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INFLAMMATION AND BREAST CANCER RISK
IN THE EPIC COHORT



ABSTRACT

Chronic inflammation might promote breast cancer development. Therefore, the possibility of
stemming tumorigenic inflammatory effects with pharmacological compounds has drawn

significant interest.

The objective of my doctoral thesis was to better understand the role of inflammation on

breast cancer development.

First, 1 evaluated the associations of eleven inflammatory biomarkers (cytokines and
adipokines) with breast cancer risk in about 1,600 case-control pairs from the EPIC cohort.
The results suggested that a higher leptin-to-adiponectin ratio decreased the risk of
peri/premenopausal breast cancer, while high levels of TNF-a increased postmenopausal

breast cancer risk.

Then, I evaluated the associations of several anti-inflammatory and antiplatelet drugs with
breast cancer risk using self-reported (EPIC cohort) and drug reimbursement (E3N cohort)
data. Nonsteroidal anti-inflammatory drugs were not associated with breast cancer risk.
However, at antiplatelet dosage, aspirin use was associated with a transient higher breast
cancer risk few years after treatment start, followed by a lower breast cancer risk. Another
antiplatelet drug, clopidogrel, was associated with a higher breast cancer risk, regardless the
duration of use. Glucocorticoid use was associated with a lower risk of invasive breast
cancer, that seemed restricted to oestrogen-dependant and stage 1 or 2 tumours and was

associated with a higher risk of in situ and stage 3/4 breast cancers.

The findings of this thesis suggest that inflammation plays a modest role in breast cancer
development and that its impact on breast cancer could be limited to certain sub-populations

or certain breast cancer subtypes.

Keywords
Breast Cancer, Inflammation, Interleukins, Adipokines, Nonsteroidal Anti-Inflammatory

Drugs, Glucocorticoids, Antiplatelet Drugs, Aspirin, Epidemiology.



RESUME

Le cancer du sein pourrait étre favorisé par 1’inflammation chronique et par conséquent étre

prévenu par I’utilisation de médicaments agissant sur I’inflammation.

L’objectif de ma these était de mieux comprendre le role de I’inflammation sur le

développement du cancer du sein.

J’ai d’abord évalué les associations entre onze biomarqueurs de I’inflammation (cytokines et
adipokines) et le risque de cancer du sein chez environ 1600 paires cas-témoin de la cohorte
EPIC. Le ratio leptine/adiponectine était associ¢ a une diminution du risque de cancer du sein
chez les femmes avant la ménopause alors que des niveaux ¢levés de TNF-a étaient associés

a un risque accru de cancer du sein chez les femmes ménopausées.

Ensuite, j’ai évalué les associations entre plusieurs médicaments anti-inflammatoires et
antiagrégants plaquettaires et le risque de cancer du sein en utilisant des données auto-
rapportées (cohorte EPIC) ou de remboursement de médicaments (cohorte E3N).
Globalement, I'utilisation d’anti-inflammatoires non stéroidiens n’était pas associée au risque
de cancer du sein alors, alors qu’une durée d’utilisation longue d’aspirine, en tant
qu’antiagrégant plaquettaire et donc a faible dose (<325 mg), était associ¢e a une diminution
du risque de ce cancer. En revanche, un autre antiagrégant plaquettaire, le clopidogrel, était
associé¢ a une augmentation du risque de ce cancer, indépendamment de sa durée d’utilisation.
L’utilisation de glucocorticoides était associée a une diminution du risque de cancer du sein
infiltrants, dépendants aux cestrogenes et de stades 1 et 2 mais a une augmentation du risque

de cancer in situ et de stades 3/4.

Les résultats de cette thése suggérent que l'inflammation joue un réle mineur dans le

développement du cancer du sein.

Mots-clés
Cancer du sein, inflammation, interleukines, adipokines, anti-inflammatoires non stéroidiens,

antiagrégants plaquettaires, glucocorticoides, épidémiologie.



RESUME SUBSTANTIEL

Au cours des derniéres décennies, les résultats des études expérimentales et épidémiologiques
ont suggéré que l'inflammation chronique pourrait favoriser le développement du cancer du
sein. Ces observations ont conduit a I’hypothése d’une possible prévention de ce cancer grace
a I'utilisation de médicaments agissant sur 1’inflammation tels que les anti-inflammatoires
non stéroidiens (AINS), I’aspirine a faible dose et les glucocorticoides. Cependant, les études
¢pidémiologiques sur les biomarqueurs d’inflammation ou sur les médicaments anti-

inflammatoires et le risque de cancer du sein sont soit rares, soit hétérogeénes.

L’objectif de ma thése était de mieux comprendre le role de I'inflammation sur le
développement du cancer du sein grace a deux approches complémentaires :
1) En évaluant les associations entre 11 cytokines et adipokines et le risque de cancer du
sein.
2) En évaluant les associations entre plusieurs médicaments anti-inflammatoires et
antiagrégants plaquettaires et le risque de cancer du sein, par le biais de données auto-

rapportées ou de remboursement de médicaments.

Différents projets ont ét¢ menés dans 1’étude prospective européenne sur le cancer et la
nutrition (cohorte EPIC), et sa composante frangaise, 1’étude épidémiologique aupres de
femmes de la mutuelle générale de 1'éducation nationale (cohorte E3N).

La cohorte européenne EPIC regroupe plus de 500 000 participants dans 10 pays européens,
suivis depuis 1990. Les informations relatives au mode de vie et aux facteurs reproductifs ont
été recueillis par auto-questionnaire a I’inclusion. Cinq pays (France, Allemagne, Pays-Bas,
Royaume-Uni et Danemark) ont aussi collecté des données auto-rapportées sur 1’utilisation
réguliére d’AINS. La plupart des participants ont également fourni un échantillon sanguin.
L’identification des cas de cancers incidents pendant le suivi repose sur le croisement de
registres de cancers, des dossiers d’assurance et hospitaliers, et d’un suivi actif par le contact
des participants et de leurs proches.

L’étude E3N s’appuie sur une cohorte de 98 995 femmes volontaires frangaises, adhérentes a
la Mutuelle Générale de I’Education Nationale (MGEN), suivies depuis 1990. Les
informations relatives au mode de vie, aux facteurs reproductifs et aux antécédents médicaux

ont été recueillies tous les deux a trois ans par auto-questionnaires. Les cancers auto-déclarés



sont validés par obtention des comptes rendus anatomopathologiques. Depuis 2004, les

données de remboursement de médicaments issues de la MGEN sont aussi disponibles

Dans une premicre partie, j’ai évalué les associations entre des niveaux circulants de
biomarqueurs inflammatoires (cytokines et adipokines) et le risque de cancer du sein,
globalement et selon le sous-type tumoral, le statut ménopausique, 1’adiposité et 1’utilisation
d’hormones exogenes chez environ 1 600 paires cas-témoin sélectionnés dans la cohorte
EPIC. Les résultats de cette étude ont montré que le ratio leptine/adiponectine étaient associé
a une diminution du risque de cancer du sein chez les femmes avant la ménopause alors que
des niveaux ¢élevés de TNF-a étaient associés a un risque accru de cancer du sein chez les

femmes ménopausées.

Dans une seconde partie, j’ai évalué les associations entre I'utilisation d’AINS et le risque de
cancer, globalement et selon le sous-type tumoral, le statut ménopausique et les principaux
facteurs de risque de cancer du sein. Durant un suivi moyen de 13 ans, 7 379 cas de cancer du
sein incidents ont été diagnostiqués chez les 140 981 participantes incluses (dge moyen au
début du suivi : 53 ans). L’utilisation réguliere d’AINS n’était pas associé¢e au risque de
cancer du sein, globalement et par sous-type de cancer du sein. Cependant, une interaction a
¢té observée entre I’utilisation réguliere d’AINS et ’utilisation de traitement hormonaux de la
ménopause (THM) chez les femmes ménopausées suggérant une diminution du risque de

cancer du sein chez celles ayant déja utilisées des THMs.

Ensuite, j’ai évalué les associations entre I'utilisation d’AINS, d’aspirine faible dose et d’un
autre antiagrégant plaquettaire, le clopidogrel, et de glucocorticoides avec le risque de cancer
du sein dans la cohorte E3N. Durant un suivi moyen de 9 ans, 2 887 cas de cancer du sein ont
¢té identifiés chez les 62 512 femmes ménopausées suivies (dge moyen au début du suivi : 63
ans). Globalement, I'utilisation d’AINS n’était pas associée au risque de cancer du sein.
Cependant, 1’utilisation d’AINS était associée a une diminution du risque de cancer du sein
chez les femmes ayant aussi utilisées des inhibiteurs de la pompe a protons.

Une longue durée d’utilisation d’aspirine a faible dose (< 325 mg et donc en tant
qu’antiagrégant plaquettaire) était associée a une diminution du risque de cancer du sein
tandis qu’un autre antiagrégant plaquettaire, le clopidogrel, était associ¢ a une augmentation
du risque de ce cancer, plus particulierement pour le cancer du sein non-dépendant aux

cestrogenes, et ce quelle que soit sa durée d’utilisation. L utilisation de glucocorticoides était
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associ¢e a une augmentation du risque de cancer du sein in situ et une diminution du risque
de cancer infiltrants. Parmi les cancers du sein infiltrants, les glucocorticoides étaient associés
a une diminution des cancers du sein de stades 1, 2 et dépendants aux cestrogeénes, et associés

a une augmentation du risque des cancers du sein de stages 3 et 4.

Les résultats de cette thése suggerent que :

- L’inflammation joue un réle mineur dans le développement du cancer du sein.
Cependant, elle pourrait étre impliquée dans certains sous-groupes, et plus
particulierement chez les femmes ménopausées.

- Les effets des médicaments antiagrégants plaquettaires/anti-inflammatoires sur le
risque de cancer du sein chez les femmes ménopausées semblent complexes et
dépendre des sous-types et facteurs de risque de cancer du sein, de la durée

d’utilisation ainsi que de ’utilisation d’autres médicaments.

Le role de I’inflammation ainsi que celui des médicaments anti-inflammatoires/anti-agrégants
plaquettaires sur le développement du cancer du sein doit étre confirmé dans des études
supplémentaires. Les prochaines études épidémiologiques doivent prendre en compte les
sous-types et facteurs de risque de cancer du sein, et pour les médicaments, la dose et la durée

d’utilisation ainsi que 1’utilisation d’autres médicaments.
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CHAPTER 1: INTRODUCTION

Although breast cancer has been intensively studied and many breast cancer risk factors have
been identified, there are still more than two million breast cancer cases diagnosed each year
worldwide (1). A better understanding of the disease aetiology as well as new prevention

strategies are urgently needed.

In the past decades, experimental and observational studies have accumulated evidence that
chronic inflammation could promote breast cancer development (2). The possibility of
stemming tumorigenic inflammatory effects with pharmacological compounds has drawn
significant interest. Consequently, nonsteroidal anti-inflammatory drugs (NSAIDs),
antiplatelet drugs and glucocorticoids are seen as potential candidates of cancer preventive

medications (3, 4).

In this first chapter, I will highlight the need for a better understanding of breast cancer
development by presenting an overview of its aetiology and epidemiology. In addition, I will
describe the potential role of inflammation in breast carcinogenesis and summarize results
from epidemiological studies. I will then proceed to explain why NSAIDS, antiplatelet drugs
and glucocorticoids are potential cancer preventive medications and highlight the necessity

for more epidemiological studies.
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1. Breast cancer

1.1. The breast: anatomy and functions

The breast is the tissue overlying the chest muscles. Each breast is composed of a mammary
gland surrounded by connective, glandular, and adipose tissue. The mammary gland is
organized into 15 to 20 sections, called lobes. Within each lobe are smaller structures, called
lobules, where milk is produced. The lobes and lobules are linked by thin tubes called ducts.
During lactation, each mammary gland drains milk towards the nipples via the ducts. Lymph
nodes, located near the breast in the axilla (armpit), filter the lymphatic fluid (also called
lymph) and store lymphocytes. Blood vessels and lymph vessels are present in each breast
and respectively drain blood and lymph. The development of mammary glands is influenced
from puberty by steroid hormones produced by the ovaries, such as oestrogen and

progesterone (5).

1.2. An overview of carcinogenesis

Cancers are characterized by the uncontrollable growth of abnormal cells which go beyond
their usual boundaries to invade adjoining parts of the body and/or spread to other organs.
Carcinogenesis, the transformation of normal cells into cancerous cells, is a multistep process
that develops through a latency period of several years before the clinical onset of the disease.
It is the result of an accumulation of detrimental variations in the genome (mutations). These
mutations might be inherited/transmitted during cell division, or acquired by random
replication errors or exposure to carcinogens (e.g. smoking) (6). These successive alterations
confer a selective advantage to the affected cells, leading to an intense proliferation. These
cancerous cells have some biological properties in common which allow them to evolve,
subsist, proliferate, and invade other tissue. These properties, also called the hallmarks of

cancer, were proposed by Douglas Hanahan and Robert Weinberg (7, 8) and are as follow:

sustaining proliferative signalling
- deregulating cellular energetics

- resisting cell death

- genome instability and mutation
- inducing angiogenesis

- evading growth suppressor

- enabling replicative immortality

- avoiding immune destruction
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- tumour-promoting inflammation

- activating invasion and metastasis.

1.3. Tumour characteristics
Breast cancer comprises multiple entities that have different histological and biological

features, clinical presentations, and behaviours.

1.3.1. Histological classification

Breast cancers are distinguished according to their tissue origin. The most frequent types of
breast cancer begin in the cells of the ducts (called ductal breast cancer and representing 40 to
75% of all breast cancers) or in the cells of the lobules (called lobular breast cancer and
representing 5 to 15% of all breast cancers). Other breast cancers including tubular,
medullary, papillary, and mucinous are less frequent (each representing less than 2% of all

breast cancers) (9).

1.3.2. Classification according to their invasiveness
When cancer cells stay within their emerging location (e.g. ducts or lobules), the cancer is
called in situ. In contrast, when cancer cells infiltrate neighbouring tissue, this is called

Invasive breast cancer.

1.3.3. Tumour stage

The stage of the cancer is defined by the Tumour, Node, Metastasis (TNM) system
established by the American Joint Committee on Cancer (AJCC) and the Union for
International Cancer Control (UICC) (10). The stage is generally determined at the time of
diagnosis and describe the extent of the disease. The TNM system is based on the assessment
of three components: the tumour size (T), the absence/presence and extent of regional lymph
nodes metastasis (N), and the absence/presence of distant metastasis (M). Each of these
components are characterized and combined to define the five stages of breast cancer ranging

from stage O for carcinoma in sifu to stage IV for metastatic cancers.

1.3.4. Histological grade
Histological grade, as defined by the Scarff-Bloom-Richardson grading system (SBR),
involves the evaluation of three morphological features: the percentage of tubule formations,

the change in cell size, and the uniformity and frequency of cell mitosis/division. A score
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between 1 and 3 is assigned to these three categories. The sum of the three scores defines the

SBR grade ranging from 1 to 3.

This grading system represents how closely cancer cells look like healthy breast cells. The
higher the grade is, the more the appearance and growth of cancer cells differs from healthy
breast cells. Histological grades provide important prognostic information: the lower the

grade is, the better the survival (11, 12).

1.3.5. Molecular subtypes

Hormones play an important role in breast cancer progression because they influence the cell
function and contribute to the proliferation of epithelial tumour cells (13). Breast cancer can
be defined by the presence on cancer cells of receptors for oestrogen (ER) and progesterone
(PR).

Breast cancers are classified as oestrogen-receptor positive (ER+) when the proportion of
cells expressing ER is above 1%, and progesterone-positive (PR+) when the proportion of
cells expressing PR is above 1%. On the contrary, breast cancers are classified as oestrogen-
receptor negative (ER-) or progesterone-receptor negative (PR-) when the proportion of cells
expressing ER or PR is less than 1% (14). The hormone receptor status on all invasive breast
cancers is determined at diagnosis as it is an important indicator for the potential response to
endocrine therapy (15). Breast cancer can also be classified by the overexpression of the
human epidermal growth factor receptor 2 (HER2), an oncogene promoting cancer growth
(16). The HER?2 status is determined on all invasive breast cancers as targeted therapy (e.g.
trastuzumab) is needed to treat HER2+ tumours (17). Women with ER+, PR+ or HER2+
breast cancers generally have a better survival rate than those with ER-, PR- or HER2- breast

cancers (18, 19).
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1.4. Descriptive epidemiology

1.4.1. Incidence

In both sexes combined, breast cancer is the second most diagnosed cancer, with
approximately 2.09 million new cases diagnosed worldwide in 2018 (11.6% of the total
cases). Among women, breast cancer is the most diagnosed cancer in the world (accounting
for almost 1 in 4 cancer cases). In 2018, the highest incidence rates of breast cancer were
observed in developed countries (North American, Australia and Western Europe) (Figure 1).
Elevated incidence rates in developed countries are attributed to a higher prevalence of
known lifestyle risk factors, which are described in the following part (1.5. Aetiology). In
Europe, it is the most diagnosed cancer, with 552,513 new cases diagnosed (12.4% of all
cases) in 2018. In France, 56,162 new cases (12.3% of all cases) were diagnosed in 2018 (1,

20).

Figure 1: Age standardized incidence rates of breast cancer.
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Source: Global Cancer Observatory: Cancer Today (20).

1.4.2. Mortality

In both sexes combined, breast cancer is the fifth leading cause of cancer death, with 626,679
deaths by breast cancer (6.6 % of the total cancer deaths) worldwide in 2018 (1). Among of
the total cancer deaths, the highest mortality rates were observed in developing countries
compared to developed countries (Figure 2). These variations in mortality rates across
countries have been attributed to differences in access to early diagnosis and optimum

treatment (21). In Europe, breast cancer is the third leading cause of cancer death, with
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137,707 deaths by breast cancer (7.1% of the total cancer deaths) in 2018. In France, 13,353
women (7.3% of the total cancer deaths) died of breast cancer in 2018 (1, 20).

Figure 2: Age standardized mortality rates of breast cancer.
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Source: Global Cancer Observatory: Cancer Today (20).

1.5. Aetiology

Breast cancer is a multifactorial disease with several well identified risk factors, including
genetic, medical, hormonal/reproductive, anthropometric, lifestyle, and environmental
factors. IARC and the French national institute on cancer (“Institut National du Cancer”,
INCa) suggested that alcohol consumption, obesity, low levels of physical activity and, to a
lesser extent, smoking and unhealthy diet, were responsible for around 40% of new breast
cancer cases in France in 2015 (22). However, the aetiology of breast cancer remains in part
unknown, and among all the identified risk factors, few of them might be modifiable. Below,

I describe the different risk factors of breast cancer.

e Age and sex
Sex is the major risk factor for breast cancer. Breast cancer affects both men and women.
However, the incidence is much higher in women and breast cancer in men represents less
than 1% of all breast cancers worldwide (23). Breast cancer incidence rates increase with age,
exponentially before menopause and slowly after. Around 50% of breast cancers are

diagnosed between 50 and 69 years old and around 28% after 69 years old (24).
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e Genetic/familial factors
About 5% to 10% of breast cancers are thought to be hereditary (25). A woman’s risk for
breast cancer is around 80% higher if she has a first-degree relative who had breast cancer
compared to women without family history (26). The risk goes up if more family members
are affected and varies according to their age at diagnosis. This increased risk from family
history of breast cancer might be explained in part by genetic variants which have been
previously identified such as mutations in genes BRCA1 and BRCA2 (27). However, these
mutations would contribute to only 25% of familial breast cancers and other genes might be
involved such as PTEN or TP53 (28). A large number of low-penetrance risk alleles
identified in Genome-Wide Association Studies may also explain part of the breast cancer

heritability (29).

e Medical factors
Proliferative benign breast diseases, with or without atypia, are associated with a
significant increase in the risk of developing breast cancer. Compared to women without
proliferative benign breast diseases, breast cancer risk increases by 58% for women with
proliferative benign breast diseases without atypia, and is multiplied by four for women with

proliferative benign breast diseases with atypia (30).

Breast density, which reflects the proportion of fibrous and glandular tissues in the breast, is
a strong risk factor for breast cancer (31, 32). Women with a breast density > 75% have their

breast cancer risk multiplied by five compared to women with a breast density <5% (31).

e Hormonal and reproductive factors
Breast cancer is a hormone-dependant cancer, which appears only after puberty among
women. There is strong evidence that sex steroid hormones, in particular oestrogens, both
endogenous and exogenous, are involved in breast cancer development (13). A variety of
other hormonal and reproductive factors, which increase lifetime exposure to oestrogen and
progesterone, are identified as breast cancer risk factors. Overall, these factors are supposed
to have a stronger effect on ER+ or PR+ breast cancers compared to ER- or PR- breast

cancers (33).
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Menstrual factors including early age at menarche and late menopause expose women to a
longer time of ovulatory menstrual cycles and consequently hormones, raising their risk of
getting breast cancer. Breast cancer risk increases by 5% for every year younger at menarche,

and independently by 3% for every year older at menopause (34).

Additionally, pregnancy-related factors, including age at first full-term pregnancy, number
of children and breastfeeding, are also known to influence breast cancer risk. Just after
delivery, parous women have an elevated breast cancer risk that peaks around five years after
childbirth and persists for more than twenty years. After, this risk decreases until conferring a
protective effect 34 years after childbirth (35). After this long period, breast cancer decreases
by 3% for every year younger at age at first full term pregnancy and by 7% for each birth
(35). Pregnancies that end as a spontaneous or induced abortion do not increase a woman's
risk of developing breast cancer (36). Breastfeeding is an established protective factor of
breast cancer among pre and postmenopausal women, with breast cancer risk decreasing by

4% for each year of breastfeeding, independently of the number of births (37).

In 1999, TARC concluded in a monograph that there was sufficient evidence in humans for
the carcinogenicity of oral contraceptives containing oestrogen in combination with a
progestogen (38). Compared to never users, breast cancer risk increased by 24% for current
oral contraceptive users. However, the effect of oral contraceptives on the risk of breast
cancer decreases gradually after cessation of use, returning to that of never-users within 10
years after cessation (39). Use of menopausal hormone therapies (MHT) has been
convincingly shown as a risk factor of postmenopausal breast cancer (40). Every MHT type,
except vaginal oestrogens, is associated with excess breast cancer risk, even though the
increased risk is stronger for oestrogen-progestogen than oestrogen-only preparations. The
risk increases substantially with duration of use. In addition, other exogenous hormones such
as diethylstilboestrol, a synthetic oestrogen used by pregnant women to prevent miscarriage
from 1940 to 1970, are known to increase breast cancer risk among users and their offspring

(41).

e Body fatness and physical activity
The effect of body fatness on breast cancer development differs according to menopausal

status. In 2017, the World Cancer Research Fund International (WCRF), which updated its
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previous analysis of all published prospective studies on diet, nutrition and physical activity
and the risk of developing breast cancer (42), concluded that there was strong evidence that:
- being overweight or obese in young adulthood (between the ages of about 18 and
30 years) or in adulthood before the menopause decreases the risk of premenopausal
breast cancer
- being overweight or obese in young adulthood decreases the risk of postmenopausal
breast cancer while being overweight/obese or gaining weight throughout
adulthood increases the risk of postmenopausal breast cancer
- being physically active decreases the risk of premenopausal (only vigorous
activity) and postmenopausal breast cancer (any activity including vigorous,
occupational, recreational, walking and household activity)

- being tall increases the risk of premenopausal and postmenopausal breast cancer.

e Alcohol consumption and tobacco
The WCRF concluded that the consumption of alcoholic drinks is probably a cause of
premenopausal breast cancer and a convincing cause of postmenopausal breast cancer (42).
In their meta-analyses, the risk of premenopausal breast cancer increases by 5% per 10 grams
of alcohol per day while the risk of postmenopausal breast cancer increases by 9% per 10

grams of alcohol per day.

Hundreds of epidemiological studies have been published on the relationship between breast
cancer and active or passive smoking. However, there is still no consensus on whether
tobacco affects breast cancer development. In a monograph of 2004, IARC concluded that
there was plausible biological evidence on the detrimental effect of tobacco smoke on breast
cancer development. However, there was no association between active/passive tobacco
smoking and breast cancer incidence in epidemiological studies (43). Since then, new
epidemiological studies have consistently observed a positive association between current

smoking and breast cancer risk, with relative risk estimates ranging from 1.10 to 1.30 (44).
e Diet

Currently, no specific dietary habits are identified as risk factors of breast cancer. However,

in 2017, the WCREF suggested that there was some evidence that:
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- consuming foods containing carotenoids and diets high in calcium might decrease
the risk of breast cancer,
- non-starchy vegetables might decrease the risk of ER- breast cancer,
- the consumption of dairy products might decrease the risk of breast cancer among
premenopausal women.
The potential influence of a specific dietary pattern (e.g. Mediterranean diet) on breast cancer

development is unclear (42).

e Environmental and occupational factors
Few environmental and occupational exposure are identified as breast cancer risk factors
except for ionising radiation from medical treatments such as X-ray, which increases the risk
of breast cancer particularly when the patient is exposed during puberty (45). In a monograph
published in 2020 (46), IARC concluded that there was limited evidence in humans for the

breast carcinogenicity of night shift work.
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2. Inflammation

2.1. Principles and functions

Inflammation is a component of a complex biological response by the immune system to
stimulants (e.g. microbial infection or tissue injury) (47). Acute inflammation is well-known
to restore cellular homeostasis after any detrimental disorder. The classical symptoms of

acute inflammation include redness, pain, swelling and heat.

The major immune cells contributing to inflammation are antigen-presenting
cells (macrophages and dendritic cells), leukocytes including granulocytes (neutrophils,
eosinophils, and basophils), mast cells, and lymphocytes including natural killer (NK) cells.
Non-immune cells such as platelets, epithelial cells, endothelial cells, and fibroblasts also
participate to inflammatory processes. A wide range of inflammatory mediators are released
by these cells such as leukotrienes, vasoactive amines, peptides, eicosanoids, pro-

inflammatory cytokines, and acute-phase proteins.

The inflammatory response depends on the nature of stimulants and on the level of damage.
For instance, a bacterial infection induces the production of inflammatory mediators such as
inflammatory cytokines [e.g. tumour necrosis factor (TNF), interleukin-1 (IL-1) and IL-6]
and chemokines. In most cases, this inflammatory response extends toward systemic effects
through the secretion of acute phase proteins [e.g. c-reactive protein (CRP) and coagulation
factors] by the liver cells (47). TNF-a and IL-1p also induce the translocation of the cellular
transcription factor nuclear factor kappa-light-chain-enhancer of activated B cells (NF-«xB) to
the nucleus where it activates genes for immune and inflammatory response (48). NF-xB
activation leads to cyclooxygenase-2 (COX-2) expression and inflammatory cytokine release
(e.g. IL-6). COX-2 induces the biosynthesis of prostaglandins (PGs) and other eicosanoids
(Figure 3) (49). On the other hand, a viral infection leads to a distinct signalling pathway
through the production of another class of cytokines such as type-1 interferons (IFNs) and
involves cytotoxic lymphocytes. A parasitic infection as well as allergens induce the

production of IL-4, IL-5, IL-13, and histamine.

Once the potential danger is eradicated, the inflammatory response is immediately followed

by the production of anti-inflammatory mediators such as IL-10, TGF-B, or endogenous
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cortisol and therefore inflammation is terminated. The role of each mediator on the resolution

of inflammation is not completely known.

2.2. Chronic inflammation

If inflammation fails to end, the acute inflammation turns into a chronic stage. For instance, it
is recognized that inflammation might persist in the case of chronic infection (e.g.
Helicobacter Pylori or sexually transmitted infections), auto-immune diseases, or among
overweight or obese people (50-55). However, chronic inflammation is not well understood,
and other triggers remain to be identified. Contrary to acute inflammation, chronic
inflammation might be deleterious and is involved in many diseases such as atherosclerosis,
obesity, type 2 diabetes, asthma, in inflammatory bowel diseases, neurodegenerative diseases,

rheumatoid arthritis and cancers (47, 56).

2.3. Inflammation and carcinogenesis

Since the discovery, by Rudolf Virchow in 1863, of the infiltration of leukocytes into tumour
tissue, many experiments have confirmed the role of the immune system and inflammation in
tumour proliferation, immunosuppression, angiogenesis, invasion, and metastasis (57). In
2011, tumour-promoting inflammation and avoiding immune destruction were identified by
Hanahan and Weinberg as hallmarks of cancer (7). Indeed, the tumour microenvironment
contains many different inflammatory mediators including pro-inflammatory cytokines,
chemokines, and eicosanoids [such as prostaglandins (PGs), thromboxane (TX), and
leukotrienes (LTs)] that might generate an immunosuppressive microenvironment (58).
Inflammation has been hypothetized to recruit and change the function of various immune
cells (58) and to supply bioactive molecules to the tumor microenvironment including growth
factors (sustaining proliferative signaling), survival factors (regulating cell death),
proangiogenic factors and extracellular matrix-modifying enzymes (accelerating
angiogenesis, invasion, and metastasis), signals that initate the epithelial-to-mesenchymal
transition (7), and reactive oxygen/nitrogen species (promoting the evolution of

transformed/initiated cells) (59).

Inflammation might be particularly relevant for breast cancer because cytokines that are
elevated in the event of chronic inflammation, such as IL-6 and TNF-a, have been shown to
upregulate angiogenesis and to stimulate aromatase activity within breast tissues (leading to

oestrogen synthesis) (60-62). Experimental data suggest that TNF-o could be involved in
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carcinogenesis by activating NF-kB and consequently inducing the expression of genes
associated with cell proliferation, apoptosis, angiogenesis, and metastasis (63). TNF-a has
also been shown to induce insulin resistance (64), which is potentially involved in breast
cancer development (65). Also, leptin, an adipokine (a hormone produced mainly by
adipocytes) could promote breast cancer by stimulating the conversion of androgen into
oestradiol or inducing a metabolic dysregulation leading to high levels of insulin and IGF-1
(66), which are hypothesized to increase breast cancer risk development (65, 67). On the
contrary, adiponectin, an adipokine with anti-inflammatory properties, might prevent cancer
development by inhibiting angiogenesis and promoting apoptosis (68, 69). The adiponectin to
leptin ratio has been shown to decrease proliferation of ER+ breast cancer cell lines and

increase proliferation of ER- breast cancer cells lines (70).

2.4. Inflammation and breast cancer risk: up-to-date epidemiological evidence

Prospective studies have shown that not only local inflammation but also systemic
inflammation could be associated with carcinogenesis. CRP is the most studied inflammatory
biomarker within the framework of breast cancer risk. In a meta-analysis of twelve
prospective studies conducted mainly on postmenopausal women (published in 2015), a
doubling of serum concentrations of CRP was associated with a significant 7% increase in
breast cancer risk (71). Since then, five prospective studies reported the CRP-breast cancer
associations mainly among postmenopausal women (72-75). Among them, two studies in a
joint publication noted no association between CRP and breast cancer risk (72), while others
confirmed the positive association between CRP and breast cancer risk (73), or suggested that
the association was confined to non-MHT users (74) or overweight women (75). One
prospective study reported no association between CRP and breast cancer risk among
premenopausal women (73). The CRP-breast cancer associations warrant further
investigation since most epidemiological studies were not able to adjust/stratify by breast
cancer subtypes, menopausal status, or risk factors such as adiposity or use of exogenous

hormones.

With respect to adipokines, a meta-analysis of six prospective and nine case-control studies
on adiponectin and breast cancer risk (published in 2014) concluded that low levels of
adiponectin were positively associated with risk of postmenopausal breast cancer (76).
However, among the studies in which blood samples were taken before breast cancer

diagnosis, none of them found a significant association between pre-diagnostic levels of
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adiponectin and postmenopausal breast cancer risk (77-80). Elevated leptin levels have been
observed in serum of breast cancer patients compared to control subjects (81). However, few
prospective studies evaluated the associations between pre-diagnostic levels of leptin and
breast cancer risk (73, 74, 82, 83). Among them, one study noted a significant lower
premenopausal breast cancer risk with high levels of leptin (73), while other suggested no
significant association between levels of leptin and breast cancer risk among premenopausal
(83) or postmenopausal women (74, 82). The leptin to adiponectin ratio, which is a marker of
insulin resistance (84), has been positively associated with postmenopausal breast cancer
diagnosis (85, 86), but no study evaluated it prospectively. The associations between
adipokines and breast cancer risk, overall and by breast cancer subtypes or risk factors need

to be evaluate in prospective studies.

TNF-a levels were not associated with breast cancer risk in several prospective studies (73,
82, 87-90). One prospective study found a lower breast cancer risk with high levels of TNF-a
91).

To my knowledge, very few prospective studies have investigated the role of other pro-
inflammatory cytokines on breast cancer development. It is also unknown whether chronic

inflammation in general is relevant to breast cancer risk, or whether specific pathways are

involved.
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3. Nonsteroidal anti-inflammatory drugs

3.1. Definition and classification

Acetylsalicylic acid is the first NSAID manufactured following the extraction of its ancestor,
salicilin, from bark of willow trees. Acetylsalicylic acid was introduced into the market under
the commercial name Aspirin® in 1899 (92). Indomethacin and ibuprofen were among the
first non-aspirin NSAIDs to be commercialized, respectively in 1964 and 1965 (93). Since
then, a large number of other NSAIDs, with antipyretic, analgesic and anti-inflammatory
properties, have been developed (Annex 1). In France, most NSAIDs are only available
through prescriptions, except for aspirin, ibuprofen, throat pastilles of flurbiprofen and
dermal diclofenac, which are also available over the counter (OTC) (94). The society which
maintains and develops the Anatomical, therapeutic, chemical (ATC) classification system,

the WHO Collaborating Centre for Drug Statistics Methodology (https://www.whocc.no/),

classifies preparations referring to aspirin (intended for analgesic or anti-inflammatory use)
into “Salicylic Acid and Derivatives” (ATC code: N0O2BA) and preparations referring to other
NSAIDs into “Anti-Inflammatory and Anti-Rheumatic Products, Non-Steroids” (MO1A). Of
note, aspirin at low dose (<325 mg per pill) is not a NSAID (4. Antiplatelet drugs).

NSAIDs can be further classified in the following therapeutic subgroups (Annex 1):
e Acetylsalicylic acid (>325 mg per pill) (NO2BAO1)
e Butylpyrazolidines (MO1AA)
e Acetic acid derivatives and related substances (M0O1AB)
e Oxicams (MOIAC)
e Propionic acid derivatives (MO1AE)
e Fenamates (MO1AE)
e Coxibs (MO1AH)

e Other anti-inflammatory and anti-rheumatic agents, non-steroids (MO1AX).

Preparations containing combinations of NSAIDs with opioids, muscle relaxants,
antibacterials, or other anti-inflammatory drugs are classified in N02AJ, M03B, JO1, or
MO1B, respectively. The ATC codes for topical use of NSAIDs preparations starts by
MO2AA.

33



3.2. Pharmacological properties and therapeutic use

3.2.1. Pharmacological actions

The mechanism of action of NSAIDs was first described during the early 1970’s by John
Vane. He demonstrated that NSAIDs disrupt the biosynthesis of PGs, which are responsible
for pain, inflammation and fever (Figure 3) (95, 96). It was initially believed that a single
COX was responsible for the biosynthesis of PGs and TxA2 (97). After the identification of
COX-1 (in 1976) and COX-2 (in 1991), NSAIDs appeared to cause adverse gastro-intestinal
toxicities and bleeding via COX-1 inhibition (98). Soon after, NSAIDs selectively inhibiting
the COX-2 (known as selective COX-2 inhibitors or coxibs) were developed in the hope for a
reduction of gastrointestinal toxicities and an enhancement of anti-inflammatory properties
(99). However, emerging concerns about cardiovascular toxicities of these new NSAIDs
resulted in the withdrawal of some of them in the early 2000s (100). It is now well
understood that NSAIDs block the synthesis of PGs and TxA2 by irreversible acetylation of a
serine in both COXs, limiting the access of arachidonic acid to the catalytic active site of the
enzymes (Figure 3). NSAIDs inhibit both COXs to a different extent leading to different
benefits and harms (101). All NSAIDs reversibly inhibit the COXs, except aspirin which
permanently inhibits them (102).

3.2.2. Indications

NSAIDs can be used for the temporary relief of minor aches and pains (for instance due to
headache, toothache, backache, muscle pain, or menstrual cramps) and to reduce fever.
Prescription-strength NSAID therapy is generally used to relieve chronic musculoskeletal
pain and inflammation in conditions such as rheumatoid arthritis, osteoarthritis, ankylosing
spondylitis, or other rheumatologic conditions. Prescription-strength NSAIDs can also be

used for the temporary relief of post-surgical pain or traumatic injury (103).

3.2.3. Main side effects

NSAIDs are associated with a wide well-recognized range of side effects including nervous
system disorders (e.g. amnesia, seizure, or insomnia), gastrointestinal troubles (e.g.
gastrointestinal bleeding, gastritis, or ulcers), liver and bilious disorders (e.g. hepatitis or liver
failure), cardiovascular troubles (myocardial infarction, stroke, or hypertension), kidney
problems (e.g. renal failure), respiratory problems (e.g. dyspnoea), blood disorders (e.g.
haemorrhage), or allergies (e.g. pruritus or dermatitis) (103, 104). The side effects vary

according to the molecule, dose, and duration of use.
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3.2.4. Main recommendations

Guidelines have been developed to reduce the risk of NSAID complications. In brief,
NSAIDs should be used one at a time, at the minimal efficient dose, and during the shortest
possible duration. NSAIDs should be used with caution among the elderly who run a far
greater risk of side effects. NSAIDs are not recommended, or should be used with caution,
among people with a history of peptic ulcer, stomach bleeding, any history of haemorrhage,
any gastrointestinal problems, severe hepatocellular damage, sever renal impairment, severe
heart failure, hyperlipidaemia, diabetes, hypertension, asthma, hypersensitivity to the
medication or history of allergies. NSAIDs are not recommended during pregnancy,
particularly during the third trimester (105). The previous guidelines vary according to the

molecule.

