French target population of the national organ-
ized screening program (50-74 y/o).

As age is a strong risk factor for breast cancer, logis-
tic regression models were adjusted on age as a continuous
variable. Since the annually reference populations were only
available for 5 year age groups (only a unique group pro-
vided for > 75 y/o), Poisson regression models were adjusted
on 5 year age classes under 75 y/o. Regarding detection
mode, logistic regression models were adjusted on detection
mode recorded in the Registry. For Poisson regression mod-
els, for the 50-74 age group, IRR were secondly adjusted on
the tertile of the municipality screening participation rate,
defined as follows: <58, 58—64, > 64%.

Each model included a random intercept at the IRIS
level nested within a municipality to account for correlation
among women within an IRIS and within a municipality. As
screening participation rates were unavailable at the IRIS
level, we assumed that all IRIS within a municipality had
the same screening participation rate.

A set of sensitivity analyses were performed encompass-
ing: (1) the removing of BC without exact stages but clas-
sified as advanced (i.e., minimum stage II according to our
definition), (2) the removing of in situ (stage 0) BC, which
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could have a higher burden of deprivation and screening dis-
parities, (3) the use of local EDI quintiles instead of national
quintiles to increase the proportion of deprived women and
the statistical power (Supplementary Table 1), and (4) the
definition of advanced stage of BC as stage III/IV BC, as
associations may be stronger for these latter stages. All sta-
tistical analyses were performed in R version 4.0.3 using
the nlme package.

Results

The characteristics of the 14,353 women included in the
study are presented in Table 1. Women were mostly diag-
nosed between 50 and 74 y/o (5§9.7%) (mean age: 61.1)
and by screening (51.7%). Advanced BC (stage >1I) repre-
sented 45.2% of all cancers. Younger (< 50) and older (>75)
women had a greater proportion of advanced BC (51.3%
and 64.4%, respectively, compared to 37.1% in the 50-74
age group) and of BC diagnosed on symptoms (66.0% and
73.1% compared to 27.7% in 50-74 group) (data not shown).

Table 1 Characteristics of patients and breast cancers according to socioeconomic background (n=14,353)

Affluent-urban ~ Affluent-rural ~ Deprived-urban = Deprived-rural ~ p-value All cases
n (%) n (%) n (%) n (%) n (%)
Number of patients 8,744 (60.9) 2,640 (18.4) 2,692 (18.8) 277 (1.9) - 14,353 (100.0)
Mean age [sd] at diagnosis (in y/o) 60.8 [13.8] 60.1[14.0] 63.1[14.1] 61.7 [14.1] <0.001 61.1[14.0]
Age at diagnosis (y/o) <0.001
<50 1,997 (22.8) 637 (24.1) 511 (19.0) 56 (20.2) 3,201 (22.3)
50-74 5,258 (60.1) 1,574 (59.6) 1,565 (58.1) 169 (61.0) 8,566 (59.7)
>75 1,489 (17.0) 429 (16.3) 616 (22.9) 52 (18.8) 2,586 (18.0)
Stage at diagnosis (%) <0.001
Early 4,942 (56.5) 1,374 (52.0) 1,427 (53.0) 124 (44.8) 7,867 (54.8)
Stage O (in situ) 898 (10.3) 221 (8.4) 231 (8.6) 26 (9.4) 1,376 (9.6)
Stage I 4,044 (46.2) 1,153 (43.7) 1,196 (44.4) 98 (35.4) 6,491 (45.2)
Advanced 3,802 (43.5) 1,266 (48.0) 1,265 (47.0) 153 (55.2) 6,486 (45.2)
Stage 11 2,520 (28.8) 792 (30.0) 798 (29.6) 97 (35.0) 4,207 (29.3)
Stage 11T 722 (8.3) 255 (9.7) 235 (8.7) 27(9.7) 1,239 (8.6)
Stage IV 391 (4.5) 170 (6.4) 176 (6.5) 20(7.2) 757 (5.3)
Minimum stage II* 169 (1.9) 49 (1.9) 56 (2.1) 9(3.2) 283 (2.0)
Mode of detection (%) <0.001
Screening (opportunistic/organized) 4,689 (55.4) 1,280 (50.7) 1,334 (52.0) 123 (49.2) 7,426 (53.8)
Clinical diagnosis 3,777 (44.6) 1,244 (49.3) 1,233 (48.0) 127 (50.8) 6,381 (46.2)
Unknown 278 116 125 27 546
Phenotypic subtype® (%) 0.44
HR + HER- 5,988 (79.2) 1,785 (77.3) 1,856 (79.4) 189 (79.4) 9,818 (78.9)
HR +HER + 553 (7.3) 187 (8.1) 174 (7.4) 16 (6.7) 930 (7.5)
HR — HER + 320 (4.2) 107 (4.6) 81 (3.5) 7(2.9) 515 (4.1)
Triple negative (HR — HER —) 702 (9.3) 230 (10.0) 228 (9.7) 26 (10.9) 1,186 (9.5)
Unknown 283 110 122 13 528
SBR grade® (%) 0.05
I 1,618 (21.1) 474 (20.1) 503 (21.1) 44 (18.3) 2,639 (20.3)
I 4,491 (58.8) 1,348 (57.1) 1,410 (59.2) 137 (57.1) 7,386 (56.9)
I 1,533 (20.0) 538 (22.8) 467 (19.6) 59 (24.6) 2,597 (20.0)
Unknown 204 59 81 11 355

