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ABSTRACT

PURPOSE Socioeconomic status (SES) influences the survival outcomes of patients with
early breast cancer (EBC). However, limited research investigates social in-
equalities in their quality of life (QoL). This study examines the socioeconomic
inequalities in QoL after an EBC diagnosis and their time trends.

PATIENTS AND
METHODS

We used data from the French prospective multicentric CANTO cohort
(ClinicalTrials.gov identifier: NCT01993498), including women with EBC enrolled
between 2012 and 2018. QoL was assessed using the European Organisation for
ResearchandTreatment of CancerQoLCore 30questionnaire (QLQ-C30). summary
score at diagnosis and 1 and 2 years postdiagnosis. We considered three indicators
of SES separately: self-reported financial difficulties, household income, and
educational level. Wefirst analyzed the trajectories of the QLQ-C30 summary score
by SES group. Then, social inequalities in QLQ-C30 summary score and their time
trends were quantified using the regression-based slope index of inequality (SII),
representing the absolute change in the outcome along socioeconomic gradient
extremes. The analyses were adjusted for age at diagnosis, Charlson Comorbidity
Index, disease stage, and type of local and systemic treatment.

RESULTS Among the 5,915 included patients with data on QoL at diagnosis and at the
2-year follow-up, social inequalities in QLQ-C30 summary score at baseline
were statistically significant for all SES indicators (SIIfinancial difficulties 5 –7.6
[–8.9; –6.2], SIIincome 5 –4.0 [–5.2; –2.8]), SIIeducation 5 –1.9 [–3.1; –0.7]).
These inequalities significantly increased (interaction P < .05) in year 1 and year
2 postdiagnosis, irrespective of prediagnosis health, tumor characteristics, and
treatment. Similar results were observed in subgroups defined by menopausal
status and type of adjuvant systemic treatment.

CONCLUSION The magnitude of preexisting inequalities in QoL increased over time after EBC
diagnosis, emphasizing the importance of considering social determinants of
health during comprehensive cancer care planning.

INTRODUCTION

Organized programs have improved breast cancer screening
uptake, leading to more diagnoses, particularly early breast
cancer (EBC).1-3 Advances in diagnosis and treatment of EBC
during the past decades have significantly transformed
patient outcomes and contributed to excellent long-term
survival rates.4,5 Consequently, the absolute number of
breast cancer survivors has greatly increased, leading to a
raised interest in patient outcomes beyond survival rates, for
instance, in patient quality of life (QoL).

Breast cancer is characterized not only by heterogeneity at
the molecular level6,7 but also at the demographic level,
affecting women of different ages.8 This heterogeneity leads
to complex multidisciplinary management, often involving
combined surgical, radiotherapy, and systemic therapy
approaches.9 The treatment complexity results in many
associated adverse events that can significantly affect pa-
tient QoL.10,11

While health care is key in determining health outcomes,
socioeconomic determinants of health are increasingly
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recognized, with health inequalities identified between and
within countries or communities.12-14 Addressing inequal-
ities is a moral and public health imperative, often requiring
measures beyond the health care sector. To be tackled, in-
equalities must first be identified, quantified, and
contextualized.

While social inequalities in breast cancer diagnosis and
survival outcomes are widely documented,15-18 less is known
about social inequalities in the QoL of survivors of breast
cancer. These inequalities were described in cross-sectional
studies19-21 that assessed the QoL of patients with breast
cancer with different lengths of survivorship and different
disease stages (advanced and EBC). Such study designs did
not use repeated measurements, and QoL trajectories were
not assessed. Moreover, limited sample size and incomplete
data on menopausal status and cancer treatment often
hindered evaluating the impact of these factors on identified
inequalities.

This study assesses and quantifies socioeconomic inequal-
ities in patient QoL during the 2 years after an EBC diagnosis.

PATIENTS AND METHODS

Data Source

We used data from the CANTO study cohort22 (Clinical-
Trials.gov identifier: NCT01993498), which collects data
fromwomen diagnosed with EBC (stage I, II or III, according
to ESMO guidelines)23 treated in 26 French cancer centers
(complete list in Appendix Table A1, online only). CANTO’s
network includes comprehensive cancer centers and public

nonteaching, private, and university hospitals. Eligible
consecutive patients were invited to participate, and clinical
data were obtained directly from their electronic health
records.

Besides clinicopathologic outcomes, CANTO participants’
data includes an extensive list of patient-reported QoL
outcomes (PROs), including the European Organisation for
Research and Treatment of Cancer (EORTC) QoL Core 30
questionnaire (QLQ-C30).24,25 TheQLQ-C30 (version 4.0) has
30 items grouped into ninemulti-item scales and six single-
item scales assessing several QOL domains. Furthermore, a
comprehensive questionnaire allows a complete socio-
demographic characterization. All sociodemographic and
QoL questionnaires were self-administered.

Data used in this study concerns patients enrolled between
2012 and 2018, collected at diagnosis (baseline, ie, before the
start of cancer treatment) and approximately 1 (year 1) and
2 years (year 2) after diagnosis.

All patients provided written informed consent, and the
relevant ethics committee approved the study.

Variables of Interest

Outcome Variables

The outcome variable was the summary score of the QLQ-
C30 (henceforth QLQ-C30 score).26 The QLQ-C30 score was
calculated according to the EORTC guidelines by averaging 13
of the 15 QLQ-C30 scales, with higher scores reflecting a
better QoL.27 The individual symptom scales of the QLQ-C30
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(pain, fatigue, insomnia, dyspnea, constipation, diarrhea,
appetite, and nausea) and the breast cancer-specific EORTC
QLQ-BR23 questionnaire (breast symptoms, arm symptoms,
and adverse events of systemic treatment)26 were used for
symptom analysis.