In France, the concomitant use of proton pump inhibitors (PPI) is highly recommended to
prevent or treat NSAID-induced gastrointestinal adverse events among people:

- Older than 65 years old,

- Or with a history of peptic ulcer disease,

- Or concomitantly using antiplatelet drugs, anticoagulants, or corticoids.
However, a French study published in 2020 reported that 80% of co-prescriptions of PPI with
NSAIDs were not in line with these guidelines (106).

3.3. Antitumor effects

Since Bennet and Del Tacca found in 1975 that PGE, were overexpressed in human colonic
cancer tissues, compared to normal tissues, high PG and Tx levels have been also found in
several human malignancies, such as colon, lung, breast, head and neck cancers (49, 107-
109). These discoveries gave rise to the hypothesis that certain PGs and Tx were involved in
the growth and spread of cancer cells and that NSAIDs, by inhibiting PG synthesis through
COX-1 and COX-2 inhibition, could prevent or inhibit tumour growth (110, 111).

This hypothesis has been supported by the fact that abnormal levels of COX-1 and COX-2
were found in several human cancer tissues including breast tissues (112-119). Pro-
inflammatory PGs such as PGE2 might promote cancer cell growth, proliferation and
angiogenesis, boost cell migration and invasion, and facilitate tumour cells to escape from
immune system’s attacks (49). PGE2 has been shown to alter several pathways involved in

cancer development (120) such as the activation the RAS-MAPK or epidermal growth factor
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receptor pathways (121, 122), production of angiogenic factors (123), induction of
antiapoptotic protein expression (124), or the activation of NF-kB transcriptional activity
(125). Furthermore, PGE; might induce the massive infiltration of immune cells into the
tumour microenvironment, which in turn results in the establishment of a chronic
inflammatory microenvironment (120). There is also accumulating evidence that PGE,
induces aromatase activity leading to oestrogen synthesis (111). Thus, NSAIDs might prevent
breast cancer development (especially ER+ breast cancers) by inhibiting COX-2 and
consequently reducing the levels of PGE, and oestrogen. The inhibition of COX-1 could also
partly explain the probable role of NSAIDs on the prevention of breast cancer. In brief, by
inhibiting COX-1 in platelets, NSAIDs prevent the release of pro-inflammatory/growth
mediators by platelets, which are supposed to be involved in breast cancer development
[more details in the section on antiplatelet drugs (4.3. Antitumor effects)]. Furthermore,
NSAIDs might alter other COX independent pathways that are involved in breast cancer
development such as generation of reactive oxygen species, inhibition of NF-kB-mediated
signals, decreasing insulin resistance, regulation of 15-LOX-1, or other apoptotic genes (103,

126-131).

3.4. Breast cancer prevention: up-to-date epidemiological evidence

In 1997, the IARC published its first handbook of cancer prevention focusing on NSAIDs
(132). In this first volume, an international working group of experts evaluated the evidence
of aspirin (regardless of the dose), sulindac, piroxicam and indomethacin as potential cancer
preventive drugs. Although there was sufficient evidence for the cancer preventive activities
of these compounds in experimental studies (126, 133-138), the experts concluded that
epidemiological studies provided limited or inadequate evidence. At this time,
epidemiological studies about the hypothetical benefits of NSAIDs were mainly based on
colorectal, oesophageal, and gastric cancers. Only a few epidemiological studies on NSAIDs
and breast cancer risk were published (139-143). Today, there is good evidence from
epidemiological studies that NSAIDs reduce the risk of colorectal cancer (144, 145), but
results for breast cancer are still not conclusive. A meta-analysis of 21 case-control and 12
cohort studies published in 2015 suggested that NSAIDs, especially aspirin (regardless of the
dose) and selective COX-2 inhibitors, reduced breast cancer risk by about 10% (146). The
authors also suggested that the protective effect of NSAIDs might be restricted to ER/PR+
tumours. However, the benefits of aspirin or other NSAIDs was only statistically significant

in case-control but not in cohort studies, where exposure was assessed prior to breast cancer
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onset. The authors of this meta-analysis highlighted a high heterogeneity among the included
studies. The major differences of the available epidemiological studies were in the accuracy
of the exposure assessment (measured at baseline or updated during follow-up), in the
exposure definition (ever use, regular use, long-term use, etc.), or in the types of NSAIDs
considered (all NSAIDs, all NSAIDs but aspirin, aspirin, ibuprofen, COX-2 inhibitors, etc.).
In addition, some studies reported heterogeneity of the NSAIDs-breast cancer risk
associations according to BMI (147, 148), alcohol consumption (149), age at menarche (147),
age at first full term pregnancy (148), menopausal status (147, 150, 151), or MHT use (151).
While studies with self-reported data on NSAID use had limited data on exposure and were
prone to exposure misclassification, studies using medico-administrative healthcare databases
(149, 152-160) had very limited data on potential confounding factors and were not able to
evaluate whether the associations differed by specific breast cancer subtypes or risk factors.
Furthermore, there is a lack of epidemiological studies considering the use of other drugs as
potential confounders/effect modifiers. For all these reasons, further studies are needed with

well-controlled confounding factors, available data on breast cancer subtypes, and more

accurate assessment of NSAID use, including types, dose, and duration of use.
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4. Antiplatelet drugs

4.1. Definition and classification

Around 40 years after the commercialization of aspirin, an increased risk of bleeding was
reported among patients treated with this molecule (92). Thereafter, aspirin had been
suggested to have antithrombotic properties and to treat cardiovascular diseases (161). It is
now recognized that aspirin decreases platelet aggregation and thrombus formation. At low
dose (<325 mg per pill), aspirin is considered as an antiplatelet drug. Several other
antiplatelet drugs are available such as ticlopidine and clopidogrel (Annex 2). The same
molecule can exist in different dosages and administration routes (oral or parenteral). In
France, antiplatelet drugs other than low-dose aspirin are only available on prescription (103).
The WHO Collaborating Centre for Drug Statistics Methodology classifies antiplatelet drugs
in the following group: “Platelet Aggregation Inhibitors Excl. Heparin” (ATC code: BO1AC).
Preparations containing combinations of low-dose aspirin with statins or angiotensin-
converting-enzyme inhibitors are classified in C10BX. Preparations containing combinations

of low-dose aspirin with beta blocking agents are classified in CO7FX.

4.2. Pharmacological properties and therapeutic use

4.2.1. Pharmacological actions

At low-dose, aspirin irreversibly inhibits COX-1 (particularly in platelets) and therefore the
biosynthesis of TxA; (Figure 3). The irreversible inactivation of COX-1 by low-dose aspirin
leads to the virtually complete inhibition of TXA; (162). Of note, NSAIDs which reversibly
inhibit COX-isozymes do not have this feature.

Ticlopidine was the first agent of a new class of antiplatelet drugs, thienopyridines, which
inhibit adenosine diphosphate (ADP). ADP, by binding the P2Y 12 receptor on platelets,
plays a central role in platelet activation and aggregation. Because ticlopidine was associated
with significant toxicities, it has been substituted by other thienopyridines including
clopidogrel, ticagrelor, cangrelor and prasugrel. Other antiplatelet drugs, more recent and less
often used, include glycoprotein platelet inhibitors (e.g., abciximab, eptifibatide, tirofiban),
protease-activated receptor-1 antagonists (e.g., vorapaxar) or adenosine reuptake inhibitor

(e.g., dipyridamole) (Annex 2).
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4.2.2. Indications

Antiplatelet drugs are widely used in primary or secondary cardio/cerebrovascular
prevention. In 2010, the French National Authority for Health (Haute Autorit¢ de Santg,
HAS) and the French Medicine Agency (Agence Nationale de Sécurité¢ du Médicament et des
produits de santé, ANSM) recommended that the prescription of an antiplatelet treatment
should be based on risk factors (assessed through a risk scale) and clinical characteristics

such as risk of bleeding or history of peptic ulcer (163).

In primary prevention, the need for platelet inhibition is calculated according to a specific
scale, called systematic coronary risk evaluation (SCORE), that was initiated by the European

Society of Cardiology (https://www.heartscore.org/). The SCORE risk scale, which estimates

the risk of fatal cardiovascular disease events over a ten-year period, is based on the
following risk factors: gender, age, smoking, systolic blood pressure, and total cholesterol
(164). Aspirin at a dose of 75-160 mg/day is recommended when cardiovascular risk is
higher than 5%. Among people with diabetes, the cardiovascular risk is calculated according
to the United Kingdom Prospective Diabetes Study (UKPDS) risk engine
(http://www.dtu.ox.ac.uk/riskengine/index.php) (165).

In secondary prevention:

- administration of aspirin alone (at a dosage between 75 and 325 mg/day) is recommended
after a stroke, transient ischemic attack or among people with a stable coronary heart disease
(including after a coronary bypass) or peripheral arterial obstructive disease,

- co-administration of aspirin (75 to 160 mg/day) with clopidogrel (75 mg/day), prasugrel (10
mg/day) or ticagrelor (180 mg/day) is recommended during the year following a myocardial
infarction (with or without stent). Then, low-dose aspirin will be taken alone,

- co-administration of aspirin (75 to 160 mg/day) with clopidogrel (75 mg/day) is
recommended after a stent placement or balloon angioplasty among people without history of
myocardial infarction,

- co-administration of aspirin (75 to 160 mg/day) with prasugrel (75 mg/day) or with
ticagrelor (180 mg/day) is recommended after an acute coronary syndrome,

- administration of clopidogrel alone (75mg/day) is recommended when aspirin cannot be

taken.
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4.2.3. Main side effects

A wide range of side effects associated with antiplatelet drugs is recorded (103). The side
effects associated with low-dose aspirin or clopidogrel include asthenia, fever, dizziness,
nervous system disorders (e.g. amnesia, somnolence), immune system disorders (e.g.
allergies, oedema, or hives), skin disorders (e.g. eczema or pruritus), blood and lymphatic
system disorders (e.g. haemorrhage or gastrointestinal bleeding), gastro-intestinal disorders
(e.g. ulcers or gastritis), hepatic injuries (e.g. hepatitis or hepatic failure), renal and urinary
troubles (renal failure or gynecomastia), musculoskeletal disorders (e.g. arthritis or myalgia),
respiratory (e.g. asthma or dyspnoea), and cardio-vascular problems (e.g. vasculitis,

pneumopathy).

4.2.4. Main recommendations

Antiplatelet drugs should be used with caution among the elderly who run a far greater risk of
side effects. Before starting antiplatelet agents, the patient should undergo assessment for
bleeding risk. Temporary cessation of antiplatelet drugs increases the risk of cardiovascular
events. Therefore, cessation must be professionally managed and based on a risk-benefit
assessment. If the antiplatelet is an essential therapy, the medications should be resumed as
quickly and safely as possible. Most common contraindications of antiplatelet agents include
severe heart, hepatic or renal impairment, asthma, oesophagus or gastro-intestinal ulcers,
stomach bleeding, any history of gastrointestinal problems, any haemorrhage, coagulation or
haemostasis disorders, haemophilia, significant thrombocytopenia, recent chirurgical
intervention, allergic or chronic rhinitis, and hypersensitivity to the medication. Antiplatelet
drugs are not recommended during pregnancy (only during the third trimester for low-dose

aspirin).

4.3. Antitumor effects

Platelets, which are anucleate cell fragments generated by megakaryocytes in the bone
marrow, are essentials in maintaining haemostasis and preventing bleeding (166). However,
uncontrolled progression of platelets could lead to excessive thrombus formation, vascular
occlusion, and subsequently vascular diseases (167). Emerging evidence suggested that
platelet could contribute to inflammation and to the pathophysiology of cancer (107, 168,
169). Indeed, thrombocytosis, defined as a platelet count of >400 K/uL of blood, was
observed in cancer patients and associated with poor prognosis (170) in various cancers such

as colorectal (171, 172), breast (173), lung (174, 175), renal (176), cervical (177), and
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ovarian (178). In addition, platelet count has been positively correlated with serum levels of
CRP and multiple cytokines including IL-1RA, IL-4, IL-6, IL-7, IL-8, IL-12, and IFN-y in
colorectal cancer patients (179). Platelets might modulate inflammation and tumour
progression by (107, 168, 169, 180, 181):

- interacting directly with leukocytes and affecting the immune system,

- secreting their granule components: cytokines, chemokines, platelet-derived growth
factors, vascular endothelial growth factors, basic fibroblast growth factors and
insulin growth factors,

- producing and releasing TxA2 (which might accelerate tumour growth, invasion and
promote angiogenesis),

- gathering around cancer cells, assisting tumour cells in evading immune destruction,
and facilitating the circulation of cancer cells,

- inducing an invasive epithelial-mesenchymal transition phenotype of tumour cells,

- and influencing pathways that activate cell-bound protease-activated receptors,

leading to the activation of inflammatory and angiogenic responses.

The possible roles of activated platelet in inflammation and cancer growth support the
hypothesis that antiplatelet agents might reduce cancer development. Preclinical studies have
demonstrated that aspirin inhibits the proliferation of breast tumour cells, promotes apoptosis
and suppresses tumour growth and migration (182, 183). However, the mechanism of action
of low-dose aspirin in the prevention of cancer has not been elucidated: both COX-dependent
and COX-independent pathways could be involved. Aspirin has been hypothesized to
decrease breast cancer by reducing eicosanoid biosynthesis/release through the inhibition of
COX-1 (Figure 3). This hypothesis is supported by the fact that COX-1 and TXA, were found
to be overexpressed in several cancers including breast cancers (108, 109, 117-119, 184). In
addition, the inhibition of the TxA, biosynthesis was shown to suppress mammary

tumorigenesis or breast cancer metastasis in animal models (107).
Aspirin could regulate other pathophysiological events in breast carcinogenesis, such as

reprogramming the mesenchymal to epithelial transition (183, 185), inhibiting the Wnt/b-
catenin and NF-kB signalling and the acetylation of extra-COX proteins (186).
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There is also evidence that thienopyridines might have anti-cancer properties (187).
Ticagrelor was found to inhibit platelet-tumour cell interactions and metastasis in human and
murine breast cancer (188), and to inhibit lung, liver, and bonne marrow cancer metastasis in
mouse models (189). The inhibition by cangrelor (the in vitro equivalent of clopidogrel) of
platelet secretion of vascular endothelial growth factor, thrombospondin, and transforming
growth factor-B1 was stronger in breast cancer patients compared to healthy patients (190). In
mice models, clopidogrel prevented the binding of cancer cell-derived microparticles to
fibrinogen-platelets aggregates at the site of thrombosis, thereby suppressing the development

of the tumour and reducing metastasis (191).

4.4. Breast cancer prevention: up-to-date epidemiological evidence

Low-dose aspirin has been intensively evaluated as preventive cancer medication (192-196)
and consistently associated with a lower colorectal cancer incidence in observational studies
and randomized controlled trials (196, 197). Recent US guidelines even recommend low-dose
aspirin for the prevention of colorectal cancer in a subset of patients (aged between 50 and 69
years old) with a favourable risk-benefit profile (198). However, findings for breast cancer
are limited with few published results from randomized controlled trials. In a randomized
controlled trial published in 2013 (Women’s Health Study: participants aged >45 years old,
median follow-up of 17.5 years), low-dose aspirin (100 mg) used every other day for an
average of 10 years had no impact on breast cancer risk compared to placebo (Hazard Ratio
[HR]=1.02, 95% confidence interval [CI]= 0.89 — 1.18, n exposed cases=385) (196). This
could be because low-dose aspirin was used less frequently than in usual prescriptions for
cardiovascular prevention (i.e. daily), which could be less effective in terms of cancer
prevention. The latest randomized double-blind placebo-controlled trial of daily low-dose
aspirin (100 mg) (ASPREE: participants aged >65 years old, median follow-up of 4.7 years),
showed no effect of low-dose aspirin on breast cancer incidence [HR=1.03 (0.80 — 1.32), n
exposed cases=127] (199). This lack of effect could be due to the fact that follow-up as well
as duration of aspirin use were not long enough to expect a benefit of aspirin. Indeed, in a
meta-analysis of randomized controlled trials published in 2018, among participants aged >
70 years, an increased risk of any cancer was observed during the first 3 years of follow-up
[HR= 1.20 (1.03 — 1.47)], followed by a reduced incidence of any cancer after 5 years of
follow up [HR=0.62 (0.41 — 0.94)] (200). In the ASPREE trial, low-dose aspirin was
associated with an increased risk of any solid cancer at stage 4. However, the authors did not

present the associations between low-dose aspirin and stages of breast cancer (200). A meta-
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analysis of 22 cohort studies and 16 case-control studies (published in 2019) suggested that
aspirin use was associated with a 10% decreased risk of breast cancer, that seemed restricted
to in situ or ER/PR+ tumours and postmenopausal women (201). However, the significant
benefit for aspirin users was only found in case-control studies. In a meta-analysis of 13
cohort studies (published in 2017), a duration-response relationship between aspirin use and
breast cancer risk was observed (202). The authors of these two meta-analyses detected
substantial heterogeneity of results among studies as well as publication bias and highlighted
the need for more epidemiological studies with well-controlled confounding and more
accurate assessment of exposure to aspirin. Of note, the fact that most studies did not
distinguish between low-dose and standard-dose formulations may have contributed to the

reported heterogeneity of results.

Results on the associations between use of other antiplatelet drugs and breast cancer risk
could help to further elucidate whether use of aspirin would impact breast cancer risk through
platelet inhibition or through other mechanisms (9-11). A meta-analysis of 6 randomized
controlled trials and 3 cohort studies published in 2017 concluded that there was no
association between clopidogrel or prasugrel use and cancer risk (203). Since then, recent
observational studies noted that clopidogrel use, alone or in combination with low-
dose aspirin, might reduce the risk of several cancers (204-206) including colorectal, other
gastro-intestinal, non-gastrointestinal, or haematological cancers (206). However, no
epidemiological study evaluated the associations between antiplatelet drugs other than low-

dose aspirin and breast cancer risk.
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5. Glucocorticoids

5.1. Definition and classification

Synthetic glucocorticoids emerged in the late 1940s with the chemical synthesis of cortisone
(207).  Nowadays, several glucocorticoids, with  various anti-inflammatory,
immunosuppressive, metabolic, and endocrine properties, are available on the market. All
these drugs are structurally and pharmacologically similar to the endogenous hormone
cortisol, mainly produced naturally by the adrenal glands. In France, all glucocorticoids are
only available through prescriptions (103). The WHO Collaborating Centre for Drug
Statistics  Methodology classifies systemic  glucocorticoids in the following
group: “Glucocorticoids” (ATC code: HO2AB). The different systemic glucocorticoids are
presented in Annex 3. Other glucocorticoids are available including glucocorticoids for nasal
use (RO1AD), for inhalation (RO3BA), for topical use (D07), for local treatment of acne
(D10AA), for local intestinal treatment (AO7E), for local oral treatment (AO1AC), for eye
treatment (SO1), for ear treatment (S02), and for eye and ear treatment (S03).

5.2. Pharmacological properties and therapeutic use

5.2.1. Pharmacological actions

Glucocorticoids are corticosteroids that bind to the glucocorticoid receptor (GR). GR is a
member of the nuclear receptor superfamily of transcription factors expressed in various
tissues. When glucocorticoids bind to the GR, the receptor becomes activated and the GR-
glucocorticoid complex translocates into the cell nucleus (208). Once inside the nucleus, the
complex can:

- Binds directly to DNA elements called glucocorticoid response elements to stimulate
target gene expression and activate gene transcription. For instance, glucocorticoids
induce the formation of lipocortin-1, an important inhibitor of the phospholipase A,,
thereby blocking eicosanoid production including PGs and leukotrienes (Figure 3),

- repress transcription of genes containing a negative glucocorticoid response element,

- or bind to transcription factors (such as the NF-kB and activator protein-1), leading to
the inhibition of various pro-inflammatory molecules including IL-1, IL-2, IL-4, IL-5,
IL-6, IL-8, IL-12, IL-18, COX-2, and TNF-q.

Likewise, high doses of glucocorticoids (depending on the molecules) bind to

mineralocorticoid receptors influencing the electrolytes and water balance.

46



5.2.2. Indications

Synthetic glucocorticoids are used to treat a wide range of diseases (103). Systemic
glucocorticoids are used as hormone replacement therapy in case of adrenal insufficiency
(e.g., in Addison’s disease [a rare condition which is primarily caused by autoimmune
destruction of the adrenals, leading to deficiency of cortisol, aldosterone and adrenal
androgens]), rheumatologic conditions (e.g. arthrosis, tendinitis, sprain, bursitis, arthritis,
rheumatoid arthritis, or talalgia), autoimmune diseases (e.g. multiple sclerosis, inflammatory
bowel disease, ulcerative colitis, psoriasis, autoimmune haemolytic anaemia, or systemic
lupus erythematosus), nephrology disorders (e.g. nephrotic syndrome), allergies (e.g. allergic
rhinitis), or respiratory diseases (e.g. chronic obstructive pulmonary disease). Systemic
glucocorticoids can also be used at high doses to treat lymphomas, leukaemia, or multiple
myeloma and to mitigate the side effects of anticancer drugs. Topical glucocorticoids are
used to treat conditions like dermatoses, eye inflammations, or ear infections. Inhaled

glucocorticoids are used to treat asthma (103).

5.2.3. Main side effects

Systemic glucocorticoids are known to increase blood sugar levels (which can lead to
diabetes), suppress the body’s ability to absorb calcium (which can lead to osteoporosis),
increase cholesterol and triglyceride levels, suppress the immune system (by decreasing
leukocytes and cytokines production), induce a loss of muscle tissue, and resorb sodium
leading to fluid retention. Glucocorticoids could also lead to cardiovascular problems (e.g.
arrythmia, pulmonary embolism, heart failure, or hypertension), gastrointestinal troubles (e.g.
gastrointestinal bleeding, or ulcers), kidney damages, metabolic troubles (e.g. weight gain or
oedema), musculoskeletal disorders (arthritis or arthralgia), and skin disorders (acne, purpura,
dermatitis or skin rash) (209, 210). The side effects of other routes of administration of
glucocorticoids are mainly the same as those seen with systemic glucocorticoids (211). The
most frequent adverse effects of dermal glucocorticoids include atrophy, striae, rosacea,

perioral dermatitis, acne, and purpura (212).

5.2.4. Main recommendations

As many glucocorticoid-related adverse effects depend on dose and duration of treatment, it
is recommended to use glucocorticoids during the shortest duration possible. Glucocorticoids
must be mainly avoided in case of hypersensitivity, infection, psychiatric conditions, or

surgical intervention. People with diabetes, history of peptic ulcer disease or ulcerative
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colitis, hepatic or renal insufficiency, hypertension, severe myasthenia, hypokalaemia,
sodium retention, lactase deficiency, or osteoporosis will need particular attention from
medical services. A long glucocorticoid therapy could be complemented by a diet low in
sodium, low in sugar, high in protein, and in some cases, using vitamin D supplements and

PPIL

5.3. Antitumor effects

The action of glucocorticoids in tumor progression is controversial and might have diverse
influences depending on the type of cancer (213). Regarding breast cancer, potential
beneficial and harmful effects of glucocorticoids have been reported. On the one hand,
glucocorticoids might prevent breast cancer development by affecting angiogenesis (214,
215), inhibiting growth and inflammatory factors (214), stimulating the expression of the
sulfotransferase SULT1E1 (which plays a role in deactivating oestrogen) (213, 216), and
suppressing cell migration/invasion (217, 218). In addition, glucocorticoids might exert some
anti-tumour effects by reducing eicosanoid production through the inhibition of
phospholipase A, (Figure 3). On the other hand, glucocorticoid might promote breast cancer
growth by facilitating tumour cells to escape from immune surveillance and inducing insulin
resistance (219, 220). Recent experiment using mice models suggested that glucocorticoids
might promote breast cancer metastases (221). This hypothesis is not new: results from a
study published in the 1960’s indicated that, compared to non-use, the use of adrenal steroids
(including glucocorticoids) increased the risk of metastasis among breast cancer patients

(222).

Thus, whether glucocorticoids promote or inhibit breast cancer growth is still under

investigation.

5.4. Breast cancer prevention: up-to-date epidemiological evidence
Previous epidemiological studies suggested that use of systemic glucocorticoids increases the
risk of non-Hodgkin lymphoma (223), skin (223-225), bladder (226), and prostate (227, 228)

cancers.

To my knowledge, only two epidemiological studies have been previously published, both
based on data from nationwide medico-administrative databases from Northern Denmark

(229, 230). The latest study, which was an extension of the previous one (229) suggested that
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there was no association between at least 3 prescriptions of systemic or inhaled
glucocorticoids and invasive breast cancer risk [inhaled glucocorticoids: odds ratio
(OR)=1.00 (0.95 — 1.10), n exposed cases=593; systemic glucocorticoids: OR=1.00 (0.96 —
1.10), n exposed cases= 908)] (230). No associations were found when the authors
categorized the glucocorticoid exposure into recent and former use, according to intensity or
duration of use, or stratified the analysis by menopausal status (pre, peri, postmenopausal).
As mentioned by the authors themselves, they were not able to stratify their analyses by
breast cancer subtypes. However, glucocorticoids might have a different impact on breast
cancer development according to breast cancer molecular status. Three other epidemiological
studies suggested that “corticoid” or “steroid” use was associated with a decreased risk of
breast cancer (160, 231, 232). However, there was no detailed information on exposure
assessment and the number of exposed cases was small in two studies (n < 22). There is thus
a lack of epidemiological studies on the relation between glucocorticoid use and breast cancer
risk. Further well-designed epidemiological studies should evaluate the glucocorticoids-

breast cancer associations according to breast cancer subtypes or risk factors as well as dose,

duration, and timing of glucocorticoid use.
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6. Thesis objectives

My doctoral thesis aimed to better understand the role of inflammation on breast cancer

development using two complementary approaches:

1) to evaluate the associations between breast cancer risk and a panel of 11 inflammatory
biomarkers (TNF-a, IFN-y, IL-6, IL-8, IL-10, IL-13, IL-17D, IL-1RA, CRP, leptin
and adiponectin) in about 1600 case-control pairs in the European Prospective

Investigation into Cancer and Nutrition (EPIC) study

2) to evaluate the associations between breast cancer risk and NSAIDs, antiplatelet drugs
and glucocorticoids using self-reported and drug reimbursement data in the EPIC
study and its French component, the E3N (Etude Epidémiologique auprés de femmes
de la Mutuelle Générale de I'Education Nationale) cohort.
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CHAPTER 2: DATABASES

1. The EPIC study

1.1. Presentation of the cohort

The European Prospective Investigation on Cancer and Nutrition (EPIC, https://epic.iarc.ft/)

study is a multi-centre ongoing prospective cohort study, mainly designed to investigate the
aetiology of cancers (233). This study enrolled more than 521,000 participants, aged between
25 and 70, recruited between 1992 and 2000 from 23 centres across 10 Western European
countries including Spain, Italy, France, the United Kingdom, Greece, Germany, the
Netherlands, Denmark, Sweden, and Norway (Figure 4). Approval for the study was obtained
from the relevant ethical review boards of the participating institutions as well as from the

IARC ethics committee.

Figure 4: EPIC countries and centres.

European Prospective Investigation into Cancer and Nutrition (EPIC)

1.2. Recruitment and baseline information
1.2.1. Self-reported data
At recruitment, participants provided their informed consent and completed detailed

questionnaires including questions on lifestyle habits (history of tobacco smoking, alcohol
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consumption, physical activity, education level and diet), history of previous illnesses,
reproductive factors, and anthropometric factors. Extensive details on the standardized
recruitment procedures have been published previously (233). Below, I describe briefly the

collected variables used in the present projects.

1.2.2. Biological data

At baseline, blood samples were collected from 387,889 individuals including 246,000
women from all countries. Blood was collected according to a standardized protocol in
France, Germany, Greece, Italy, the Netherlands, Norway, Spain, and the United Kingdom
(233). Serum (except in Norway), plasma, erythrocytes (except in Norway), and buffy coat
were separated and aliquoted in 28 plastic straws of 0.5 ml each. These samples were then
split into two mirror halves of 14 aliquots each and one was stored locally and the other half
in a centralized biobank at the IARC in liquid nitrogen (—196°C). In Norway, blood
fractions were collected in 20 plastic straws of 0.5 ml each (16 plasma and 4 bufty coat), half
of which (8 plasma et 2 buffy coat) were shipped to IARC for storage in the central
repository. In Denmark and Sweden, blood samples were stored in tubes (not in plastic
straws) in local repositories (IARC is not suitable for storing tubes). In Sweden, the samples

are kept in deep freezers at —70°C, and in Denmark in nitrogen vapor (—150°C).

1.3. Data on cancer and vital status

1.3.1. Vital Status

Data on death were collected from mortality registries at the regional or national level. The
follow-up period of this thesis project ended as follows: June 2008 in France, December 2009
in Heidelberg, Varese and Murcia, December 2010 in Florence, Ragusa, Turin, Asturias,
Bilthoven, Naples and Utrecht, December 2011 in Granada, Navarra, San Sebastian and
Cambridge, December 2012 in Greece, Oxford, Umed, Norway and Denmark, and December

2013 in Malmo and Potsdam.

1.3.2. Cancer events

Cancer cases were identified during follow-up based on population cancer registries in
Denmark, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom, and on a
combination of methods, including health insurance records, contacts with cancer and
pathology registries, and active follow-up of participants and their next of kin in France,

Germany, and Greece. In the present work, first primary cases of breast cancer were
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identified as primary incident tumours of the breast. Diagnosis of cancer cases in EPIC was
based on the 2nd or 3rd revision of the International Classification of Diseases for Oncology
(ICD-0O-2 or ICD-0-3) (234). Around 20,000 incident breast cancers were diagnosed in EPIC
in 2015.

1.4. Exposure to aspirin or nonsteroidal anti-inflammatory drugs
Five countries have provided baseline self-reported data on NSAID use: the Netherlands
(Utrecht centre), France (all centres), Denmark (all centres), Germany (all centres), and the
United Kingdom (Cambridge centre). Heterogeneous data on NSAID use were collected at
baseline. The following questions were asked to the participants:
- “Are you currently taking anti-inflammatory drugs at least three times per week?” in
France.
- “Have you ever taken aspirin continuously for 3 months or more?” in the United
Kingdom.
- “During the past 4 weeks, did you take any regular medications? If yes, please specify
the medication.” in Germany.
- “Do you take aspirin daily?” in the Netherlands.
- “Have you used more than one painkilling tablet/month during the last year? If yes,
how many pills containing aspirin and how many pills containing ibuprofen: none; 2—

3/month; 1-2/week; 3—6/week; 1-3/day; 4-5/day; 6+/day?” in Denmark.

1.5. Co-variables

1.5.1. Education level

Educational level was collected at baseline for each centre and the replies were then
categorized into a common classification using three categories (none or primary education,

technical/professional/secondary school, and longer education).

1.5.2. Familial history of breast cancer
Only in France, Spain, Utrecht, Norway and Bilthoven, participants were asked to report
whether their mother or sister(s) were diagnosed with a breast cancer. The age at diagnosis

was also asked.
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1.5.3. Medical conditions

In all centres, participants were asked to report previous illnesses and age of onset of each of
these events. Most centres included information on heart disease, diabetes, stroke,
hypertension, hyperlipidaemia, gallstones, polyps of the large bowl, hysterectomy,

oophorectomy, and breast surgery.

1.5.4. Hormonal and reproductive factors

Age at menarche

In all EPIC countries, women were asked to either report their age at menarche or to choose a
predefined category of age at menarche. Age at menarche was then dichotomized (<13 years

and >13 years).

Reproductive life

In all EPIC countries, women were asked to report whether they had ever been pregnant and
whether they had ever had any live born children or still births (miscarriage or abortion).
They could also report the number of live births and their age at first delivery (second, third
and last delivery). Women were considered to have had a full-term pregnancy if they reported
at least one live birth or still birth. In Norway and Umeé, women were asked to directly give
the number of full-term pregnancies. For the other countries, the number of full-term
pregnancies was calculated from the number of live births and the number of still births. Age
at first full term pregnancy was considered as the minimum age between the two types of
full-term pregnancies (stillbirths or live births). This information was missing for Norway,
Bilthoven, Malmo and Umed. In all centres except Bilthoven and Umed, women were asked
whether they had ever breastfed one on their three first and last delivery. Women who
reported to have breast fed at least one of her children was considered as having ever

breastfed.

Menopausal status

A combination of different factors was used to determine the menopausal status at baseline.
Women were considered premenopausal when they reported they were still menstruating or
had at least nine menstrual periods over the previous 12 months. Women who had missing or
incomplete questionnaire data or who had had a hysterectomy, were considered
premenopausal when they were younger than 42 years (because among the female EPIC

participants who had complete questionnaire data, almost all women who were younger than
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42 years were premenopausal). Women were considered postmenopausal when they reported
fewer than four menses in the past year, or when they reported a bilateral ovariectomy.
Women who had missing or incomplete questionnaire data, were considered postmenopausal
when they were older than 55 years (because among the female EPIC participants who had
complete questionnaire data, almost all women who were older than 55 years were
postmenopausal). Women between 42 and 55 years old who had had a hysterectomy and

using exogenous hormones were considered perimenopausal women.

Phase of menstrual cycle among premenopausal women at the time of blood donation

For all women classified as premenopausal at the time of blood donation, phases of menstrual
cycle (early follicular, late follicular, peri-ovulatory, midluteal, and other luteal) were
determined using two different methods: “forward’ dating” (counted forward from the
woman’s reported date of the start of her last menses) and “backward dating” (counted
backward from the date of the start of her next menses after blood donation, which the
woman reported on a prepaid postcard and sent back to the recruitment centre afterwards).
Preference was given to backward dating because the length of the second half of the cycle

(luteal phase) is generally more constant than the first half (follicular phase).

Exogenous hormone use

All EPIC centres had information on oral contraceptive use including ever use, age at first use
and duration of use. In all EPIC centres except Umea, women were asked to report whether
they were currently using oral contraceptives. Information on MHT use covered ever and
current use, age at first use, duration of use and brand name of current MHT use. Umea did
not have information of current MHT use and Malmo did not have information on age at first
MHT use. From the MHT brand name, the type of hormone and the route of administration

could be deduced.

1.5.5. Anthropometric factors, physical activity, and energy intake

Anthropometry

All EPIC centres except Umeé and Norway, have either self-reported (France and part of the
UK) or measured information on weight, height, hip circumference, and waist circumference
(WC). In Norway and Umea, only self-reported information of height and weight were
collected. In Oxford and in France anthropometric factors were measured only for a restricted

number of participants, but self-reported weight and height were obtained from all
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individuals. Sitting height was measured in France, Italy, Spain, Utrecht, Greece, Germany
and Denmark (235). BMI was calculated for each participant and split into four categories:
underweight (<18.5 kg/m?), normoweight (>18.5 — <25 k g/m?), overweight (>25 — <30) and
obese (> 30 kg/m?).

Physical activity

The baseline questionnaire assessed past-year physical activity including occupational,
leisure/recreational and household activities. For recreational and household activities,
participants reported the duration of activities during a typical week during the past summer
and winter. Household activities included housework, home repair, gardening and stair
climbing. Recreational activities included walking, cycling and sports activities. A metabolic
equivalent of task (MET) value was assigned to each reported activity according to the
Compendium of Physical Activities (236). The mean numbers of hours per week of summer
and winter household and recreational activities were estimated and then multiplied by the
appropriate MET values to obtain MET-hours per week of activity. A four-level physical
activity index was derived by combining occupational physical activity together with time
participating in cycling and other physical exercise (such as keep fit, aerobics, swimming,
and jogging). Participants were categorized into inactive, moderately inactive, moderately

active and active (237).

1.5.6. Alcohol consumption and tobacco

Alcohol consumption

Alcohol consumption at baseline was collected for the whole EPIC cohort. Participants
reported the number of standard glasses of wine, beer, cider, sweet liquor, distilled spirits, or
fortified wines they consumed daily or weekly during the 12 months before recruitment.
These replies were used to estimate the quantity of ethanol consumption per day. Alcohol
consumption was also assessed from 24-hour dietary recalls in a subset of the cohort, to
standardise the dietary information received from all centres. Lifetime alcohol consumption

was also collected for 76% of participants.

Tobacco smoking
The following information on cigarette smoking was collected through baseline
questionnaires: smoking status (current, former, or never), age at which they started and quit

smoking, number of cigarettes per day currently smoked, and number of cigarettes smoked
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per day during different periods of life. Information on passive smoking was available in 6
countries (France, Italy, the Netherlands, Germany, Denmark, and Norway). All centres
(except those in the Netherlands and Norway) also have information on current and past cigar

and pipe smoking.

2. The E3N study

2.1. Presentation of the cohort

The French component of EPIC, E3N (Etude Epidémiologique aupres de femmes de

[’Education Nationale, https://www.e3n.fr/), is an ongoing prospective cohort, which initially
aimed to investigate the relationship between lifestyle, diet, hormones, environment and
female cancers. Nowadays, other major chronic diseases such as diabetes and cardiovascular
diseases are also being studied (238). The E3N study was approved by the French National
Commission for Data Protection and Privacy (Commission Nationale Informatique et

Libertés, CNIL).

2.2. Recruitment and baseline information

In 1990, 499,668 French women born between 1925 and 1950, living in metropolitan France
and insured by a specific national health scheme covering mainly teachers (Mutuelle
Générale de I’Education Nationale, MGEN), were invited to participate in the study. Twenty
percent (98,995 women) agreed. Age and region of residence were not different between
participants and non-participants (238). At baseline, participants signed an informed consent
and replied to the first questionnaire (Q1), which was common to all EPIC centres, and
included questions on socio-demographic factors (educational level and current employment
status), anthropometric measures (current and at different times in life), menstrual and
reproductive factors (age at menarche, parity, age at first pregnancy, breastfeeding, and
menopausal status), lifetime medical and surgical history, family history of cancer,
gynaecological follow-up (pap smear frequency and date of last mammogram), lifetime

tobacco consumption, and current physical activity.