SBR Scarff-bloom-Richardson (SBR), ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor. HR +

= ER+and/or PR+, HR — = ER — and PR —

4Cancers without calculated exact stage but with size tumor>2 cm (T > 1) and/or regional lymph nodes invasion (N>0 except N1mi), which

allows their classification in early/advanced.

bOnly available for invasive breast cancers (n=12,977)
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No differences in SBR grade and phenotypic subtype were
observed according to SB (Table 1).

One woman in five (20.7%) lived in deprived areas and
almost the same proportion (20.3%) in rural municipali-
ties. However, deprivation was mainly observed in urban
areas (18.8% vs. 1.9% in deprived-rural areas). Regardless
of urban/rural areas, women living in deprived areas were
older than affluent ones. Women living in affluent-urban
areas had the lowest proportion of advanced BC (43.5%).
In contrast, women living in deprived areas, whether living
in urban or rural areas, more often had an advanced BC
(47.0% and 55.2%, respectively), which coincided with a
lower proportion of BC detection by screening (49.6 and
44.4% vs. 53.6% in affluent-urban women). The proportion
of advanced BC even surpassed that of early BC in deprived-
rural areas (55.2% vs. 44.8%) (Table 1).

Logistic regressions found that the odds of develop-
ing advanced BC were significantly increased for women
not living in affluent-urban areas, varying from 11% for
women living in deprived-urban areas to 60% for women
living in deprived-rural areas (Table 2). After stratification
by age groups, only women aged under 75 years living in
(affluent or deprived) rural areas had a significantly greater
odds of advanced BC compared to women from affluent-
urban areas [affluent-rural: <50 y/o, OR=1.3 95% CI
(1.1-1.5); 50-74 y/o, OR=1.2 95% CI (1.1-1.3)/deprived-
rural: <50 y/o, OR=2.4 95% CI (1.3-4.4); 50-74 ylo,
OR=1.595% CI (1.1-2.1)). This difference was not
observed in the elderly (>75 y/o) (Table 2). After adjust-
ment by mode of detection, the increased odds persisted only
among deprived-rural women (Table 2).

Regarding BC incidence, the ASIR was estimated overall
at 158.9 per 100,000 women (95% CI (155.6-162.2)) and
was higher for early BC than for advanced BC (89.8 95% CI
(87.4-92.3) vs. 68.9 95% CI (65.9-71.8) (Table 3). ASIR
varied from 138.8 95% CI (117.7-159.9) in deprived-rural
areas to 164.1 95% CI (159.6—-168.5) in affluent-urban areas.
Poisson models found significant lower incidence rates
(from — 6 to — 15%) for women living in deprived and/or
rural areas, compared to those living in affluent-urban areas.
These lower IRR were only observed for early BC since
none IRR of advanced BC according to SB was statistically
significant (Table 3).

Results differed by age group (Table 3). In younger
women (<50 y/o), ASIR tended to be higher for advanced
BC than for early BC, except in affluent-urban areas. Afflu-
ent-urban areas had the highest early-stage ASIR [39.9 95%
CI (37.1-42.6)] while deprived-rural areas had the highest
advanced-stage ASIR [42.7 95% CI (28.1-57.3)]. Poisson
models found that overall and early BC incidences were sig-
nificantly reduced in deprived and/or rural areas compared
to affluent-urban areas (from — 11 to — 25% and from — 19%
to — 48%, respectively).