Exposure Variables

We assessed socioeconomic status (SES) using self-reported
financial difficulties, income (household income adjusted for
consumption unit at diagnosis), and educational level. Fi-
nancial difficulties were categorized into low, medium, and
high groups on the basis of a Likert scale. The high group
comprised women facing difficulty with monthly household
resources, the medium group managed adequately but was
on the limit, and the low group reported financial comfort.

Monthly household income was self-reported as a 12-
category variable from below 500V to above 8,000V (1V
approximately $1.07 US dollars in September 2023).
Household income per consumption unit was estimated
using the square root method described by the Organization
for Economic Co-operation and Development.28 For ease of
visualization, income terciles were used when describing the
QoL trajectories and quintiles when social inequalities were
quantified. Educational level was categorized as high (high
school and three ormore years of higher education),medium
(secondary school 6 2 years of professional training), and
low (no education or primary education).

Covariates

These included age at diagnosis, menopausal status (pre-
menopausal/postmenopausal), Charlson Comorbidity Index,
stage, participation in a clinical trial (yes/no), endocrine
therapy (tamoxifen 6 ovarian function suppression [OFS],
aromatase inhibitors 6 OFS, both 6 OFS, none or OFS only),
use and type of chemotherapy (none, adjuvant, neoadjuvant
or both), surgery type (none, mastectomy or breast-
conserving surgery), use of radiotherapy (yes/no), and
type of lymph node management (sentinel lymph node bi-
opsy or none, axillary dissection or other, including
supraclavicular and internal mammary lymph node dis-
section). Trastuzumab use was not included in themodels as
previous studies did not consistently associate it with patient
QoL.29

Study Cohort

The CANTO study cohort includes 11,400 patients, 13.0%
(n5 1,476) having elected to exit the study before the end of
follow-up and 4.4% (n 5 500) lost to follow-up. This study
analyzed patients with data for 27 of 30 QLQ-C30 questions,
enabling summary score calculation.

Over time, data missingness increased, with 18.4%
(n5 2,098) at baseline, 31.2% (n5 3,552) at Year 1, and 41.1%
(n 5 4,686) at Year 2. We included participants with

QLQ-C30 data at baseline and Year 2 (n 5 5,915, 51.9% of all
CANTO participants), with Year 1 data missing for 15%
(n 5 888) of included patients. Demographic and clinico-
pathologic characteristics showed no major differences
between included and excluded patients, although there was
a tendency toward lower SES among those not included
(Appendix Table A2).

Statistical Analysis

Analyses were conducted separately for each SES indicator.
First, we described the trajectories of the QLQ-C30 score
from diagnosis to Year 1 and Year 2. This involved calculating
themedian and interquartile ranges of theQLQ-C30 score for
each period (diagnosis, Year 1, and Year 2) within each SES
group. Subsequently, changes in QLQ-C30 score from di-
agnosis to Year 1 and Year 2, according to SES group, were
assessed using multivariate generalized estimating equa-
tions with an independent correlation structure.30 The mean
least square differences between baseline and Year 1 and Year
2 were reported.

Second, we sought to detect and quantify social inequalities
in the QLQ-C30 score. Therefore, we calculated the slope
index of inequality (SII) at each time point and SES indicator.
This summary measure of inequality is a regression-based
estimation of the absolute difference in a continuous out-
come variable between the two extremes of a socioeconomic
explanatory variable, taking into consideration the inter-
mediate groups and their relative size.31 For instance, a SII 5
5 for a particular QLQ-C30 score would mean an average
difference of 5 units between the two extremes of the used
socioeconomic variable. To estimate the SII, we calculated
the ridit scores of each SES variable, representing the average
cumulative frequency of each group of an ordinal categorical
variable.32,33 For instance, if 20% of the participants had a
low-income level, the ridit score is 0.2/25 0.10. If those with
amedium-income level represented 50%of the participants,
the ridit score for this income group would be 0.21 (0.5/2)5
0.45. The ridit scores of each group were then included in
multivariate linear regression models as explanatory vari-
ables to estimate the SII. If treatment had no impact on social
inequalities in QoL or if, after the first period, they returned
to what they were before treatment, we expected them to
resemble those at baseline. To determine how social in-
equalities changed over time, we introduced interaction
terms between the ridit score and the analyzed time points
(Year 1 and Year 2) into the multivariable linear regression
models, using the baseline as the reference period.

Owing to breast cancer heterogeneity, the incidence of
different subtypes and therapeutic regimens may vary
according to menopausal status. Furthermore, the type of
systemic treatment (endocrine therapy and chemotherapy)
is a main determinant of patient QoL and is associated with
different QoL trajectories.34 As such, analyses were first
performed for all women and then stratified by menopausal
status or systemic treatment regimen (chemotherapy and

2910 | © 2024 by American Society of Clinical Oncology

Sandoval et al



endocrine therapy). Since clinical trial participation could
affect received care and follow-up, inequality analyses were
also performed in this patient subgroup. Similar inequality
analyses were performed for the individual symptoms scales
of the QLQ-C30 and QLQ-BR23 questionnaires.

All models were adjusted for age at diagnosis, Charlson
Comorbidity Index, stage, type of lymph node management,
use and type of chemotherapy, use and type of endocrine
therapy, type of primary tumor surgery, and use of radio-
therapy. Finally, we did not perform any formal adjustment
for multiplicity because of the study’s observational nature.

Ethics Approval

The study was approved by the national regulatory au-
thorities and ethics committee (ID-RCB:2011-A01095-36,
312 11-039). CANcer TOxicities is a trial research involving
humans benefiting from authorization from the French
National Agency for the Safety of Medicines and Health
Products obtained on 14 September 2011 (number
B111158-20) and from the Ile-de-France VII Committee for
the Protection of Individuals obtained on 14 October 2011
(number 11-039).

Informed consent was obtained from all participants in-
volved in this study.