2.3. Follow-up
2.3.1. Self-reported data
Every 2-3 years after recruitment, participants completed self-administered questionnaires to

update previous information or to collect new information, as summarized in Figure 5. The
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second questionnaire (Q2) asked detailed information on menstrual factors (age at menarche,
menstrual cycle length, menopausal status, and age at menopause), reproductive history
(treatments for infertility and for each pregnancy: age at pregnancy, duration and outcome
and breastfeeding), lifetime history of use of oral contraceptives, MHT, or other hormonal
treatments (for each episode of use: drug name, age at first use, and duration of use), lifetime
personal history of benign gynaecological diseases (for each disease: type of disease, age at
diagnosis, diagnostic procedures, and treatment), lifetime personal history of other diseases
(diabetes, stroke, cancer, etc.), and medical follow-up (including information on recent
mammogram). The third (Q3) and the eighth (Q8) questionnaires also included a diet history
questionnaire, and the fourth questionnaire (Q4) focused on specific anthropometric
measures. Q2 to Q9 updated information on menopausal status and use of hormonal
treatments. Q2 to Q11 updated information on health status as well as data such as weight
and tobacco consumption. Q3 to Q9 included questions on current use of drugs. Q10 included
questions on individual's autonomy and well-being, oral health, visual, and hearing ability.
Q11 also included information on quality of life and sleep patterns.

While Q3 and Q4 were only sent to women who responded to the previous questionnaire, Q2,
Q5, Q6, Q7, Q8, Q9, Q10, and Q11 were sent to the whole cohort. The response rates were
varied from 77% to 92%.

2.3.2. Data from the MGEN database

Every three months, the MGEN provides the E3N team with updated information on vital
status and address of the participants that are still affiliated with this health scheme.
Additionally, the MGEN provides, for each cohort participant, data on all outpatient

reimbursements for health expenditure issued since January 1, 2004.

2.3.3. Biological data
Between 1994 and 1999, blood samples were collected among around 25,000 participants.
Between 2009 and 2011, saliva samples were collected among around 45,000 women who

did not previously provide blood samples.
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2.4. Data on cancer and vital status

2.4.1 Vital status

As mentioned previously, the MGEN provides updated information on vital status of the
participants that are still affiliated with this health scheme. Deaths can also be reported by
family members or by the postal services (when the questionnaire is returned). When
information on vital status is missing, the National Death Index is screened to check whether
the participant is still alive. In the event of the death of a participant, cause of death is

retrieved through the French National Causes of Death Registry (Cépi-DC Inserm).

2.4.2 Cancer events

As shown in Figure 5, each questionnaire included a specific section on health status
including cancer occurrence. Participants were asked to report cancer site and date of
diagnosis and to provide a copy of pathology reports. The contact details of the participant’s
physician were also requested in each follow-up questionnaire. When participants could not
provide the pathology reports, physicians were contacted to confirm the reported cancers and
were asked to send a copy of the pathology reports. The proportion of false-positive self-
reports was low (<5%) for breast cancers. Death certificate information, mentioning the
underlying cause of death, the chain of events that led to death, as well as all other diseases or
conditions contributing to death, was also taken in consideration to identify any cancer cases
which were not self-reported in the follow-up questionnaire. However, when a cancer event
was identified through this means, it was impossible to investigate the event if the participant
did not report the contact details of her physician(s) in any follow-up questionnaire. In
addition, even with death certificates some cancer events might have been missed. When a
cancer case was identified through death certificates and when no further information could
be retrieved, including date of diagnosis, women were censored at the date of the last

questionnaire returned and were considered as non-cases at that date.

Breast cancer characteristics were retrieved from the pathology reports. This includes exact
localisation, morphology, grade and stage at diagnosis, and molecular status (ER, PR or

HER?2 status).

Breast cancer cases are coded by a staff member of the E3N team according to different

international tables from the WHO and the UICC:
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- the ICD-10 to define the exact localisation of the tumour (239).
- The ICD-0 2/3 to determine the tumour morphology and grade (234).
- The TNM system to describe the stage (10).

2,734 prevalent breast cancers were diagnosed in Q1 and 8,238 incident primary breast

cancer were diagnosed between Q1 and Q11.

2.5. Exposure to anti-inflammatory and antiplatelet drugs

The MGEN provides, for each E3N participant, data on all drug reimbursements issued since
January Ist, 2004. The available data for each reimbursement are date of drug purchase and
national code number (Code Identifiant de Presentation, CIP). The national code number
enabled us to retrieve the following information from Thériaque® (a French-drug database:
www.theriaque.org): ATC code, molecule, route of administration, number of pills/ampules
per package, dose per pill/ampule, and DDD. In Q4, Q6, and Q7, women were asked to report

whether they were currently using anti-inflammatory drugs at least three times per week

(Figure 6).

Figure 6: Photo of one questionnaire including question on the use of anti-inflammatory

drugs
0 Autres Somniféres I Anti-inflammatoires |
mecte o Psychot (t lisants, antid = Antihypert r
N anquilisants. z AcessaLlrs mertensaurs
prenez-vous sycholtropes (tranquilisants, anhdepresseurs...) uny enseurs
actuellement, Vasodilatateurs (pour la circulation du sang) ‘ Antidiabétiques
au moins 3 fols o i al Diurét
par samaine ? upplémentation en iurétiques L]
Phytoestrogénes (Soja) [ Fluor ] Protecteurs gastriques L
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Bétacaroténe | Autresvitamines [ | ... i

In Q5 women could also report (as free text) any other drug that they were currently using at

least three times per week.

2.6. Co-variables

The co-variables of interest for the presented work are described below.
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2.6.1. Educational level

Educational level was recorded in Q1. Participants could tick boxes corresponding to their
educational level: 1) no schooling, 2) school certificates, 3) vocational education, 4) from
high-school to two years of higher education, 5) from three to four years of higher education,

6) at least five years higher education.

2.6.2. Familial history of breast cancer

Familial history of cancer was collected in Q1 and Q6. In Q1, participants could tick boxes to
declare whether their grand-parents, mother, father, sisters, brothers, uncles, aunts, or
children had ever had breast, bowel, or other cancers. In Q6, participants could report
whether a member of their family had ever had a cancer and specify the exact cancer site and

the age at diagnosis.

2.6.3. Medical factors
In each questionnaire from Q3, participants could note in a free-text section any disease from
which they were suffering. Additionally, participants were asked to specify if they had been

diagnosed with specific diseases such as the following:

History of benign breast diseases

As mentioned above (2.3. Follow-up) information on lifetime personal history of benign
breast diseases (such as adenoma and fibro-adenoma, mastitis, and fibrocystic diseases) was
first collected in Q2. The age at diagnosis, diagnostic procedures and treatment was reported.

This information was then updated in several questionnaires from Q3 to Q9.

Other medical events

Information on lifetime personal history of other medical events was first collected in Q1 (or
Q2 for some of them) and then updated in several subsequent questionnaires. Indeed, women
were asked to report, together with the corresponding age at / date of diagnosis (mm/yyyy), if
they had had diabetes (all questionnaires), hypertension (all questionnaires except Q10),
hypercholesterolemia (Q1, Q2, Q6, Q7, Q8, Q9, Q10 and QIl1), angina pectoris (all
questionnaires), myocardial infarction (all questionnaires), stroke, pulmonary embolism (all
questionnaires), deep  vein  thrombosis  (all  questionnaires  from  Q2),

arteritis of the lower limbs (all questionnaires from Q2), cardiac dysrhythmia (Q2-Q10),
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polyarthritis, Horton’s disease (Q9-Q11), rheumatism (QIl), spondylarthritis ankylosing
(Q10-Q11), arthrosis (Q8, Q10), arthritis (Q8), migraine (all questionnaires from Q2 except
Q8), asthma (all questionnaires except Q7), chronic bronchitis (all questionnaires), hay fever
(Q2, Q3, Q7, and Q8), and chronic inflammatory bowel diseases (all questionnaires except
Q11). We considered that a woman has a history of one of the previous diseases when she

reported it for the first time in a questionnaire.

2.6.4. Gynaecological follow-up

In Q1, women were asked to report if they had already undergone a mammogram together
with the date of their last mammogram. In every other questionnaire, women reported
whether they had undergone a mammogram since their answer to the previous questionnaire.

In Q3, Q9, Q10, and Q11, the date of the last mammogram was asked.

2.6.5. Hormonal and reproductive factors
Age at menarche
In the first two questionnaires, women were asked to report the age at which they had their

first menstrual period.

Reproductive life

Number of pregnancies was recorded through Q1 and Q2. In Q2, other information was
collected such as age at the beginning of each pregnancy (up to 12) and the duration of each
pregnancy. For each birth, women were also asked to report if they breastfed their child and

to specify the breastfeeding duration.

Menopausal status and age at menopause

Menopausal status was updated throughout the follow-up, based on self-reports of being
postmenopausal (Q1, Q6, Q7, and Q8) as well as information on MHT use (Q2-Q8), oral
contraceptives (Q2-Q8), menstrual cycles (Q2-Q8), date of last menses (Q2, Q3, Q4, Q6, and
Q7), history of menopausal symptoms (Q2-Q7), history of hysterectomy and age at surgery
(Q1, Q2, Q5, Q6, Q7, and Q8), history of simple or bilateral oophorectomy and age at
surgery (Q2, QS5, and QS), history of radiotherapy and / or chemotherapy (leading to
definitive menses cessation; Q2). Women were considered postmenopausal if they reported
12 consecutive months of amenorrhea (unless due to hysterectomy), bilateral oophorectomy,

ever use of MHT, or if they self-reported to be menopausal. Menopause was considered to be
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artificial if prompted by bilateral oophorectomy, radiotherapy, or chemotherapy and to be
natural otherwise. When menopausal status could not be determined, women were considered
premenopausal if they had not reached the age of 51 years (the median age at natural
menopause in the cohort) at end of follow-up and menopausal otherwise. After Q8, all E3N

participants were at least 55 years old and therefore most of them had reached menopause.

Age at menopause was self-reported in Q1, Q6, and Q7. For menopausal women, age at
menopause was defined as age at the latest menstruation (unless due to hysterectomy and if
the last menstrual period occurred before MHT use) or as age at bilateral oophorectomy, if
relevant. If this information was not available, other information was used to determine age at
menopause, in deceasing order of priority: self-reported age at menopause, age at first MHT
use, and age at start of menopausal symptoms. When age at menopause could not be
determined, women were imputed a menopausal age of 51 years for natural menopause or
unknown type of menopause and 47 years in case of artificial menopause, ages which

correspond to the median ages for natural and artificial menopause in the cohort, respectively.

Exogenous hormone use

Detailed information on lifetime use of oral contraceptives and MHT were collected through
Q2. Participants were asked to report brand names (from which type and route of
administration could be deduced for MHT), together with the start date and duration of each
episode of hormone use. This information was then updated in each follow-up questionnaire
until Q9. Since 1% January 2004, the MGEN provides, for each E3N participant, data on

MHT reimbursements.

2.6.6. Anthropometric factors and physical activity

Weight was available in each questionnaire. Height was available in Q1, Q4 and from Q6 to
Q11. Body mass index (BMI) was calculated as weight in kilograms divided by height in
meters squared. Waist and hip circumferences were collected in Q4 and in all questionnaires

from Q7.

In QI, Q3, Q5, Q7, Q8, and Q11, women were asked to report their current physical activity
habits including recreational and household activities and to specify the frequency and
duration of these activities. For each physical activity, the MET-hours was estimated based

on the Compendium of Physical Activities (236).
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2.6.7. Alcohol consumption and tobacco
In Q3, Q5, and Q8, women were asked to report their current consumption of alcohol. The
type, frequency and quantity of alcohol consumption were collected. These data were used to

estimate the quantity of ethanol consumption per day.

In all questionnaires except Q9, women were asked to report their smoking status. They were
asked to report whether they were a current regular smoker (at least 1 cigarette per day),
current occasional smoker, past regular smoker, past occasional smoker, or never smoker.
Other information was collected in some questionnaires such as the type of tobacco,

frequency, or duration of smoking.
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CHAPTER 3: CIRCULATING INFLAMMATORY BIOMARKERS AND BREAST
CANCER RISK IN THE EPIC STUDY

1. Objective

The objective of this chapter was to conduct a case-control study nested within the EPIC
cohort to evaluate the associations of pre-diagnostic circulating concentrations of 11
inflammatory biomarkers (TNF-a, I[FN-y, IL-6, IL-8, IL-10, IL-13, IL-17D, IL-1RA, CRP,
leptin and adiponectin) with breast cancer risk, overall and by tumour receptor status,

menopausal status, adiposity and exogenous hormone use.

2. Materials and methods

Selection of cases and controls

EPIC participants were eligible for inclusion in the current study if, at recruitment, they:
- donated their blood

- were cancer-free (other than non-melanoma skin cancer)

- were not pregnant.

Cases were selected among all EPIC eligible women with a first primary invasive breast
cancer diagnosis at least two years after blood collection and before December 2012 and with
known information on hormone receptor status. For each breast cancer case, one control was
matched. Controls were selected randomly among all eligible EPIC participants who were
alive and without cancer diagnosis (except non-melanoma skin cancer) at the time of cancer
diagnosis of his matched case (incident density sampling). Controls were matched to cases on
centre of recruitment, age, menopausal status, phase of the menstrual cycle for

premenopausal women and fasting status at blood collection.

Inflammatory biomarker assessment
Pre-diagnostic plasma levels of cytokines and adipokines were measured using commercially
available immunoassays provided by Meso Scale Discovery, a highly sensitive immunoassay

platform, in the laboratories of the Biomarkers Group at IARC.

Statistical analysis
Geometric means were used to describe biomarker concentrations among cases and controls.

Log-transformed biomarker concentrations were used in all following analyses. Partial
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Pearson’s correlations between biomarkers and with anthropometric factors, adjusted for age
at blood collection and laboratory batch, were estimated among overall controls and by
menopausal status. We used conditional logistic regression to estimate the ORs and 95% CI
of breast cancer, overall and by menopausal status, per one standard deviation (SD) increase
in biomarker concentration. All biomarkers, except IL-13, were considered as continuous
variables and categorized into quartiles based on the distribution of the concentrations among
controls. Most of the IL-13 measurements were below the LOQ and IL-13 was therefore

dichotomized into value higher and lower than the LOQ.

All analyses were conditioned on the matching variables. Models were also adjusted either

for BMI or waist circumference (WC).

Heterogeneity was investigated by use of exogenous hormones at blood collection, age at
diagnosis, breast cancer subtypes, time between blood collection and diagnosis, WC, BMI,
and country, by introducing interaction terms in the models. For WC and BMI unconditional

logistic regressions adjusted for matching factors were used.

3. Main findings

Cases were diagnosed on average 8.4 years after blood collection at a median age of 61.4
years. Most tumours were ER-positive (80.4%), PR-positive (68.2%), and HER2-negative
(78.6%). Characteristics and mean concentrations of the biomarkers were similar in cases and
controls. All biomarkers were moderately correlated with each other, except for IL-17D
which was not correlated with any other biomarkers and IL-13 which was only moderately
correlated with IL-8 and IL-10. BMI and WC showed the highest correlations with leptin (r>
0.5) and were also positively correlated with IL-6, IL-1RA and CRP (r>0.3) and negatively
correlated with adiponectin (r<-0.25). Similar correlations were observed among women

before or after menopause.

Overall, no statistically significant association was observed between the inflammatory
markers and breast cancer risk. Among pre/perimenopausal women (720 cases), the leptin-to-
adiponectin ratio was inversely associated with breast cancer [WC-adjusted: OR;sp=0.87
(0.76-0.99)]. Among postmenopausal women (838 cases), no statistically significant

associations were found between biomarkers on a continuous scale and breast cancer risk.
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However, in categorical models, higher TNF-a levels were positively associated with breast

cancer risk [WC-adjusted: OR o4 versus Q1= 1.44 (1.01 - 2.05)].

4. Conclusions

These results suggest that the ratio of leptin-to-adiponectin might have relevance for
peri/premenopausal breast cancer development, while higher levels of TNF-a could be
involved in postmenopausal breast cancer development. Whether leptin-to-adiponectin ratio
and TNF-a are associated with breast cancer risk independently of anthropometry deserves

replication.

5. Paper
Status: In preparation.
Contribution: First author, conducted statistical analyses and wrote the first draft of the

manuscript.
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Abstract

Chronic inflammation has been hypothesized to play a role in the development and progression of breast
cancer. However, few prospective studies have been conducted on the association between circulating
inflammatory markers and breast cancer risk. The objective of this study was to examine whether pre-
diagnostic circulating concentrations of 11 cytokines and adipokines (adiponectin, leptin, CRP, TNF-a, IFN-
v, IL-6, IL-8, IL-10, IL-1RA, IL-17D, IL-13) were associated with breast cancer risk, overall and by subtypes.
Pre-diagnostic levels of cytokines and adipokines were measured in plasma from 1,558 matched breast cancer
case-control pairs within the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort.
Conditional logistic regression models were used to estimate odds ratios (OR) for the biomarker-breast cancer
associations with adjustment for body mass index (BMI) or waist circumference (WC), and other breast cancer
risk factors. Overall, no statistically significant association was observed between the inflammatory markers
and breast cancer risk. Among pre/perimenopausal women (720 cases), the leptin-to-adiponectin ratio was
inversely associated with breast cancer [WC-adjusted: OR for 1 standard deviation increment= 0.87 (0.76-0.99)]. Among
postmenopausal women (838 cases), no statistically significant associations were found between biomarkers
on a continuous scale and breast cancer risk. However, in categorical models, higher TNF-a levels were
positively associated with breast cancer risk [WC-adjusted: OR o4 versus 1= 1.44 (1.01 - 2.05)]. These results
suggest that inflammation represented by the ratio of leptin-to-adiponectin might have relevance for
peri/premenopausal breast cancer development, while higher levels of TNF-a could be involved in
postmenopausal breast cancer development. Whether leptin-to-adiponectin ratio and TNF-a are associated

with breast cancer risk independently of anthropometry deserves replication.
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Introduction

Since the discovery, by Rudolf Virchow in 1863, of the infiltration of leukocytes into tumour tissue, a large
number of experimental studies have confirmed the role of the immune system in tumour proliferation,
angiogenesis and metastasis (1). Inflammation is now recognized as a hallmark of cancer (2) and was
demonstrated to promote lymphomas, melanomas and lung cancers (1). There is now emerging evidence that
inflammation could be involved in the progression of several other cancers including breast cancer through
the production of free radicals and the subsequent DNA damage as well as the promotion of survival of

transformed cells (3).

Epidemiological data on the associations of inflammatory biomarkers with breast cancer risk are limited. The
most studied inflammatory biomarkers within the framework of breast cancer risk is C-reactive protein (CRP),
a marker of the acute-phase inflammatory response. In the most recent meta-analysis of twelve prospective
studies on CRP-breast cancer associations, each doubling of CRP was associated with a 7% higher risk of
breast cancer (4). These results warrant further investigation since most epidemiological studies were not able
to adjust/stratify by breast cancer subtype, menopausal status, or risk factors such as adiposity or use of
exogenous hormones. Yet, these last two were previously identified as potential modifiers/confounders of the
inflammation-breast cancer association (5-9). In addition, it is also unknown whether chronic inflammation

in general is relevant to breast cancer risk, or whether specific pathways are involved.

To address these gaps, we conducted a case-control study nested within the European Prospective
Investigation into Cancer and Nutrition (EPIC) cohort to evaluate the associations of biomarkers of immune
function and low-grade inflammatory states [Tumour Necrosis Factor (TNF)-a, Interferon (IFN)-y, Interleukin
(IL)-6, IL-8, IL-10, IL-13, IL-17D, IL-1RA, C-Reactive Protein (CRP)] and adipokines (leptin, adiponectin)
with breast cancer risk, overall and by tumour receptor status, menopausal status, adiposity and exogenous

hormone use.

Material and methods

EPIC presentation

The EPIC cohort comprises over 153,000 men and 368,000 women aged 35-75 years old and recruited
between 1992 and 1998 in 10 Western European countries (10). At recruitment, dietary, lifestyle, reproductive,
medical, and anthropometric data were collected through questionnaires (10). Around 246,000 women from
all countries provided a baseline blood sample. Blood was collected according to a standardized protocol in
France, Germany, Greece, Italy, the Netherlands, Norway, Spain, and the UK (10). Serum (except in Norway),
plasma, erythrocytes, and buffy coat aliquots were stored in liquid nitrogen (— 196 °C) in a centralized biobank

at the International Agency for Research on Cancer (IARC). In Denmark, blood fractions were stored locally
)
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in the vapour phase of liquid nitrogen containers (— 150 °C), and in Sweden, they were stored locally at — 80 °C

in standard freezers.

Incident cases of cancer occurring after recruitment into the cohort are identified through local and national
cancer registries in 7 of the 10 countries, and through health insurance records, cancer and pathology registries,
and active follow-up in France, Germany, and Greece. Follow-up on vital status is achieved through record

linkage with mortality registries.

All participants provided written informed consent to participate in the EPIC study, which was approved by
the ethics committee of the International Agency for Research on Cancer (IARC) and local ethical committees

in EPIC centres. Participants from Greece were not included in the current analyses.

Selection of cases and controls

EPIC participants who had donated blood, were cancer-free (other than non-melanoma skin cancer), and not
pregnant at recruitment were eligible for this study. Women with a first primary invasive breast cancer
diagnosis at least 2 years after blood collection and before December 2012 were selected as cases for the
current study if oestrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor

receptor 2 (HER?2) statuses of the tumours were available.

For each breast cancer case, one control was selected randomly among all female cohort members who were
alive and without cancer diagnosis (except non-melanoma skin cancer) at the time of diagnosis of the index
case (incident density sampling). Controls were matched to cases on centre of recruitment, age at blood
collection (+6 months), menopausal status at blood collection (premenopausal, perimenopausal,
postmenopausal, surgically postmenopausal)(11), phase of the menstrual cycle for premenopausal women
(early follicular; late follicular; periovulatory; midluteal; other luteal), use of exogenous hormone at blood
collection, time of the day (£ 1 h), and fasting status at blood collection [non-fasting (< 3 h since last meal), in
between (3—6 h), fasting (> 6 h), unknown].

The final study sample included 1,558 breast cancer cases and 1,558 controls.

Inflammatory biomarker assessment

All plasma sample measurements were performed in the laboratories of the Biomarkers Group at IARC.
Cytokines (TNF-a, IFN-y, IL-6, IL-8, IL-10, IL-13, IL-17D, IL-1RA), adipokines, (leptin and adiponectin)
and CRP were measured by Meso Scale Discovery, a commercially available, highly sensitive immunoassay
platform. Samples from cases and matched controls were analysed together in the same analytical batch, and

laboratory personnel were blinded as to the case or control status of samples. Leptin, CRP, IL-8, and IL-1-RA

o
3
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had no measurement below the limit of quantification (LOQ). Measurements below the LOQ represented less
than 5% for adiponectin, [FN-y and IL-17-D, less than 8% for TNF-q, around 25% for IL-6 and IL-10, and
around 82% for IL-13 (Supplementary Table S1). When biomarker measurements were lower than the LOQ
these values were imputed with half the LOQ. Since most of the IL-13 measurements were below the LOQ,

IL-13 was dichotomized into value higher and lower than LOQ.

Statistical analysis

Characteristics of cases and controls were described using median and standard deviation (SD) or frequency
and percentages. Geometric means were used to describe biomarker concentrations among cases and controls.
Log-transformed biomarker concentrations were used in all analyses. Partial Pearson’s correlations between
biomarkers and with anthropometric factors, adjusted for age at blood collection and laboratory batch, were
estimated among overall controls and by menopausal status. Considering that all biomarkers studied are
physiologically interrelated and are likely to reflect a more restricted number of underlying biological
pathways, scores of inflammatory markers were constructed by principal component analyses (PCA) and then

calculated for each subject.

We used conditional logistic regression to estimate the odds ratios (ORs) and 95% confidence intervals (CI)
of breast cancer, overall and by menopausal status (at blood collection), per one standard deviation (SD)
increase in biomarker concentration. All biomarkers and component scores were considered as continuous
variables and categorized into quartiles based on the distribution of the concentrations among control, except

IL-13 which was dichotomized into value higher and lower than LOQ.

To test linear trends across quartiles, participants were assigned consecutive scores (scores of 1, 2, 3, 4) in

each category and the corresponding variable was modelled as a continuous term.

All analyses were conditioned on the matching variables. Known risk factors of breast cancer and other
lifestyle covariates (assessed at recruitment) were tested as potential confounding factors by comparing
models of the biomarkers of interest (continuous and quartiles) before and after adjustment for each potential
confounder. The variables tested were: age at first menstrual period, number of full-term pregnancies, age at
first full-term pregnancy, breastfeeding, ever use of oral contraceptive, ever use of menopausal hormone
therapy (MHT), smoking status, level of physical activity, alcohol consumption, education level, energy
intake, height, weight, body mass index, waist circumference (WC), hip circumference, waist-to-hip ratio,
hypertension and diabetes (the categories used are displayed in Table 1). For these variables, missing values
were assigned the median (continuous variables) or mode (categorical variables) if they represented less than

5% of the population or were otherwise classified in a “missing” category (breastfeeding and hypertension).
4
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Only BMI (continuous) and WC (continuous) modified the OR by more than 0.05 points and were, therefore,
included in the final models. Given the correlation between these variables (0.81), they were included

separately in two different models.

Heterogeneity was investigated by use of exogenous hormones at blood collection, age at diagnosis (age 50
or older/younger than age 50), breast cancer subtypes (ER+PR+/~HER2+, ER+PR+/-HER2-,
ER-PR-HER2+, ER-PR-HER2-), time between blood collection and age at diagnosis (quartiles: >2 —
<5 years, >5 — <10 years and >10 years), WC (<79 cm and >79 cm), BMI (<25 kg/m? and >25 kg/m?) and
country, by introducing interaction terms in the models. For WC and BMI unconditional logistic regressions

adjusted for matching factors were used.

Sensitivity analyses were conducted excluding subjects who had a previous (self-reported) diagnosis of

diabetes and hypertension and women who were non-fasting at blood collection.

W
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Results

Cases were diagnosed on average 8.4 years after blood collection at a median age of 61.4 years (Table 1).
Most tumours were ER-positive (80.4%), PR-positive (68.2%), and HER2-negative (78.6%). Characteristics
and mean concentrations of the biomarkers were similar in cases and controls (Table 1 and Supplementary
Table S1). All biomarkers were moderately correlated with each other, except for IL-17D which was not
correlated with any other biomarkers and IL-13 which was only moderately correlated with IL-8 and IL-10
(Table 2). The highest correlations were observed between IL-6 and CRP (r=0.40), IFN-y and TNF-a (r=0.37),
CRP and leptin to adiponectin ratio (r=0.38), CRP and leptin (r=0.34), and IL-10 and TNF-a (r=0.33). The
leptin to adiponectin ratio was inversely correlation with adiponectin (r=-0.57) and positively correlated with
leptin (0.91). BMI and WC showed the highest correlations with the leptin-to-adiponectin ratio (r > 0.57) or
leptin (r > 0.53) and were also positively correlated with IL-6, IL-IRA and CRP (r>0.30) and negatively
correlated with adiponectin (r<-0.25). Similar correlations were observed among women before or after

menopause (Supplementary Table 2).

Overall, none of the 11 inflammatory biomarkers were significantly associated with the risk of breast cancer

(Supplementary Figure S1).

Among pre/perimenopausal women (720 cases), none of the 11 inflammatory biomarkers was associated with
breast cancer risk (Figure 1). Adjustment for BMI or WC did not change the results, although after adjustment
for WC the leptin-to-adiponectin ratio was significantly inversely associated with breast cancer [OR for 1 sD
increment =0.87 (0.76 — 0.99)], and both leptin [OR for 1 $D increment = 0.88 (0.77 — 1.00)] and CRP [OR for 1 SD increment
=0.89 (0.80 — 1.00)] were borderline statistically significantly associated with breast cancer risk.

No significant association was found by quartiles of inflammatory biomarkers in BMI-adjusted models (Figure
2). In WC-adjusted models, a significant trend was observed with levels of CRP [ORq4vsq1=0.73 (0.52-1.02);
Piend=0.03; Supplementary Figure S2] and with the leptin-to-adiponectin ratio [ORq4 vs. 1=0.67 (0.47 - 0.97);
Pirend=0.04; Supplementary Figure S2].

We found a statistically significant heterogeneity with age at diagnosis (Phomogeneity=0.04; Supplementary Table
S3) suggesting an increased breast cancer risk with IL-10 among pre/perimenopausal women younger than 50
years old [WC-adjusted: OR for 1 sD increment = 1.27 (1.00 — 1.61); n cases=180] but not among those older than
50 years old [BMI-adjusted or WC-adjusted: OR for 1 SD increment =0.95 (0.83 — 1.08); n exposed cases=540]. The
IL-10-breast cancer association also differed according to ER molecular status (Phomogeneity=0.02) suggesting
an increased ER- breast cancer risk [WC-adjusted: OR for 1 s increment=1.34 (1.03 — 1.75); n cases=148] and no
association with ER+ breast cancer risk [WC-adjusted: OR for 1 SD increment=0.95 (0.83 — 1.10); n cases=572].
Other inflammatory biomarkers-breast cancer associations were similar according to molecular status of breast

cancer, time of follow-up, BMI, WC, or exogenous hormone use (Supplementary Table S3). A significant
6
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heterogeneity by country was only observed for IL-17 (Phomogeneity=0.04; data not shown). When analyses
were restricted to premenopausal women, women without diabetes or hypertension, or women who were not

fasting at the time of blood collection, results were virtually unchanged (data not shown).

Among postmenopausal women (838 cases), borderline statistically significant or significant associations
were observed between levels of CRP [OR for 1 SD increment =1.09 (0.99 - 1.21)], leptin [OR for 1 SD increment =1.16
(1.05 - 1.29)], TNF-a [OR for 1 SD increment =1.14 (1.01 - 1.28)], leptin-to-adiponectin ratio [OR for 1 SD increment
=1.11 (1.01 - 1.23)] and breast cancer risk. After adjustment for BMI or WC, the estimates were attenuated
and became statistically non-significant (Figure 1).

In categorical analyses, compared to women in the lowest quartile of TNF-a, those in the highest quartile had
statistically significant higher risk of breast cancer even after adjustment for BMI or WC (WC-adjusted: OR
Q4 versus Q1= 1.44 (1.01 - 2.05); Figure 2 and Supplementary Figure S2].

None of the biomarker-postmenopausal breast cancer associations differed according to breast cancer
molecular subtypes, exogenous hormone use at blood collection, BMI, and WC (Phomogeneity >0.11;
Supplementary Table S3). A significant heterogeneity by time of follow-up was only found for IL-13
(Phomogeneity=0.01; Supplementary Table S3) suggesting an increased breast cancer risk for cases diagnosed
between two and five years after blood collection, a decreased breast cancer risk for cases diagnosed between
five and ten years after blood collection and no significant association after ten years. A significant
heterogeneity by country was only observed for IL-17 (Phomogeneity=0.01; data not shown). Exclusion of women
who had diabetes, hypertension or who were not fasting at the time of blood collection did not change the

results (data not shown).

Principal component analysis identified four main components that explained 60% of the total variance of
biomarkers (Supplementary Table S3). Loadings are presented in the Supplementary Table S3. Except for
adiponectin and IL-17, all biomarkers had intermediate to high positive loadings (from 0.26 for IL-10 to 0.43
for TNF-a) on Component 1. Component 1 was positively correlated with BMI and WC (r>0.40;
Supplementary Table S3). For Component 2, positive loadings were observed for adiponectin (0.46), TNF-q,
IFN-gamma, IL-8, IL-10 and IL-17D (loadings > 0.24) while negative loadings were observed for leptin, CRP,
IL-6 and IL-1RA (loadings < -0.15). Component 2 was negatively correlated with BMI and WC (r < -0.40;
Supplementary Table S3). Component 3 was characterized by high inverse loadings for IL-8 (-0.55) and IL-
1-RA (-0.52) and moderate positive loadings for adiponectin, CRP, and IL-6 (~0.30). For Component 4,
loadings were 0.59 for IL-17, -0.47 for IL-10 and -0.41 for IFN-y. Overall, none of the component scores was
significantly associated with the risk of breast cancer (data not shown). Among pre/perimenopausal women,
only the highest quartile of Component 2 was associated with an increased breast cancer risk [WC-adjusted:

ORq4vsqi=1.58 (1.11 —2.26); Table 3]. The OR was stronger when analyses were restricted to premenopausal
,
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women [WC-adjusted: ORq4vsq1=1.78 (1.12 — 2.81)] or to pre/perimenopausal women younger than 50 years
old [WC-adjusted: ORq4 vs. 1= 2.28 (1.14 — 4.59); data not shown]. Among postmenopausal women, no

association was observed between component scores and breast cancer risk (Table 3).

Discussion

In this prospective analysis of circulating inflammatory biomarkers and breast cancer risk, overall, no
association was observed. Among pre/perimenopausal women, the leptin-to-adiponectin ratio was
significantly associated with a decreased breast cancer risk. Among postmenopausal women, only high levels
of TNF-a were associated with an increased risk of breast cancer. Results from the PCA suggested that a
global score of inflammation inversely correlated to the leptin/adiponectin ratio was associated with an

increased breast cancer risk among pre/perimenopausal women.

Leptin, a protein hormone produced mainly by adipocytes, could promote breast cancer by stimulating the
conversion of aromatizable androgen into oestradiol (12). In our study, among pre/perimenopausal women,
leptin was associated with decreased breast cancer risk, even though the association did not reach statistical
significance. The leptin/adiponectin ratio, a suggested surrogate marker of insulin resistance (13), was
significantly associated with decreased breast cancer risk. In addition, a PCA-derived component score
characterized by low levels of leptin, CRP and TNF-o and high levels of adiponectin, IL-8 and IL-10 was
associated with a decrease in breast cancer risk. We found no study on the associations between leptin-to-
adiponectin ratio and premenopausal breast cancer risk but a few focusing on pre-diagnostic levels of leptin
or adiponectin. Among them, one study noted a statistically significant decreased premenopausal breast cancer
risk with elevated levels of leptin [ORq3vs 01=0.42 (0.21 - 0.84)] (14) and the other one noted a non-significant
decreased premenopausal breast cancer risk [OR g4 vs o1 = 0.69 (0.38 - 1.23)] (15). In premenopausal women,
high levels of leptin have been hypothesized to reduce breast cancer risk through regulation of ovarian
folliculogenesis (16) and the reduction of follicular oestradiol secretion (17). Similar to our study, two
prospective studies suggested an increased premenopausal breast cancer risk with high pre-diagnostic levels
of adiponectin even though the associations did not reach significance [ORg4vs 1=1.30 (0.80 - 1.03); (18);ORg3
vsQ1=1.11 (0.61 - 1.03); (14)]. On the contrary, one study found a 12% reduction in the risk of premenopausal
breast cancer per unit increase of adiponectin (19). In our study, we observed a borderline inverse association
with pre-diagnostic levels of CRP. Among the two prospective studies reporting results on CRP-breast cancer
association among premenopausal women, one noted a non-significant inverse association (20) while the other

reported a significant positive association (21) .

Among postmenopausal women, only high levels of TNF-a, a macrophage-derived pro inflammatory

cytokine, were associated with an increased postmenopausal breast cancer risk. Experimental data suggest
8
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that TNF-a could be involved in carcinogenesis by activating nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) and consequently inducing the expression of genes associated with cell proliferation,
apoptosis, angiogenesis, and metastasis (22, 23). In addition, TNF-a could stimulate aromatase activity in
breast tissue leading to oestrogen synthesis (24), important hormones involved in breast cancer growth in
postmenopausal women. Our finding is not supported by previous prospective studies which reported a non-
significant association between TNF-a levels and breast cancer risk (25, 26). However, because the number
of cases included was smaller than in our study, most of the previous studies were not able to categorize TNF-
a into quartile (14, 27-29). In contrast to our results, one case-control study on postmenopausal women nested
in the Malmo Diet and Cancer Control found an inverse association between high levels of TNF-a and breast
cancer risk [ORg3 vs q1=0.65 (0.43-0.99)] (30). In our study, CRP was not associated with an increased risk of
postmenopausal breast cancer, although a borderline significant increase in risk was observed before BMI
adjustment. In a recent meta-analysis of twelve prospective studies conducted mainly on postmenopausal
women, a doubling of serum concentrations of CRP was associated with a significant 7% increase in breast
cancer risk (4). Of note, 10 of the 12 studies noted a non-significant association between CRP levels and
overall breast cancer risk, especially after BMI adjustment (5-8, 25, 27, 31-34). Some studies found a positive
CRP-breast cancer association but this was strongly attenuated after adjustment for BMI suggesting that BMI
was a confounder in the CRP-breast cancer association (6, 7). In our study, leptin was associated with an
increased postmenopausal breast cancer risk in the crude model. After adjustment for anthropometric factors,
the leptin-breast cancer association was strongly reduced and became non-statistically significant. A case-
control study of postmenopausal women nested in the prospective study CLUE II and including 272 cases and
matched controls, noted similar results to our study: high levels of leptin were associated with an increased
breast cancer risk before adjustment for BMI and adjustment for BMI attenuated the association towards null
(28). With respect to adipokines, a recent meta-analysis of published six prospective and nine case-control
studies on adiponectin and breast cancer risk concluded that low levels of adiponectin were associated with
elevated risk of postmenopausal breast cancer (35). However, among the studies in which blood samples were
taken before breast cancer diagnosis, none of them found a significant association between pre-diagnostic

levels of adiponectin and postmenopausal breast cancer risk (18, 33, 36, 37).

To our knowledge, no other prospective study has so far investigated the role of IFN-y, IL-13, IL-10, IL-17,

11-8, or IL-1RA on breast cancer development.

The main strength of our study is the use of a large European population-based prospective cohort which
allowed us to select a large number of cases and controls and to prospectively examine associations between
inflammatory biomarkers and breast cancer risk according to menopausal status and breast cancer subtypes.