Table 2 Logistic regression: odds of advanced breast cancer (OR)
and their 95% confidence interval (95% CI) according to socioeco-
nomic background and age at diagnosis (n=14,353)

Age-adjusted model  Adjusted model by

age and method of

OR (95% CI)

detection
OR (95% CI)

All cases
Affluent-urban areas
Affluent-rural areas
Deprived-urban areas
Deprived-rural areas

<50 years old
Affluent-urban areas
Affluent-rural areas
Deprived-urban areas
Deprived-rural areas

50-74 years old
Affluent-urban areas
Affluent-rural areas
Deprived-urban areas
Deprived-rural areas

>75 years old
Affluent-urban areas
Affluent-rural areas
Deprived-urban areas

Deprived-rural areas

1 (reference)

1.19 (1.08-1.30)
1.11 (1.01-1.22)
1.60 (1.25-2.06)

1 (reference)

1.27 (1.05-1.53)
1.16 (0.95-1.43)
2.43 (1.34-4.39)

1 (reference)

1.18 (1.05-1.33)
1.12 (1.00-1.26)
1.54 (1.13-2.10)

1 (reference)

1.16 (0.91-1.48)
1.04 (0.84-1.28)
1.26 (0.68-2.36)

1 (reference)

1.18 (1.07-1.30)
1.13 (1.02-1.24)
1.65 (1.26-2.14)

1 (reference)

1.22 (1.00-1.48)
1.15 (0.93-1.42)
2.34 (1.25-4.36)

1 (reference)

1.10 (0.97-1.25)
1.09 (0.96-1.24)
1.49 (1.05-2.11)

1 (reference)

1.11 (0.86-1.44)
1.11 (0.89-1.38)
1.21 (0.59-2.49)

Age was included as a continuous variable in all models, even in age-
stratified analyses

Bold indicates that OR, IRR are statistically significant

The 50-74 age group was the only one in which early-
stage ASIR were higher than advanced-stage ASIR, indepen-
dently of SB. ASIR was the highest in affluent-urban areas
for early BC [245.1 95% CI (240.3-249.9)] and in deprived-
rural areas for advanced BC [157.6 95% CI (137.2-178.1)].
According to Poisson models, only early BC incidence was
significantly reduced in deprived and/or rural areas com-
pared to affluent-urban areas (from — 9 to — 26%). Results
were unchanged after adjustment by screening municipality
participation rate tertile (Table 4).

In the oldest women (>75), early-stage ASIR were
always lower than advanced-stage ASIR, in particular in
deprived-rural areas (Table 3). Deprived-urban areas had
the highest early- and advanced-stage ASIR [112.7 95% CI
(111.2-114.3) and 204.4 95% CI (202.3-206.5), respec-
tively], whereas deprived-rural areas had the lowest early-
and advanced-stage ASIR [73.1 95% CI (69.4-76.9) and
164.6 95% CI (159.0-170.1), respectively). Nevertheless,
no association between incidence rates and SB was detected
in this age group.
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Table 3 Age-standardized breast cancer incidence rates (ASIR), incidence rate ratios (IRR) and their 95% confidence interval (95% CI) accord-
ing to socioeconomic background, stage and age at diagnosis (n=14,353)

Early stage

Advanced stage

All stages

ASIR per 10° (95%
(@)

IRR (95% CI)

ASIR per 10° (95%
CI)

IRR (95% CI)

ASIR per 10° (95%
CI)

IRR (95% CI)

All cases
All areas

Affluent-urban
areas

Affluent-rural areas

Deprived-urban
areas

Deprived-rural
areas

<50 years old
All areas

Affluent-urban
areas

Affluent-rural areas

Deprived-urban
areas

Deprived-rural
areas

50-74 years old*
All areas

Affluent-urban
areas

Affluent-rural areas

Deprived-urban
areas

Deprived-rural
areas

>75 years old
All areas

Affluent-urban
areas

Affluent-rural areas

Deprived-urban
areas

Deprived-rural
areas

89.8 (87.4-92.3)
95.2 (91.9-98.6)

81.9 (76.6-87.1)
84.1 (78.9-89.3)

62.6 (49.0-76.3)

36.2 (34.3-38.2)
39.9 (37.1-42.6)

31.2(27.2-35.3)
32.3 (28.6-36.0)

18.3 (8.7-28.0)

234.5 (230.9-238.2)
245.1 (240.3-249.9)

219.1 (211.2-227.1)
222.3 (214.0-230.7)

182.7 (160.6-204.8)

104.0 (103.3-104.7)
105.9 (105.0-106.8)

91.2 (89.6-92.7)
112.7 (111.2-114.3)

73.1 (69.4-76.9)

1 (ref.)