RESULTS

Cohort Characteristics

Of the 5,915 included study participants, 1.7% (n5 102), 9.4%
(n5 558), and2.5%(n5 147)hadmissingdata for educational
level, income, and financial difficulties, respectively. Con-
cerning financial difficulties at baseline, 12.3% (n 5 708),
21.7% (n 5 1,255), and 66% (n 5 3,805) reported high,
medium, and low levels of financial difficulty, respectively.
Those reporting a high level of financial difficulty were
younger, most often premenopausal, and had comorbidities
compared with those with low financial difficulties. Not
surprisingly, their educational and income levels were lower.
Moreover, a higher proportion was diagnosed with stage III
EBC (Table 1). Therewere no differences between thefinancial
difficulty-defined groups regarding breast cancer histology,
grade, and immunohistochemistry-defined subtype (Ap-
pendix Table A3). Women with high financial difficulties
underwent mastectomy and axillary lymph node dissection
more frequently than those with low financial difficulties.
Radiotherapy utilization was consistent across groups. Neo-
adjuvant and/or adjuvant chemotherapy was more prevalent
in women facing high financial difficulties. Owing to age
differences, adjuvant endocrine therapy with tamoxifen was
more frequent in women with high financial difficulties
compared with those with low financial difficulties (Table 1).

Participants in different income groups showed similar
cohort characteristics (Appendix Table A4). Nevertheless,

individuals with higher education levels were younger, and
their EBC treatment characteristics reflected this younger
age (Appendix Table A5).

Concerning QoL, overall, the higher the SES, as defined by
financial difficulties, income, or educational level, the higher
the median QLQ-C30 score at diagnosis, Year 1, and Year 2
(Fig 1A).

Changes in QoL Compared With Baseline

In adjusted regressionmodels, therewas a reduction in QLQ-
C30 score compared with baseline in all levels of financial
difficulty (all with P < .001 compared with baseline; Fig 1B).
The same trends in QLQ-C30 score were observed for income
and educational levels (Fig 1B).

Social inequalities in QLQ-C30 score at baseline were
statistically significant for all SES indicators (eg, SIIfinancial
difficulties 5 –7.6 [–8.9; –6.2]). Compared with baseline,
social inequalities significantly increased (interaction P <
.05) in Year 1 (eg, SIIfinancial difficulties 5 –11.1 [–12.8; –9.4])
and Year 2 (eg, SIIfinancial difficulties 5 –10.7 [–12.2; –9.1];
Fig 1C).

Social Inequalities in Menopausal Status and
Treatment-Related Subgroups

A decrease in QLQ-C30 score between baseline and Years 1
and 2 was observed in all subgroups defined by SES and
menopausal status or treatment type (chemotherapy, en-
docrine therapy). Furthermore, the lower the SES, the more
pronounced the decrease inQLQ-C30 score in allmenopausal
status and treatment subgroups (Appendix Table A6).

As such, when calculating the indexes of inequality, sig-
nificant (P < .001) inequalities in QLQ-C30 score were ob-
served in all subgroups, time points, and SES indicators
except for educational level-related inequalities at baseline
in premenopausal women and those treated with chemo-
therapy (Fig 2).

We observed an overall numerical increase in QLQ-C30 score
inequalities in Year 1 and Year 2, compared with the baseline
in all subgroups. However, statistically significant increases
were not universal (Fig 2).

Similar inequalities and trends were observed in womenwho
participated in clinical trials (n 5 1,471, 24.9%, Appendix
Fig A1).

Social Inequalities in QLQ-C30 and QLQ-BR23
Symptom Scales

Weobserved that, with few exceptions, therewas an increase
in the magnitude of inequalities for individual symptoms
after diagnosis and treatment of EBC. However, not all these
increases were statistically significant. Of note, a significant
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TABLE 1. Patient Characteristics According to Level of Financial Difficulties

Characteristic High Medium Low P

No. (%) 708 (12.3) 1,255 (21.7) 3,805 (66)

Age at diagnosis, median (IQR) 52.1 (45.5-60.6) 53.2 (45.6-62.6) 56.5 (48.7-64.3) <.001

Age at diagnosis, No. (%) <.001

<40 63 (8.9) 143 (11.4) 237 (6.2)

40-49 236 (33.3) 340 (27.1) 891 (23.4)

50-59 219 (30.9) 369 (29.4) 1,191 (31.3)

60-69 140 (19.8) 300 (23.9) 1,161 (30.5)

≥70 50 (7.1) 103 (8.2) 325 (8.5)

Menopausal status, No. (%) <.001

Premenopausal 342 (49.3) 580 (47.1) 1,447 (38.7)

Postmenopausal 352 (50.7) 652 (52.9) 2,295 (61.3)

Charlson Comorbidity Index, No. (%) <.001

0 507 (77.1) 947 (82.5) 2,968 (84.3)

≥1 151 (22.9) 201 (17.5) 554 (15.7)

Breast cancer stage, No. (%) <.001

I 330 (46.9) 572 (46.1) 1,983 (52.6)

II 296 (42.0) 530 (42.7) 1,451 (38.4)

III 78 (11.1) 139 (11.2) 341 (9.0)

Breast cancer surgery type, No. (%) .028

None 0 (0.0) 1 (0.1) 1 (<0.1)

Mastectomy 214 (30.2) 341 (27.2) 947 (24.9)

BCS 494 (69.8) 911 (72.7) 2,852 (75.1)

Lymph node management, No. (%) <.001

SNLB only or none 418 (59.0) 743 (59.2) 2,515 (66.1)

Axillary dissection or other 290 (41.0) 512 (40.8) 1,290 (33.9)

Radiotherapy, No. (%) .97

No 57 (8.1) 98 (7.8) 296 (7.8)

Yes 651 (91.9) 1,157 (92.2) 3,508 (92.2)