In addition, the long follow-up (median of 8.6 years among cases) allowed us to evaluate a potential bias in
9
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reverse causality due to undiagnosed breast cancer by exploring whether the inflammation-breast cancer
associations differ according to time of follow-up. Another advantage was that we had data on anthropometry,
lifestyle and reproductive factors and were able to evaluate whether those factors were confounding or
modifying the biomarker-breast cancer associations. However, some results from analysis subgroups were
based on relatively small numbers of cases and, because of the number of comparisons evaluated, they might
be due to chance. In our study, BMI and WC were strong confounders of the associations between leptin,
CRP, TNF-a with postmenopausal breast cancer. It is very difficult to separate the independent effects of
anthropometry and these markers due to their close correlations. As in many other studies on biomarker-cancer
risk, the main limitation of our study is that inflammatory biomarkers were measured only once, even though

most of the inflammatory markers have shown good reproducibility over time (38).
In summary, our results suggest that inflammation linked to the leptin-to-adiponectin ratio might play a role

in peri/premenopausal breast cancer development, while high levels of TNF-a might be involved in

postmenopausal breast cancer development. These results deserve replication in other settings.

10
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Table 1. Selected characteristics of the study population at blood collection (n cases/controls =1,558/1,558).

Variables N Cases Controls
Median (SD) or N (%)  Median (SD) or N (%)

Breast cancer cases characteristics

Time between blood collection and diagnosis in years 1,558 8.6 (2.8) -

Age at diagnosis in years 1,558 61.4(8.3) -

ER positive

Negative 305 305 (19.6) —

Positive 1,253 1,253 (80.4) -

PR status

Negative 496 509 (31.8) -

Positive 1,062 1,104 (68.2) =

HER2 status

Negative 1,224 1,224 (78.6) -

Positive 334 334 (21.4) -

Molecular status

ER+PR+/-HER2+ 210 210 (13.7) =

ER+PR+/-HER2- 1,043 1,043 (68.3) -

ER-PR-HER2- 160 160 (10.5) =

ER-PR-HER2+ 115 115(7.5) =

Sociodemographic, lifestyle and reproductive factors

Age at blood collection in years 3,116 53.2(7.9) 532(7.9)

Education level (N missing=63)

Primary/no schooling 1,128 557 (36.5) 571 (37.4)

Technical/professional/secondary 1,285 647 (42.3) 638 (41.8)

Longer education 640 324 (21.2) 316 (20.7)

Time since last meal at blood collection in hours (N missing=49)

<3h 1,418 706 (46.1) 712 (46.4)

3-6h 545 273 (17.8) 272 (17.7)

>6h 1,104 552 (36.1) 552 (35.9)

Physical activity index (N missing=27)

Inactive 661 349 (22.5) 312(20.3)

Moderately inactive 1,183 573 (37) 610 (39.6)

Moderately active 681 346 (22.3) 335(21.8)

Active 564 282 (18.2) 282 (18.3)

Smoking status (N missing=25)

Never 1,750 875 (56) 875 (56)

Former 685 351(23) 334 (22)

Smoker 656 319 (21) 337(22)

Energy intake in kcal (N missing=4) 3,112 1,972.6 (593.1) 1,949.8 (557.7)

Alcohol consumption at recruitment in g/day (N missing=4) 3,112 5.4 (13.6) 4.4(12.4)

Age at first menstrual period in years (N missing=32) 3,084 13.0 (1.5) 13.0 (1.6)

Number of full-term pregnancies* (N missing=61)

0 456 243 (34.8) 213 (45.7)
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Variables N Cases Controls
Median (SD) or N (%)  Median (SD) or N (%)
1 546 299 (23.5) 247 (19)
2 1,254 607 (47.7) 647(49.7)
=3 774 366 (28.8) 408 (31.3)
Age at first full-term pregnancy in years* (N missing=5) 2,630 25.0(4.4) 24.0 (4.4)
Ever breastfed*
No 387 199 (15.3) 188 (14.1)
Yes 2,103 1,034 (79.5) 1,069 (80.1)
Missing 145 68 (5.2) 77 (5.8)
Use of exogenous hormones at blood collection 984 489 (31.4) 489 (31.4)
Ever use of oral contraceptive at baseline (N missing=11) 1,858 939 (50.5) 919 (49.5)
Ever use of menopausal hormone therapy at baseline** 835 415 (49.7) 420 (50.3)
(N missing=5)
Menopausal status at blood collection (N missing=0)
Premenopausal 826 413 (26.5) 413 (26.5)
Perimenopausal 614 307 (19.7) 307 (19.7)
Postmenopausal 1,676 838 (53.8) 838 (53.8)
Anthropometric factors
Weight in kg
Among peri/premenopausal women 1,440 65.9 (11.5) 65.7 (10.9)
Among postmenopausal women 1,676 69.1(12.6) 66.8 (10.9)
Height in em
Among peri/premenopausal women 1,440 162.2 (6.3) 161.9 (6.7)
Among postmenopausal women 1,676 162.1 (6.6) 161.2 (6.5)
Body mass index in kg/m?
Among peri/premenopausal women 1,440 243 (4.4) 243 (4.1)
Among postmenopausal women 1,676 25.5 (4.7) 254 (4.1)
Waist circumference in cm (N missing=36)
Among peri/premenopausal women 1,404 77.4 (10.8) 77.3 (10.7)
Among postmenopausal women 1,634 81.0 (11.7) 81.0(10.2)
Hip circumference in cm (N missing= 36)
Among peri/premenopausal women 1,404 99.1 (8.7) 99.5 (8.4)
Among postmenopausal women 1,634 102.0 (9.5) 100.0 (8.0)
Waist to hip ratio (N missing= 36)
Among peri/premenopausal women 1,404 0.79 (0.07) 0.78 (0.08)
Among postmenopausal women 1,634 0.80 (0.07) 0.80 (0.07)
Comorbidities
History of diabetes (N missing=60) 62 40 (1) 22(1)
History of hypertension (N missing=267) 677 354 (12) 323(11)

Abbreviations: ER, oestrogen receptor; HER2, human epidermal growth factor 2; PR, progesterone receptor; SD, standard deviation.

*among women with full term pregnancy
** among postmenopausal women
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Table 2: Spearman correlation coefficients between pre-diagnostic levels of inflammatory biomarkers and

anthropometric factors among controls, adjusted for laboratory batch and age at blood donation.

Biomarkers Adip Leptin L/A CRP TNF-a IFNsy 1L-6 1L-8 1L-10 IL-1-RA 1L-17-D 1L-13 BMI WwC
Adiponectin 1

Leptin -0.18 1

L/A -0.57 0.91 1

CRP -0.22 0.34 0.38 1

TNF-a -0.05 0.08 0.09 0.16 1

IFN-y -0.02 -0.01 0.01 0.13 0.37 1

IL-6 -0.14 0.25 0.27 0.40 0.28 0.20 1

IL-8 0.03 -0.03 -0.04 -0.01 0.32 0.12 0.18 1

1L-10 -0.01 -0.08 -0.06 0.01 0.33 0.27 0.09 0.16 1

IL-1-RA -0.26 0.24 031 0.27 0.29 0.18 0.24 0.23 0.11 1

IL-17-D 0.11 -0.05 -0.08 -0.07 0.07 -0.01 0.01 0.06 0.07 -0.02 1

1L-13 -0.01 -0.03 -0.02 -0.04 0.08 0.09 0.06 0.24 0.19 0.09 0.07 1

BMI -0.25 0.60 0.61 0.40 0.14 0.03 0.31 0.02 -0.03 0.34 -0.07 -0.01 1

WwC -0.29 0.53 0.57 0.35 0.15 0.05 0.28 0.01 -0.01 0.33 -0.06 -0.02 0.81 1

BMI, body mass index; CRP, c-reactive protein; IFN, interferon; IL, interleukin; L/A, leptin to adiponectin ratio; TNF, tumour necrosis factor;

WC, waist circumference.

Spearman correlation coefficients with P-values <0.0001 are in bold.
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Table 3. Associations between inflammatory component scores and breast cancer risk according to

menopausal status.

Pre/perimenopausal women (N cases/controls=720/720) Postmenopausal women (N cases/controls=838/838)

Components N cases/controls BMI-Adjusted WC-Adjusted N BMI-Adjusted WC-Adjusted

OR (95% CI)

OR (95% CI)

cases/controls

OR (95% CI)

OR (95% CI)

Component score 1

Continuous 718/718 0.96 (0.88 — 1.04)  0.94 (0.87 — 1.03) 838/838 1.04 (0.96 - 1.12)  1.02 (0.94 - 1.11)
Quartiles

1 259/250 1.00 (reference) 1.00 (reference) 142/137 1.00 (reference) 1.00 (reference)

2 192/185 0.97 (0.73 -1.28)  0.95(0.72 - 1.26) 160/202 0.73 (0.53 - 1.00)  0.73 (0.53 — 1.00)
3 148/149 0.90 (0.65—1.24) 0.87 (0.63 — 1.20) 226/237 0.87 (0.63-1.19) 0.85(0.61 —1.16)
4 119/133 0.78 (0.54 —1.14)  0.74 (0.51 — 1.08) 301/255 1.02 (0.72-1.45) 0.98 (0.70 — 1.40)
P trend 0.20 0.11 0.45 0.65
Component score 2

Continuous 718/718 1.04 (0.94 - 1.15)  1.06 (0.96 — 1.17) 838/838 1.00 (0.90 - 1.10)  1.01 (0.92 - 1.12)
Quartiles

1 191/208 1.00 (reference) 1.00 (reference) 203/179 1.00 (reference) 1.00 (reference)
2 184/185 1.13 (0.84 — 1.53) 1.16 (0.86 — 1.57) 204/203 0.97 (0.73 - 1.30)  1.00 (0.75 — 1.35)
3 173/185 1.11 (0.81 —1.52)  1.15(0.84 - 1.57) 201/201 0.98 (0.72—1.34)  1.02 (0.75 - 1.38)
4 170/140 1.50 (1.05-2.15)  1.58(1.11-2.26) 221/248 0.93 (0.66 — 1.30)  0.99 (0.70 — 1.39)
P trend 0.05 0.02 0.70 0.94
Component score 3

Continuous 718/718 0.88 (0.77 - 1.00)  0.88 (0.77 — 1.00) 838/838 1.10 (0.98 —1.24) 1.11(0.98 —1.25)
Quartiles

1 195/197 1.00 (reference) 1.00 (reference) 200/190 1.00 (reference) 1.00 (reference)
2 197/181 1.11 (0.81 —1.52)  1.11(0.81 - 1.52) 189/206 0.87 (0.64 — 1.18)  0.88 (0.65 — 1.20)
3 175/165 1.04 (0.75-1.44)  1.05(0.76 — 1.45) 218/222 0.92 (0.67 - 1.25)  0.94 (0.69 — 1.28)
4 151/175 0.85 (0.60 — 1.20) 0.86 (0.61 — 1.21) 222/213 1.00 (0.72 - 1.39) 1.02(0.73 - 1.42)
P trend 0.30 0.32 0.79 0.72
Component score 4

Continuous 718/718 0.98 (0.88 —1.10)  0.98 (0.87 - 1.09) 838/838 0.94 (0.84 - 1.05)  0.95 (0.85 — 1.06)
Quartiles

1 247/238 1.00 (reference) 1.00 (reference) 157/149 1.00 (reference) 1.00 (reference)
2 181/191 0.89 (0.66 —1.19)  0.89 (0.66 — 1.19) 195/197 0.92 (0.68 —1.23)  0.93 (0.69 —1.25)
3 158/162 0.92 (0.69—1.24)  0.92 (0.69 — 1.24) 228/225 0.92 (0.68 —1.24)  0.93 (0.69 — 1.26)
4 132/127 0.98 (0.71 - 1.37)  0.98 (0.70 — 1.36) 249/260 0.82(0.61-1.12) 0.86 (0.63 —1.16)
P trend 0.89 0.86 0.53 0.34

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; WC, waist circumference.
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Figures
Figure 1. Associations between inflammatory biomarkers (continuous) and breast cancer risk according to

menopausal status.
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Abbreviations: BMI, body mass index; CRP, c-reactive protein; CI, confidence interval; IFN, interferon; IL, interleukin; OR, odd ratio;
SD, standard deviation; TNF, tumour necrosis factor; WC, waist circumference.

P homogeneity was 0.03 for leptin, 0.10 for CRP and 0.07 for IL-8 and > 0.16 for others inflammatory biomarkers.

! ORs were estimated per 1 SD increase in log-transformed biomarker concentrations, from logistic regression conditioned on matching
variables. For IL-13, ORs were estimated according to the limit of quantification.

15

83



Inflammatory biomarkers and breast cancer risk

Figure 2. Associations between quartiles of inflammatory biomarkers and breast cancer risk after BMI

adjustment and according to menopausal status.
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Abbreviations: BMI, body mass index; CI, confidence interval; CRP, c-reactive protein; IFN, interferon; IL, interleukin;

OR, odd ratio; SD, standard deviation; TNF, tumour necrosis factor.

! Quartile cut points were determined on control participants. Quartiles cut points for adiponectin and CRP were expressed
in microgram per millilitre, those for other biomarkers were expressed in picogram per millilitre.
2For test of linear trends across quartiles, participants were assigned consecutive scores (scores of 1, 2, 3, 4) in each category

and the corresponding variable was modelled as a continuous term.
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Table S1. Geometric mean values for inflammatory biomarkers in breast cancer cases and matched controls.

. @ Cases Controls
N\',‘::flse':g N (%) Values <LOQ

Markers Geometric Mean (95% CI) Geometric Mean (95% CI)
Adiponectin (ng/mL) 0 7(0.2) 10.50 (10.24 - 10.77) 10.39 (10.13 — 10.64)
Leptin (ng /mL) 2 0(0) 9.05 (8.65 —9.47) 8.70 (8.34-9.08)
CRP (ug/mL) 1 0(0) 1.12 (1.05—1.19) 1.11 (1.05—1.18)
TNF-a (pg/mL) 8 795 (25.5) 1.06 (1.03-1.09) 1.04 (1.01 - 1.07)
IFN-y (pg/mL) 8 2(0.1) 2.97 (2.87 - 3.08) 3.02(2.92-3.13)
IL-6 (pg/mL) 8 238 (7.6) 0.43 (0.42 - 0.45) 0.43 (0.41 — 0.44)
TL-8 (pg/mL) 8 0(0) 2.71 (2.62 — 2.80) 2.75 (2.65 - 2.86)
IL-10 (pg/mL) 8 693 (22.2) 0.13(0.13-0.14) 0.13(0.13-0.14)
IL-1-RA (pg/mL) 9 0(0) 159.11 (154.87 — 163.45) 154.51 (150.67 — 158.45)
1L-17-D (pg/mL) 9 76 (2.4) 6.67 (6.47 — 6.88) 6.89 (6.69 —7.09)
IL-13 (pg/mL) 9 2,470 (79.3) 0.29 (0.28 —0.29) 0.29 (0.29 — 0.30)

Abbreviations: CRP, c-reactive protein; IFN, interferon; IL, interleukin; LOQ, limit of quantification; mL, millilitre; pg, picogram; SD, standard

deviation; TNF, tumour necrosis factor.
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Table S2: Spearman correlation coefficients between pre-diagnostic levels of inflammation markers and

anthropometric factors among controls, adjusted for laboratory batch and age at blood donation.

a- among peri/premenopausal women

Biomarkers Adip tin Leptin L/A CRP  TNF-¢. IFN-y IL-6 IL-8 1L-10 IL-1-RA  IL-17-D  IL-13 BMI WC
Adiponectin 1

Leptin -0.15 1

L/A -0.55 0.91 1

CRP -0.14 0.33 0.34 1

TNF-a -0.02 0.07 0.07 0.15 1

IFN-y -0.04 -0.04 -0.02 0.13 0.37 1

IL-6 -0.11 0.21 0.22 0.40 0.28 0.23 1

1L-8 0.02 -0.04 -0.05 0.02 0.38 0.15 0.14 1

IL-10 0.01 -0.06 -0.06 0.01 0.34 0.28 0.09 0.1 1

IL-1-RA -0.22 0.24 0.30 0.27 0.30 0.20 0.19 022 0.12 1

IL-17-D 0.08 -0.04 -0.07 -0.05 0.06 -0.02 0.02 0.06 0.08 -0.03 1

IL-13 -0.03 -0.05 -0.03 -0.07 0.11 0.10 0.01 0.21 0.16 0.07 0.08 1

BMI -0.23 0.60 0.60 0.41 0.14 0.05 030  0.04 -0.01 0.34 -0.07 -0.02 1

WC -0.26 0.52 0.56 0.34 0.12 0.05 028 004 -0.01 0.32 -0.04 -0.02 077 1

Abbreviations: BMI, Body Mass Index; CRP, c-reactive protein; IFN, interferon; IL, Interleukin; L/A, Leptin to adiponectin ration; TNF, tumour
necrosis factor; WC, waist circumference. Spearman correlation coefficients with p-Values <0.0001 are in bold.

b- among postmenopausal women

Biomarkers Adip i Leptin L/A CRP  TNF-a IFN-y IL-6 IL-8 IL-10 IL-1-RA IL-17-D IL-13 BMI WC
Adiponectin 1

Leptin -0.18 1

L/A -0.57 0.91 1

CRP -0.28 0.35 0.41 1

TNF-a -0.08 0.09 0.11 0.17 1

IFN-y -0.01 0.01 0.01 0.13 0.37 1

IL-6 -0.16 0.27 0.29 0.39 0.27 0.17 1

IL-8 0.01 -0.01 -0.01 -0.05 0.26 0.10 0.23 1

IL-10 -0.02 -0.09 -0.07 0.03 0.33 0.25 0.10 0.20 1

IL-1-RA -0.28 0.24 0.31 0.27 0.29 0.17 0.30 0.23 0.10 1

IL-17-D 0.13 -0.05 -0.09 -0.09 0.09 0.02 -0.01 0.06 0.05 -0.01 1

IL-13 -0.01 -0.02 -0.01 -0.05 0.06 0.09 0.12 0.26 0.22 0.11 0.05 1

BMI -0.26 0.59 0.60 0.38 0.15 0.01 0.30 0.01 -0.05 0.33 -0.07 0.01 1

wC -0.31 0.52 0.57 0.36 0.18 0.05 0.27 0.01 -0.02 0.34 -0.06 -0.01 0.84 1

Abbreviations: BMI, Body Mass Index; CRP, c-reactive protein; IFN, interferon; IL, Interleukin; L/A, Leptin to adiponectin ration; TNF, tumour
necrosis factor; WC, waist circumference. Spearman correlation coefficients with p-Values <0.0001 are in bold.
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Table S3. Associations between inflammatory biomarkers and breast cancer risk according to breast cancer

subtypes and selected variables.

Adiponectin
Breast cancer subtypes

0.96 (0.67 — 1.36)
1.08 (0.91 — 1.29)
0.96 (0.56 — 1.63)
0.94 (0.56 — 1.58)

0.88 (0.60 — 1.28)
1.10 (0.90 — 1.34)
1.00 (0.78 — 1.29)

1.12 (0.87 — 1.46)
1.00 (0.84 — 1.19)

1.06 (0.83 — 1.36)
1.04 (0.75 — 1.44)
0.73 (0.39 — 1.40)

1.08 (0.84 — 1.39)
0.94 (0.70 — 1.25)

1.05 (0.90 — 1.23)
0.93 (0.65 — 1.34)

0.71 (0.48 — 1.04)
0.90 (0.75 — 1.07)
1.03 (0.66 — 1.62)
0.99 (0.59 — 1.67)

0.63 (0.42 - 0.94)
0.97 (0.81 —1.17)
0.87 (0.66 — 1.13)

0.82 (0.63 — 1.08)
0.91 (0.78 — 1.08)

0.88 (0.75 — 1.02)
1.12 (0.91 — 1.37)
0.88 (0.59 — 1.32)

0.92 (0.79 — 1.08)
0.95 (0.75 — 1.06)

0.86 (0.74 — 1.00)
1.12 (0.78 - 1.61)

ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 934/934
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 378/378
=10 244/244
Age at diagnosis in years

<50 180/180
>50 540/540
BMI in kg/m?

<25 410/408
>25-<30 229/227
=30 81/85
WC in cm (median)

<79 399/403
=79 303/299
Use of hormones at blood collection
No 576/576
Yes 144/144
Leptin

Breast cancer subtypes
ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 933/933
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 378/378
=10 244/244
Age at diagnosis in years

<50 180/180
>50 540/540
BMI in kg/m*

<25 410/408
>25-<30 229/226
=30 81/85
WC in cm (median)

<79 399/402
>79 303/299
Use of hormones at blood collection
No 576/576
Yes 143/143
Leptin/adiponectin

Breast cancer subtypes

0.73 (0.49 — 1.11)
0.87 (0.73 — 1.05)
1.05 (0.66 — 1.66)
1.03 (0.58 — 1.82)

0.71 (0.47 - 1.08)
0.94 (0.77 - 1.13)
0.87 (0.66 — 1.13)

0.79 (0.60 — 1.05)
0.92 (0.78 — 1.10)

0.90 (0.79 - 1.02)

ER+PR+/-HER2+ 2107210
ER+PR+/-HER2- 933/933
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 378/378
=10 244/244
Age at diagnosis in years

<50 180/180
>50 540/540
BMI in kg/m?

<25 410/408
>25-<30 229/226

1.07 (0.91 — 1.27)

0.88

0.57

0.46

0.34

0.55

0.55

0.57

0.15

0.19

0.60

0.18

0.67

0.36

0.11

210/210
LJ53/1,152
166/166
130/130

128/128
419/419
291/291

382/388
295/334
161/116

349/379
468/438

493/493
345/345

210/210
1,151/1,151
166/166
130/130

128/128
419/419
290/290

381/388
295/334
161/116

348/379
468/438

493/493
345/344

210/210
LIST/L151
166/166
130/130

128/128
419/419
290/290

381/388
295/334

1.25 (0.92 — 1.68)
1.11(0.95 - 1.27)
0.95 (0.64 — 1.41)
1.04 (0.64 — 1.68)

0.98 (0.70 — 1.39)
1.14 (0.96 — 1.34)
1.08 (0.88 - 1.31)

1.06 (0.94 — 1.19)
1.02 (0.89 — 1.17)
0.99 (0.83 — 1.19)

1.05 (0.93 — 1.19)
1.04 (0.94 - 1.15)

1.11 (0.95 - 1.29)
1.06 (0.88 — 1.27)

0.98 (0.72 - 1.34)
1.13 (0.96 — 1.34)
1.11 (0.73 — 1.68)
0.95(0.59 - 1.52)

0.98 (0.70 — 1.38)
1.07 (0.88 — 1.29)
1.17 (0.94 — 1.45)

1.01 (0.88 — 1.16)
0.98 (0.83 — 1.15)
1.36 (1.06 — 1.76)

0.79 (0.60 — 1.05)
0.92 (0.78 — 1.11)

1.19 (1.00 — 1.41)
0.98 (0.80 — 1.21)

0.88 (0.64 - 1.19)
1.04 (0.89 - 1.23)
1.12 (0.74 - 1.72)
0.95 (0.60 — 1.49)

0.71 (0.47 — 1.08)
0.94 (0.77 - 1.13)
0.87 (0.66 — 1.13)

0.97 (0.84— 1.11)
0.97 (0.82 - 1.14)

0.74

0.80

0.67

0.73

0.50

0.22
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>30 81/85
WC in cm (median)

<79 399/402
>79 303/299
Use of hormones at blood collection
No 576/576
Yes 143/143
CRP

Breast cancer subtypes

1.00 (0.71 — 1.41)

0.92 (0.81 — 1.06)
0.98 (0.84 — 1.15)

0.85 (0.72 — 0.99)
1.16 (0.79 — 1.70)

0.88 (0.67 - 1.17)
0.90 (0.78 — 1.05)
0.70 (0.47 — 1.04)
1.29 (0.79 — 2.09)

0.83 (0.61 —1.13)
0.85 (0.73 — 1.00)
1.03 (0.84 — 1.26)

0.91 (0.72 — 1.14)
0.91 (0.79 — 1.04)

0.95 (0.86 — 1.04)
0.97 (0.85—1.10)
0.94 (0.71 — 1.25)

0.95 (0.87 — 1.05)
0.96 (0.85 - 1.08)

0.92 (0.81 — 1.05)
0.85 (0.64 — 1.13)

0.87 (0.62 — 1.22)
0.96 (0.83 — 1.11)
0.95 (0.62 — 1.45)
1.46 (0.85 - 2.52)

1.07 (0.75 — 1.53)
0.92 (0.78 — 1.09)
1.04 (0.86 — 1.28)

1.02 (0.82 — 1.31)
0.97 (0.84 — 1.11)

1.01 (0.83 — 1.24)
1.03 (0.79 — 135)
0.85 (0.53 — 1.35)

1.00 (0.82 — 1.23)
1.01 (0.81 — 1.28)

0.94 (0.83 — 1.08)
1.20 (0.88 — 1.63)

ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 934/934
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 378/378
=10 244/244
Age at diagnosis in years

<50 180/180
>50 540/540
BMI in kg/m?

<25 410/408
>25-<30 229/227
=30 81/85
WC in cm (median)

<79 399/403
>79 303/299
Use of hormones at blood collection
No 576/576
Yes 144/144
TNF-a

Breast cancer subtypes
ER+PR+/-HER2+ 2107210
ER+PR+/-HER2- 932/932
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 378/378
=10 243/243
Age at diagnosis in years

<50 180/180
>50 539/539
BMI in kg/m?*

<25 409/407
>25-<30 229/227
=30 81/85
WC in cm (median)

<79 398/402
>79 303/299
Use of hormones at blood collection
No 575/575
Yes 144/144
IFN-y

Breast cancer subtypes

0.76 (0.58 — 0.99)
0.96 (0.84 — 1.09)
0.86 (0.62 — 1.20)
1.09 (0.70 - 1.69)

0.96 (0.73 — 1.27)
0.89 (0.77 - 1.03)
0.95 (0.80 — 1.13)

1.04 (0.86 — 1.26)
0.87 (0.77 — 0.99)

ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 932/932
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
=>5-<10 378/378
=10 243/243
Age at diagnosis in years

<50 180/180
>50 539/539
BMI in kg/m?

<25 409/407

0.99 (0.86 — 1.13)

0.46

0.14

0.30

0.67

0.59

0.45

0.69

0.95

0.16

0.81

0.21
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161/116

348/379
468/438

493/493
345/344

210/210
1,151/1,151
166/166
130/130

128/128
418/418
291/291

381/388
295/334
161/116

348/379
468/438

490/490
345/345

210/210
1,146/1,146
166/166
130/130

128/128
417/417
290/290

381/386
293/333
161/116

348/378
466/436

490/490
345/345

210/210
1,146/1,146
166/166
130/130

128/128

417/417
290/290

381/386

1.26 (0.99 - 1.59)

0.94 (0.81 - 1.10)

1.02 (0.90 - 1.16)

1.08 (0.91 — 1.28)

0.95 (0.77 - 1.18)

0.88 (0.66 —1.18)
1.05 (0.92 — 1.20)
1.11 (0.77 - 1.59)

1.01 (0.64 — 1.59)

1.03 (0.78 — 1.35)
0.99 (0.84 - 1.17)
1.10 (0.91 — 1.32)

1.04 (0.94 - 1.16)
0.99 (0.86 — 1.14)
1.10 (0.88 — 1.38)

1.05 (0.94 - 1.16)
1.00 (0.90 — 1.13)

0.97 (0.83 - 1.13)
1.16 (0.98 — 1.38)

1.20 (0.83 — 1.75)
1.10 (0.95 — 1.28)
0.77 (0.49 — 1.21)
1.36 (0.89 — 2.08)

1.26 (0.90 - 1.76)
1.11 (0.94 - 1.32)
1.05 (0.84 - 1.30)

1.00 (0.89 — 1.13)
1.10 (0.97 — 1.26)
0.99 (0.82 - 1.20)

1.03 (0.91 - 1.17)
1.04 (0.94 - 1.15)

1.13 (0.95 — 1.34)
1.08 (0.90 — 1.30)

1.21 (0.90 — 1.63)
1.02 (0.91 — 1.15)
0.98 (0.72 — 1.33)
0.77 (0.48 — 1.23)

0.93 (0.70 — 1.24)

1.08 (0.93 — 1.25)
0.99 (0.84 — 1.16)

0.99 (0.90 — 1.10)

0.35

0.72

0.92

0.32

0.97

0.73

0.44

0.56

0.61

20
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0.89 (0.73 — 1.09)
0.76 (0.52 - 1.12)

0.93 (0.80 — 1.06)
0.98 (0.83 — 1.16)

0.90 (0.80 — 1.01)
1.06 (0.82 — 1.37)

0.92 (0.66 — 1.27)
1.03 (0.90 — 1.18)
0.78 (0.52 — 1.18)
0.94 (0.64 —1.37)

0.89 (0.67 — 1.20)
0.98 (0.84 — 1.14)
1.03 (0.85 — 1.25)

0.96 (0.76 — 1.22)
1.00 (0.88 — 1.13)

1.01 (0.88—1.17)
0.91(0.73 - 1.13)
0.97 (0.63 — 1.50)

1.01 (0.87 - 1.17)
0.95 (0.78 — 1.16)

1.00 (0.89 — 1.13)
0.92 (0.68 — 1.23)

1.17 (0.80 — 1.70)
1.06 (0.89 — 1.25)
1.09 (0.72 — 1.64)
0.96 (0.60 — 1.51)

0.97 (0.64 — 1.49)
1.17 (0.97 — 1.40)
0.95 (0.75 — 1.19)

1.21 (0.94 — 1.58)
1.01 (0.86 — 1.18)

1.09 (0.94 — 1.27)
0.97 (0.75 — 1.25)
0.91 (0.60 — 1.39)

1.13 (0.98 - 131)
0.93 (0.74 - 1.16)

1.08 (0.93 — 1.26)
0.99 (0.72 — 1.35)

>25-<30 229/227
>30 81/85
WC in cm (median)

<79 398/402
>79 303/299
Use of hormones at blood collection
No 575/575
Yes 144/144
IL-6

Breast cancer subtypes
ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 933/933
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 378/378
=10 243/243
Age at diagnosis in years

<50 180/180
>50 539/539
BMI in kg/m*

<25 409/407
>25-<30 229/227
=30 81/85
WC in cm (median)

<79 398/402
>79 303/299
Use of hormones at blood collection
No 575/575
Yes 144/144
IL-8

Breast cancer subtypes
ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 932/932
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 377/377
=10 244/244
Age at diagnosis in years

<50 180/180
>50 539/539
BMI in kg/m?*

<25 409/407
>25-<30 229/227
=30 81/85
WC in cm (median)

<79 398/402
>79 303/299
Use of hormones at blood collection
No 575/575
Yes 144/144
IL-10

Breast cancer subtypes

0.89 (0.63 — 1.27)
0.95 (0.83 — 1.10)
1.05 (0.73 — 1.52)
1.47 (0.94 - 2.32)

1.17 (0.84 — 1.64)
0.96 (0.82 — 1.13)
1.06 (0.87 — 1.29)

1.27 (1.00 — 1.61)
0.95 (0.83 — 1.08)

ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 932/932
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
=>5-<10 377/377
=10 244/244
Age at diagnosis in years

<50 180/180
>50 539/539
BMI in kg/m?

<25 409/407

0.99 (0.87 — 1.14)

0.73

0.93

0.23

0.12

0.61

0.30

0.99
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293/333
161/116

348/378
466/436

490/490
345/345

210/210
1,146/1,146
166/166
130/130

128/128
417/417
290/290

381/386
293/333
161/116

348/378
466/436

490/490
345/345

210/210
1,146/1,146
166/166
130/130

128/128
417/417
290/290

381/386
293/333
161/116

348/379
468/438

490/490
345/345

210/210
1,146/1,146
166/166
130/130

128/128

417/417
290/290

381/386

1.05 (0.94 - 1.18)
0.94 (0.77 — 1.14)

1.00 (0.89 — 1.12)
1.01 (0.92 - 1.11)

1.08 (0.94 — 1.24)
0.97 (0.83 — 1.12)

0.97 (0.71 - 1.32)
1.01 (0.89 — 1.16)
0.95 (0.68 — 1.31)
0.95(0.60 — 1.51)

1.08 (0.81 — 1.45)
1.04 (0.89 — 1.22)
0.91(0.75 - 1.11)

1.06 (0.95 — 1.18)
0.92 (0.80 — 1.06)
1.08 (0.88 — 1.32)

0.99 (0.88 — 1.11)
1.02 (0.91 - 1.14)

1.04 (0.90 - 1.22)
0.95 (0.81 — 1.13)

0.91 (0.68 — 1.22)
0.95(0.82— 1.11)
0.77 (0.53 - 1.12)
0.71 (0.45 - 1.10)

0.92 (0.67 — 1.28)
0.94 (0.81 — 1.09)
0.82 (0.64 — 1.04)

1.00 (0.88 — 1.14)
0.94 (0.80 — 1.10)
0.91 (0.76 — 1.09)

0.94 (0.82 — 1.08)
0.96 (0.86 — 1.07)

0.94 (0.81 - 1.10)
0.84 (0.69 — 1.01)

1.05 (0.78 — 1.40)
1.08 (0.96 — 1.23)
0.91 (0.64 — 1.30)
1.00 (0.68 — 1.46)

0.98 (0.75 - 1.27)

1.02 (0.88 — 1.17)
1.20 (1.00 — 1.44)

1.04 (0.93 - 1.15)

0.48

0.51

0.35

0.75
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1.09 (0.90 — 1.31)
1.04 (0.76 — 1.42)

0.99 (0.86 — 1.13)
1.08 (0.92 - 1.27)

1.01 (0.89 — 1.14)
1.08 (0.83 — 1.41)

0.98 (0.66 — 1.46)
1.05 (0.90 — 1.23)
1.17 (0.74 — 1.83)
1.06 (0.63 —1.77)

1.20 (0.86 — 1.69)
1.08 (0.89 - 1.30)
0.96 (0.75 -1.22)

0.96 (0.76 — 1.27)
1.09 (0.93 —1.27)

0.98 (0.78 — 1.24)
1.17 (0.84 - 1.62)
1.12 (0.69 — 1.81)

1.10 (0.88 — 1.39)
0.99 (0.76 — 1.30)

1.04 (0.89 — 1.21)
1.16 (0.86 — 1.55)

1.00 (0.79 — 1.27)
0.92 (0.82 — 1.04)
1.00 (0.76 — 1.33)
1.01 (0.75 — 1.35)

0.95 (0.76 — 1.20)
0.99 (0.88 — 1.12)
0.90 (0.75 — 1.08)

0.91 (0.74 - 1.11)
0.97 (0.88 — 1.08)

0.91 (0.78 — 1.07)
1.06 (0.86 — 1.32)
0.99 (0.73 — 1.35)

0.96 (0.82 — 1.12)
0.99 (0.83 — 1.20)

0.97 (0.87 - 1.07)
0.93 (0.76 — 1.14)

1.28 (0.93 — 1.76)
0.92 (0.79 — 1.06)
1.01 (0.72 — 1.40)
0.91 (0.78 — 1.71)

1.30 (0.95 — 1.78)
0.91 (0.77 - 1.07)
0.94(0.77 - 1.14)

1.13 (0.88 — 1.45)
0.93 (0.81 — 1.06)

>25-<30 229/227
=30 81/85
WC in cm (median)

<79 398/402
>79 303/299
Use of hormones at blood collection
No 575/575
Yes 144/144
IL-1-RA

Breast cancer subtypes
ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 933/933
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 377/377
=10 244/244
Age at diagnosis in years

<50 180/180
>50 539/539
BMI in kg/m*

<25 410/408
>25-<30 228/227
=30 81/85
WC in cm (median)

<79 398/403
>79 303/299
Use of hormones at blood collection
No 575/575
Yes 144/144
IL-17-D

Breast cancer subtypes
ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 933/933
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 9898/
>5-<10 377/377
=10 244/244
Age at diagnosis in years

<50 180/180
>50 539/539
BMI in kg/m*

<25 410/410
>25-<30 228/228
>30 81/81
WC in cm (median)

<79 398/403
=79 303/299
Use of hormones at blood collection
No 575/575
Yes 144/144
IL-13

Breast cancer subtypes
ER+PR+/-HER2+ 210/210
ER+PR+/-HER2- 931/931
ER-PR-HER2- 154/154
ER-PR-HER2+ 100/100
Time between blood collection and diagnosis in years
>2-<5 98/98
>5-<10 378/378
=10 242/242
Age at diagnosis in years

<50 150/150
>50 538/538
BMI in kg/m?*

<25 408/407

1.00 (0.77 - 1.29)

0.95

0.53

0.45

0.60

0.53

0.69

0.52

0.14

0.17
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293/333
161/116

348/379
468/438

490/490
345/345

210/210
1,146/1,146
166/166
128/128

127/127
416/416
291/291

379/387
294/331
161/116

348/379
468/438

490/490
345/345

210/210
1,146/1,146
166/166
128/128

127/127
416/416
291/291

379/387
294/331
161/116

348/379
468/438

491/491
343/343

210/210
1,146/1,146
166/166
128/128

128/128

417/417
290/290

381/386

0.98 (0.87 — 1.11)
1.10 (0.92 - 1.31)

1.02 (0.91 — 1.14)
1.02(0.93 - 1.12)

1.04 (0.90 — 1.19)
1.12 (0.95 — 1.31)

1.14 (0.82 — 1.59)
1.07 (0.93 — 1.24)
0.80 (0.57 - 1.13)
0.92 (0.64 — 1.34)

1.24(0.92 - 1.68)
0.94 (0.80 - 1.11)
1.08 (0.89 — 1.32)

1.03 (0.90 - 1.17)
0.96 (0.83 - 1.10)
1.12 (0.96 — 1.32)

1.02 (0.89 — 1.17)
1.00 (0.90 — 1.11)

1.07 (0.92 — 1.25)
0.99 (0.83 - 1.18)

1.03 (0.78 — 1.37)
0.92 (0.80 — 1.05)
1.09 (0.73 -1.61)
0.93 (0.67 — 1.30)

1.04 (0.81 — 1.34)
0.85 (0.73 - 0.99)
1.00 (0.82 - 1.21)

0.94 (0.84 — 1.06)
0.95 (0.85 — 1.05)
0.98 (0.81 — 1.18)

1.00 (0.88 — 1.13)
0.94 (0.86 — 1.03)

0.95 (0.82 — 1.09)
0.88 (0.74 — 1.03)

1.33 (0.97 - 1.83)
0.91 (0.80 — 1.03)
1.00 (0.71 - 1.41)
1.00 (0.70 — 1.42)

1.41 (1.03 - 1.92)

0.84 (0.72 — 0.98)
1.02 (0.86 — 1.21)

1.02 (0.92 - 1.13)

0.27

0.99

0.27

0.64

0.01
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>25-<30 229/227 0.79 (0.54 - 1.17) 293/333 0.94 (0.83 - 1.07)

=30 81/85 1.34 (0.73 — 2.46) 161/116 0.96 (0.81 —1.15)

WC in cm (median)

<79 398/402 1.01 (0.77 - 1.32) 0.63 348/378 0.99 (0.88 —1.11) 0.79
=79 303/299 0.91 (0.67 —1.24) o 466/436 0.96 (0.87 — 1.06) .
Use of hormones at blood collection

No 575/575 1.04 (0.89 — 1.21) 053 490/490 1.02 (0.89 - 1.16) 027
Yes 143/143 1.16 (0.86 — 1.55) i 345/345 0.90 (0.75 - 1.07) )

Abbreviations: CI, confidence interval; BMI, body mass index; CRP, c-reactive protein; ER, oestrogen receptor; HER2, human epidermal growth
factor 2; IL, interleukin; IFN, interferon; OR, odd ratio; PR, progestcrone receptor; SD, standard deviation; TNF, tumour Necrosis Factor; WC,
waist circumference.