0.88 (0.82-0.94)
0.91 (0.85-0.97)

0.69 (0.58-0.84)

1 (ref.)

0.78 (0.68-0.89)
0.81 (0.70-0.94)

0.52 (0.32-0.82)

1 (ref.)

0.90 (0.83-0.98)
0.91 (0.84-0.98)

0.74 (0.60-0.92)

1 (ref.)

0.89 (0.73-1.09)
1.05 (0.88-1.24)

0.70 (0.42-1.17)

69.1 (66.9-71.3)
68.9 (65.9-71.8)

70.7 (65.7-75.7)
67.3 (62.6-71.9)

76.2 (60.1-92.2)

38.5 (36.5-40.5)
39.1 (36.4-41.8)

38.7 (34.2-43.2)
35.8 (31.9-39.8)

42.7 (28.1-57.3)

139.2 (136.4-142.0)
137.2 (133.6-140.7)

145.4 (138.9-151.8)
137.6 (131.0-144.2)

157.6 (137.2-178.1)

188.0 (187.1-189.0)
184.0 (182.8-185.2)

184.2 (182.0-186.4)
204.4 (202.3-206.5)

164.6 (159.0-170.1)

1 (ref.)

1.03 (0.97-1.10)
0.98 (0.92-1.06)

1.05 (0.89-1.24)

1 (ref.)

1.00 (0.88-1.14)
0.93 (0.81-1.07)

1.06 (0.76-1.47)

1 (ref.)

1.06 (0.97-1.17)
1.03 (0.94-1.13)

1.14 (0.91-1.43)

1 (ref.)

1.02 (0.89-1.18)
1.10 (0.97-1.24)

0.92 (0.65-1.29)

158.9 (155.6-162.2)
164.1 (159.6-168.5)

152.6 (145.3-159.8)
151.3 (144.3-158.3)

138.8 (117.7-159.9)

74.8 (72.0-77.5)
78.9 (75.1-82.8)

69.9 (63.9-76.0)
68.1 (62.7-73.6)

61.0 (43.6-78.5)

373.8 (369.2-378.4)
382.3 (376.3-388.3)

364.5 (354.2-374.7)
359.9 (349.3-370.6)

340.3 (310.2-370.4)

292.0 (290.9-293.2)
289.9 (288.4-291.4)

275.4 (272.7-278.1)
317.1 (314.5-319.7)

237.7 (231.0-244.4)

1 (ref.)

0.94 (0.90-0.99)
0.94 (0.89-0.98)

0.85 (0.75-0.96)

1 (ref.)

0.89 (0.81-0.98)
0.87 (0.79-0.96)

0.75 (0.56-0.98)

1 (ref.)

0.96 (0.90-1.02)
0.95 (0.89-1.01)

0.88 (0.75-1.04)

1 (ref.)

0.98 (0.87-1.11)
1.08 (0.97-1.19)

0.85(0.64-1.13)

Age was included as a 5 year age classes variable under 75 y/o (a unique group for >75 y/o) in all models, even in age-stratified analyses
Bold indicates that OR, IRR are statistically significant

*IRR adjusted by the tertile on the municipality screening participation rate on Table 4

Most importantly, for every age groups, the incidence

rates of advanced BC were unaffected by SB.

In sensitivity analyses, neither the exclusion of minimum
stage II BC (data not shown) or in situ BC (Supplementary
Table 2—4) nor the use of local EDI quintiles (Supplemen-
tary Table 5-7) nor the definition of advanced BC as stage
III/IV (Supplementary Table 8—10) changed the magnitude

or direction of the estimated OR, ASIR or IRR.