Chemotherapy type, No. (%) <.001

None 294 (41.5) 520 (41.4) 1,861 (48.9)

Adjuvant 324 (45.8) 539 (42.9) 1,530 (40.2)

Neoadjuvant or both 90 (12.7) 196 (15.7) 413 (10.9)

Endocrine therapy, No. (%) <.001

TAM 6 OFS 220 (31.1) 348 (27.8) 945 (24.8)

AI 6 OFS 268 (37.9) 492 (39.2) 1,746 (45.9)

AI 1 TAM 6 OFS 104 (14.7) 186 (14.8) 467 (12.3)

None or OFS only 116 (16.4) 228 (18.2) 645 (17.0)

Household adjusted income V, median (IQR) 1,237 (750-1,591) 1,591 (1,237-2,021) 2,475 (1,750-3,182) <.001

Income, No. (%) <.001

Low (lowest tertile) 510 (77.5) 553 (47.5) 697 (20.0)

Medium 113 (17.2) 474 (40.7) 1,186 (34.1)

High (highest tertile) 35 (5.3) 137 (11.8) 1,598 (45.9)

Educational level, No. (%) <.001

Low 393 (56.5) 530 (42.8) 1,199 (31.8)

Medium 225 (32.4) 481 (38.9) 1,413 (37.5)

High 77 (11.1) 226 (18.3) 1,154 (30.6)

NOTE. Income refers to tertiles of household income per consumption unit. Financial difficulties defined according to how monthly household
resources allowed participants to live: high (with difficulty), medium (adequately but on the limit), or low (financially comfortable). Educational level:
high (high school and three or more years of higher education), medium (secondary school 6 2 years of professional training), and low (no
education or primary education).
Abbreviations: AI, aromatase inhibitor; BCS, breast-conserving surgery; OFS, ovarian function suppression; SNLB, sentinel lymph node biopsy; TAM,
tamoxifen.
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increase in inequalities was observed in symptoms related to
adverse events of systemic treatment and nausea in Year 1
and arm symptoms in Year 2, independently of which in-
dicator was used to establish SES groups (Appendix Fig A2).

DISCUSSION

In this cohort study, we observed social inequalities in QoL
after a diagnosis of EBC, as measured by the QLQ-C30
summary score. Using a large individual-level sample, we

confirm that inequalities in cancer care extend to survivors’
QoL, with women with a lower SES being unequally affected
by diagnosis and treatment. In addition, inequalities in QoL
are already observed at diagnosis, as previously described,35

and the differential impact of disease further increases them,
with incremental impact over time. Furthermore, the ob-
served inequalities and their dynamics, besides age and
comorbidities, were independent of other clinicopathologic
and treatment-related variables. The increase in preexisting
inequalities was still observed in analyses stratified by
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menopausal status and type of treatment, suggesting that
addressing them could benefit a large proportion of women
with EBC. Similar results were observed in clinical trial
participants despite them theoretically having a more
consistent and close follow-up, potentially leveling the
playing field for access to care.

The QLQ-C30 summary score inequalities, particularly those
related to financial difficulties and income, were above a 5-
unit difference. No specific threshold for aminimal clinically
important difference has been calculated for the QLQ-C30
summary score, and the EORTC recognizes that no single
minimal important difference can be applied to all disease
settings.36 However, a 5-unit difference was identified as a
potential minimal important difference in patients with
advanced or metastatic cancer,36,37 and arguably, a lower
threshold should be applied to detect an important QoL
deterioration in an early disease setting.38

We observed an overall increase in inequalities of the
symptom scales of QLQ-C30 and QLQ-BR23 with different
inequality patterns between baseline, Year 1, and Year 2. The
differences between Years 1 and 2 could be related to some
symptoms being experienced early in breast cancer treat-
ment (eg, nausea and other side effects of systemic

treatment) while others have a chronic nature (eg, arm
symptoms). However, the overall trend of increasing in-
equalities in all symptoms suggests that all contribute to the
identified increased inequalities in QLQ-C30 summary score.

It is worth noting that this study was performed in France, a
country with a strong welfare state and a health care system
marked by easy access, universal coverage, and excellent
health outcomes.39 However, as highlighted previously by
the WHO, inequalities in health occur even in countries with
a strong welfare state.40 Moreover, health equity has long
been identified as the objective of several highly performant
European health systems.41 Yet, inequalities persist, further
confirming the need for a trans-sectoral approach beyond
the health sector to improve patient outcomes.

Additionally, using a summary measure of inequality, rather
than just comparing the two extremes, allowed us to uncover
an inequality gradient throughout the socioeconomic dis-
tribution. As noted by Marmot et al,12,42 poor health affects
not only the poor but also those in the middle whose health
outcomes, despite being better than those of the poor, are
still not at par with those at the top of the socioeconomic
distribution. The observation of a similar social gradient in
the QoL of survivors of EBC suggests that measures that go
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beyond supporting those worse off are needed to reduce the
inequality gap.

The identified inequalities were independent of prediagnosis
health conditions, disease stage, and treatment, suggesting
that their origin may lie beyond the health care sector.
Several elements not captured by detailed clinical and so-
cioeconomic surveys may affect patient well-being (eg,
traveling distance to the treating center, degree of support
from partner, the need for enhanced childcare, the house-
hold built environment, etc). In addition, access to evidence-
based approaches for managing side effects of EBC treat-
ment11 may differ according to SES, contributing to the
observed inequalities in QoL.

Moreover, impaired QoL may affect patients’ social and
working lives and delay their return to work after EBC
treatment.43 Thus, it is essential to tackle social inequalities
in QoL up-front to avoid the QoL burden of EBC dis-
proportionally affecting the most socially deprived patients.