! ORs were estimated per 1 SD increase in log-transformed biomarkers concentrations, from logistic regression conditioned on matching variables
and adjusted for BMI. For IL-13, ORs were estimated according to the limit of quantification.
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Table S4: Loadings from component analysis of inflammatory biomarkers and correlations between

components and selected factors.

Loadings of inflammatory biomarkers

Adiponectin
Leptin

CRP

TNF-a
IFN-y

IL-6

1L-8

IL-10
IL-1-RA
IL-17-D

Total variance %
Correlations with selected factors

Age at blood collection

BMI

Height

Weight

wC

Hip circumference
Waist/hip ratio
Leptin/adiponectin

0.29

0.46
-0.12
0.39
0.44
0.37
0.31

0.43

0.46
-0.42
-0.34

0.28

0.24
-0.15

0.30

0.32
-0.19

0.33

16

0.07

-0.44
0.05
-0.42
-0.40
-0.38
-0.22
-0.70

0.36
0.16
0.27
-0.10
0.17
0.33
-0.55
0.18
-0.52
0.13
11

0.04

0.04
-0.01
0.04
0.04
0.07
-0.06
-0.01

0.32
0.23
0.14
-0.04
-0.41
0.11
0.27
-0.47
0.01
0.59
10

0.18

0.15
-0.07
0.12
0.11

0.14
0.03

0.12

Abbreviations: BMI, body mass index; CRP, c-reactive protein; IL, interleukin; IFN, interferon; TNF, tumour Necrosis Factor; WC, waist

circumference.

Spearman correlation coefficients with p-Values <0.0001 are in bold.
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Supplementary Figures.

Figure S1. Associations between inflammatory biomarkers and breast cancer risk among all participants (n
cases/controls = 1,558/1,558).

Biomarkers OR' (95% Cl)
Unadjusted
Adjusted for BMI
Adjusted for WC
Adiponectin
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1.06 (0.98 - 1.16 B .
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0.97 (0.88 - 1.06 R
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IL-10
1.04 EO.96-1 12; R E—
1.04 (0.97 - 1.12 o R E—
1.04 (0.96 - 1.12 e
IL-1-RA
1.07 (0.99 - 1.16 4
1.04 (0.96 - 1.14 S [ N—
1.03(0.94 - 1.12 [
IL-17-D
0.93 (0.86 - 1.01 S —
0.94 (0.86 - 1.01 — |
0.94 (0.87 - 1.02 L e
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0.92 (0.76 - 1.11) -
0.92 (0.76 - 1.11) — g
0.92 (0.76 - 1.12) e e
I |
0.85 1.00 1.20

Abbreviations: CI, confidence interval; BMI, body mass index; CRP, c-reactive protein; ER, oestrogen receptor;
HER2, human cpidermal growth factor 2; IL, interleukin; IFN, interferon; OR, odd ratio; PR, progesterone receptor;
SD, standard deviation; TNF, tumour Necrosis Factor; WC, waist circumference.

! ORs were estimated per 1 SD increase in log-transformed biomarkers concentrations, from logistic regression
conditioned on matching variables. For IL-13, ORs were estimated according to the limit of quantification.
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Figure S2. Associations between quartiles of inflammatory biomarkers and breast cancer risk after waist

circumference adjustment and according to menopausal status.
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Abbreviations: CI, confidence interval; BMI, body mass index; CRP, c-reactive protein; ER, oestrogen receptor; HER2, human
epidermal growth factor 2; IL, interleukin; IFN, interferon; OR, odd ratio; PR, progesterone receptor; TNF, tumour necrosis
factor; WC, waist circumference.
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CHAPTER 4: NONSTEROIDAL ANTI-INFLAMMATORY DRUGS AND BREAST
CANCER RISK IN THE EPIC STUDY

1. Objective
The objective of this chapter was, using data from the EPIC study, to investigate the
associations between “regular” NSAID use and breast cancer risk, overall and by breast

cancer subtypes and according to various breast cancer risk factors.

2. Materials and methods

Study population

Female participants in EPIC were eligible for inclusion in the current study if they had no
history of cancer prior to recruitment, no missing date of cancer diagnosis or censoring and
no missing data on exposure. A total of 140,981 women were therefore included in the

current study.

Follow-up
Women were followed from study entry (around 1990) until the date of last known contact,
cancer diagnosis, death, emigration, or the end of the follow-up period (between 2008 and

2014 depending on the centre), whichever came first.

Exposure assessment

The baseline questions asked to the participants are noted in Table 1. In EPIC, “regular” use
of NSAIDs was defined by combining participants responding “yes” to the question in
France, in the United Kingdom, and in the Netherlands, those who cited NSAID and/or
aspirin as “regular” medications in Germany, and people responding at least “3 pills per week

“ for using aspirin or ibuprofen in Denmark.
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Table 1: Data collected on NSAIDs in EPIC.

Definition of “regular” NSAID use
Questions asked to participants
Countries Type Frequency Duration Period
The Aspirin Daily Current “Do you take aspirin daily?”
Netherlands
United Aspirin >3 months Current  [‘Have you ever taken aspirin continuously|
Kingdom for 3 months or more?”
Denmark Aspirin >3 times/week Last year [‘Have you used more than one painkilling
Ibuprofen tablet/month during the last year? If yes,
how many pills containing aspirin and how|
many pills containing ibuprofen: none; 2-
3/month; 1-2/week; 3—6/week; 1-3/day; 4
5/day; 6+/day?”
France Any anti- | >3 times/week Current  [‘Are you currently taking anti-inflammatory|
inflammatory drugs at least three times per week?”
drugs
Germany Any NSAIDs Current  [‘During the past 4 weeks, did you take any
“regular” medications? If yes, please specify|
the medication.”

Statistical analysis

Multivariable Cox regression models with age as the time scale were used to estimate HRs
for the association of “regular’ NSAID exposure with BC incidence, overall and by BC
subtypes. Models were adjusted for BMI, educational level, MHT use, age at first full term
pregnancy, and alcohol intake. Effect modification by main breast cancer risk factors was
evaluated by using likelihood ratio tests to compare models with and without cross-product
interaction terms. Heterogeneity between breast cancer subtypes was evaluated by competing
risk analyses, with women who developed the competing breast cancer subtypes censored at
the time of occurrence and cases with missing information on the studied subtype excluded

from the corresponding analysis (240).

3. Main findings
Of the 140,981 women included in the current analysis, 9,907 (7%) were “regular” NSAID
users at baseline. During a median follow-up of 13 years, 7,379 incident breast cancer cases

were diagnosed (816 in situ, and 6,563 invasive).

Compared to women who were not “regular” NSAID users, “regular” users were older, more

often overweight, or obese, less educated, and had less frequent exposure to oral
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contraceptive and more frequent exposure to MHT. “Regular” NSAID use was most frequent

among women from Denmark and the United Kingdom than other EPIC countries.

In multivariable models, there was no statistically significant association between “regular”
NSAID use and breast cancer risk overall. Compared with women who were not “regular”
users at baseline, the HR for “regular” users of NSAIDs was 0.99 (95% CI= 0.90 to 1.08).
There was a borderline significant heterogeneity between in situ and invasive breast cancers
[HRjsi=1.27 (0.98 — 1.65); HRjnyasive=0.96 (0.87 — 1.05); Phererogencin=0.05]. Risk estimates
did not vary significantly by other breast cancer subtypes (Ppromogenciny =0.36), breast cancer
risk factors (all Pinteractions between 0.10 and 0.96) or country (Pjererogenein=0.95). However,
there was a borderline significant interaction by MHT use. “Regular” NSAID use was
inversely associated with overall breast cancer risk among postmenopausal women who had
ever used MHT [HRygr =0.87 (0.76 — 0.99)] but not among never MHT users
[HRuomur = 1.09 (0.95 — 1.26); Pinteraction=0.06]. The test for interaction was stronger for
invasive breast cancer [HRyyr=0.84 (0.73 — 0.96); HRyomur=1.08 (0.93 — 1.25);
Pinteraction= 0.05], but far from significance for in situ cases [HRyp1=1.25 (0.82 — 1.92);
HRpomur = 1.18 (0.81 — 1.73); Pinteraction =0.99]. A similar pattern of associations by “regular”
NSAID and ever MHT use was observed for all other invasive breast cancer subtypes

examined.

4. Conclusions

In this large prospective European cohort study, we found a decreased risk of invasive breast
cancer with “regular” NSAID use only in postmenopausal women who ever used MHT. No
association was found between NSAID use and breast cancer risk in non-MHT users.
Additional investigation is needed to better understand interactions between MHT use,

NSAIDs and breast cancer risk.

5. Paper
Status: Published
Contribution: First author, conducted statistical analyses, wrote the first draft of the

manuscript, submitted it to the journal and replied to reviewers’ comments.
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of 13 years, 7,379 incident breast cancer cases were diagnosed (816 in situ and 6,563 invasive). There were no statistically
significant associations between NSAID use and breast cancer risk, overall and by subtypes. However, a statistically significant
interaction was observed for invasive cases between NSAID use and ever use of menopausal hormonal therapy (MHT) among
postmenopausal women [MHT users: HRysaip use = 0.84 (0.73-0.96); non MHT users: HRysaip use = 1.08 (0.93-1.25);

Pinteraction = 0.05]. Our results indicate potential effect modification of MHT use on the association between use of NSAIDs and
breast cancer risk which deserves in-depth investigation in studies with accurate data on both NSAID and MHT use.

What’s new?

Chronic inflammation is a suspected factor in breast cancer development. Hence, the possibility of stemming tumorigenic
inflammatory effects with oidal anti-infl ory drugs (NSAIDs) has drawn significant interest. Here, using data from
the European Prospective Investigation into Cancer and Nutrition prospective cohort study, the authors reveal an association
between NSAID use and decreased risk of invasive breast cancer specifically in postmenopausal women who ever used meno-
pausal hormonal therapy (MHT). No association was found between NSAID use and breast cancer risk in non-MHT users. Addi-
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Introduction

Breast cancer is the most frequently diagnosed cancer and
the most common cause of cancer death among women
worldwide.! In past decades, evidence from both experimen-
tal and observational studies has accumulated suggesting that
chronic inflammation could promote breast cancer develop-
ment.” Therefore, nonsteroidal anti-inflammatory drugs
(NSAIDs), a class of drugs commonly used to treat pain,
fever and inflammation, have been proposed as potential
chemo-preventive agents for breast cancer.’ Although some
experimental studies have shown a protective effect of
NSAIDs on breast cancer development,4 epidemiological evi-
dence is less consistent. Indeed, recent meta-analyses have
found a statistically significant decreased risk of breast cancer
among NSAID users in case-control studies but not in
cohorts where NSAID use was assessed prior to breast cancer
onset.” It also remains unclear whether the potential associa-
tion between NSAID use and breast tumor would vary by
breast cancer subtypes and by known breast cancer risk fac-
tors. We therefore examined the associations between regular
NSAID use and breast cancer risk among women enrolled in
the European Prospective Investigation into Cancer and
Nutrition (EPIC) cohort, overall and by breast cancer sub-
types and according to various breast cancer risk factors.

Materials and Methods
EPIC cohort
EPIC is a multi-center prospective cohort study designed to
investigate the relationships among diet, nutrition, metabolic
factors and cancer and other chronic diseases. The study
enrolled >521,000 participants, mostly aged 35-70 years,
between 1992 and 2000, from 23 regional and national
research centers located in 10 Western European countries:
Denmark, France, Germany, Greece, Italy, The Netherlands,
Norway, Spain, Sweden and The United Kingdom.

At baseline, participants completed questionnaires on diet
and lifestyle including reproductive and medical history,

Int. ). Cancer: 143, 1688-1695 (2018) © 2018 UICC

and interactions between MHT use, NSAIDs, and breast cancer risk.

exogenous hormone use, occupation, education and physical
activity. Participants were also invited to a study center for
blood collection, anthropometric measurements and blood
pressure measurement. Extensive details on the standardized
recruitment procedures are provided elsewhere.®

Study population

Female participants in EPIC were eligible for inclusion in our
study if they had no history of cancer prior to recruitment, and
no missing date of cancer diagnosis or censoring. Only the five
countries that have provided data on NSAID use were included
in the current analysis: The Netherlands (Utrecht center),
France (all centers), Denmark (all centers), Germany (all cen-
ters) and United Kingdom (Norfolk center). Women were fur-
ther excluded if exposure was missing at baseline, and if they
were diagnosed with non-epithelial breast cancer. A total of
140,981 women were therefore included in the analyses.

Follow-up

In the Netherlands, Denmark and the United Kingdom, inci-
dent breast cancer cases were identified using record linkage
with cancer and pathologies registries. In France and Germany,
cases were identified through regular direct contacts with partic-
ipants and their next of kin or through national cause-of-death
registries. All reported breast cancer cases were then systemati-
cally verified against clinical and pathological records. Vital sta-
tus was collected from regional or national mortality registries.
Cancer incidence data were classified according to the Interna-
tional Classification of Diseases, 10th Revision (ICD-10).
Women were followed from study entry until the date of last
known contact, cancer diagnosis, death, emigration or the end
of the follow-up period (between 2008 and 2014 depending on
the center), whichever came first.

Exposure assessment
Data on NSAID use were collected at baseline by question-
naire. The following questions were asked to the participants:
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“Are you currently taking anti-inflammatory drugs at least
three times per week?” in France.

“Have you ever taken aspirin continuously for 3 months or
more?” in the United Kingdom.

“During the past 4 weeks, did you take any regular medi-
cations? If yes, please specify the medication” in Germany.

“Do you take aspirin daily?” in the Netherlands.

e “Have you used more than one painkilling tablet/month
during the last year? If yes, how many pills containing
aspirin and how many pills containing ibuprofen: none; 2—-
3/month; 1-2/week; 3-6/week; 1-3/day; 4-5/day; 6+/day?”
in Denmark.

We defined “regular use” of NSAID by combining partici-
pants responding “yes” to the question in France, in the
United Kingdom and in the Netherlands, those who cited
NSAID and/or aspirin as regular medications in Germany,
and people responding at least “3 pills per week “for using
aspirin or ibuprofen in Denmark.

Statistical analysis

Comparison of participants’ characteristics according to
NSAID use has been assessed by 7> test. Associations
between regular NSAID use and breast cancer risk were eval-
uated using Cox proportional hazard models to estimate haz-
ard ratios (HR) and 95% confidence intervals (CI), overall
and by subtypes (invasive/in situ, invasive ductal/invasive
lobular, invasive estrogen receptor (ER)-positive/invasive ER-
negative, invasive progesterone receptor (PR)-positive/inva-
sive PR-negative, invasive ER/PR-positive/invasive ER/PR-
negative). Heterogeneity between breast cancer subtypes was
evaluated by competing risk analyses, with women who
developed the competing breast cancer subtypes censored at
the time of occurrence and cases with missing information
on the studied subtype excluded from the corresponding
analysis.” All models were stratified by age in 1-year intervals
and by study center to prevent violations of the proportional-
hazards assumption. Of the breast cancer risk factors listed in
Table 1, only those that modified the HR estimate between
NSAID use and breast cancer risk by >10% were included in
the models. The final adjusted models therefore included:
body mass index (BMI) (continuous), educational level (pri-
mary/no schooling, technical/professional/secondary, longer
education, missing), menopausal hormone therapy (MHT)
use (never, former, current, missing), age at first full-term
pregnancy (nulliparous, <24 years, >24 years, missing) and
alcohol intake (non-drinker, >0 to 3 g/d, >3 to 12 g/d, >12
to 24 g/d, >24 to 60 g/d, >60 g/d, missing). A complete case
analysis that excluded women with missing covariates was
conducted and yielded similar results (data not shown). We
also examined whether the NSAID use and breast cancer
associations varied according to BMI (<25 kg/mz, >25 kg/
m?), waist/hip ratio (<0.85, >0.85), level of physical activity
(Cambridge index: inactive, moderately inactive, moderately

Nonsteroidal anti-inflammatory drugs and breast cancer

active, active), educational level (primary/no schooling, tech-
nical/professional/secondary, longer education), use of contra-
ceptive pills (never, former, current and never, ever), full-
term pregnancy (no, yes), age at first full-term pregnancy
(<24 years, >24 years) and number of full-term pregnancies
(1, >2) among parous women, breastfeeding among parous
women (no, yes), menopausal status (premenopausal, post-
menopausal), MHT use (never, former, current and never,
ever) among postmenopausal women, type of MHT used
(estrogen alone, estrogen-progestogen) and alcohol intake
(non-drinker, >0 to 3 g/d, >3 to 12 g/d, >12 g/d). Effect
modification was evaluated by using likelihood ratio tests to
compare models with and without cross-product interaction
terms. Two-sided p-values of <0.05 were considered to be
statistically significant. All analyses were carried out using the
SAS software system (SAS Institute, Inc., Cary, NC), version
9.4,

Results

Of the 140,981 women included in the current analysis, 9,907
(7%) were regular NSAID users at baseline (Table 1). Charac-
teristics of participants according to NSAID use at baseline
are shown in Table 1.

During a median follow-up time period of 13.1 (SD = 3.8)
years, 7,379 incident breast cancer cases were diagnosed (816
in situ and 6,563 invasive). Among those, 5,360 invasive
breast cancer cases had information on ER status (4,405 ER-
positive, 955 ER-negative) and 4,290 on PR status (2,806 PR-
positive, 1,484 PR-negative). In multivariable models, there
was no statistically significant association between regular
NSAID use and breast cancer risk overall (Table 2). Com-
pared to women who were not regular users at baseline, the
HR for regular users of NSAIDs was 0.99 (95% CI =0.90 to
1.08). Risk estimates did not vary significantly by histological
subtypes or by hormone receptor status of the tumor (all py,.
terogeneity =0.36, data not shown) but there was a borderline
significant heterogeneity between in situ and invasive breast
cancers [HR;, g, = 1.27 (0.98-1.65); HRijvasive = 0.96 (0.87-
L1.05); Pheterogeneity = 0.05].

The association between regular NSAID use and breast
cancer risk did not vary significantly by breast cancer risk
factors (all pinteractions between 0.10 and 0.96) or by country
Pheterogencity = 0.95; data not shown), however there was a sta-
tistically significant interaction by MHT use (Table 2 and
Fig. 1). Regular NSAID use was inversely associated with
overall breast cancer risk among postmenopausal women
who had ever used MHT [HRyyr =0.87 (0.76-0.99)] but
not among never MHT users [HR ompt = 1.09 (0.95-1.26);
Pinteraction = 0.06]. The test for interaction reached statistical
significance for invasive breast cancer cases [HRyyr = 0.84
(0.73-0.96); HRpoppr = 1.08 (0.93-1.25); pinteraction = 0.05],
but was not statistically significant for in situ cases
[HRypr =125 (0.82-1.92); HR,oyur = 1.18  (0.81-1.73);
Pinteraction = 0.99]. A similar pattern of associations by regular
NSAID and ever MHT use was observed for all other
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Table 1. Selected participant characteristics according to NSAID use at baseline

Characteristics Total, N Regular use of NSAIDs, n (%)"
No Yes
Total 140,981 131,074 (93) 9,907 (7)
Age at recruitment, missing N =0
< Median (53 years) 66,923 64,027 (49) 2,896 (29)
> Median (53 years) 74,058 67,047 (51) 7,011 (71)
Menopausal status, missing N =0
Premenopausal 33,865 32,833 (25) 1,032 (10)
Postmenopausal 107,116 98,241 (75) 8,875 (90)
Country, missing N =0
France 61,388 57,710 (44) 3,678 (37)
United Kingdom 12,505 11,405 (9) 1,100 (11) a
The Netherlands 10,812 10,413 (8) 399 (4) =
Germany 27,908 26,500 (20) 1,408 (14) E
Denmark 28,368 25,046 (19) 3,322 (34) .g
Educational level, missing N = 4,037 &
Primary/no schooling 29,732 26,483 (21) 3,249 (34) 5
Technical/professional/secondary 72,287 67,506 (53) 4,781 (50) E
Longer education 34,925 33,354 (26) 1,571 (16) 5
Family history of breast cancer, missing N = 67,265
No 67,122 63,068 (91) 4,054 (92)
Yes 6,594 6,227 (9) 367 (8)
BMI (WHO categories), missing N =0
<18.5 (underweight) 3,378 3,192 (2) 186 (2)
18.5-24.9 (normal weight) 85,601 80,762 (62) 4,839 (49)
25-29.9 (overweight) 37,774 34,564 (26) 3,210 (32)
>30 (obese) 14,228 12,556 (10) 1,672 (17)
Physical activity, missing N = 967
Inactive 24,695 22,164 (17) 2,531 (26)
Moderately inactive 50,930 47,448 (36) 3,482 (35)
Moderately active 39,094 36,875 (28) 2,219 (23)
Active 25,295 23,697 (18) 1,598 (16)
Alcohol intake, missing N= 2,131
Non-drinker 14,929 13,768 (11) 1,161 (12)
>0to 3 g/d 36,189 33,433 (26) 2,756 (28)
>3 to 12 g/d 46,489 43,474 (33) 3,015 (31)
>12 to 24 g/d 23,552 22,035 (17) 1,517 (16)
>24 g/d 17,691 16,453 (13) 1,238 (13)
Age at menarche, missing N= 2,959
<13 years 83,712 78,157 (61) 5,555 (57)
>13 years 54,310 50,183 (39) 4,127 (43)
Use of contraceptive pills, missing N = 1,449
Never 51,034 46,653 (36) 4,381 (45)
Former 82,965 77,730 (60) 5,235 (54)
Current 5,533 5,388 (4) 145 (1)
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Table 1. Selected participant characteristics according to NSAID use at baseline (Continued)

Characteristics Total, N Regular use of NSAIDs, n (%)"
No Yes
Use of MHT?, missing N = 3,028
Never 57,390 53,012 (56) 4,378 (51)
Former 13,924 12,535 (13) 1,389 (16)
Current 32,774 29,903 (31) 2,871 (33)
Full-term pregnancy, missing N = 4,554
No 15,819 14,727 (12) 1,092 (11)
Yes 120,608 112,147 (88) 8,461 (89)
Age at first full-term pregnancy’, missing N = 489
<24 years 66,084 60,958 (55) 5,126 (61)
>24 years 54,035 50,753 (45) 3,282 (39)
Number of full-term pregnancies®, missing N = 22
23,776 22,134 (20) 1,642 (19)
>2 96,810 89,992 (80) 6,818 (81)
Breastfeeding®, missing N = 2,489
Never 23,247 21,769 (20) 1,478 (18)
Ever 94,872 88,138 (80) 6,734 (82)

Variations between users and non-users of NSAIDs have been assessed by 7 test. All the p-values were <0.0001, except for family history of
breast cancer (p = 0.12), full-term pregnancy (p = 0.60) and number of full-term pregnancies (p = 0.46).

2Among postmenopausal women.
3Among parous women.

invasive breast cancer subtypes examined, although the test
for interaction only reached statistical significance among
invasive ER— cases (data not shown). Figure 1 shows the
results of the joint analysis of the effects of regular NSAID
use and ever MHT use on invasive breast cancer risk among
postmenopausal women. Ever MHT users had a significant
increased risk of invasive breast cancer compared to non-
MHT/non-NSAID users [HRxo nsam-mur = 1.38  (1.30-
1.47)]. However, the risk estimate was significantly attenuated
among women who also regularly used NSAIDs [HRysamn-
wmer = 119 (1.03-1.37)]. For ER— cases, no significant
increased risk was observed among women who had used
both MHT and NSAIDs [HRysam_mmr = 1.07 (0.73-1.58)].
The association between regular NSAID use and breast can-
cer risk (all subtypes) did not vary significantly between for-
mer and current MHT users and between different types and
durations of MHT used at baseline (data not shown).

Discussion
In this prospective cohort study there was no association
between regular NSAID use and breast cancer risk (overall
and by tumor subtypes). However, regular NSAID use was
associated with a lower risk of invasive breast cancer diagno-
sis among MHT ever users.

Of the previous prospective studies that examined the
NSAID-breast cancer association, only a few found a statisti-
cally significant inverse association between NSAID use with

breast cancer.” These inconsistent findings could be due to

differences in the accuracy of the exposure assessment (mea-
sured at baseline or updated during follow-up), differences in
the exposure period definition (ever use, regular use, long-
term use, etc.), or in the exposure subtypes (all NSAIDs, all
NSAIDs but aspirin, low-dose aspirin, aspirin, ibuprofen,
COX-2 inhibitors, etc.). The associations between breast can-
cer and NSAID use could be limited to specific breast cancer
subtypes. In fact, stronger inverse associations with NSAID
use have been found for ER+ and/or PR+ breast cancer in
some studies.” In our study, we did not observe differences
according to breast cancer subtypes but the number of cases
in some subtypes was small and our power to detect differ-
ences may be have limited. The NSAID-breast cancer associa-
tion could also be limited to certain sub-population. In
particular, our results suggest that the reported associations
may depend on MHT use.

Estrogen-progestogen MHT use is a well-established risk
factor for breast cancer® and any evidence of interaction
between MHT and NSAID use in breast cancer risk would
be of importance for public health. To our knowledge, only
eight studies have examined the modifying effect of MHT
use on the association between regular NSAID use and breast
cancer risk. Seven of these studies did not observe any signif-
icant effect modification®'* and only one study reported an
inverse association between NSAID use for at least 5 years
and breast cancer risk among MHT users."” In the other six
studies, risk estimates associated with NSAID use among
MHT users were not reported. One other study showed a
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Table 2. Associations between regular use of NSAIDs and the risk of breast cancer, overall, by breast cancer subtypes and stratified by MHT

use

Breast cancer

Regular use of NSAIDs

All women (N = 140,981)

N exposed cases
HR* (95% CI)

Postmenopausal women (N = 104,088)

Ever use of MHT
N exposed cases
HR? (95% CI)

Never use of MHT
N exposed cases
HR? (95% CI)

3
Pinteraction

Overall 540

0.99 (0.90-1.08)
Invasive 477

0.96 (0.87-1.05)
In situ 63

1.27 (0.98-1.65)
Invasive ductal 351

0.97 (0.87-1.08)
Invasive lobular 74

0.98 (0.77-1.24)
Invasive ER+ 307

0.93 (0.82-1.04)
Invasive ER— 72

1.05 (0.82-1.34)
Invasive PR+ 181

0.94 (0.81-1.10)
Invasive PR— 92

0.91 (0.74-1.13)
Invasive ER+PR+ 168

0.91 (0.78-1.07)
Invasive ER—PR— 44

0.91 (0.68-1.24)

217 255

1.09 (0.95-1.26) 0.87 (0.76-0.99) 0.06
194 225

1.08 (0.93-1.25) 0.84 (0.73-0.96) 0.05
23 30

1.25 (0.82-1.92) 1.18 (0.81-1.73) 0.99
141 168

1.09 (0.90-1.28) 0.87 (0.74-1.02) 0.16
24 38

0.96 (0.63-1.46) 0.86 (0.62-1.21) 0.92
118 150

1.02 (0.85-1.24) 0.82 (0.69-0.97) 0.19
34 29

1.39 (0.97-2.00) 0.77 (0.53-1.13) 0.04
73 83

1.11 (0.87-1.41) 0.78 (0.62-0.98) 0.09
33 45

0.94 (0.66-1.34) 0.80 (0.59-1.08) 0.69
67 79

1.06 (0.82-1.36) 0.77 (0.61-0.97) 0.16
19 19

1.14 (0.71-1.83) 0.70 (0.43-1.11) 0.23

*Hazard ratio stratified for recruitment center and age at baseline, and ad

justed for BMI (continuous), educational level (primary/no schooling, tech-

nical/professional/secondary, longer education, missing), MHT use (never, former, current, missing), age at first full-term pregnancy (nulliparous,
<24 years, >24 years, missing) and alcohol intake at recruitment (non-drinker, >0 to 3g/d, >3 to 12g/d, =12 to 24g/d, >24 to 60g/d, >60g/d,

missing).
?Hazard ratio adjusted for all the above but MHT use.

3Likelihood ratio tests comparing models with and without cross-product interaction terms of NSAID X MHT use.

statistically significant positive association with regular/extra-
strength aspirin use and breast cancer risk among MHT users
for 10 years or more.'® Nevertheless, this result should be
considered cautiously because the number of exposed cases
among MHT users for 10 years or more was very low
(n=25).

It has been suggested that NSAIDs could reduce breast
cancer risk through the inhibition of the cyclooxygenase-2
(COX-2) enzymes.17 Inactivating COX-2, that has been found
to be overexpressed in breast cancer tissue when compared
to normal tissue, may reduce the downstream synthesis of
pro-inflammatory prostaglandins (PG), particularly PGE,, a
potent mitogen. This reduction results in inhibition of angio-
genesis, proliferation and in the promotion of apoptosis."®
There is also accumulating evidence that the inhibition of

Int. ). Cancer: 143, 1688-1695 (2018) © 2018 UICC

COX-2 and PGE, is associated with the suppression of estro-
gen synthesis via a decrease in aromatase activity.'” Consis-
tently, cross-sectional investigations among postmenopausal
women, who were not recently exposed to exogenous hor-
mones, suggest that current NSAID use may be associated
with lower circulating estradiol levels.'” However, results of a
recent randomized controlled clinical trial have shown no
effect of intake of 325 mg/day aspirin over 6 months on
estradiol levels, among postmenopausal women who were not
exposed to exogenous hormones.”

To date, the potential effect of the combination of
NSAIDs and MHT on breast tissues has not been evaluated.
However, MHT could modify exposure to
hepatically-derived proteins including many cytokines due to
the hepatic first pass effect.””** MHT may also reduce insulin
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Figure 1. Associations between regular NSAID use, ever MHT use among postmenopausal women, and the risk of invasive (a), invasive
ER+ (b) and invasive ER— (c) breast cancers. *Hazard ratio stratified for recruitment center and age at baseline, and adjusted for BMI (con-
tinuous), educational level (primary/no schooling, technical/professional/secondary, longer education, missing), age at first full-term preg-
nancy (nulliparous, <24 years, >24 years, missing) and alcohol intake at recruitment (non-drinker, >0 to 3g/d, >3 to 12g/d, >12 to 24g/

d, >24 to 60g/d, >60g/d, missing).

sensitivity which would be expected to increase breast can-
cer risk.”> NSAIDs can reduce insulin resistance’ and it is
therefore possible that NSAID use in MHT users reduces
breast cancer risk by targeting some aspects of the insulin
signaling pathways. An in vitro study has demonstrated that
the combination of progestin and NSAIDs synergistically
inhibits cell growth and induces apoptosis in the ovarian
epithelium.* To our knowledge, there are no published
studies examining the possible effect of the combination
of exogenous estrogens and NSAIDs on the cancer
development.

The main strength of our study is the use of a large
European population-based prospective cohort, followed-up
for a median period of 13 years. The prospective design
minimizes recall bias and the large number of participants
and incident breast cancer cases allowed us to examine
interactions of NSAID use with breast cancer risk factors.
Nevertheless, because of the number of comparisons evalu-
ated, the effect modification by MHT may be a chance
finding. The number of cases, although large overall,

remained nevertheless limited for some breast cancer sub-
types. Thus, results for ER/PR status have to be considered
with caution and replicated. As in many other cohorts, the
main limitation of our study is the poor accuracy and het-
erogeneity in the assessment of NSAID use across countries.
First, we used self-reported data, and NSAID exposure was
assessed only once at baseline which could lead to a mis-
classification of longer term exposure. Second, we had no
information on the type, frequency, duration and dosage of
NSAID use. Thus, we were not able to characterize lifetime
NSAID use to examine a dose-response relationship or to
study the specific effect of each NSAID on breast cancer
development. A further limitation of our study is the large
number of missing data for family history of breast cancer,
however, in previous studies it did not appear to modify
the relationship between NSAID use and breast cancer
risk.”> Furthermore we performed a sensitivity analysis
excluding women with family history of breast cancer in
the three EPIC countries with data available and estimates
were virtually unchanged.

Int. ). Cancer: 143, 1688-1695 (2018) © 2018 UICC
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Conclusion

In this analysis of 140,981 women, NSAID use was associated
with decreased invasive breast cancer risk in MHT ever users
only. Our results require confirmation in other prospective
cohorts that have collected accurate data on NSAID and MHT
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CHAPTER 5: ANTI-INFLAMMATORY DRUGS, ANTIPLATELET DRUGS AND
BREAST CANCER RISK IN THE E3N STUDY

1. Objectives
The objectives of this chapter were, using data from the prospective E3N cohort, to evaluate
the associations between the use of NSAIDs, antiplatelet drug and glucocorticoids with breast

cancer incidence, overall and by breast cancer subtypes, risk factors, and use of other drugs.

2. Materials and Methods
Study Population and Follow-up
Postmenopausal E3N participants were eligible for inclusion if they:
- had no history of cancer (except basal cell carcinoma and in situ colorectal tumours) before
study baseline (July 1%, 2004),
- had healthcare reimbursement during year 2004,
- answered before the beginning of follow-up for the current study to the last follow-up
questionnaire sent in 2002,

- and no missing date of breast cancer diagnosis or censoring.

Follow-up started on July 1%, 2004 and ended at the date of diagnosis of any cancer (with the
exception of basal cell carcinoma and in sifu colorectal tumour), latest completed
questionnaire, or November 17" 2014 (date at which the last considered questionnaire was

sent to participants), whichever occurred first.

A total of 62,512 postmenopausal women, followed during a median time of 9 years, were

included in the following projects (including 2,864 incident breast cancer cases diagnosed).

Exposure assessment
For each delivery of medicines containing the drugs of interest, we extracted data on date of

purchase, molecule, number of pills per package, and dose per pill.

We defined as “recurrent” users of the drug of interest women with at least two
reimbursements during any previous three-month period since January 1, 2004. For NSAIDs,
drug reimbursement data were complemented by self-reports before follow-up start. Women

who self-reported NSAID current use in the 2000 or 2002 questionnaires were considered
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NSAID “recurrent” users from follow-up start. We also classified exposure according to time
since last and first use, age at first use, cumulative duration of use, and cumulative number of
defined daily doses (DDD). The DDD is the assumed average daily maintenance dose for a

molecule used for its main indication in adults (241).

Statistical analysis

Multivariable Cox regression models with age as the time scale and stratified by birth cohort
(in 5-year categories) were used to estimate HRs for the association of exposure with breast
cancer incidence, overall and by breast cancer subtypes. Exposure as well as other factors
issued from the reimbursement database and covariates updated during follow-up were
considered as time-varying parameters. Consequently, for a given drug, participants
contributed follow-up as non-exposed until purchasing the drug for the second time in a
three-month period. Cumulative duration/dose and time since last and first use were also
updated during follow-up. Exposure, as well as other variables coming from the
reimbursement database such as use of MHT, number of consultations and use of other drugs
were, therefore, lagged by 6 months to minimize reverse causation bias due to early

symptoms(242).

Educational level, recent mammogram, BMI, physical activity level, lifetime history of
benign breast disease, family history of breast cancer, age at menarche, age at menopause,
parity and age at first full-term pregnancy, lifetime use of oral contraceptives, lifetime use of
MHT and alcohol consumption were systematically included in the multivariable models.
Breastfeeding, number of consultations with the doctor during the preceding six months,
smoking status, lifetime histories of comorbidities of interest and “recurrent” use of other

drugs since January 1, 2004 were tested as potential confounding factors.

Effect modification by age, BMI, MHT use, comorbidities, and other drugs (all considered as
time-varying parameters) was evaluated by including cross-product interaction terms in the

Cox models.

When studying the risk of different breast cancers characterized by their invasiveness,
molecular, histological or stage/grade subtype, competing risk analysis was performed using
the cause-specific hazards approach (240, 243). Cases with missing information on a given

tumour characteristic were excluded from the corresponding analyses.
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3. Nonsteroidal anti-inflammatory drugs and breast cancer risk

3.1. Main findings
At the end of follow-up, 38,493 (62%) women had been recurrently exposed to NSAIDs.
Compared to women who were occasionally or never exposed to NSAIDs, recurrent users
were more often overweight or obese, had more frequent medical follow-up, exposure to
other drugs (paracetamol, anti-arthritics, glucocorticoid, PPI and MHT), and comorbidities

such as migraine and arthrosis. There were no other major differences.