@ Springer

Discussion

This population-based study showed that SB influenced BC
incidence rates overall and according to stage at diagnosis.
BC incidence was lower for women under 75 living in soci-
oeconomically deprived and/or rural areas. However, this
difference was only observed on early-stage BC incidence,
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Table 4 Incidfance rate ratios Early stage Advanced stage All stages
(IRR) and their 95% confidence

IRR (95% CI) IRR (95% CI) IRR (95% CI)

interval (95% CI) according

to socioeconomic background
and stage adjusted on the tertile
of the municipality screening
participation rate for the 50-74
age group (n=28,566)

Socioeconomic background
Affluent-urban areas
Affluent-rural areas
Deprived-urban areas

Deprived-rural areas

1 (reference)

0.90 (0.83-0.98)
0.91 (0.84-0.98)
0.74 (0.60-0.92)

1 (reference)

1.06 (0.97-1.17)
1.03 (0.94-1.13)
1.14 (0.91-1.43)

1 (reference)

0.96 (0.90-1.02)
0.95 (0.89-1.01)
0.88 (0.75-1.04)

Age was included as a 5 year age classes variable in all models
Bold indicates that OR, IRR are statistically significant

while advanced-stage BC incidence remained unchanged
between different SB.

In France, all individuals have universal free health insur-
ance to minimize socioeconomic health inequalities. Since
2004, all women aged 50-74 years old are invited, free of
charge, to a mammography every 2 years. Despite the spe-
cific features of the French healthcare system, the proportion
of advanced BC was significantly higher among deprived
and rural populations overall and in every age group, includ-
ing in women aged 50-74 y/o, which is consistent with
previous studies [8, 14, 15]. This result is explained in the
scientific literature by a lower awareness of BC and lesser
use of or access to the healthcare system (screening, medi-
cal services) in women living in deprived areas [26-30].
Indeed, socioeconomically deprived women are less likely
to see a general practitioner or gynecologist during the
last year before BC diagnosis [26-28]. In women targeted
by organized screening, deprived women are more likely
to not have repeat mammograms [26—28]. Some studies
reported another possible explanation of a higher propor-
tion of aggressive BC (triple negative, HER2 +, SBR grade
3) leading to a more advanced stage at diagnosis in deprived
populations [31, 32]. However, no difference was found in
tumor aggressiveness by SB in our study.

When focusing on incidence rate, our study showed
higher BC incidence only in women living in affluent-urban
areas, linked to higher early BC incidence. This finding
could be the result of a more important exposition to BC
risk factors combined with greater screening uptake in afflu-
ent populations.

On the one hand, BC is a multifactorial disease (partly
related to reproductive/hormonal, lifestyle, and anthropo-
metric risk factors): different prevalence in BC risk factors
according to SB could explain higher/lower incidence [32,
33]. Some risk factors are more prevalent in affluent women
(such as higher age at first parity [34, 35]), while other fac-
tors are more prevalent in deprived women (for example
overweight, unhealthy lifestyle habits [36]). However, it
seems difficult to compare the BC occurrence risks given
the multiplicity and overlap of risk factors. On the other
hand, another explanation of the higher all-stages and early

BC incidence in women living in affluent-urban areas is a
higher awareness and use of healthcare services, especially
screening mammograms. In our study, screening detection
was higher for women living in affluent-urban areas (53.6%)
than for those living in deprived-rural areas (44.4%). We
cannot exclude that excess of early BC incidence in women
living in affluent-urban areas could in part be related to over-
diagnosis. It has been estimated that over-diagnosis related
to the organized screening program concerns 17% of in situ
and 5.5% of invasive BC in France [37]. Over-diagnosis
would concern both organized screening (50-74 years old
women) and opportunistic screening, the latter being present
in all age groups.

The impact of SB strongly varied across age groups. In
particular, we did not identify socioeconomic disparities in
the oldest subgroup in terms of advanced BC proportion
nor in terms of incidence rates, probably due to small num-
bers and lack of statistical power. In women under 75 years
old, we found that BC incidence varied according to SB.
Young women (< 50) are particularly affected by opportun-
istic screening (30.9%), varied from 23.2% in deprived-rural
areas to 32.7% in affluent-urban areas in our study, which
could partly explain sociodemographic disparities in this
subgroup. Women aged 50-74 years old, who were directly
targeted by a screening program, were the only subgroup
in which early BC incidence rates were clearly higher than
advanced BC rates. In this subgroup the effect of SB was
attenuated compared to younger women (< 50). We can
therefore hypothesize that the organized screening program,
concerning 82.0% of the screened diagnosed BC in this sub-
group, could contribute to the reduction of socioeconomic
BC inequalities.