It is thus apparent that not only do the origins of social in-
equalities inQoL (amongother health outcomes) lie beyond the
health care sectorbut sodo their repercussions. Theprecedence
of survival outcomes over QoL outcomes is reflected in the vast
number of studies available on inequalities of the former versus
the latter. Nevertheless, the burden of a disease is not accu-
ratelymeasured if not considering quality besides the length of
life. The most current generic measures of disease burden,
quality-adjusted life year, and disable-adjusted life year con-
sider QoL and are widely viewed as better representations of a
disease burden than measures that focus solely on mortality
indicators.44,45 The QoL implications of the disease were fac-
tored in an economic analysis that estimated the monetary
value related to health inequities in the European Union to
represent 9.4% of the gross domestic product, approximately
15%of social security benefits, and 20%of the total health care
costs.46 As themost commoncancer andwith ahighproportion
of survivors, it is not surprising that a considerable swath of the
estimated costs is related to the economic consequences of QoL
in breast cancer survivors. In addition, we observed that the
increase in social inequalities occurs already during the first
analyzed period and persists thereafter, with a further analysis
of long-term outcomes needed to determine whether this
increase is permanent or temporary.

To the best of our knowledge, this is the largest cohort study
quantifying socioeconomic inequalities in QoL among

patients with EBC from diagnosis to the second year after
diagnosis. Its longitudinal design enables the assessment of
how these inequalities evolved during the studied periods. In
addition, the use of three socioeconomic indicators rein-
forces the hypothesis of a social inequality gradient. This
suggests that inequalities are not limited to comparisons
between the extremes of the social status scale, such as those
with and without financial difficulties. Finally, detailed
clinicopathologic patient data allowed us to determine the
independence of the identified social inequalities from
disease stage or type of EBC treatment.

This study has several limitations. First, it was only re-
stricted to the second year after EBC diagnosis. Follow-up for
up to 6 years is ongoing for the whole cohort, and future
studies will highlight the long-term trends of inequalities in
this population. Second, since patients were included be-
tween 2012 and 2018, the standard of care may have changed
(for instance, the use of immunotherapy and CDK 4/6 in-
hibitors), potentially affecting the observed inequalities.
Third, no information was available about immigration
origin, and non-French speaking patients were excluded
from the CANTO study. While approximately 80% of im-
migrants in France originate from Africa and Europe, the
majority are French speakers,47 yet a very small subset of
patients with low SES and specific health care needs may not
be represented in this study. Fourth, no data were available
concerning traveling time to treatment centers and the
availability of local support systems. Fifth, despite being
multicentric, this was not an international study, as such
results may not be generalizable to other contexts.

In conclusion, this study identified and quantified social
inequalities in the QoL of patients with EBC in a French
population. Furthermore, the inequalities increased after
EBC diagnosis, and this increase was not related to differ-
ential disease stages or treatments between groups with
different SESs.

Clinicians and society should be aware that the price of
socioeconomic inequalities in health is also reflected in
suboptimal QoL patient outcomes. The widening of social
inequalities in patient QoL after EBC in a country with a
strong welfare state and universal health care coverage
highlights the importance of considering the patients’ so-
cioeconomic environment and the wider set of forces and
systems shaping the conditions of daily life when developing
strategies to improve patient outcomes.
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TABLE A1. List of Participating Centers in the CANTO Study

Number Center Location

1 Institut Gustave Roussy Villejuif

2 Institut Jean Godinot Reims

3 Institut Bergonié Bordeaux

4 ICM Montpellier

5 Centre Oscar Lambret Lille

6 Centre GF Leclerc Dijon

7 Centre Alexis Vautrin Nancy

8 ICO Angers Angers

9 Centre Léon Bérard Lyon

10 Institut Curie Paris Paris

11 Centre François Baclesse Caen

12 ICO Nantes Nantes

13 Institut Paoli Calmettes Marseille

14 Institut Curie St Cloud St Cloud

15 Centre Jean Perrin Clermont

16 Centre Henri Becquerel Rouen

17 Centre Antoine Lacassagne Nice

18 Centre Paul Strauss Strasbourg

19 Centre Eugène Marquis Rennes
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TABLE A2. Patient Characteristics According to Inclusion Status

Characteristic Included Not Included

No. (%) 5,915 (51.9) 5,485 (48.1)

Age at diagnosis, median (IQR) 55.3 (47.5-63.5) 57.8 (48.8-66.6)

Age at diagnosis, No. (%)

<40 449 (7.6) 366 (6.7)

40-49 1,502 (25.4) 1,188 (21.7)

50-59 1,827 (30.9) 1,519 (27.7)

60-69 1,642 (27.8) 1,576 (28.7)

≥70 495 (8.4) 836 (15.2)

Menopausal status, No. (%)

Premenopausal 2,425 (41.7) 1,873 (34.7)

Postmenopausal 3,388 (58.3) 3,528 (65.3)

Charlson Comorbidity Index, No. (%)

0 4,520 (82.8) 3,734 (77.7)

≥1 942 (17.2) 1,071 (22.3)

Breast cancer stage, No. (%)

I 2,954 (50.4) 2,527 (47.0)

II 2,339 (39.9) 2,340 (43.5)

III 572 (9.8) 511 (9.5)

Histology, No. (%)

Invasive ca. NST 4,580 (77.5) 4,257 (77.9)

Invasive lobular ca 760 (12.9) 689 (12.6)

Mixed NST/lobular 566 (9.6) 522 (9.5)

Grade, No. (%)

1 1,048 (17.9) 946 (17.5)

2 3,137 (53.6) 2,872 (53.1)

3 1,671 (28.5) 1,594 (29.5)

IHC-defined subtypes, No. (%)

Hormone receptor1/HER21 624 (10.6) 549 (10.1)

Hormone receptor–/HER21 228 (3.9) 209 (3.9)

Hormone receptor1/HER2– 4,493 (76.4) 4,108 (75.8)

Hormone receptor–/HER2– 533 (9.1) 555 (10.2)