Overall, recurrent NSAID use was not associated with breast cancer risk [HR= 1.00 (0.92 —
1.08)]. The NSAID-breast cancer associations did not differ by NSAID types, breast cancer
subtypes, risk factors and comorbidities, nor by duration and dose of use. However, there was
a statistically significant interaction by PPI use. Recurrent NSAID use was inversely
associated with overall breast cancer risk among women who had ever recurrently used PPIs
[HR =0.86 (0.74 — 0.99)] but not among never/occasional PPI users [HR = 1.07 (0.97 — 1.18);
Pinteraction=0.01].

3.2. Conclusions
In this large, prospective cohort of postmenopausal women with up to 10 years of follow-up,
we observed a decreased risk of breast cancer with NSAID use only among women who
previously used PPI. Our study is the first one to evaluate the modifying effect of PPI on the
NSAIDs-breast cancer associations. Therefore, our finding of an interaction between NSAID

and PPI use regarding the risk of breast cancer deserves replication in other settings.

3.3. Paper
Status: Published.
Contribution: First author, conducted statistical analyses, wrote the first draft of the

manuscript, submitted it to the journal, and replied to reviewers’ comments.
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Abstract

Background: Although anti-inflammatory agents could theoretically have anticancer properties, results from cohort
studies on nonsteroidal anti-inflammatory drugs (NSAIDs) and breast cancer (BC) risk are inconsistent.

Methods: We investigated the association between NSAID use and BC incidence in the French E3N prospective
cohort, which includes 98,995 women born between 1925 and 1950 and insured by a health insurance plan that
covers mostly teachers. Self-reported information on lifestyle and medical history has been collected biennially by
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average, starting at a mean age of 63 years; 2864 incident BC). In multivariable models, there was no statistically
significant association between NSAID use and BC risk [HR = 1.00 (0.92-1.08), compared with non-exposed women].
The NSAID-BC associations did not differ by NSAID types, BC subtypes, risk factors, and comorbidities, nor by
duration and dose of use. However, a statistically significant interaction was observed by proton pump inhibitor
(PPI) drug use (Pieraction = 0.01) whereby a decreased risk of BC with NSAID use was only observed among women
who also used PPI before.

Conclusion: Only women who used NSAIDs after having used PPI had a lower risk of BC. This result is novel and
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Introduction
Breast cancer is, by far, the most common cancer among
women in the world. In France, an estimated 56,162 new
cancer cases have been diagnosed in 2018 and 13,353
women died from the disease [1]. Inflammation is recog-
nized as a hallmark of cancer [2], and hence, it has been
postulated that nonsteroidal anti-inflammatory drugs
(NSAIDs) could have anticancer properties [3]. NSAIDs,
including high-dose aspirin (pills of 500 mg or more),
ibuprofen, or diclofenac, are commonly used to reduce
inflammation associated with conditions such as arth-
ritis, tendonitis, and bursitis, or to alleviate pain from
osteoarthritis, headaches, migraine, muscle aches, tooth-
aches, back pain, and menstrual cramps. All NSAIDs in-
hibit the cyclooxygenase (COX) enzymes 1 and 2 to
different extents, leading to a reduction in prostaglandin
biosynthesis [4], which could hypothetically promote
apoptosis and inhibit mutagenesis [5, 6]. The latest
meta-analysis of case-control and cohort studies suggests
a slightly protective effect of NSAIDs (especially aspirin
and selective COX-2 inhibitors) against invasive breast
cancer, which seems to be restricted to hormone
receptor-positive tumors [7]. However, authors detected
a high degree of heterogeneity among the results from
the different studies (especially across cohort studies)
and highlighted that studies had limited data on sub-
types of breast cancer, types of NSAIDs, and NSAID
dose or duration of use. The inconsistencies across stud-
ies could be explained by the heterogeneous definitions
of exposure (ever use, long-term use), the NSAID sub-
types studied (all NSAIDs, all NSAIDs but aspirin, as-
pirin, ibuprofen, COX-2 inhibitors, etc.), or the exposure
assessment period (past, current). In addition, over half
of the prospective studies relied on self-reported data on
NSAID use, prone to exposure misclassification, while
studies exploring the associations between NSAID use
and breast cancer risk using medico-administrative
healthcare databases [8—17] had very limited data on po-
tential confounding factors and were not able to evaluate
whether the associations differed by specific breast can-
cer subtypes. Furthermore, there is a lack of epidemio-
logical studies considering the use of other drugs as
potential confounders/effect modifiers even though
NSAIDs are frequently used concomitantly with other
drugs such as proton pump inhibitors (PPIs) [18, 19].
We therefore investigated the association between
NSAID use and breast cancer incidence, overall and by
breast cancer subtypes, risk factors, and use of other
drugs, in the French prospective E3N (Etude Epidémio-
logique auprés de femmes de la Mutuelle Générale de
I'Education Nationale) cohort in which there are both
self-reported information on lifestyle, medical, and re-
productive factors, and drug reimbursement data for the
period 2004-2014.

Page 2 of 14

Materials and methods

E3N cohort

The E3N cohort includes 98,995 French women born
between 1925 and 1950 and insured by the health insur-
ance scheme that covers all workers in the national edu-
cation system, most of whom are teachers [20]. In 1990,
these volunteers provided their informed consent and
completed the first questionnaire on their lifestyle, as
well as lifetime medical and reproductive history. Every
2-3years thereafter, participants completed self-
administered questionnaires to mostly update this infor-
mation and address the occurrence of medical events.
Furthermore, for each cohort member, the health insur-
ance plan provided data on all outpatient reimburse-
ments for health expenditure since January 1, 2004. The
study was approved by the French National Commission
for Data Protection and Privacy.

Identification of breast cancer cases

Most breast cancer cases were self-reported in the ques-
tionnaires and, to a lesser extent, identified from the
clinical records from the patients or their doctors or the
national cause-of-death registry. Pathology reports were
obtained for 95% of the incident cases identified in the
entire cohort and were used to confirm the cases and to
extract information on tumor characteristics such as
stage, grade, hormonal receptor status, and histological
type. As the proportion of false-positive self-reports was
low (< 5%), we did not exclude from our analyses cases
for which we could not obtain pathology reports.

Study population and follow-up
Since exposure was lagged by 6 months (see below),
follow-up started on July 1, 2004. Participants contrib-
uted person-years of follow-up until the date of diagno-
sis of any cancer (with the exception of basal cell
carcinoma and in situ colorectal tumor), the last com-
pleted questionnaire, or November 17, 2014 (date at
which the last considered E3N questionnaire was sent to
participants), whichever occurred first.

The study population included 62,512 postmenopausal
women who were free of cancer on July 1, 2004 (Fig. 1).

Exposure to NSAIDs

We considered all deliveries of NSAIDs since January 1,
2004 (as listed in Additional file 1, Table S1). Of note,
aspirin used at low dose (pills of 325 mg or less) is not a
NSAID but an antiplatelet drug.

The following data were extracted for each NSAID de-
livery: date of drug purchase, molecule, route of admin-
istration (oral, rectal, parenteral), number of pills/
ampules per package, and dose per pill/ampule. E3N
participants also reported whether they were currently
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98,995 E3N participants

9,122 women were excluded

No healthcare reimbursement during year 2004

8,084 were excluded

Women with no follow-up after July 1, 2004

the questionnaire sent in 2002*
7,951 were excluded

Women who did not answer before July 1, 2004 to

1, 2004
1,529 were excluded

Women who had not reached menopause on July

July 1, 2004
9,797 were excluded

Women diagnosed with cancer (except basal cell
carcinoma and in situ colorectal tumours) before

Fig. 1 Flow chart
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62,512 postmenopausal E3N
participants who were free of cancer
onJuly 1, 2004

*last follow-up questionnaire sent before the beginning of follow-up for the current study (2004).

using anti-inflammatory drugs at least 3 three times per
week in the 2000 and 2002 questionnaires.

We defined as “NSAID ever users” women with at
least one NSAID reimbursement since January 1, 2004,
or who self-reported NSAID current use in the 2000 or
2002 questionnaires. We defined as “NSAID recurrent
users” women with at least two reimbursements during
any previous 3-month period since January 1, 2004, or
who self-reported NSAID current use in the 2000 or
2002 questionnaires. Ever users who were not recurrent
users were considered “occasional NSAID users.”

The types of NSAIDs that were the most frequently
used in the cohort were individually analyzed: high-dose
aspirin (=500 mg), ibuprofen, ketoprofen, piroxicam, and
diclofenac. Other NSAIDs were categorized according to
their COX-selectivity [21]: selective COX-2 inhibitors
(rofecoxib, etoricoxib, celecoxib), NSAIDs inhibiting pref-
erentially COX-2 (meloxicam, etodolac, nimesulide), and
other non-selective NSAIDs (mefenamic acid, indometh-
acin, tenoxicam, nabumetone, tiaprofenic acid, naproxen,
fenoprofen, flurbiprofen, sulindac, phenylbutazone, ace-
clofenac, alminoprofen, niflumic acid, morniflumate, and
floctafenine).

We also classified exposure among recurrent users ac-
cording to characteristics of use: time since last use, time
since first use, age at first use, cumulative duration of

use, average daily dose use, and cumulative number of
defined daily doses (DDD). The DDD is the assumed
average daily maintenance dose for a molecule used for
its main indication in adults, available from the WHO
Collaborating Centre for Drug Statistics Methodology
[22]. The DDDs are based on the treatment of pain,
osteoarthritis, and rheumatoid arthritis, respectively, for
aspirin, selective COX-2 inhibitors, and other NSAIDs.
The duration of use was calculated as the shortest length
of time between the standard duration of treatment con-
tained in the box delivered and the time until the next
NSAID delivery. We assumed that the standard duration
was the number of pills/ampules per package for piroxi-
cam, tenoxicam, and meloxicam or parenteral drugs. For
other NSAIDs which might be taken several times a day,
we assumed that the standard duration was the number
of pills per package divided by 2. The cumulative dur-
ation of use was calculated as the sum of durations of
use corresponding to each delivery since January 1,
2004. The date of last use was calculated as the date of
last reimbursement + the standard duration of treatment
contained in the last reimbursed box.

Women with NSAID deliveries between January 1,
2004, and April 1, 2004, were likely to have begun NSAI
D use before the availability of reimbursement data. Be-
cause the cumulative duration and dose, age at first use,
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and time since first use are in that case likely to be left-
truncated, they were assigned to an “unknown” category,
unless they could be assigned to a “>x” duration/dose/
time since first/last use or a “<x” age at first use
category.

Covariates

Parameters considered as potential confounders are
listed in Table 1. Some information on these parameters
originated from the biennial self-administered question-
naires sent before year 2004 (educational level [1990],
breastfeeding [1990 and 1992], age at menopause [up to
2004], age at menarche [1990], parity and age at first
full-term pregnancies [1990 and 1992], current level of
physical activity [2002], familial history of breast cancer
[up to 2000], lifetime use of oral contraceptives [up to
2002]), with subsequent updates in 2005, 2008, and 2011
for most parameters that could change during follow-up
(current body mass index [BMI], current smoking status,
lifetime personal history of benign breast disease,
current alcohol intake, self-report of a mammogram per-
formed during the previous follow-up cycle, and lifetime
histories of arthrosis, rheumatism, arthritis, polyarthritis,
spondyloarthritis, or migraine). Number of consultations
with the doctor during the preceding 6 months and
drugs more likely to be used among NSAID users [para-
cetamol (Anatomical Therapeutic Chemical class (ATC,
http://www.whocc.no/atc_ddd_index/) code: NO2BEO1),
corticosteroids (HO2AB), PPIs (A02BC), and symptom-
atic slow-acting drugs for osteoarthritis such as glucosa-
mine (MO01AX05), diacerein (MO01AX21), oxaceprol
(M01AX24), chondroitin sulfate (M01AX25), or avocado
and soybean oil (M01AX26)] were identified using the
drug reimbursement database which contains informa-
tion starting from January 1, 2004. Lifetime use of
menopausal hormone therapy (MHT) was identified
using the drug reimbursement database as well as self-
reported information from the questionnaires sent out
before the year 2004 [23].

Statistical analysis
Multivariable Cox regression models with age as the
time scale and stratified by birth cohort (in 5-year cat-
egories) were used to estimate hazard ratios (HRs) for
the association of NSAID exposure with breast cancer
incidence, overall and by breast cancer subtypes.
Exposure was considered as a time-varying parameter
as well as other factors issued from the reimbursement
database and covariates updated during follow-up. Con-
sequently, participants classified as exposed to NSAIDs
(either recurrent or occasional) or other drugs at the
end of follow-up contributed follow-up as non-exposed
until filling their first reimbursement (occasional) or
their second reimbursement within a 3-month period
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(recurrent). Our time-varying approach also allowed us
to update cumulative duration/dose and time since last
and first use during follow-up. Undiagnosed breast can-
cer may cause symptoms resulting in an increased use of
drugs a few months prior the diagnosis. A Danish study
published in 2017 suggested that a 6-month lag time
would be sufficient to minimize any reverse causation
bias for most drug-cancer associations, including breast
cancer [24]. Thus, exposure and other variables coming
from the reimbursement database such as MHT, num-
ber of consultations, and other drugs were lagged by 6
months. Changing the lag time to 0, 1year, or 2 years
did not make a difference in the estimates (data not
shown).

Educational level, recent mammogram (self-report of a
mammogram performed during the previous follow-up
cycle), and known risk factors for breast cancer were
systematically included in the multivariable models
[BMLI, physical activity level, lifetime history of breast be-
nign disease, family history of breast cancer, age at me-
narche, age at menopause, parity, lifetime use of oral
contraceptives, lifetime use of MHT, and alcohol con-
sumption]. Other lifestyle factors [ever breastfed, num-
ber of consultations with the doctor during the
preceding 6 months, and smoking status] as well as co-
morbidities [lifetime histories of arthritis, arthrosis, poly-
arthritis, rheumatism, spondyloarthritis, and migraine]
and recurrent use of selected drugs since January 1,
2004 [anti-arthritics, systemic glucocorticoids, PPI, and
paracetamol], were tested as potential confounding fac-
tors. The categories used are displayed in Table 1. None
of the additional covariates modified the HR by more
than 0.05 points, and therefore, none was included in
the final multivariable models. Analyses of each type of
NSAIDs were mutually adjusted for use of other NSAID
types.

Alcohol consumption had >5% missing values, which
were accommodated by using a “missing category.” All
other covariates had < 5% of missing values, which were
replaced either with the previous non-missing question-
naire value where appropriate, or with the mode or the
median values observed among the subjects with
complete data. A complete case analysis was also con-
ducted (not shown because results were unchanged).

Effect modification by age, BMI, MHT use, comorbidi-
ties, and other drugs that might be associated with NSAI
D use (all considered as time-varying parameters) was
evaluated by including cross-product interaction terms
in the Cox models.

When studying the risk of different breast cancers
characterized by their invasiveness, receptor status, and
histological or stage/grade subtype, competing risk ana-
lysis was performed using the cause-specific hazards ap-
proach [25, 26]. Cases with missing information on a
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Table 1 Characteristics of participants, overall and according to NSAID exposure at the end of follow-up (E3N cohort, 2004-2014)

Characteristics at the end of follow-up’ All women NSAID exposure at the end of follow-up
(n'=62,512) Never/occasional users Recurrent users
(n =24,019) (n =38,493)
Sociodemographic factors
Age (years), mean (SD) 721 (6.7) 718 (6.7) 722 (6.2
Educational level, N (%)
< High school 6516 (10) 2160 (9) 4356 (11)
From high school to 4 years higher education 45,138 (72) 17450 (73) 27,688 (72)
At least 5 years higher education 10,858 (18) 4409 (18) 6449 (17)
Lifestyle factors, N (%)
BMI (kg/m?)
<185 2626 (4) 1284 (5) 1342 (3)
[185-23[ 25409 (41) 10913 (45) 14,496 (38)
[23-25( 13,197 (21) 5020 (21) 8177 (21)
[25-30[ 16,139 (26) 5359 (22) 10,780 (28)
230 5141 (8) 1443 (6) 3698 (10)
Physical activity (Met-h/week)
<348 15,649 (25) 5863 (24) 9786 (25)
1348-57.6) 15,680 (25) 5986 (25) 9694 (25)
157.6-888] 15,567 (25) 6085 (25) 9482 (25)
> 888 15,616 (25) 6085 (25) 9531 (25)
Smoking status
Never smoker 33,281 (53) 13,258 (55) 20,023 (52)
Current smoker 4741 (8) 1681 (7) 3060 (8)
Past smoker 24,490 (39) 9080 (38) 15410 (40)
Alcohol intake (g/day)
Abstainer 7832 (13) 3283 (14) 4549 (12)
=5 16,796 (27) 6611 (28) 10,185 (26)
15-10] 9357 (15) 3752 (16) 5605 (15)
110-20] 12,053 (19) 4546 (19) 7507 (20)
>20 12,522 (20) 4483 (19) 8039 (21)
Missing 3952 (6) 1344 (6) 2608 (7)
Reproductive factors
Breastfeeding, N (%)
Never 23,425 (37) 9088 (38) 14,337 (37)
Ever 34,174 (55) 13,248 (55) 20,926 (54)
Missing 4913 (8) 1683 (7) 3230 (9)
Age at menopause (years), mean (SD) 5052 3.73) 50.68 (3.68) 5041 (3.76)
Age at menarche (years), N (%)
<13 28,078 (45) 10413 (43) 17,665 (46)
213 34434 (55) 13,606 (57) 20,828 (54)
Parity and age at first full-term pregnancy, N (%)
Nulliparous 7282 (12) 3010 (13) 4272 (11)
First child before age 30 years, one or two children 31,393 (50) 11,739 (49) 19,654 (51)
First child before age 30 years, three or more children 17,373 (28) 6602 (27) 10,771 (28)
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Table 1 Characteristics of participants, overall and according to NSAID exposure at the end of follow-up (E3N cohort, 2004-2014)

(Continued)
Characteristics at the end of follow-up’ All women NSAID exposure at the end of follow-up
\n=02.512) Never/occasional users Recurrent users
(n =24,019) (n =38,493)
First child after age 30 years 6464 (10) 2668 (11) 3796 (10)
Ever use of oral contraceptives, N (%) 38,570 (62) 14,191 (59) 24379 (63)
Lifetime MHT use, N (%)
Never 17,273 (28) 8076 (34) 9197 (24)
Recent 5300 (8) 1866 (8) 3434 (9)
Past 39,939 (64) 14,077 (59) 25,862 (67)
Medical events and medical follow-up, N (%)
Number of medical consultations/visits during the preceding 6 months
0 3277 (5) 1928 (8) 1349 (4)
[1-4( 25413 (41) 11,387 (47) 14,026 (36)
24 33,491 (54) 10434 (43) 23,057 (60)
Missing 331 (1) 270 (1) 61(0)
Self-report of a mammogram performed during the previous 51,097 (82) 19,194 (80) 31,903 (83)
follow-up cycle
Personal history of benign breast disease 23,268 (37) 8483 (35) 14,785 (38)
History of breast cancer in first-degree relatives 7139 (11) 2735 (11) 4404 (11)
Recurrent use? of other drugs, N (%)
Systemic glucocorticoids 17,391 (28) 3551 (15) 13,840 (36)
Paracetamol 38,392 (61) 10,527 (44) 27,865 (72)
Proton pump inhibitors 30,063 (48) 6308 (26) 23,755 (62)
Anti-arthritics 26,400 (42) 6471 (27) 19929 (52)
Comorbidities, N (%)
History of arthrosis 21,475 (34) 5568 (23) 15907 (41)
History of rheumatism 6111 (10) 2400 (10) 3711 (10)
History of arthritis 888 (1) 248 (1) 640 (2)
History of polyarthritis 2375 (4) 451 (2) 1924 (5)
History of spondyloarthritis 236 (1) 29 (1) 207 (1)
History of migraine 21,591 (35) 7073 (29) 14,518 (38)

Abbreviations: BMI body mass index, MET-h metabolic equivalent task-hour, MHT menopausal hormone therapy, NSAID nonsteroidal anti-inflammatory drug, SD

standard deviation

"Except for years of schooling, physical activity level, age at menarche, parity and age at first birth, lifetime use of oral contraceptives, history of breast cancer in
first-degree relatives, and age at menopause, which were assessed before the start of follow-up

?At least two

its during any p

considered characteristic were excluded from the corre-
sponding analyses.

We also performed several sensitivity analyses. First,
we restricted the study sample to women with incident
use by excluding women who were using NSAIDs before
the beginning of the follow-up. Second, we defined “re-
current users” as women with at least two reimburse-
ments during any previous 6-month period since
January 1, 2004, or who self-reported NSAID current
use in the 2000 or 2002 questionnaires. Third, we did
not consider self-reported information about current
NSAID use in the 2000 or 2002 questionnaires to define

3-month period since January 1, 2004

ever users or recurrent NSAID users. Fourth, we re-
stricted the study sample to women who self-reported
having had a mammogram performed in the previous
follow-up cycle.

All tests of statistical significance were two-sided, and
significance was set at the .05 level. We performed all
analyses using SAS software, version 9.4 (SAS Institute
Inc., Cary, NC).

Results
The characteristics of the study population (7 =62,512)
are presented in Table 1 and Table S2 (Additional file 1).
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At the end of follow-up, 56,031 women (90%) had been
ever exposed to NSAIDs and 38,493 (62%) had been re-
currently exposed. Among the recurrent NSAID users, 7%
had been recurrently exposed to aspirin, 21% to ibuprofen,
20% to diclofenac, 17% to ketoprofen, 16% to piroxicam,
13% to selective COX-2 inhibitors, 9% to preferentially
COX-2 inhibitors, and 27% to other non-selective NSAI
Ds during follow-up. A total of 12,897 women (21%) had
been recurrently exposed to at least 2 categories of NSAI
Ds.

During a median follow-up time of 9 years, 2864 inci-
dent breast cancer cases were diagnosed (335 in situ and
2353 invasive). Compared to women who were occasion-
ally or never exposed to NSAIDs, recurrent users were
more often overweight or obese and had more frequent
medical follow-up, exposure to other drugs (paraceta-
mol, anti-arthritics, glucocorticoids, PPI, and MHT), and
comorbidities such as migraine and arthrosis. There
were no other major differences (Table 1).

The age-adjusted HR of breast cancer associated with
having ever been exposed to NSAIDs, compared with
having never been exposed, was 1.07 (95% CI, 0.98 to
1.18; Table 2). The multivariable HR was 1.02 (95% CI,
0.93 to 1.12). The multivariable HR of breast cancer as-
sociated with having been recurrently exposed to NSAI
Ds, compared with having been never or occasionally ex-
posed, was 1.00 (95% CI, 0.92 to 1.08). No statistically
significant heterogeneity across different types of NSAI
Ds (P homogeneity = 0.93; Table 2) and across breast
cancer subtypes (P homogeneity between 0.14 and 0.98;
Fig. 2) was found. Analyses according to characteristics
of use yielded no statistically significant trend according
to the number of DDDs, duration of use, average daily
dose, age at first use, or time since first or last use (Pyend
between 0.18 and 0.92; Table 3).

No effect modification by attained age, BMI, ever use
of MHT, comorbidities, recurrent use of anti-arthritics,
corticosteroids, and paracetamol was found (Piyeraction >
0.14) (Fig. 3). However, there was a statistically signifi-
cant interaction by PPI use. Recurrent NSAID use was
inversely associated with overall breast cancer risk
among women who had ever recurrently used PPls
[HR = 0.86 (0.74-0.99)] but not among never/occasional
PPI users [HR = 1.07 (0.97-1.18); Piyeraction = 0.01]. As-
sociations between recurrent NSAID use and the risk of
different breast cancer subtypes in strata of PPI use are
shown in Table S3 (Additional file 1). Compared with
women never exposed to NSAIDs nor PPIs, concomitant
use of NSAIDs and PPIs was not associated with breast
cancer risk [HR =1.00 (0.87-1.14); n exposed cases =
559], NSAID use after PPI use was inversely associated
with breast cancer risk [HR = 0.81 (0.69-0.95); 1 exposed
cases = 365], and PPI use after NSAID use was positively
associated with breast cancer risk [HR=1.13 (1.00-
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1.29); n exposed cases = 607]. Exclusive use of NSAID
was not associated with breast cancer risk [HR =1.05
(0.89-1.09); n exposed cases = 956], and exclusive use of
PPI was not associated with breast cancer risk [HR =
0.99 (0.97-1.14); n exposed cases =773] (P homogen-
eity = 0.03).

The results remained unchanged after restricting the
study sample to women with incident use by excluding
women who were using NSAIDs before the beginning of
the follow-up, changing the definition of recurrent NSAID
use to “at least 2 reimbursements during a 6-month
period,” and when we did not consider questionnaire data
for NSAID use (data not shown). Results were also the
same when the study sample was restricted to women
with a recent mammogram (HR =0.97 (0.90-1.05); n ex-
posed cases = 1264, Additional file 1, Table S4).

Discussion

Overall, recurrent NSAID use was not associated with
breast cancer risk in this large, prospective cohort of 62,
512 postmenopausal women with up to 10years of
follow-up. We found no duration- or dose-response rela-
tionship or differential effect across types of NSAIDs or
breast cancer subtypes. However, we found a statisti-
cally significant decreased risk of breast cancer with
NSAID use among women who had been previously
exposed to PPIs.

Our results are consistent with the majority of results
from prospective studies, suggesting no reduced risk of
breast cancer with NSAID use whether the exposure con-
sidered was any type of NSAIDs [12, 27-29], high-dose as-
pirin [17, 27, 30], ibuprofen [27, 31, 32], COX-2 inhibitors
[27, 30], or non-aspirin NSAIDs [17, 33—-38]. However,
some other studies have reported a reduced risk of breast
cancer with NSAIDs (any type) [16, 32, 35, 39], high-dose
aspirin [32], ibuprofen [16], COX-2 inhibitors [11, 14, 16,
39], or non-aspirin NSAIDs [29, 30, 40, 41] while a few
other studies indicated an increased risk of breast cancer
with NSAIDs (any type) [10, 31], high-dose aspirin [10],
ibuprofen [10], or COX-2 inhibitors [13, 15].

Among a dozen prospective studies with data on dur-
ation or dose of use, a few observed a dose/duration re-
sponse [16, 28, 32, 40]. In our study, the NSAID-breast
cancer association did not differ according to duration
or dose of use.

In some previous studies, the NSAID-breast cancer as-
sociations were limited to ER+ and/or PR+ breast cancer
[33, 42]. In our study, we did not observe any significant
heterogeneity according to breast cancer subtypes. The
indication for using NSAIDs and the concomitant use of
other drugs could also be confounding factors that few
studies were able to take into account. Even though we
did not know the clinical indications for NSAID use, we
were able to adjust or stratify the NSAID-breast cancer
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Table 2 Associations of NSAID exposure with breast cancer risk (E3N cohort, 2004-2014)

Characteristics of exposure No. of cases HR' (95% CI) HR? (95% Cl)
Any NSAID
Never 596 1 (reference) 1 (reference)
Ever 2268 1.07 (098-1.18) 1.02 (093-1.12)
Never 596 1 (reference) 1 (reference)
Occasional 845 1.06 (0.95-1.18) 1.03 (0.92-1.15)
Recurrent 1423 1.09 (0.98-1.20) 1.01 (092-1.14)
Never/occasional 1441 1 (reference) 1 (reference)
Recurrent 1423 1.05 (0.97-1.13) 1.00 (0.92-1.08)
Types of NSAID
High-dose aspirin
Never/occasional use 2763 1 (reference) 1 (reference)
Recurrent use 101 1.06 (0.87-1.29) 1.02 (0.83-1.24)
Ibuprofen
Never/occasional use 2659 1 (reference) 1 (reference)
Recurrent use 205 0.93 (0.81-1.08) 091 (0.79-1.05)
Diclofenac
Never/occasional use 2650 1 (reference) 1 (reference)
Recurrent use 214 1.01 (0.88-1.17) 0.98 (0.85-1.14)
Piroxicam
Never/occasional use 2651 1 (reference) 1 (reference)
Recurrent use 213 1.06 (0.92-1.22) 1.03 (0.90-1.19)
Ketoprofen
Never/occasional use 2679 1 (reference) 1 (reference)
Recurrent use 185 1.06 (091-1.23) 1.02 (0.88-1.19)
Selective COX-2 inhibitors
Never/occasional use 2694 1 (reference) 1 (reference)
Recurrent use 170 1.02 (0.87-1.20) 0.98 (0.84-1.15)
Other NSAIDs inhibiting preferentially COX-2
Never/occasional use 2740 1 (reference) 1 (reference)
Recurrent use 124 1.04 (0.87-1.25) 1.03 (0.86-1.24)
Other NSAIDs
Never/occasional use 2547 1 (reference) 1 (reference)
Recurrent use 317 1.07 (095-1.21) 1.04 (092-1.17)

Abbreviations: Cl confidence interval, COX cyclooxygenase, HR hazard ratio, NSAID nonsteroidal anti-inflammatory drug

'Adjusted only for age (time scale)

?Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity level (baseline), age at

menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives

bacal e ot

age at ise history of breast cancer in

first-degree relatives (baseline), personal history of benign breast disease (time-varying), lifetime use of menopausal hormone therapy (time-varying), self-report of

a mammogram performed during the previous foll
are those displayed in Table 1

p cycle (tim

associations on several comorbidities that are indications
for NSAID wuse (arthritis, arthrosis, polyarthritis,
rheumatism, spondyloarthritis, and migraine), and on
use of other drugs (PPI, glucocorticoids, paracetamol,
and anti-arthritics). Women exposed to NSAIDs had
more comorbidities and were more exposed to other
drugs, but we found no confounding or modifying effect

ying), and other types of NSAIDs (except for “Any NSAID") (time-varying). Categories used

of these parameters apart from the statistically signifi-
cant interaction with recurrent PPI use. A lower risk of
breast cancer was found when NSAID use followed PPI
dispensation but not when NSAIDs were started at or
before PPI dispensation.

Our study was the first one to evaluate the NSAID-
breast cancer associations according to PPI use. PPIs,
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Breast cancer N exposed cases HR (95% CI)’ P homogeneity*
subtypes
Overall 1,423 1.00 (0.92 - 1.08) e
In situ 161 1.00 (0.80 - 1.25) —
0.98
Invasive 1,172 1.00 (0.92 - 1.09) ——
Invasive ER+ 985 1.01(0.92 - 1.10) e
0.69
Invasive ER- 140 0.95 (0.75 - 1.19) L
Invasive PR+ 735 0.97 (0.87 - 1.07) —_——
0.21
Invasive PR- 371 1.09 (0.94 - 1.26) ———
Invasive ER+PR+ 722 0.96 (0.87 - 1.07) e
Invasive ER-PR- 126 0.93(0.73-1.19) _— 0.14
Invasive others 258 1.18 (0.98 - 1.42) e
Invasive HER2+ 123 1.08 (0.83 - 1.40) _—
0.68
Invasive HER2- 929 1.02 (0.93-1.12) ——
Invasive ductal 857 0.98 (0.89 - 1.08) —H—
Invasive lobular 220 1.19 (0.97 - 1.46) R 0.18
Invasive others 82 0.90 (0.66 -1.22) ——4—1——
Grade 1 307 0.91 (0.78 - 1.07) e
Grade 2 617 1.09 (0.96 - 1.22) S 0.16
Grade 3 195 0.92 (0.75- 1.13) L
In situ 161 1.00 (0.80 - 1.25) R
Stage 1 738 0.97 (0.87 - 1.08) -
Stage 2 314 1.10 (0.93 - 1.29) S 0.66
Stage 3or4 82 1.04 (0.76 - 1.43) R
I T 1
0.8 1 1.2 1.4
Fig. 2 Associations of NSAID recurrent use with breast cancer risk, overall and by breast cancer subtypes, compared to never/occasional use (E3N
cohort, 2004-2014). Abbreviations: Cl, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard
ratio; NSAID, nonsteroidal anti-inflammatory drug; PR, progesterone receptor. 'Adjusted for age (time scale), years of schooling (baseline), alcohol
intake (time-varying), body mass index (time-varying), physical activity level (baseline), age at menarche (baseline), parity and age at first birth
(baseline), lifetime use of oral contraceptives (baseline), age at menopause (baseline), history of breast cancer in first-degree relatives (baseline),
personal history of benign breast disease (time-varying), lifetime use of menopausal hormone therapy (time-varying), and self-report of a
mammogram performed during the previous follow-up cycle (time-varying). Categories used are those displayed in Table 1, “Competing risk
analysis was performed using the cause-specific hazards approach

inhibitors of gastric acid secretion, are approved for the
treatment or prevention of a broad range of related gastric
conditions such as gastroesophageal reflux, gastric and
duodenal ulcers, or NSAID-induced gastrointestinal com-
plications [18, 43]. PPIs alter (increase or decrease de-
pending on the molecule) the absorption of other drugs
by increasing the intragastric pH and interfering with the
metabolism of other drugs [44, 45]. Surprisingly, several
reviews concluded that few studies were published about
potential drug interactions between PPIs and NSAIDs [45,
46). These studies focused on the concomitant use of
these two drugs and showed no influence of PPIs on the
pharmacokinetics of NSAIDs [45, 46]. However, PPI use

might increase the risk of an imbalance in gut microbiota
composition, even 8 weeks after PPI treatment [47, 48].
This change in microbiota composition has been shown
to exacerbate NSAID side effects [49].

The main strengths of this study included its prospect-
ive design and the use of information from a drug reim-
bursement database to identify NSAID exposure, which
avoids differential recall bias between cases and non-
cases and minimizes exposure misclassification. Indeed,
a French survey showed that among 250 French preg-
nant women, around 70% thought that high-dose aspirin
and ibuprofen were not NSAIDs [50], and prescription
analyses noted that among 184 prescriptions which
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Table 3 Associations of NSAID recurrent use with breast cancer,
according to characteristics of use (E3N cohort, 2004-2014)

No. of cases HR' (95% CI)  Pyend®

Characteristics of exposure

Cumulative number of DDDs 0.67
Never/occasional use 1441 1 (reference)
of NSAIDs
<200 763 1.02 (0.93-1.12)
> 200 to €400 89 093 (0.75-1.16)
> 400 to <600 22 1.28 (0.84-1.95)
> 600 43 1.02 (0.75-1.39)
Unknown 506 096 (091-1.13)
Cumulative duration of use, months 0.92
Never/occasional use 1441 1 (reference)
of NSAIDs
<3 516 1.00 (091-1.11)
>310<6 256 1.05 (0.91-1.20)
>6t0<12 89 1.02 (0.82-1.27)
>12 73 1.03 (081-1.31)
Unknown 489 0.96 (0.87-1.07)
Time since first use, years 0.85
Never/occasional use 1441 1 (reference)
of NSAIDs
<4 491 1.00 (0.90-1.11)
>410<6 201 1.07 (0.92-1.25)
>410<8 138 1.04 (0.86-1.25)
>8 249 0.88 (0.76-1.02)
Unknown 344 1.01 (0.90-1.14)
Age at first use, years 0.85
Never/occasional use 1441 1 (reference)
of NSAIDs
<60 461 0.97 (0.86-1.09)
>60 to 65 292 1.06 (0.93-1.22)
>65t0 <70 215 1.03 (0.88-1.20)
>70 154 1.03 (0.85-1.24)
Unknown 301 0.95 (0.83-1.09)
Time since last use, years 0.79
Never/occasional use 1441 1 (reference)
of NSAIDs
Current use 845 1.01 (093-1.11)
> Current use to £2 330 1.02 (091-1.16)
>2t0 <5 103 099 (0.81-1.22)
>5 57 0.85 (065-1.11)
Unknown 88 0.89 (0.72-1.11)
Average daily dose 0.18
Never/occasional use 1441 1 (reference)
of NSAIDs
<1DDD 445 1.03 (092-1.14)
>1to<15DDD 587 1.02 (092-1.13)
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Table 3 Associations of NSAID recurrent use with breast cancer,
according to characteristics of use (E3N cohort, 2004-2014)
(Continued)

Characteristics of exposure

No. of cases HR' (95% CI)  Pyend’

> 15 to £2 DDDs 200 096 (0.83-1.12)
>2 DDDs 55 095 (0.73-1.25)
Unknown 136 0.90 (0.76-1.08)

Abbreviations: Cl confidence interval, DDD defined daily dose, HR hazard ratio,
NSAID nonsteroidal anti-inflammatory drug

'Adjusted for age (time scale), years of schooling (baseline), alcohol intake
(time-varying), body mass index (time-varying), physical activity level
(baseline), age at menarche (baseline), parity and age at first birth (baseline),
lifetime use of oral contraceptives (baseline), age at menopause (baseline),
history of breast cancer in first-degree relatives (baseline), personal history of
benign breast disease (time-varying), lifetime use of menopausal hormone
therapy use (ti ying), and self-report of a r 1 performed
during the previous follow-up cycle (time-varying). Categories used are those
displayed in Table 1. HRs were obtained from separate models including one
characteristic of exposure at a time

2Tests for linear trends were performed among exposed women with known
characteristics of exposure. The characteristics of use were considered as
continuous variables

contained at least one NSAID, 98% were obtained for
acute symptoms and consequently for a short duration,
contributing to recall bias [51]. In addition, the detailed
NSAID reimbursement data allowed us to consider pre-
cise information on NSAID exposure (including mole-
cules, duration, dose, time since last and time since first
use). In our cohort, we found that exposure to NSAIDs
was associated with a decreased risk of colorectal cancer
(HR=0.67 (0.54-0.82) for ever versus never exposed
women; Additional file 1, Table S5), in close agreement
with estimates from meta-analyses [52, 53], which pro-
vides support for the accuracy of our assessment of
NSAID exposure. However, because NSAID is mostly
used sporadically (as noted in a study from the French
National Health Insurance Claims [54]), our statistical
power remained limited to evaluate the NSAID-breast
cancer associations for a long duration of use. In
addition, the period of follow-up was inadequate to
examine the NSAID-breast cancer associations in differ-
ent windows of susceptibility such as postpartum or
perimenopause [55, 56]. Since data on NSAID reim-
bursements were combined with self-reported data on
lifestyle, reproductive, and medical factors, we were able
to take into consideration potential confounders and to
examine interactions of NSAID use with breast cancer
risk factors, comorbidities, and other drugs. However, al-
though we adjusted for many potential confounders, we
cannot exclude residual confounding. For example, we
could not take into account the severity of rheumatoid
polyarthritis or other comorbidities. In addition, a high
number of comparisons were evaluated and the signifi-
cant interaction with recurrent PPI use may be a chance
finding.