Unexpectedly, our study did not show any impact of the
SB on advanced stage BC incidence. Based on literature and
clinical observations in the Loire-Atlantique Cancer Reg-
istry, we defined advanced BC as stage II-IV BC (i.e., BC
with a tumor size >2 cm or with node involvement or with
metastasis) [16, 19-21]. However, in previous studies that
looked at stage-specific BC incidence, the results cannot be
agreed upon as the definition of advanced BC differed in
each study. Advanced BC was defined as either stage II-III
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inclusive and stage IV alone, or regional + distant (according
to SEER staging) [16, 19-21]. One study was conducted in
Europe on limited age group (30-48 years old) [20]. Distant
BC incidence was higher in the lowest income bracket but
was not associated with educational level, whereas regional
BC incidence was higher in groups with a better education
level and incomes [20]. Two studies were performed in
women over 50 years old in the United States, where racial
health disparities are a major factor in incidence rate dif-
ferences; there were no differences in regional-stage BC
incidence rates but distant-stage BC incidence was higher
in lower socioeconomic groups [19, 21]. In our study, our
definition of advanced BC was quite broad, because of the
small number of cases, and may have hidden some exist-
ing associations. We also merged stage I and in situ in the
definition of early BC. However, results were unchanged
when removing in situ BC or BC without exact stage but
classified as advanced (i.e., minimum stage II according to
our definition) (data not shown) from the analyses. In addi-
tion, associations were unchanged when advanced BC was
defined as stages III-IV.

Our study has some weaknesses. Except age and mode of
detection, we were unable to include additional individual-
level data in the regression models. Indeed, individual socio-
economic data such as marital status or socio-professional
status are not recorded by the French Cancer Registries,
making it necessary to use an ecological deprivation index
rather. The absence of individual socioeconomic variables
in cancer registries represents a limitation since ecological
measurements may underestimate social inequalities com-
pared to individual measurements [38]. However, by avoid-
ing selection bias in socioeconomic individual data collec-
tion, ecological indexes are suitable to measure deprivation
[39]. In addition, previous studies have shown consistent
results whether socioeconomic status was measured by indi-
vidual indices, such as educational attainment or income,
or by ecological indicators based on the geographic area
of residence for most cancer sites [10, 40-45]. Regarding
our choice of the deprivation index, F-EDI allows to con-
sider overall deprivation including objective and subjective
poverty, respectively, assessed in the census and in the EU-
SILC, a survey specifically designed to investigate the mul-
tidimensionality of deprivation at an individual level. F-EDI
is also available for all smallest units on the French mainland
and has been developed in several European countries to
allow geographic comparisons [38].

Another point is that our results may not reflect the situ-
ation elsewhere in France because of the regional design
of the study. Though Loire-Atlantique and Vendee are two
affluent French departments, our results were unaffected
when using the local F-EDI quintiles instead of the national
F-EDI quintiles. Further research including other French
departments could provide more detailed results and insights

@ Springer

concerning the elderly age group (>75 years old) and stage-
specific BC incidence according to SB, using less aggre-
gated stages. The inclusion of departments with different
socioeconomic profiles would also increase the representa-
tiveness of the general French population.

Nevertheless, our study has several strengths. We used
an original approach which combined analyses stratified by
stage and age at diagnosis to study socioeconomic inequali-
ties in BC incidence. Another strength is the data quality
with few missing data and standardized information. The
exhaustive record of all BC cases from the registry ensures
that our sample is representative of the Loire-Atlantique/
Vendee population and enables the description of incidence
heterogeneity according to socioeconomic deprivation and
urbanization. The inclusion of the urban/rural context, which
is not present in the EDI, in the created composite vari-
able of SB offered a first approach of access to health care.
Indeed, access to health care is a multifactorial component
and might be reflecting availability and accessibility to vari-
ous healthcare professionals (doctors, midwives, nurses...)
as well as access distance to hospitals and other healthcare
facilities (radiology offices, medical practices...). Urban
and rural populations have not the same offer and access to
healthcare and further studies with specific methodologies
are required to get more insights.

French healthcare features notwithstanding, our study
provides new information regarding the simultaneous impact
of socioeconomic environment and rural/urban environment
on stage-specific BC incidence. The major result of this large
population-based study is that the differences observed in
BC incidence between affluent and deprived populations
were due to higher incidence of early BC in affluent and
urban women, mainly in women under 75 years old. The
lowest BC incidence observed in more deprived women was
largely explained by reduced incidence of early-stage BC.
Further studies focused on access to medical care facilities
and medical follow-up before BC diagnosis are needed to
explain the influence of SB on incidence according to stage.
They will be helpful for the implementation of targeted
actions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10552-023-01779-8.
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