Breast cancer surgery type, No. (%)

None 2 (<1) 19 (0.3)

Mastectomy 1,544 (26.1) 1,518 (27.9)

BCS 4,362 (73.8) 3,900 (71.7)

Lymph node management, No. (%)

SNLB only or none 3,764 (63.6) 3,372 (62.0)

Axillary dissection or other 2,151 (36.4) 2,071 (38.0)

No. (%) 5,915 (51.9) 5,485 (48.1)

Radiotherapy, No. (%)

No 467 (7.9) 511 (9.4)

Yes 5,447 (92.1) 4,909 (90.6)

Chemotherapy type, No. (%)

None 2,740 (46.3) 2,594 (47.7)

Adjuvant 2,453 (41.5) 2,045 (37.6)

Neoadjuvant or both 721 (12.2) 795 (14.7)

Endocrine therapy, No. (%)

TAM 6 OFS 1,551 (26.2) 1,263 (23.7)

AI 6 OFS 2,566 (43.4) 2,596 (48.7)

(continued on following page)
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TABLE A2. Patient Characteristics According to Inclusion Status (continued)

Characteristic Included Not Included

AI 1 TAM 6 OFS 772 (13.1) 410 (7.7)

None or OFS only 1,023 (17.3) 1,066 (20.0)

Household adjusted income V,
median (IQR)

2,013 (1,375-2,750) 1,750 (1,237-2,475)

Financial difficulties, No. (%)

High 708 (12.3) 802 (18.3)

Medium 1,255 (21.8) 1,051 (23.9)

Low 3,805 (66.0) 2,538 (57.8)

Income level, No. (%)

Low (lowest tertile) 1,562 (29.2) 1,538 (39.0)

Medium 1,795 (33.5) 1,305 (33.1)

High (highest tertile) 2,000 (37.3) 1,099 (27.9)

Educational level, No. (%)

Low 2,182 (37.5) 2,126 (47.7)

Medium 2,155 (37.1) 1,419 (31.8)

High 1,476 (25.4) 916 (20.5)

NOTE. Income refers to tertiles of household income per consumption unit. Financial difficulties defined according to how monthly household
resources allowed participants to live: high (with difficulty), medium (adequately but on the limit), or low (financially comfortable). Educational level:
high (high school and three or more years of higher education), medium (secondary school 6 2 years of professional training), and low (no
education or primary education).
Abbreviations: AI, aromatase inhibitor; BCS, breast-conserving surgery; HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemistry; NST, no special type; OFS, ovarian function suppression; SNLB, sentinel lymph node biopsy; TAM, tamoxifen.
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TABLE A3. Histopathological Characteristics According to Socioeconomic Status

Characteristic

Financial Difficulties Income Educational Level

High Medium Low P Low (lowest tertile) Medium High (highest tertile) P Low Medium High P

Histology, No. (%) .85 .062 .38

Invasive ca. NST 560 (79.1) 964 (76.9) 2,935 (77.3) 1,417 (79.4) 1,385 (77.7) 1,349 (75.7) 1,689 (77.5) 1,682 (78.2) 1,123 (76.3)

Invasive lobular ca 85 (12.0) 165 (13.2) 492 (13.0) 210 (11.8) 240 (13.5) 244 (13.7) 279 (12.8) 280 (13.0) 189 (12.8)

Mixed NST/lobular 63 (8.9) 124 (9.9) 371 (9.8) 157 (8.8) 157 (8.8) 190 (10.7) 212 (9.7) 190 (8.8) 160 (10.9)

Grade, No. (%) .18 .005 .37

1 119 (17.0) 206 (16.6) 701 (18.6) 294 (16.6) 333 (18.9) 326 (18.4) 401 (18.5) 368 (17.3) 261 (17.9)

2 377 (53.8) 656 (52.8) 2,032 (53.9) 907 (51.3) 943 (53.5) 972 (54.9) 1,176 (54.3) 1,132 (53.1) 768 (52.6)

3 205 (29.2) 380 (30.6) 1,034 (27.4) 566 (32.0) 488 (27.7) 473 (26.7) 587 (27.1) 630 (29.6) 431 (29.5)

IHC-defined subtypes, No. (%) .10 .062 .097

Hormone receptor1/HER21 77 (10.9) 156 (12.5) 373 (9.9) 201 (11.3) 184 (10.4) 183 (10.3) 215 (9.9) 230 (10.8) 169 (11.6)

Hormone receptor–/HER21 23 (3.3) 52 (4.2) 147 (3.9) 76 (4.3) 48 (2.7) 82 (4.6) 68 (3.1) 94 (4.4) 63 (4.3)

Hormone receptor1/HER2– 548 (77.7) 918 (73.6) 2,921 (77.3) 1,333 (74.9) 1,380 (78.0) 1,351 (76.2) 1,700 (78.2) 1,606 (75.1) 1,106 (75.6)

Hormone receptor–/HER2– 57 (8.1) 122 (9.8) 337 (8.9) 169 (9.5) 158 (8.9) 158 (8.9) 192 (8.8) 208 (9.7) 125 (8.5)

NOTE. Income refers to tertiles of household income per consumption unit. Financial difficulties defined according to how monthly household resources allowed participants to live: high (with
difficulty), medium (adequately but on the limit), or low (financially comfortable). Educational level: high (high school and three or more years of higher education), medium (secondary school 6 2
years of professional training), and low (no education or primary education).
Abbreviations: IHC, immunohistochemistry; HER2, human epidermal growth factor receptor 2; NST, no special type.
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TABLE A4. Patient Characteristics According to Income

Characterisitic Low (lowest tertile) Medium High (highest tertile) P

No. (%) 1,786 (33.3) 1,786 (33.3) 1,785 (33.3)

Age at diagnosis, median (IQR) 52.5 (45.3-62.3) 55.7 (47.3-63.6) 56.2 (49.3-63.2) <.001