Drug reimbursement data combined with information
on lifestyle, reproductive factors, and medical events are
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Selected factors No. exposed cases HR (95% CI)* P interaction

Age (years)

<65 481 0.81(0.72-0.92) —i—

[65 - 70[ 415 0.89 (0.77 - 1.03) —— 029

[70 - 75[ 320 0.95(0.80- 1.12) —— :

265 207 0.96 (0.78 - 1.19) PR S

BMI (kg/m?)

<25 857 1.00 (0.91 - 1.09) - 080

225 566 1.00 (0.88 - 1.14) —— .

MHT use

Never 267 0.88 (0.75- 1.03) — .

Ever 1,156 1.03(0.95-1.13) e *

Recurrent PPl use

No 738 1.07 (0.97 - 1.18) +— 0.01

Yes 685 0.86 (0.74 - 0.99) — >

Recurrent paracetamol use

No 635 0.99 (0.90 - 1.10) - -

Yes 788 1.02 (0.90 - 1.16) —— .

Recurrent glucocorticoid use

No 1,066 1.00 (0.92 - 1.08) e i

Yes 357 1.05(0.85-1.31) —t— ¢

Recurrent anti-arthritic use

No 762 1.00 (0.91- 1.09) —— 7

Yes 661 0.99 (0.86 - 1.14) B 0.75

Lifetime history of rheumatism

No 1,259 1.00 (0.92 - 1.08) 4 o~

Yes 164 1.02(0.82-1.28) — ¥

Lifetime history of arthrosis

No 830 1.02(0.93-1.12) M.

Yes 593 0.97 (0.84-1.11) - 0.50

Lifetime history of arthritis, spondy thritis or poly itis

No 1,343 1.00 (0.92 - 1.08) —4—

Yes 80 0.99 (0.65 - 1.52) — 08

Lifetime history of migraine

No 870 0.98 (0.89 - 1.08) = =

Yes 553 1.02 (0.90 - 1.16) A 0.88

0.80 1.00 1.20 1.40

Abbreviations: CI, confidence interval; BMI, body mass index; HR, hazard ratio; NSAID, nonsteroidal anti-inflammatory

drug: MHT, menopause hormone therapy: PPI, proton pump inhibitor.

! At least two reimbursements during any previous three-month period since January 1, 2004.

* Adjusted for age (time scale) years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying),

physical activity level (bascline), age at I line), parity and age at first birth (baseline), lifetime use of oral

i baseline), age at (baseline), history of breast cancer in first degree relatives (baseline), personal

history of benign breast disease (time-varying), lifetime use of menopausal hormone therapy (time-varying), self-report of a

mammogram performed during the previous follow-up cycle (time-varying). Ca ies used are those disp in Table 1.
Fig. 3 Associations of NSAID recurrent use with breast cancer risk, compared to never/occasional use, in strata of selected factors, comorbidities,
and recurrent’ use of other drugs (E3N cohort, 2004-2014). Abbreviations: Cl, confidence interval; BMI, body mass index; HR, hazard ratio; NSAID,
nonsteroidal anti-inflammatory drug; MHT, menopause hormone therapy; PPI, proton pump inhibitor. 'At least two reimbursements during any
previous 3-month period since January 1, 2004. ’Adjusted for age (time scale) years of schooling (baseline), alcohol intake (time-varying), body
mass index (time-varying), physical activity level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral
contraceptives (baseline), age at menopause (baseline), history of breast cancer in first-degree relatives (baseline), personal history of benign
breast disease (time-varying), lifetime use of menopausal hormone therapy (time-varying), and self-report of a mammogram performed during
the previous follow-up cycle (time-varying). Categories used are those displayed in Table 1

a great asset, but these data have some limitations. Ex-
posure assessment based on reimbursements rather than
intake leads to an obvious misclassification of NSAID
use since, in France, NSAIDs can also be obtained over-
the-counter. Indeed, several surveys in France noted that

between 70 and 80% interviewed persons had already
used NSAIDs by self-medication [57, 58]. Furthermore,
we had no data regarding the compliance/adherence to
the purchased treatment. However, we assumed that
women who need NSAIDs chronically will go to the
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doctor to get reimbursed. We defined recurrent users as
women with at least 2 reimbursements during any 3-
month period which would suggest that they took the
drug. Self-reported data on NSAID use, which therefore
included NSAIDs purchased over-the-counter and cap-
tured only taken medications, were only available before
year 2004 and consequently were used to assess preva-
lent use of NSAIDs.

Conclusion

To conclude, in this large, prospective cohort of post-
menopausal women with up to 10 years of follow-up, we
observed a decreased risk of breast cancer with NSAID
use only among women who previously used PPI. Our
study is the first one to evaluate the modifying effect of
PPI on the NSAID-breast cancer associations. Therefore,
our finding of an interaction between NSAID and PPI
use regarding the risk of breast cancer deserves replica-
tion in other settings.

Supplementary information
Supplementary information accompanies this paper at httpsi//doi.org/10.
1186/513058-020-01343-1.
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4. Antiplatelet drugs and breast cancer risk

4.1. Main findings
At the end of follow-up, 10,557 women (17%) had been exposed to low-dose aspirin and
2,130 (3%) to clopidogrel. Compared to non-users, antiplatelet drug users were older, more
often overweight or obese, had more frequent medical follow-up, were less likely to have
ever used oral contraceptives or MHT, and had more frequent histories of cardiovascular

conditions as well as exposure to various drugs used in cardiovascular prevention.

Overall, compared with never/occasional use, recurrent use of low-dose aspirin was not
associated with breast cancer risk [HR= 0.99 (0.87 — 1.13)]. However, a transient increase in
breast cancer risk was observed during the 3 year of use [HR>.<3 years of use= [1.49 (1.08 —
2.07)], followed by a decrease in risk [HR4+ years of use=0.72 (0.52 — 0.99)]. The low-dose
aspirin-breast cancer association differed according to history of venous thromboembolism
(Phomogencity=0.01) suggesting a decreased breast cancer risk among women with a history of
venous thromboembolism [HR= 0.62 (0.41 — 0.93)] but not among women without such a
history [HR = 1.05 (0.92 — 1.21)]. The low dose aspirin-breast cancer associations did not

differ by breast cancer subtypes, risk factors, other comorbidities or use of selected drugs.

Compared with never/occasional use, recurrent use of clopidogrel was associated with an
increased breast cancer risk [HR=1.30 (1.02 — 1.68)], restricted to ER- breast cancer
[HRgr+=1.14 (0.83 — 1.57), HRgr.= 3.07 (1.64 — 5.76), Phomogencity=0.01]. A statistically
significant interaction by MHT use was found suggesting an increased breast cancer risk with
clopidogrel use only among MHT never users [HR =1.94 (1.29 — 2.92)] but not among MHT
ever users [HR = 1.07 (0.77 — 1.47)]. The clopidogrel-breast cancer associations did not differ

by breast cancer subtypes, risk factors, other comorbidities or use of selected drugs.

4.2. Conclusions
In this cohort of French postmenopausal women, a transient increase in breast cancer risk was
observed during the 3 year of low-dose aspirin use followed by a decrease in risk.
Clopidogrel use was associated with increased breast cancer risk that seemed restricted to

ER- tumours, with no clear trend according to duration of use.
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Abstract

Epidemiological evidence is insufficient to draw conclusions on the impact of low-dose aspirin use on breast
cancer risk, and the potential impact of other antiplatelet drugs such as clopidogrel needs to be explored.

We investigated the association between breast cancer risk and low-dose aspirin or clopidogrel use in the
E3N cohort, which includes 98,995 women, with information on breast cancer risk factors collected from
biennial questionnaires matched with drug reimbursement data available from 2004. Women with at least
two reimbursements of the drug of interest in any previous three-month period were considered “ever”
exposed. Exposure was considered as time-varying and multivariable Cox regression models were used to
estimate hazard ratios (HRs) of breast cancer.

Among 62,512 postmenopausal women followed during nine years on average, 2,864 breast cancer cases
were identified. Compared with never use, a transient higher breast cancer risk was observed during the 3™
year of low-dose aspirin use [HR2.<3 years of use= 1.49 (1.08 — 2.07)], followed by a lower risk [HR4+ years of use=
0.72 (0.52 — 0.99)]. Clopidogrel ever use was associated with a higher breast cancer risk [HR= 1.30 (1.02 —
1.68)], restricted to estrogen receptor negative (ER-) tumors [HRer+= 1.14 (0.83 — 1.57), HRer= 3.07 (1.64
— 5.76), Phomogeneity= 0.01].

Low-dose aspirin was associated with a lower breast cancer risk only after several years of use, while ever
use of clopidogrel was associated with a higher ER- breast cancer risk.

Antiplatelet drugs are not good pharmacological candidates for breast cancer prevention.
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Introduction

While the role of platelets in haemostasis and thrombosis has been known for many decades, platelets have
more recently emerged as contributors to inflaimmation, tumorigenesis and metastasis '>. Antiplatelet drugs,
such as clopidogrel or low-dose aspirin, used in the prevention of cerebrovascular and cardiovascular
diseases, are consequently considered as potential agents for cancer prevention 2. Of note, aspirin is only
considered as an antiplatelet drug when it is used at low doses (<325 mg per tablet). At higher doses (=500
mg per tablet), aspirin is mainly used sporadically as an antipyretic, analgesic or anti-inflammatory drug.
Low-dose aspirin has been consistently associated with a reduction in colorectal cancer incidence in
epidemiological studies *°. Evidence for other cancers such as breast cancer is less clear. Recent meta-
analyses reported an approximate 10% decreased breast cancer risk with aspirin use (regardless of the dose).
However, the beneficial effect of aspirin was more evident in case-control than in cohort studies 367 In
addition, there was publication bias as well as significant heterogeneity of results and individual studies did
not systematically report results on duration of aspirin use and breast cancer subtypes. More epidemiological
studies are thus needed with more accurate assessment of exposure to aspirin, that should in particular
distinguish between low-dose and high-dose formulations, because low-dose and high-dose aspirin have
different pharmacological properties and might therefore influence differently breast cancer risk. We
recently showed that the use of high-dose aspirin was not associated with breast cancer risk in the E3N
cohort &, The potential impact of other antiplatelet drugs such as clopidogrel on breast cancer risk has never
been assessed in epidemiological studies. Contrasting the results on clopidogrel and low-dose aspirin could
help to elucidate whether use of aspirin might impact breast cancer risk through platelet inhibition or
through other mechanisms °-'!.

We therefore evaluated the associations between breast cancer incidence and both the use of low-dose
aspirin and the use of clopidogrel, overall and by breast cancer subtypes, risk factors and comorbidities in
the prospective E3N (Etude Epidémiologique aupreés de femmes de la Mutuelle Générale de 1'Education

Nationale) cohort.

Materials and Methods

E3N cohort

The E3N cohort includes 98,995 French women born between 1925 and 1950 and insured by the health
insurance scheme that covers mainly teachers '2. In 1990, volunteers provided their informed consent and
completed the baseline questionnaire. Every two or three years thereafter, participants completed self-
administered follow-up questionnaires regarding various characteristics and medical events. Furthermore,

for each cohort member, the health insurance plan provided data on all outpatient reimbursements for health
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expenditure since January 1, 2004. The study was approved by the French National Commission for Data

Protection and Privacy.

Study population and Follow-up

Follow-up started on July 1%, 2004 and ended at the date of diagnosis of any cancer (with the exception of
basal cell carcinoma and in situ colorectal tumour), latest completed questionnaire, or November 17" 2014
(date at which the last considered questionnaire was sent to participants), whichever occurred first.

The study population included 62,512 postmenopausal women who were free of cancer on July 1%, 2004

(Figure 1).

Identification of breast cancer cases

Most breast cancer cases were identified using self-reports in the questionnaires and, to a lesser extent,
spontaneous reports by participants’ next-of-kin, or causes of death data. Pathology reports and other
medical documents were then obtained from the participants and/or their physicians for 95% of the incident
cases and were used to confirm the cases and to extract information on tumour characteristics such as
hormonal receptor status, histological type, grade, and stage at diagnosis. As the proportion of false-positive
self-reports was low (<5%), we did not exclude from our analyses cases for which we could not obtain

pathology reports.

Exposure to antiplatelet drugs
Only clopidogrel and low-dose aspirin were considered in our analyses because less than 1% of the women
were exposed to other antiplatelet drugs (e.g. prasugrel or ticlopidine). Because they act through distinct

pharmacological mechanisms '

, clopidogrel and low-dose aspirin were analysed separately. For each
delivery of medicines containing clopidogrel or low-dose aspirin, we extracted data on date of purchase,

number of pills per package, and dose per pill.

We defined as “ever” users, women with at least two reimbursements of the drug of interest during any
previous three-month period since January 1, 2004. Other women were considered as “never” users. We also
classified exposure according to time since last and first use, age at first use, cumulative duration of use, and
cumulative number of defined daily doses (DDD). The DDD is the assumed average daily maintenance dose
for a drug used for its main indication in adults . Here, we assumed that the DDD was equal to 1 tablet per
day and the standard duration of a box was the number of pills it contained. For each box delivered, the
duration of use was calculated as the shortest length of time between its standard duration and the time until
the next antiplatelet drug delivery. The cumulative duration of use was calculated as the sum of durations of

use corresponding to each delivery since January 1, 2004. The date of last use was calculated as the date of

A
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last purchase + the standard duration of the last reimbursed box. Women with antiplatelet drug deliveries
between January 1 and April 1, 2004 were likely to have begun use before the availability of reimbursement
data. Therefore, cumulative duration and dose, age at first use and time since first use were in that case
assigned to an ‘“unknown” category, unless they could be assigned to the highest category of
duration/dose/time since first use or the lowest category of age at first use. Results for time since last use

were not shown because most users (>70%) were still taking the drugs at the end of follow-up.

Covariates

Parameters considered as potential confounders are listed in Table 1. Number of consultations with the
doctor during the preceding six months and “ever” use (defined as at least two reimbursements of the drug
of interest during any previous three-month period since January 1, 2004) of other drugs likely to be used by
antiplatelet drug users [antidiabetics (Anatomical Therapeutic Chemical codes: A10), statins (C10AA),
antihypertensives (C02), diuretics (C03), beta-blocking agents (C07), calcium-channel blockers (CO08),
agents acting on the renin-angiotensin system (C09), other antithrombotic agents (BO1A except BOIAC) and
proton-pump inhibitors (A02BC)] were identified using the reimbursement database. Use of menopausal
hormone therapy (MHT) was identified using both the drug reimbursement database and self-reported
information from the questionnaires sent out before 2004 3. Information on educational level, breastfeeding,
age at menopause, age at menarche, parity and age at first full-term pregnancy, current level of physical
activity, familial history of breast cancer and lifetime use of oral contraceptives originated from the biennial
self-administered questionnaires sent before the start of follow-up. Information on current body mass index
(BMI), smoking status, lifetime personal history of benign breast disease, alcohol intake, self-report of a
mammogram performed during the previous follow-up cycle, lifetime histories of cardiovascular disease
risk factors (hypertension, diabetes or hypercholesterolemia), coronary heart diseases (angina pectoris or
myocardial infarction), stroke, cardiac dysrhythmia, venous thromboembolisms (pulmonary embolism or
deep vein thrombosis), and arteritis originated from the biennial self-administered questionnaires sent before

the start of follow-up, with subsequent updates in 2005, 2008 and 2011.

Statistical analysis
Multivariable Cox regression models, stratified by birth cohort (in five-year categories) and with age as the
time scale, were used to estimate hazard ratios (HRs) for the association of antiplatelet drug exposure with

breast cancer incidence.

Exposure as well as other factors issued from the reimbursement database (including use of MHT, number
of consultations and use of other drugs) and covariates updated during follow-up were considered as time-

varying parameters. For a given drug, participants contributed follow-up as non-exposed until purchasing
4
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the drug for the second time in a three-month period. Cumulative duration/dose and time since last and first
use were also updated during follow-up. Undiagnosed breast cancer may cause symptoms resulting in an
increased use of drugs a few months prior to the diagnosis. Exposure as well as other variables coming from
the reimbursement database were, therefore, lagged by 6 months to minimize any reverse causation bias due

to early symptoms °.

Educational level, recent mammogram and established breast cancer risk factors (BMI, physical activity
level, lifetime history of benign breast disease, family history of breast cancer, age at menarche, age at
menopause, parity and age at first full-term pregnancy, lifetime use of oral contraceptives, lifetime use of
MHT and alcohol consumption) were systematically included in the multivariable models. In addition,
analyses of low-dose aspirin and clopidogrel were simultaneously adjusted for each other. Breastfeeding,
number of consultations with the doctor during the preceding six months, smoking status, lifetime histories
of comorbidities (cardiovascular disease risk factors, coronary heart diseases, stroke, cardiac dysrhythmia,
venous thromboembolism, and arteritis) and ever use of other drugs since January 1, 2004 (listed above)
were tested as potential confounding factors. The categories used are displayed in Table 1. All drugs as well
as number of consultations modified the HR of certain breast cancer subtypes associated with antiplatelet
drug exposure by at least 0.05 points and were, therefore, included in the multivariable models. Alcohol
consumption and breastfeeding had >5% missing values, which were accommodated by using a “missing”
category in our models. All other covariates had <5% missing values, which were replaced either with the
previous non missing questionnaire value, or with the mode or the median values observed among the
subjects with complete data. A complete case analysis was also conducted (not shown because results were

similar).

Effect modification by age, BMI, MHT use, comorbidities, and other drugs (all considered as time-varying

parameters) was evaluated by including cross-product interaction terms in the Cox models.

When studying the risk of different breast cancers characterized by their invasiveness, molecular,
histological or stage/grade subtype, competing risk analysis was performed using the cause-specific hazards
approach '"!%, Cases with missing information on a given tumour characteristic were excluded from the

corresponding analyses.

In sensitivity analyses, we changed the six-month lag to a two-year lag, and we restricted the study sample
to women who self-reported having had a mammogram performed in the previous follow-up cycle. Finally,
we defined exposure as low-dose aspirin only, clopidogrel only and combinations of low-dose aspirin and

clopidogrel. A woman could successively take different types of antiplatelet drugs and therefore contribute

d
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to several categories (e.g., user of low-dose aspirin only and user of a combination of low-dose aspirin and

clopidogrel).

All tests of statistical significance were two-sided, and significance was set at the .05 level. We performed

all analyses using SAS software, version 9.4 (SAS Institute Inc, Cary, NC).

Results

During a median follow-up time of nine years, 2,864 breast cancer cases were diagnosed (335 in situ and
2,353 invasive) among the 62,512 participants. The characteristics of the participants are presented in Table
1. At the end of follow-up, 10,557 women (17%) had been exposed to low-dose aspirin and 2,130 (3%) to
clopidogrel. The mean time elapsed between baseline and the date of purchasing the drug for the second
time in a three-month period was 3.8 years for low-dose aspirin and 4.0 years for clopidogrel. Compared to
non-users, antiplatelet drug users were older, more often overweight or obese, had more frequent medical
follow-up, were less likely to have ever used oral contraceptives or MHT and had more frequent histories of

cardiovascular conditions as well as exposure to various drugs used in cardiovascular prevention.

The age-adjusted HR for breast cancer risk associated with having ever been exposed to low-dose aspirin,
compared with having never been exposed, was 1.00 (95% CI 0.89 — 1.14). The multivariable HR was 0.99
(95% C10.87 — 1.13) (Figure 2). No statistically significant heterogeneity across breast cancer subtypes was
found (Phomogeneity >0.12, Figure 2). Analyses according to characteristics of use are presented in Table 2.
Compared to never use, a higher breast cancer risk was found during the third year of cumulative use [HRo>-
<<3 years of use—= 1.49 (1.08 — 2.07)] or when the cumulative number of DDDs was between 700 and 1,200
[HR700-<1200 ppps= 1.38 (1.02 — 1.87)], while a lower breast cancer risk was found in the highest categories of
cumulative number of DDDs [>1,700 DDDs: HR= 0.64 (0.45 — 0.92)], cumulative duration of use [>4 years:
HR= 0.72 (0.52 -0.99)] and time since first use [>4 years: 0.77 (0.62 — 0.96)]. The low-dose aspirin-breast
cancer risk association differed according to history of venous thromboembolism (Phomogeneity = 0.01, Online
Supplementary Table S1), suggesting a negative association among women with a history of venous
thromboembolism [HR= 0.62 (0.41 — 0.93), n exposed cases= 29] but not among women without such a
history [HR= 1.05 (0.92 — 1.21), n exposed cases= 270]. No effect modification was found by current age,
BMI, ever use of MHT, other comorbidities and use of selected drugs (Pintraction =0.13, Table 3 and Online

Supplementary Table S1).

The age-adjusted HR of breast cancer associated with having ever been exposed to clopidogrel, compared
with having never been exposed, was 1.28 (95% CI, 1.00 - 1.64). The multivariable HR was 1.30 (95% CI,

1.02 - 1.68) (Figure 3). No statistically significant heterogeneity across breast cancer subtypes was found
6
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(Phomogeneity >0.17; Figure 3), except for estrogen receptor (ER) status. A statistically significant positive
association was noted only for ER negative (ER-) breast cancer [HRgr+= 1.14 (0.83 — 1.57); HRer= 3.07
(1.64 = 576), Phomogcncity: 0.0l; Figure 3]

Analyses according to characteristics of use yielded no statistically significant trend (Puena >0.26, Table 2).
No effect modification was found by current age, BMI, comorbidities, and drugs (Pinteraction =0.06, Table 3
and Online Supplementary Table S1). However, there was a statistically significant interaction by MHT use
(Pinteraction= 0.01, Table 3) suggesting a higher breast cancer risk with clopidogrel use only among MHT
never users [HR=1.94 (1.29 — 2.92)] but not among MHT ever users [HR= 1.07 (0.77 — 1.47)].

The results were not affected when we restricted the study sample to women with a recent mammogram
(Online Supplementary Figures S1 and S2), or applied a lag-time of two years (Online Supplementary
Figure S3 and Figure S4). We still observed a higher breast cancer risk associated with 2-3 years cumulative
duration of low-dose aspirin use when we restricted the analyses to women with a recent mammogram or to
women without history of cardiovascular disease risk factors, coronary heart diseases, stroke, cardiac
dysrhythmia, venous thromboembolism, and arteritis (Online Supplementary Table S2). When exposure was
defined as low-dose aspirin only, clopidogrel only, combination of low-dose aspirin and clopidogrel, or none
(reference), a statistically significant higher breast cancer risk was found with ever use of aspirin and
clopidogrel combinations [HR= 1.55 (1.04 — 2.33), n exposed cases= 28], but not low-dose aspirin only
[HR= 0.98 (0.86 — 1.12), n exposed cases= 288], or clopidogrel only [HR= 1.18 (0.88 — 1.57), n exposed
cases= 55] (Phomogencity= 0.05).

Discussion
In this cohort of postmenopausal women, a transient higher breast cancer risk was observed during the 3™
year of low-dose aspirin use followed by a lower risk. Clopidogrel use was associated with higher breast

cancer risk that seemed restricted to ER- tumours, with no clear trend according to duration of use.

Our results on low-dose aspirin are consistent with two recent meta-analyses which suggested that a long
duration of any aspirin use was associated with a lower breast cancer risk ®’. However, these meta-analyses
did not distinguish between low-dose and high-dose aspirin. We found few published prospective studies

which have examined low-dose aspirin >, Three of them noted a lower breast cancer risk with long-term

exposure '*2! while four suggested no statistically significant associations between low-dose aspirin and

postmenopausal breast cancer risk >3

, and one reported an increased breast cancer risk in women with at
least 6 months of low-dose aspirin prescriptions %°. In a randomized controlled trial published in 2013

(Women’s Health Study: participants aged >45 years old, median follow-up of 17.5 years), low-dose aspirin
7
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(100 mg) use every other day for an average of 10 years had no effect on breast cancer risk compared to
placebo [HR= 1.02 (0.89 — 1.18), n exposed cases= 385] *. This lack of effect could be due to the fact that
low-dose aspirin was used less frequently than in usual prescriptions for cardiovascular prevention (i.e.
daily), which could be less effective in terms of cancer prevention. In the latest randomized double-blind
placebo-controlled trial (ASPREE: participants aged > 65 years old, median follow-up of 4.7 years), daily
use of low-dose aspirin (100 mg) had no effect on breast cancer incidence [HR= 1.03 (0.80 — 1.32), n
exposed cases= 127] ’. This lack of effect could be due to the fact that follow-up as well as duration of
aspirin use were not long enough to expect a benefit of aspirin. Indeed, in a meta-analysis of randomized
controlled trials published in 2018, among participants aged > 70 years and weighing less than 70 kg, an
increased risk of any cancer was observed during the first 3 years of follow-up [HR= 1.31 (1.07 — 1.61)],
followed by a reduced cancer incidence after 5 years of follow up [HR= 0.62 (0.41 — 0.94)] 2%. The increased
cancer risk with aspirin use within 3 years of follow-up was stronger among women [HR= 1.44 (1.11 —
1.87)]. In our study, we found a transient higher breast cancer risk during the 3™ year of use [HR= 1.49 (1.08
—2.07)], followed by a lower breast cancer risk after four years of use [HR= 0.72 (0.52 — 0.99)]. After five
years of aspirin use, we also found a lower breast cancer risk [HR= 0.66 (0.44 — 1.01)], however the
association did not reach the significance probably due to the fact that the number of cases was limited
(n=23). Our study thus shows close estimates compared to the ones found in the latest meta-analysis of
randomized controlled trials on any cancer incidence and aspirin use. These results indicate that low-dose
aspirin might have a tumor-promoting effect, i.e. accelerate the growth of pre-existing tumors that would
have otherwise been diagnosed later. It seems thus important to be able to assess the low-dose aspirin-breast

cancer risk associations according to duration of use.

To our knowledge, this is the first study to evaluate the clopidogrel-breast cancer association. In a
randomized controlled trial, 30 months of simultaneous use of low-dose aspirin and clopidogrel compared to
low-dose aspirin used alone was associated with a non-significant increase in risk of any solid cancer and a
statistically significant increase in cancer-related death 2. Since then, three observational studies noted that
clopidogrel use, alone or in combination with low-dose aspirin, might reduce the risk of several cancers **-3?
including colorectal, other gastro-intestinal, non-gastrointestinal, or haematological cancers *2. In one of
these studies, use of clopidogrel for less than 1 year was associated with an increased risk of colorectal

cancer but the authors suggested that this association could be explained by detection bias *°.

Platelet inhibition could have different effects depending on the drug used, because low-dose aspirin and
clopidogrel have specific targets. While low-dose aspirin inhibits cyclooxygenase-1 enzyme synthesis in
platelets and consequently suppresses the production of prostaglandins and thromboxanes 3, the active

metabolite of clopidogrel selectively inhibits the binding of adenosine diphosphate to its platelet receptor,
]
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resulting in stabilization of platelet aggregation. Low-dose aspirin might interfere with additional
antiplatelet-independent mechanisms, such as the inhibition of Wnt/b-catenin and NF-kB signalling and the
acetylation of extra-COX proteins, which could explain why low-dose aspirin would be chemo-preventive
and not clopidogrel !!. The mechanisms by which clopidogrel might increase breast cancer risk must be
investigated. It has been suggested that the simultaneous use of low-dose aspirin and clopidogrel could lead
to an excess of platelet inactivation and to the dissemination of cancer cells due to the unstable aggregates of
platelet-tumour cells **. In addition, a recent experimental study in mice reported that simultaneous injection
of low-dose aspirin and clopidogrel could promote mammary tumour progression by inducting vascular
mimicry *°. Our results support this hypothesis as the higher breast cancer risk was found with simultaneous
use of low-dose aspirin and clopidogrel but not with use of low-dose aspirin or clopidogrel only, even

though the power of this sub-analysis was limited.

We found a statistically significant interaction between use of low-dose aspirin and history of venous
thromboembolism and between clopidogrel and MHT use, regarding the risk of breast cancer. The
clopidogrel-breast cancer association also differed according to ER status of breast tumours. To our
knowledge, these heterogeneities have not been explored previously. However, because our findings were
based on relatively small numbers of cases in subgroups and since we performed a relatively large number
of tests, these results may be due to chance and should be interpreted carefully before replication in other

settings.

The main strengths of this study included its prospective design and the use of information from a drug
reimbursement database to identify antiplatelet drug exposure, which avoids differential recall bias between
cases and non-cases and allowed us to consider precise information on exposure (including duration, DDD
and timing of use). However, because most users were still taking the drugs at the end of follow-up, we did
not consider time since last use of antiplatelet drugs. Since data on antiplatelet drug reimbursement were
combined with self-reported data on lifestyle, reproductive and medical factors, we were able to take into
consideration potential confounders and effect modifiers. Power to detect differences was limited because of
the low number of cases in some categories (especially for clopidogrel), and we cannot exclude residual
confounding, including confounding by indication for drug use. Because of the lack of information available
on over-the-counter low-dose aspirin purchases, we could have misclassified over-the-counter users as non-
exposed. However, we assumed that the long-term use of low-dose aspirin is primarily managed through
prescriptions *¢. Misclassification for clopidogrel treatment is unlikely because it is a prescription drug. We
had no data regarding the compliance/adherence to the dispensed treatment, but we defined “ever” users as
women with at least 2 reimbursements during a 3-month period, which would suggest that they took the

drug. Another concern is the possibility of surveillance bias, but we adjusted our analyses for recent
9

135



Antiplatelet drugs and breast cancer risk

mammogram and number of consultations with a physician to overcome it. Lastly, results on antiplatelet
drugs other than low-dose aspirin and clopidogrel could help to clarify how antiplatelet drugs might
influence breast cancer risk, but our power was too limited to investigate the associations between breast

cancer risk and other antiplatelet drugs such as ticlopidine and prasugrel.
To conclude, in this large, prospective cohort of postmenopausal women, use of low-dose aspirin was
associated with a transient higher breast cancer risk few years after treatment start, followed by a lower

breast cancer risk, while ever use of clopidogrel was associated with a higher breast cancer risk that seemed

restricted to ER- tumours. These results are novel and need to be replicated in other settings.

10
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Tables

Table 1. Characteristics of participants, overall and according to antiplatelet drug use at the end of follow-up

(E3N Cohort; 2004 to 2014; n = 62,512).

Antiplatelet drug use at the end of

follow-up

Characteristics at the end of follow-up* E:L:zo;e;; Lowevde‘:sﬁsaesrl:mn Cl@"::;g:: o

& (n=10,557) (n=2,130)

Sociodemographic factors
Age (years), mean (SD) 72.1(6.4) 75.5(6.5) 76.2 (6.4)
Educational level, N (%)
< High-school 6,516 (10) 1,295 (12) 278 (13)
From high-school to 4 years higher education 45,138 (72) 7,569 (72) 1,528 (72)
At least 5 years higher education 10,858 (17) 1,693 (16) 324 (15)
Lifestyle and reproductive factors

BMI (kg/m?), N (%)
<185 2,626 (4) 479 (5) 102 (5)
>185-<23 25,409 (41) 3,668 (35) 742 (35)
223-<25 13,197 (21) 2,227 (21) 454 (21)
>25-<30 16,139 (26) 3,034 (29) 597 (28)
>30 5,141 (8) 1,149 (11) 235(11)
Physical activity (Met-h/week), N (%)
<3438 15,649 (25) 2,709 (26) 537 (25)
<>348-<57.6 15,680 (25) 2,512 (24) 507 (24)
>57.6 —<88.8 15,567 (25) 2,608 (25) 517 (24)
>88.8 15,616 (25) 2,728 (26) 569 (27)
Smoking status, N (%)
Never smoker 33,281 (53) 5,899 (56) 1,169 (55)
Current smoker 4,741 (8) 738 (7) 192 (9)
Past smoker 24.490 (39) 3,920 (37) 769 (36)
Alcohol intake (g/d), N (%)
Abstainer 7.832(13) 1,576 (15) 335(16)
&5 16,796 (27) 2,764 (26) 577 (27)
>5-<10 9.337(15) 1,482 (14) 302 (14)
>10-<20 12,053 (19) 1,994 (19) 357(17)
>20 12,522 (20) 1,994 (19) 392 (18)
Missing 3,952 (6) 747 (7) 167 (8)
Breastfeeding, N (%)
Never 23.425 (37) 4,011 (38) 782 (37)
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Ever 34,174 (55)
Missing 4913 (8)
Age at menopause (years), mean (SD) 50.5 (3.7)
Age at menarche, years, N (%)
<13 28,078 (45)
>13 34,434 (55)
Parity and age at first full-term pregnancy, N (%)
Nulliparous 7,282 (12)
e
First child after age 30 years 6,464 (10)
Lifetime oral contraceptive use, N (%) 38,570 (62)
Lifetime MHT use, N (%) 45,239 (72)
Personal history of benign breast disease, N (%) 23,268 (37)
History of breast cancer in first-degree relatives, N (%) 7,139 (11)
Number of medical consultations/visits
during the preceding 6 months, N (%)
0 3.277(5)
13 25413 (41)
>4 33,491 (54)
Missing 331 (1)
Lifetime medical history, N (%)
Cardiac dysrhythmia 12,912 (21)
Cardiovascular disease risk factors® 41,355 (66)
Stroke 2,247 (4)
Coronary heart diseases® 1,913 (3)
Arteritis 716 (1)
Venous thromboembolism? 5,024 (8)
“Ever” use of other drugs®, N (%)
Proton pump inhibitors 30,063 (48)
Antihypertensives 2,662 (4)
Diuretics 8,859 (14)
Beta blocking agents 14,271 (23)
Calcium channel blockers 8,561 (14)
Agents acting on the renin-angiotensin system 18,671 (30)
Statins 20,116 (32)

Antiplatelet drugs and breast cancer risk

5,684 (54)
862 (8)
50.3 (4.0)

4,705 (45)
5,852 (55)

1,253 (12)

4,922 (47)

3,340 (32)

1,042 (10)
5,304 (50)
7,170 (68)

7,673 (73)

3,751 (36)

1,200 (11)

173 (2)
3,284 (31)
7,086 (67)

14 (0)

3,664 (35)
8,606 (82)
1,348 (13)
1,300 (12)
358 (3)
1361 (13)

6,514 (62)
911 (9)
2,774 (26)
4,793 (45)
3,132 (30)
5,532 (53)
6,295 (60)

1,171 (55)
177 (8)
50.1 (4.3)

924 (43)
1,206 (57)

224(11)

1,006 (47)

691 (32)

209 (10)
1,069 (50)
1,380 (65)

1,468 (69)

742 (35)

231 (11)

22(1)

569 (27)

1,539 (72)
0(0)

755 (35)
1,804 (85)
453 (21)
619 (29)
242 (11)
300 (15)

1,527 (72)
213 (10)
681 (32)
1,228 (58)
844 (40)
1,418 (67)
1,699 (80)
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Antidiabetics 3,187 (5) 1,283 (12) 316 (15)
Other antithrombotic agents 8,163 (13) 2,340 (22) 539 (25)
Low-dose aspirin 10,557 (17) 1,391 (65)
Clopidogrel 2,130 (3) 1,374 (13)

# Except for years of schooling, physical activity level, age at menarche, parity and age at first birth, lifetime use of oral contraceptives, history
of breast cancer in first degree relatives and age at menopause, which were assessed before the start of follow-up.

b Cardiovascular disease risk factors include hypertension, diabetes or hypercholesterolemia.

¢ Coronary heart diseases include angina pectoris or myocardial infarction.

dVenous thromboembolisms include pulmonary embolism or deep vein thrombosis.

¢“Ever” use was defined as at least two reimbursements of the drug of interest during any previous three-month period since January 1, 2004.
Abbreviations: MET-H, metabolic equivalent task-hour; SD, standard deviation.
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Table 2. Associations of low-dose aspirin and clopidogrel ever use with breast cancer risk, according to

characteristics of use (E3N Cohort; 2004 to 2014; n= 62,512).

Low-dose aspirin exposure Clopidogrel exposure

No. cases HR* (95% CI) No. cases HR* (95% CI)
Cumulative number of DDDs
Never exposed 2,565 1 (reference) 2,795 1 (reference)
<200 58 1.00 (0.77 — 1.30) 12 1.20 (0.68 —2.14)
> 200 - <700 55 0.87 (0.66 — 1.15) 19 1.43 (0.90 - 2.27)
> 700 -< 1,200 46 1.38 (1.02 - 1.87) 8 1.23 (0.61 —2.48)
> 1,200 - < 1,700 25 1.32 (0.88 —1.97) 2 0.52(0.13 - 2.09)
> 1,700 32 0.64 (0.45 - 0.92) 14 1.53 (0.90 - 2.60)
Unknown 83 1.06 (0.84 — 1.33) 14 1.33 (0.78 - 2.25)
Prrend 0.71 0.27
Cumulative duration of use (years)
Never exposed 2,565 1 (reference) 2,795 1 (reference)
=1 88 0.98 (0.79 - 1.22) 20 1.20 (0.77 - 1.88)
>1-<2 34 0.88 (0.62 — 1.24) 14 1.69 (0.99 - 2.88)
>2-<3 38 1.49 (1.08 —2.07) 8 1.06 (0.44 —2.57)
>3-<4 20 1.24 (0.79 — 1.94) 2 0.64 (0.16 — 2.56)
>4 40 0.72 (0.52 - 0.99) 14 1.35 (0.73 - 2.30)
Unknown 79 1.05 (0.83 — 1.32) 14 1.39 (0.82 -2.36)
Prrend” 0.71 0.26
Time since first use (years)
Never exposed 2,565 1 (reference) 2,795 1 (reference)
<1 43 1.12 (0.82 - 1.52) 8 0.97 (0.48 - 1.97)
=1 =22 36 1.05 (0.75 — 1.47) 10 1.39 (0.74 - 2.62)
>2-<3 36 1.21 (0.87 - 1.70) 10 1.64 (0.87 - 3.10)
>3-<4 25 1.03 (0.69 — 1.54) 5 1.09 (0.45 - 2.66)
>4 98 0.77 (0.62 — 0.96) 26 1.41 (0.95-2.11)
Unknown 61 1.21 (0.93 - 1.57) 10 1.31 (0.70 - 2.45)
Pyend 0.77 0.90
Age at first use (years)
Never exposed 2,565 2,795
<65 86 0.86 (0.67 — 1.03) 23 1.75 (1.14 - 2.67)
>65-<75 109 1.13 (0.93 - 1.39) 22 1.08 (0.70 — 1.67)
>75 32 0.95 (0.65 - 1.39) 11 1.22 (0.66 — 2.26)
Unknown 72 1.07 (0.84 — 1.37) 13 1.23 (0.71 - 2.13)
Pyend 0.77 0.90

* Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (bascline), age at menarche (bascline), parity and age at first birth (bascline), lifetime use of oral contraceptives (bascline), age at
menopause (bascline), history of breast cancer in first degree relatives (baseline), personal history of benign breast discase (time-varying),
lifetime use of menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-
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Antiplatelet drugs and breast cancer risk

varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of statins, antihypertensives,
diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics, other antithrombotic
agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1. Low-dose aspirin and clopidogrel exposure
were simultaneously adjusted for each other. HRs were obtained from separate models including one characteristic of exposure at a time.

b Tests for linear trends were performed among exposed women with known characteristics of exposure. The characteristics of use were
considered as continuous variables.