Age at diagnosis, No. (%) <.001

<40 182 (10.2) 154 (8.6) 87 (4.9)

40-49 543 (30.4) 452 (25.3) 411 (23.0)

50-59 503 (28.2) 524 (29.3) 644 (36.1)

60-69 408 (22.8) 516 (28.9) 516 (28.9)

≥70 150 (8.4) 140 (7.8) 127 (7.1)

Menopausal status, No. (%) <.001

Premenopausal 856 (48.8) 741 (42.2) 671 (38.3)

Postmenopausal 897 (51.2) 1,017 (57.8) 1,082 (61.7)

Charlson Comorbidity Index, No. (%) <.001

0 1,314 (79.8) 1,364 (82.7) 1,431 (86.7)

≥1 333 (20.2) 285 (17.3) 220 (13.3)

Breast cancer stage, No. (%) <.001

I 800 (45.2) 899 (50.7) 940 (53.2)

II 763 (43.1) 712 (40.1) 672 (38.0)

III 206 (11.6) 163 (9.2) 155 (8.8)

Breast cancer surgery type, No. (%) .002

None 1 (0.1) 1 (0.1) 0 (0.0)

Mastectomy 524 (29.4) 427 (23.9) 437 (24.5)

BCS 1,260 (70.6) 1,356 (76.0) 1,344 (75.5)

Lymph node management, No. (%) <.001

SNLB only or none 1,056 (59.1) 1,142 (63.9) 1,190 (66.7)

Axillary dissection or other 730 (40.9) 644 (36.1) 595 (33.3)

Radiotherapy, No. (%) .75

No 145 (8.1) 133 (7.4) 141 (7.9)

Yes 1,640 (91.9) 1,653 (92.6) 1,644 (92.1)

Chemotherapy type, No. (%) <.001

None 739 (41.4) 838 (46.9) 865 (48.5)

Adjuvant 800 (44.8) 745 (41.7) 704 (39.5)

Neoadjuvant or both 247 (13.8) 203 (11.4) 215 (12.1)

Endocrine therapy, No. (%) <.001

TAM 6 OFS 549 (30.8) 480 (26.9) 421 (23.6)

AI 6 OFS 693 (38.8) 763 (42.7) 820 (46.0)

AI 1 TAM 6 OFS 241 (13.5) 239 (13.4) 228 (12.8)

None or OFS only 301 (16.9) 304 (17.1) 315 (17.7)

Household adjusted income V, median
(IQR)

1,237 (884-1,375) 2,013 (1,750-2,250) 3,250 (2,750-4,000) <.001

Educational level, No. (%) <.001

Low 984 (56.1) 653 (36.9) 285 (16.0)

Medium 581 (33.1) 740 (41.8) 691 (38.9)

High 190 (10.8) 376 (21.3) 801 (45.1)

Financial difficulties, No. (%) <.001

High 510 (29.0) 113 (6.4) 35 (2.0)

Medium 553 (31.4) 474 (26.7) 137 (7.7)

Low 697 (39.6) 1,186 (66.9) 1,598 (90.3)

NOTE. Income refers to tertiles of household income per consumption unit. Financial difficulties defined according to how monthly household
resources allowed participants to live: high (with difficulty), medium (adequately but on the limit), or low (financially comfortable). Educational level:
high (high school and three or more years of higher education), medium (secondary school 6 2 years of professional training), and low (no
education or primary education).
Abbreviations: AI, aromatase inhibitor; BCS, breast-conserving surgery; OFS, ovarian function suppression; SNLB, sentinel lymph node biopsy; TAM,
tamoxifen.
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TABLE A5. Patient Characteristics According to Educational Level

Characteristic Low Medium High P

No. (%) 2,182 (37.5) 2,155 (37.1) 1,476 (25.4)

Age at diagnosis, median (IQR) 59.4 (51.3-66.2) 52.9 (45.8-61.9) 51.3 (44.6-60.3) <.001

Age at diagnosis, No. (%) <.001

<40 49 (2.2) 210 (9.7) 186 (12.6)

40-49 394 (18.1) 619 (28.7) 475 (32.2)

50-59 691 (31.7) 680 (31.6) 431 (29.2)

60-69 782 (35.8) 500 (23.2) 313 (21.2)

≥70 266 (12.2) 146 (6.8) 71 (4.8)

Menopausal status, No. (%) <.001

Premenopausal 599 (27.9) 1,029 (48.6) 772 (53.5)

Postmenopausal 1,550 (72.1) 1,090 (51.4) 671 (46.5)

Charlson Comorbidity Index, No. (%) <.001

0 1,542 (77.0) 1,696 (84.8) 1,207 (88.6)

≥1 460 (23.0) 305 (15.2) 155 (11.4)

Breast cancer stage, No. (%) .32

I 1,106 (50.9) 1,091 (51.0) 708 (48.7)

II 843 (38.8) 856 (40.0) 596 (41.0)

III 224 (10.3) 191 (8.9) 149 (10.3)

Breast cancer surgery type, No. (%) .081

None 1 (0.1) 1 (0.1) 0 (0.0)

Mastectomy 541 (24.8) 554 (25.7) 425 (28.8)

BCS 1,638 (75.1) 1,597 (74.2) 1,049 (71.2)

Lymph node management, No. (%) .04

SNLB only or none 1,432 (65.6) 1,363 (63.2) 910 (61.7)

Axillary dissection or other 750 (34.4) 792 (36.8) 566 (38.3)

Radiotherapy, No. (%) .79

No 175 (8.0) 163 (7.6) 120 (8.1)

Yes 2,007 (92.0) 1,991 (92.4) 1,356 (91.9)

Chemotherapy type, No. (%) <.001

None 1,074 (49.2) 965 (44.8) 644 (43.6)

Adjuvant 910 (41.7) 904 (42.0) 606 (41.1)

Neoadjuvant or both 198 (9.0) 285 (13.3) 226 (15.3)

Endocrine therapy, No. (%) <.001

TAM 6 OFS 358 (16.4) 672 (31.2) 506 (34.3)

AI 6 OFS 1,182 (54.2) 798 (37.0) 522 (35.4)

AI 1 TAM 6 OFSs 283 (13.0) 289 (13.4) 194 (13.2)

OFS only 4 (0.2) 3 (0.1) 0 (0.0)

None 354 (16.2) 392 (18.2) 253 (17.2)

Household adjusted income V, median
(IQR)

1,591 (1,237-2,021) 2,021 (1,588-2,750) 2,750 (2,013-3,753) <.001

Income level, No. (%) <.001

Low (lowest tertile) 984 (51.2) 581 (28.9) 190 (13.9)

Medium 653 (34.0) 740 (36.8) 376 (27.5)

High (highest tertile) 285 (14.8) 691 (34.3) 801 (58.6)

Financial difficulties, No. (%) <.001

High 393 (18.5) 225 (10.6) 77 (5.3)

Medium 530 (25.0) 481 (22.7) 226 (15.5)

Low 1,199 (56.5) 1,413 (66.7) 1,154 (79.2)

NOTE. Income refers to tertiles of household income per consumption unit. Financial difficulties defined according to how monthly household
resources allowed participants to live: high (with difficulty), medium (adequately but on the limit), or low (financially comfortable). Educational level:
high (high school and three or more years of higher education), medium (secondary school 6 2 years of professional training), and low (no
education or primary education).
Abbreviations: AI, aromatase inhibitor; BCS, breast-conserving surgery; OFS, ovarian function suppression; SNLB, sentinel lymph node biopsy; TAM,
tamoxifen.
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TABLE A6. Change in the QLQ-C30 Summary Score Over Time According to SES, Menopausal Status and Treatment Regimen

SES Variable

Premenopausal Postmenopausal Chemotherapy Endocrine Therapy

Year 1 MLS (95% CI) Year 2 MLS (95% CI) Year 1 MLS (95% CI) Year 2 MLS (95% CI) Year 1 MLS (95% CI) Year 2 MLS (95% CI) Year 1 MLS (95% CI) Year 2 MLS (95% CI)

Financial difficulties

Low –2.5 (–3.1 to –1.9) –3.3 (–3.9 to –2.8) –2.6 (–3.3 to –1.9) –3.4 (–4.1 to –2.8) –3 (–3.8 to –2.2) –2.7 (–3.5 to –2) –2.5 (–3.1 to –1.9) –3.3 (–3.9 to –2.8)

Medium –3.6 (–4.7 to –2.4) –3.7 (–4.8 to –2.6) –4.1 (–5.6 to –2.6) –4.5 (–5.9 to –3.1) –4.7 (–6.1 to –3.3) –3.5 (–4.8 to –2.2) –3.6 (–4.7 to –2.4) –3.7 (–4.8 to –2.6)

High –5.2 (–7.1 to –3.4) –5.7 (–7.4 to –4) –4.6 (–7.1 to –2.2) –5.6 (–7.9 to –3.3) –6.1 (–8.4 to –3.8) –5.5 (–7.6 to –3.4) –5.2 (–7.1 to –3.4) –5.7 (–7.4 to –4)

Income

High –2.1 (–3.6 to –0.7) –1.7 (–3 to –0.3) –2.4 (–3.4 to –1.4) –3 (–3.9 to –2.1) –2.9 (–4.1 to –1.8) –2.2 (–3.2 to –1.1) –2.4 (–3.2 to –1.5) –3 (–3.8 to –2.2)

Medium –2.7 (–4 to –1.3) –2.4 (–3.7 to –1.1) –3 (–4.1 to –1.9) –3.8 (–4.9 to –2.7) –3.4 (–4.6 to –2.2) –3.3 (–4.4 to –2.2) –2.9 (–3.9 to –2) –3.7 (–4.6 to –2.8)

Low –3.6 (–5 to –2.3) –3.2 (–4.6 to –1.9) –4 (–5.4 to –2.6) –4.8 (–6.1 to –3.5) –4.8 (–6.1 to –3.5) –4.1 (–5.3 to –2.9) –3.8 (–4.8 to –2.7) –4.2 (–5.2 to –3.2)

Educational level

High –1.6 (–2.8 to –0.3) –1.2 (–2.4 to –0.1) –2.5 (–3.8 to –1.3) –3.3 (–4.6 to –2.1) –2.5 (–3.7 to –1.3) –1.9 (–3.1 to –0.8) –1.9 (–2.8 to –0.9) –2.6 (–3.6 to –1.7)

Medium –3 (–4.1 to –1.8) –2.1 (–3.2 to –1) –2.8 (–3.9 to –1.8) –4 (–5 to –3) –3.3 (–4.5 to –2.2) –2.6 (–3.7 to –1.6) –3 (–3.8 to –2.1) –3.5 (–4.4 to –2.7)

Low –4.8 (–6.4 to –3.1) –5.1 (–6.7 to –3.5) –3.5 (–4.5 to –2.6) –4.1 (–5 to –3.2) –5.2 (–6.5 to –4) –5.1 (–6.2 to –3.9) –4 (–4.9 to –3) –4.7 (–5.6 to –3.8)

NOTE. Income refers to tertiles of household income per consumption unit. Financial difficulties defined according to how monthly household resources allowed participants to live: high (with
difficulty), medium (adequately but on the limit), or low (financially comfortable). Educational level: high (high school and three or more years of higher education), medium (secondary school 6 2
years of professional training), and low (no education or primary education).
Abbreviations: MLS, mean least square differences; QLQ-C30, QoL Core 30 questionnaire; SES, socioeconomic status.
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