W
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Antiplatelet drugs and breast cancer risk

Table 3. Associations of low-dose aspirin and clopidogrel ever use with breast cancer risk, compared to
never use of the considered drug, stratified by current age, BMI and MHT use (E3N Cohort; 2004 to 2014;
n=62,512).

Low-dose aspirin-breast cancer associations Clopidogrel-breast cancer associations
St No. exposed HR* (95% CI) P interaction No. exposed HR* (95% CI) P interaction
cases cases
Current age (years) "
< 71.2 (median age) 145 0.99 (0.82 - 1.19) 081 29 1.36 (0.93 — 2.00) 0.85
> 71.2 (median age) 154 0.98 (0.81 — 1.18) : 40 1.36 (0.97 - 1.91) ’
BMI (kg/m?)"
<25 177 1.05 (0.88 — 1.24) 028 34 1.11 (0.78 - 1.58) 0.16
>25 122 0.92 (0.75 - 1.13) = 35 1.60 (1.12-2.29) :
MHT use"
Never 77 0.82 (0.63 - 1.07) 017 28 1.94 (1.29 -2.92) 0.01
Ever 222 1.06 (0.91 — 1.23) ’ 41 1.07 (0.77 — 1.47) '

* Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (bascline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at
menopause (baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying),
lifetime use of menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-
varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of statins, antihypertensives,
diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics, other antithrombotic
agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1. Low-dose aspirin and clopidogrel exposure
were simultaneously adjusted for each other.

b All selected factors were considered as time-varying parameters.
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Figures

Figure 1. Flow Chart.

No healthcare reimbursement during year
2004

9,122 were excluded

Women with no follow-up after July 1, 2004

8,084 were excluded

Women who did not answer before July 1,
2004 to the questionnaire sent in 2002*

7,951 were excluded

Women who had not reached menopause
onJuly 1, 2004

1,529 were excluded

Antiplatelet drugs and breast cancer risk

98,995 E3N
participants

[ [ ]

Women diagnosed with cancer (except basal
cell carcinoma and in situ colorectal
tumours) before July 1, 2004

9,797 were excluded

62,512 postmenopausal E3N
participants who were free of
cancer on July 1, 2004

*last follow-up questionnaire sent before the beginning of follow-up for the current

study (2004).
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Antiplatelet drugs and breast cancer risk

Figure 2. Associations of low-dose aspirin ever use with breast cancer risk, compared to never use, overall

and by breast cancer subtypes (E3N Cohort; 2004 to 2014; n=62,512).

Breast cancer N exposed cases HR (95% CI)* Promogenaity
subtypes
Overall 299 0.99 (0.87 - 1.13) B
In situ 24 0.76 (0.49 - 1.19) —

0.22
Invasive 251 1.02 (0.89-1.18) 9
Invasive ER+ 213 1.03 (0.88 - 1.20) ——

0.50
Invasive ER- 25 0.87 (0.55-1.37) —
Invasive PR+ 168 1.05 (0.88 - 1.26) e

0.41
Invasive PR- 66 0.92 (0.70-1.21) -
Invasive ER+PR+ 165 1.06 (0.89 - 1.27) ——
Invasive ER-PR- 22 0.91 (0.56 - 1.46) B T 0.65
Invasive others 47 0.91 (0.66 - 1.27) R
Invasive HER2+ 27 1.17 (0.75 - 1.82) -

0.42
Invasive HER2- 190 0.96 (0.82 - 1.13) —a|—
Invasive ductal 193 1.07 (0.91 - 1.26) R
Invasive lobular 39 0.85 (0.60 - 1.23) —_— 0.26
Invasive others 12 0.69 (0.37 - 1.29) —_—
Grade 1 70 1.16 (0.88 - 1.52) ———
Grade 2 137 1.07 (0.88 - 1.30) - 0.52
Grade 3 38 0.89 (0.62 - 1.28) -
In situ 24 0.76 (0.49 - 1.19) B
Stage 1 145 0.91(0.76 - 1.10) —a

0.12
Stage 2 76 1.28 (0.98 - 1.67) -
Stage 3or4 17 0.86 (0.49 - 1.51) e

1T 1
0.5 1.0 1.5

* Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at
menopause (baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying),
lifetime use of menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-
varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of clopidogrel, statins,
antihypertensives, diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics, other
antithrombotic agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1.

Abbreviations: HER2, human epidermal growth factor receptor 2; PR, progesterone receptor.
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Figure 3. Associations of clopidogrel ever use with breast cancer risk, compared to never use, overall and by

breast cancer subtypes (E3N Cohort; 2004 to 2014; n=62,512).

Breast cancer N exposed cases HR (95% CI)? Promogenetty
subtypes
Overall 69 1.30(1.02 - 1.68) .
In situ 5 1.02 (0.41 - 2.55) —

0.58
Invasive 58 1.34 (1.02 - 1.76) -
Invasive ER+ 43 1.14 (0.83 - 1.57) e

0.01
Invasive ER- 12 3.07 (1.64 - 5.76) .
Invasive PR+ 38 1.32 (0.94 - 1.85) .

0.73
Invasive PR- 17 1.46 (0.88 - 2.43) P
Invasive ER+PR+ 35 1.23 (0.87 - 1.75) 4o
Invasive ER-PR- 9 2.63(1.29-5.37) 0.17
Invasive others 1 1.27 (0.68 - 2.38) ——
Invasive HER2+ 8 1.96 (0.92 - 4.17) -

0.26
Invasive HER2- 42 1.22 (0.89 - 1.69) R
Invasive ductal 43 1.31 (0.95 - 1.80) -
Invasive lobular 1" 1.54 (0.82 - 2.90) T 0.88
Invasive others 3 1.19(0.36 - 3.90) —
Grade 1 13 1.17 (0.66 - 2.07) =
Grade 2 31 1.32(0.91-1.92) 1 087
Grade 3 10 1.47 (0.76 - 2.85) I
In situ 5 1.02 (0.41 - 2.55) ——
Stage 1 39 1.51(1.08 - 2.11) ———
Stage 2 12 0.97 (0.53 - 1.75) - 0.45
Stage 3or 4 6 1.93 (0.80 - 4.65) T

[ |
1 3 5

* Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at
menopause (baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying),
lifetime use of menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-
varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of low-dose aspirin, statins,
antihypertensives, diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics, other
antithrombotic agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1.

Abbreviations: HER2, human epidermal growth factor receptor 2; PR, progesterone receptor.
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Supplementary Tables.

Antiplatelet drugs and breast cancer risk

Supplementary Table S1. Associations of low-dose aspirin and clopidogrel ever use with breast cancer risk,

compared to never use, according to ever use of other drugs and comorbidities (E3N Cohort; 2004 to 2014,

n=62,512).

Strata

Associations between low-dose aspirin ever use and
breast cancer risk

Associations between clopidogrel ever use and breast

cancer risk

HR* (95% CI)

Pinteraction

No. exposed
cases

HR? (95% CI)

Pinteraction

Ever use of other drugs®

Proton pump inhibitors

Never
Ever

Antihypertensives
Never
Ever

Diuretics
Never
Ever

Beta blocking agents

Never
Ever

Calcium channel blockers

Never
Ever

1.05 (0.88 — 1.25)
0.94 (0.77 - 1.15)

0.97 (0.85 - 1.12)
1.41 (0.81 - 2.46)

0.95 (0.82 - 1.10)
1.16 (0.88 — 1.53)

1.03 (0.88 - 1.21)
0.94 (075 — 1.17)

1.04 (0.90 - 1.20)
0.84 (0.62 - 1.14)

Agents acting on the renin-angiotensin system

Never
Ever

Statins
Never
Ever

Antidiabetics
Never
Ever

Other antithrombotic agents

Never
Ever

Low-dose aspirin
Never
Ever

Clopidogrel
Never
Ever

1.01 (0.86 — 1.20)
0.97 (0.78 — 1.19)

1.00 (0.84 — 1.20)
1.00 (0.82 - 1.21)

1.01 (0.88 — 1.15)
0.83 (0.51 — 1.35)

1.03 (0.90 - 1.19)
0.76 (0.52 - 1.11)

0.98 (0.85 - 1.12)
1.07 (0.63 — 1.81)

0.22

0.15

0.61

0.29

0.61

0.71

0.27

0.41

31
38

65

42
27

31
38

44
25

28
41

16
53

60

53
16

27
42

1.51 (1.05-2.18)
1.19 (0.84 — 1.68)

1.35(1.04 - 1.74)
0.81 (0.28 —2.36)

1.13 (0.83 — 1.55)
1.77 (1.16 - 2.72)

1.25 (0.87 - 1.80)
1.41 (0.99 - 2.01)

1.23 (0.90 - 1.68)
1.48 (0.95 - 2.30)

1.28 (0.88 — 1.88)
1.36 (0.97 - 1.91)

1.17 (0.71 - 1.92)
1.39 (1.03 — 1.88)

1.30 (1.00 — 1.71)
1.25 (0.59 — 2.63)

1.23 (0.93 - 1.63)
1.70 (0.99 — 2.93)

1.14 (0.78 - 1.68)
1.5 (1.10 — 2.20)

0.81

0.62

0.70

Lifetime history of comorbidities

Cardiac dysrhythmia

No
Yes

1.00 (0.86 — 1.18)
0.97 (0.77 - 1.23)

0.98

38
31

1.09 (0.78 - 1.53)
1.76 (1.20 - 2.59)
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Stroke

No 261 0.97 (0.84 - 1.11) 0.25 54 1.31 (0.99 - 1.73) 0.93
Yes 38 1.37 (0.81 - 2.33) 15 1.68 (0.89 - 3.17)

Arteritis

No 287 0.99 (0.86 — 1.13) 0.85 60 1.27 (0.97 — 1.65) 0.83
Yes 12 1.02 (0.42 -2.47) 9 1.54 (0.58 —4.14)
Cardiovascular disease risk factors®

No 54 0.92 (0.69 — 1.23) 0.57 9/ 0.73 (0.34 - 1.57) 0.16
Yes 245 1.01 (0.87 - 1.17) 62 1.40 (1.07 — 1.83)

Coronary heart diseases®’

No 261 1.00 (0.87 - 1.15) 47 1.21 (0.90 - 1.63) 0.26
Yes 38 0.91 (0.53 - 1.57) 0.57 22 1.72 (0.94 - 3.14)

Venous thromboembolism®*

No 270 1.05 (0.92 — 1.21) 59 1.27 (0.97 - 1.66) 0.66
Yes 29 0.62 (0.41 —0.93) 0.01 10 1.47 (0.75 — 2.86)

* Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at
menopause (baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast discase (time-varying),
lifetime use of menopausal hormone therapy use (time-varying), self-report of a mammogram performed during the previous follow-up cycle
(time-varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of statins, antihypertensives,
diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics, other antithrombotic
agents and proton pump inhibitors (time-varying). Low-dose aspirin and clopidogrel exposure were simultaneously adjusted for each other.
Categories used are those displayed in Table 1.

b Ever use of other drugs was defined as at least two reimbursements of the drug of interest during any previous three-month period since
January 1, 2004.

¢ Cardiovascular disease risk factors include hypertension, diabetes, or hypercholesterolemia.

dCoronary heart diseases include angina pectoris or myocardial infarction.

¢Venous thromboembolisms include pulmonary embolism or deep vein thrombosis.

f Associations were similar when comorbidities were ungrouped.

Abbreviations: CI, confidence interval; HR, hazard ratio.
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Table S2. Associations of >2-<3 years of low-dose aspirin use, compared to never exposed, with breast

cancer risk (E3N Cohort; 2004 to 2014).

Antiplatelet drugs and breast cancer risk

No. cases HR* (95% CI)
Among all women 38 1.49 (1.08 —2.07)
Among women who had had a recent mammogram 33 1.56 (1.11 —2.20)
Among women without history of:
- arteritis 34 1.39 (0.98 — 1.96)
- pulmonary embolism 33 1.35 (0.95 - 1.92)
- deep vein thrombosis 34 1.53 (1.08 - 2.17)
- hypertension 21 1.92 (1.24 -2.98)
- hypercholesterolemia 19 1.81 (1.14 - 2.88)
- diabetes 33 1.46 (1.03 - 2.08)
- stroke 34 1.53 (1.08 - 2.16)
- myocardial infarction 33 1.37 (0.96 — 1.94)
- cardiac dysrhythmia 20 1.30 (0.83 —2.03)

* Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at
menopause (baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying),
lifetime use of menopausal hormone therapy use (time-varying), self-report of a mammogram performed during the previous follow-up cycle
(time-varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of clopidogrel, statins,
antihypertensives, diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics, other

antithrombotic agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1.

Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Supplementary Figures.
Supplementary Figure S1. Associations of low-dose aspirin ever use with breast cancer risk, compared to

never use, among women with a recent mammography (E3N Cohort; 2004 to 2014; n=51,097).

Breast cancer N exposed cases HR (95% CI)* Phomogeneity
subtypes
Overall 250 0.99 (0.86 - 1.14) .
In situ 23 0.89 (0.56 - 1.40) —

0.64
Invasive 206 1.00 (0.85-1.17) e
Invasive ER+ 179 1.01 (0.86 - 1.20) —l

0.36
Invasive ER- 18 0.79 (0.47 - 1.32) —
Invasive PR+ 142 1.05 (0.87 - 1.28) -

0.27
Invasive PR- 52 0.86 (0.64 - 1.17) -
Invasive ER+PR+ 139 1.05 (0.87 - 1.27) —
Invasive ER-PR- 15 0.74 (0.42 - 1.30) — 0.49
Invasive others 40 0.95 (0.67 - 1.35) .
Invasive HER2+ 22 1.07 (0.66 - 1.74) .

0.58
Invasive HER2- 154 0.92 (0.77 - 1.10) ™~
Invasive ductal 156 1.02 (0.85 - 1.22) —
Invasive lobular 34 0.89 (0.60 - 1.30) P S 0.53
Invasive others 10 0.72 (0.37 - 1.41) R T—
Grade 1 59 1.16 (0.87 - 1.56) .
Grade 2 115 1.05 (0.85 - 1.29) S 0.48
Grade 3 29 0.85 (0.56 - 1.28) _——
In situ 23 0.89 (0.56 - 1.40) SR
Stage 1 127 0.90 (0.74 - 1.10) —a

0.13
Stage 2 59 1.33(1.00-1.81) ——
Stage 3 or 4 12 0.79 (0.42 - 1.50) L]

0.5 1.0 1.5

* Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (bascline), age at menarche (bascline), parity and age at first birth (bascline), lifetime use of oral contraceptives (bascline), age at
menopause (bascline), history of breast cancer in first degree relatives (bascline), personal history of benign breast discase (time-varying),
lifetime use of menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-
varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of clopidogrel, statins,
antihypertensives, diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics, other
antithrombotic agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1.

Abbreviations: CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; PR,
progesterone receptor.
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Supplementary Figure S2. Associations of clopidogrel ever use with breast cancer risk, compared to never

use, among women with a recent mammogram (E3N Cohort; 2004 to 2014; n=51,097).

Breast cancer N exposed cases HR (95% CI)* Phomogeneity
subtypes
Overall 54 1.26 (0.95 - 1.67) a—
In situ 4 0.94 (0.34 - 2.61) —

0.60
Invasive 44 1.25(0.92 - 1.71) .
Invasive ER+ 33 1.07 (0.75 - 1.52) -
Invasive ER- 9 3.12 (1.52- 6.38) . ad
Invasive PR+ 30 1.27 (0.87 - 1.85) =

0.96
Invasive PR- 12 1.29 (0.71 - 2.34) ~—
Invasive ER+PR+ 29 1.25(0.85 - 1.83) T
Invasive ER-PR- 8 3.28 (1.54-7.02) 0.02
Invasive others 8 0.67 (0.27 - 1.65)
Invasive HER2+ 7 2.09 (0.93 - 4.68)
Invasive HER2- 32 1.16 (0.80 - 1.67) 019
Invasive ductal 33 1.26 (0.88 - 1.80)
Invasive lobular 9 1.50 (0.75 - 3.01) 0.55
Invasive others 1 0.47 (0.06 - 3.43)
Grade 1 10 1.12 (0.58 - 2.14)
Grade 2 25 1.29 (0.85 - 1.95) 0.92
Grade 3 6 1.13 (0.49 - 2.62)
In situ 4 0.94 (0.34 - 2.61)
Stage 1 34 1.53 (1.07 - 2.19)
Stage 2 6 0.65 (0.29 - 1.50) Q28
Stage 3 or 4 3 1.26 (0.38 - 4.17) -———

2 Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at
menopause (baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying),
lifetime use of menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-
varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of low-dose aspirin,
statins, antihypertensives, diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics,
other antithrombotic agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1.

Abbreviations: CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, Hazard Ratio; PR,
progesterone receptor.
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Supplementary Figure S3. Associations of low-dose aspirin ever use with breast cancer risk, compared to
never use, with exposure and other co-variables coming from the reimbursement database lagged by 2 years
(E3N Cobhort; 2004 to 2014; n=62,512).

Breast cancer N exposed cases HR (95% CI)* Phomogeneity
subtypes
Overall 234 0.95(0.82-1.11) -
In situ 21 0.85 (0.53 - 1.36) e

0.68
Invasive 191 0.95 (0.81 - 1.11) —a
Invasive ER+ 157 0.91 (0.76 - 1.09) — _—
Invasive ER- 23 1.05 (0.66 - 1.67)
Invasive PR+ 122 0.92 (0.75-1.12) e
Invasive PR- 56 0.98 (0.73 - 1.31) T I B
Invasive ER+PR+ 120 0.92 (0.75 - 1.13) —
Invasive ER-PR- 21 1.10 (0.67 - 1.78) 0.80
Invasive others 37 0.92 (0.64 - 1.32) R N
Invasive HER2+ 19 0.97 (0.58 - 1.61) e e
Invasive HER2- 148 0.91(0.76 - 1.10) —f— 008
Invasive ductal 149 1.00 (0.83 - 1.20) N
Invasive lobular 28 0.75 (0.49 - 1.13) —_— 0.33
Invasive others 10 0.72 (0.37 - 1.43)
Grade 1 54 1.06 (0.79 - 1.44) R
Grade 2 102 0.97 (0.78 - 1.21) — 0.75
Grade 3 31 0.88 (0.59 - 1.31) .
In situ 21 0.85 (0.53 - 1.36) —-
Stage 1 107 0.84 (0.68 - 1.04) —a
Stage 2 61 1.17 (0.87 - 1.56) —— 034
Stage 3 or 4 15 0.98 (0.54 - 1.75)

[ [ 1
06 1.0 14 1.8

* Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at
menopause (baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying),
lifetime use of menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-
varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of clopidogrel,
statins, antihypertensives, diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics,
other antithrombotic agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1.

Abbreviations: CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, Hazard Ratio; PR,
progesterone receptor.
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Supplementary Figure S4. Associations of clopidogrel ever use with breast cancer risk, compared to never
use, with exposure and other co-variables coming from the reimbursement database lagged by 2 years (E3N

Cohort; 2004 to 2014; n=62,512).

Breast cancer N exposed cases HR (95% CI)® Phomogenstty
subtypes
Overall 56 1.37 (1.04 - 1.81) e
In situ 4 1.01 (0.37 - 2.80) s

0.56
Invasive 46 1.39 (1.02 - 1.88) -
Invasive ER+ 36 1.29 (0.91 - 1.82) e
Invasive ER- 7 1.99 (0.90 - 4.38) . s
Invasive PR+ 31 1.45 (1.00 - 2.10) .

0.71
Invasive PR- 12 1.27 (0.70 - 2.30) e
Invasive ER+PR+ 31 1.48 (1.02 - 2.16) e
Invasive ER-PR- 7 2.33(1.05-5.16) . 0.16
Invasive others 5 0.72 (0.29 - 1.79) —
Invasive HER2+ 6 1.90 (0.81 - 4.49) -
Invasive HER2- 35 1.34 (0.94 - 1.90) . L
Invasive ductal 36 1.44 (1.02 - 2.03) |-
Invasive lobular 8 1.45 (0.70 - 3.02) | -« 0.87
Invasive others 2 0.98 (0.23 -4.10) -
Grade 1 11 1.28 (0.69 - 2.38) ——
Grade 2 24 1.36 (0.89 - 2.08) 1T 0.81
Grade 3 9 1.72 (0.86 - 3.44) .
In situ 4 1.01 (0.37 - 2.80) e
Stage 1 31 1.62 (1.12 - 2.36) —_——
Stage 2 1 1.09 (0.59 - 2.03) S 0.66
Stage 3 or 4 4 1.50 (0.53 - 4.29) _—

I
1 3 5

2 Adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at
menopause (baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying),
lifetime use of menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-
varying), number of medical consultations/visits during the preceding 6 months (time-varying), “ever” use of low-dose aspirin,
statins, antihypertensives, diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, antidiabetics,
other antithrombotic agents and proton pump inhibitors (time-varying). Categories used are those displayed in Table 1.

Abbreviations: CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, Hazard Ratio; PR,
progesterone receptor.
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5. Glucocorticoid use and breast cancer risk

5.1. Main findings
At the end of follow-up, 17,374 women (28%) had been recurrently exposed to systemic
glucocorticoids. Glucocorticoids that were the most frequently used in the cohort were
betamethasone (5%), prednisolone (11%), prednisone (5%) and cortivazol (5%). Less than
1% of women had been recurrently exposed to dexamethasone, methylprednisolone,
hydrocortisone, or triamcinolone. Compared to glucocorticoid never/occasional users,
recurrent glucocorticoid users were older, had a higher BMI, had more frequent medical
follow-up, were more likely to have ever used MHT and had more frequent histories of

arthrosis as well as recurrent exposure to NSAIDs, paracetamol, PPI, and anti-arthritics.

Overall, compared with never/occasional use, recurrent use of glucocorticoids was not
associated with breast cancer risk [HR= 0.94 (0.85 — 1.05)]. However, we found a statistically
significant heterogeneity according to the invasiveness status (Phomogencity=0.01). Recurrent
use of glucocorticoids was associated with an increased risk of in situ breast cancer [HR=
1.34 (1.01 — 1.78)] and a decreased risk of invasive breast cancer [HR=0.86 (0.79 — 0.97)].
Regarding the risk of in situ breast cancer, no statistically significant trend according to
molecules, routes of administration, time since first/last use or age at first use were found.
Among invasive cases, recurrent glucocorticoid use was associated with a decreased risk only
for ER+ breast cancer [HRzz+= 0.82 (0.72 — 0.94); HRzz= 1.21 (0.88 — 1.66); Phomogencity™
0.03], stage 1 and 2 breast cancer [HRqee/= 0.87 (0.75 — 1.01); HRyyge2= 0.67 (0.52 — 86);
HRyuge 3 or = 1.49 (1.02 — 2.20), Phomogeneity=0.01], or with the highest categories of
cumulative number of reimbursments [>15 DDDs: HR=0.53 (0.34 — 0.81); Pyeng=0.02]. The
glucocorticoids-invasive breast cancer associations did not differ across other breast cancer
subtypes, other characteristic of use (molecules, routes of administration, time since first/last
use or age at first use, or according to current age, BMI, ever use of MHT, comorbidities and

use of selected drug.
5.2. Conclusions

This study suggests that breast cancer subtypes should be considered when evaluating the

associations between glucocorticoid use and breast cancer risk.
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Abstract

Experiments have suggested that glucocorticoids might play a role in breast cancer development. However,
epidemiological evidence is limited regarding the associations between glucocorticoid use and breast cancer
risk. We investigated the association between the use of systemic glucocorticoids and breast cancer incidence
in the E3N cohort, which includes 98,995 women with information on various characteristics collected from
repeated questionnaires complemented with drug reimbursement data available from 2004. Women with at
least two reimbursements of systemic glucocorticoids in any previous three-month period were defined as
ever exposed. Exposure was considered as a time-varying parameter and multivariable Cox regression models
were used to estimate hazard ratios (HRs) of breast cancer. Among 62,512 postmenopausal women (median
follow-up of 9 years, median age at inclusion of 63 years old), 28% had been exposed to glucocorticoids by
the end the follow-up. Ever use of glucocorticoids was not associated with overall breast cancer risk [HR=0.94
(0.85 — 1.05)]. Heterogeneity was found according to invasiveness status (Phomogenein=0.01) suggesting a
higher risk of in situ breast cancer [HR=1.34 (1.01 — 1.78)] and a lower risk of invasive breast cancer [HR=0.86
(0.76 — 0.97)] with glucocorticoid exposure. The associations between glucocorticoids and invasive breast
cancer risk differed by tumor stages (Phromogencin="0.03). Glucocorticoids ever use was associated with lower
risk of stage 1 [HR=0.87 (0.75 — 1.01)] and stage 2 [HR=0.67 (0.52 — 0.86)] breast cancer and higher risk of
stage 3/4 breast cancer [HR=1.49 (1.02 — 2.20)]. The lower risk of invasive breast cancer was only found for
estrogen receptor positive (ER+) breast cancer [HRer+=0.82 (0.72 — 0.94); HRer=1.21 (0.88 — 1.66);
Promogeneiy=0.01], or with the highest categories of cumulative number of glucocorticoid reimbursements [>15:
HR=0.53 (0.34—0.81); Puena=0.02]. This study suggests that the association between systemic glucocorticoid

use and breast cancer risk may differ by tumour subtypes and stages.
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Glucocorticoid, Breast Cancer, Molecular Status, Stages, Postmenopausal Women.
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Introduction

!, Hence, the

Inflammation has been hypothesized to be involved in the pathophysiology of breast cancer
possibility of stemming tumorigenic inflammatory effects with anti-inflammatory drugs has drawn significant
interest. Synthetic glucocorticoids, drugs that are structurally and pharmacologically similar to the endogenous
hormone cortisol, are used to treat a wide range of diseases, most often chronic diseases, such as rheumatologic
disorders, autoimmune diseases, allergies, or respiratory diseases 2. Glucocorticoids possess various anti-
inflammatory, immunosuppressive, metabolic, and endocrine properties, and have been hypothesized to play
a dual role in breast cancer development **. Some experimental studies reported that glucocorticoids decreased
breast cancer growth *, while other experiments suggested that they might promote breast cancer progression
and metastasis >3, On one hand, glucocorticoids decrease the levels of various mediators potentially involved
in breast cancer development such as pro-inflammatory cytokines, estrogens and eicosanoids *°. On the other
hand, they might facilitate tumour cells to escape from immune surveillance or induce insulin resistance 7%,
which is also a suspected risk factor for breast cancer development °. To date, there is a lack of epidemiological
studies addressing the relationship between synthetic glucocorticoid use and breast cancer risk. To our
knowledge, only two epidemiological studies have been published previously, both based on data from
nationwide medico-administrative databases from Northern Denmark '*!!. The most recent study, which was
an extension of the previous one '°, reported no association between at least three prescriptions of systemic or
inhaled glucocorticoids and invasive breast cancer risk ''. There was also no association when the authors
categorized glucocorticoid exposure into recent and former use, according to intensity or duration of use, or
stratified the analyses by menopausal status. However, they were not able to stratify their analyses by breast

cancer subtypes.

To advance knowledge on the role of glucocorticoids on breast cancer development, we evaluated the
associations between systemic glucocorticoid use and breast cancer incidence, overall and by breast cancer
subtypes, in the E3N (Etude Epidémiologique aupres de femmes de la Mutuelle Générale de I'Education

Nationale) cohort.

Materials and Methods

E3N cohort

The E3N cohort includes 98,995 French women born between 1925 and 1950 and insured by a specific
national health scheme covering mainly teachers '2. In 1990, participants signed an informed consent and
responded to a first questionnaire, which included questions on various characteristics and medical events
such as socio-demographic factors, current anthropometric measurements, menstrual and reproductive factors,
lifetime medical history, family history of cancer, gynaecological follow-up, and current physical activity.

Every two or three years thereafter, participants completed self-administered follow-up questionnaires to
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update previous information or to collect new ones. For each cohort member, the health insurance plan
provided data on all outpatient reimbursements for health expenditure since January 1, 2004. The study was

approved by the French National Commission for Data Protection and Privacy.

Study Population and follow-up

Follow-up started on July 1*, 2004 and ended at the date of diagnosis of any cancer (except for basal cell
carcinoma and in situ colorectal tumour), latest completed questionnaire, or November 17", 2014 (date at
which the last considered E3N questionnaire was sent to participants), whichever occurred first. The selection
of the study population has been already described previously '*. In brief, it included 62,512 E3N

postmenopausal women who were free of cancer at the study baseline (July 1%, 2004).

Identification of breast cancer cases

Most breast cancer cases were self-reported in the questionnaires or, to a lesser extent, spontaneously reported
by participants’ next-of-kin, or identified from cause of death data. Pathology reports were obtained for 95%
of the incident cases identified in the entire cohort and were used to confirm the cases and to extract
information on tumour characteristics such as stage, grade, hormonal receptor status and histological type.
The proportion of false-positive self-reports was less than 5% and therefore cases for which we could not

obtain pathology reports were not excluded from our analyses.

Exposure to systemic glucocorticoids
We considered all deliveries of systemic glucocorticoids (Anatomical Therapeutic Chemical [ATC] code:
HO02AB) since January Ist, 2004. The following data were extracted for each glucocorticoid delivery: date of

purchase, active ingredient, number of pills/phials per package, and route of administration.

We defined as “recurrent” users, women with at least two reimbursements of the drug of interest during any
previous three-month period since January 1, 2004. Other women were considered as never/occasional users
and served as the reference category. We classified exposure among recurrent users according to the following
characteristics: active ingredient, route of administration, time since first or last use, age at first use, and
cumulative number of reimbursements. The date of last use was calculated as the date of last purchase + the
number of pills/phials contained in the last reimbursed box. Women with glucocorticoid reimbursements
between January 1, 2004 and April 1, 2004 were likely to have begun their treatment before the availability
of reimbursement data and, in that case, the cumulative number of reimbursements, age at first use and time
since first use might be left-truncated. Thus, we assigned these women to an “unknown” category, unless they
could be assigned to the highest category of reimbursement/time since first use or the lowest category of age

at first use.
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Covariates

Variables considered as potential confounders are listed in Table 1. Number of consultations with any doctor
during the preceding six months and “recurrent” use (defined as at least two reimbursements of the drug of
interest during any previous three-month period since January 1, 2004) of other drugs likely to be also used
by glucocorticoid users [Paracetamol (ATC code: NO2BEO1), nonsteroidal-anti-inflammatory drugs (MO1A),
proton-pump inhibitors (A02BC), immunosuppressants (L04) and symptomatic slow acting drugs
for osteoarthritis (glucosamine: MO1AXO05, diacerein: MO1AX21, oxaceprol: MO1AX24, chondroitin sulfate:
MO1AX25 or avocado and soybean oil: MO1AX26)] were identified using the drug reimbursement database.
Lifetime use of menopausal hormone therapy (MHT) was identified using both self-reported information from
the questionnaires sent out before 2004 and the drug reimbursement database since 1% January 2004. Education
level, breastfeeding, age at menopause, age at menarche, parity and age at first full-term pregnancy, current
level of physical activity, familial history of breast cancer and lifetime use of oral contraceptives were
generated from the biennial self-administered questionnaires sent before the study baseline. Body mass index
(BMI), smoking status, lifetime personal history of benign breast disease, alcohol intake, self-report of a
mammogram performed during the previous follow-up cycle, lifetime histories of comorbidities that might be
treated with glucocorticoids (rheumatism, arthrosis, and arthritis, spondyloarthritis, polyarthritis, asthma,
chronic bronchitis, hay fever, or chronic inflammatory bowel diseases) originated from the biennial self-

administered questionnaire sent before the study baseline with subsequent updates until 2011.

Statistical analysis

We used multivariable Cox regression models with age as the time scale and stratified by birth cohort (in five-
year categories) to estimate hazard ratios (HRs) and 95% confidence interval (CI) for the association of
recurrent glucocorticoid use with breast cancer risk, overall and by breast cancer subtypes. We considered
exposure, other factors issued from the reimbursement database and covariates updated during follow-up as
time-varying parameters. Thus, for a given drug, participants contributed follow-up as unexposed until
purchasing the drug for the second time in a three-month period. The cumulative number of reimbursements,

age at first use, and time since first/last use were also updated during follow-up.

We systematically included in the multivariable models the following covariates: educational level, recent
mammogram, and established risk factors for breast cancer (BMI, physical activity level, lifetime personal
history of benign breast disease, family history of breast cancer, age at menarche, age at menopause, parity
and age first full-term pregnancy, lifetime use of oral contraceptives, lifetime use of MHT and alcohol
consumption). Number of consultations with the doctor during the preceding six months and recurrent use of

proton pump inhibitors modified the HR of certain breast cancer subtypes associated with exposure to
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glucocorticoids by at least 0.05 point and were therefore included in the final multivariable models. None of
the other factors tested as potential confounding factors (breastfeeding, smoking status, lifetime histories of
comorbidities that might be treated with glucocorticoids, or drugs likely to be used by glucocorticoid users)
were included in the final models. Categories used are displayed in Table 1. For these covariates, when missing
values represented < 5%, they were replaced either with the previous non missing questionnaire value where
appropriate, or with the mode or the median values observed among the subjects with complete data. Only
alcohol consumption and breastfeeding had > 5% of missing values, which was accommodated by using a
“missing” category in our models. A complete case analysis was also conducted (not shown because results

were similar).

We lagged by six months all variables coming from the reimbursement database (exposure, use of MHT, use
of other drugs, and number of consultations) to allow a period of latency and to minimize reverse causation
bias due to any early breast cancer symptoms '“. The results were similar when exposure and other variables

were lagged or not (data not shown).

We evaluated effect modification by age, BMI, MHT use, comorbidities, and other drugs (all considered as

time-varying parameters) by including cross-product interaction terms in the Cox models.

We performed competing risk analysis using the cause-specific hazards approach to study the glucocorticoids-
breast cancer associations according to the invasiveness, molecular, histological or stage/grade breast cancer
subtypes 16, We excluded cases with missing information on a given tumour characteristic from the

corresponding analyses.

As sensitivity analyses, we defined users as women with at least three reimbursements. We also repeated the
analyses i) using a 2-year exposure lag instead of the 6-month lag, and ii) only among women who self-

reported having had a mammogram performed in the previous follow-up cycle to minimize surveillance bias.

All tests of statistical significance were two-sided, and significance was set at .05. We performed all analyses

using SAS software, version 9.4 (SAS Institute Inc, Cary, NC).

Results
During a median follow-up time of nine years, 2,864 breast cancer cases were diagnosed (335 in situ and 2,353
invasive) among the 62,512 participants. At the end of follow-up, 17,374 women (28%) had been recurrently

exposed to systemic glucocorticoids. Glucocorticoids that were the most frequently used in the cohort were
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betamethasone (5%), prednisolone (11%), prednisone (5%) and cortivazol (5%). Less than 1% of women had

been recurrently exposed to dexamethasone, methylprednisolone, hydrocortisone, or triamcinolone.

Compared to glucocorticoid never/occasional users, recurrent glucocorticoid users were older, had a higher
BMI, more frequent medical follow-up, were more likely to have ever used MHT and had more frequent
histories of arthrosis, asthma, chronic bronchitis, or hay fever as well as recurrent exposure to nonsteroidal

anti-inflammatory drugs, paracetamol, proton pump inhibitors, and anti-arthritics (Table 1).

The age-adjusted HR of breast cancer associated with having recurrently been exposed to glucocorticoids,
compared with having never/occasionally been exposed, was 0.98 (95% CI 0.89 — 1.09). The multivariable
HR was 0.94 (95% CI 0.85 — 1.05) (Figure 1). Significant heterogeneity was found according to the
invasiveness status (Phromogeneiy=0.01), with a positive association of glucocorticoid use with the risk of in situ
breast cancer [HR=1.34 (1.01 — 1.78)] and an inverse association with the risk of invasive breast cancer [HR=
0.86 (0.76 — 0.97)].

Regarding the risk of in situ breast cancer, no statistically significant heterogeneity/trend according to active
ingredients, routes of administration, time since first/last use, age at first use, or cumulative number of

reimbursements was found (Pyendsmomogeneiry > 0.11, Supplementary Table S1).

Regarding the risk of invasive breast cancer, statistically significant heterogeneities by tumor stages
(Promogeneiny=0.01) and estrogen receptor (ER) status (Phromogenein= 0.03) were found (Figure 1). Recurrent use
of glucocorticoids was associated with lower risk of stage 1 and stage 2 breast cancer [HRstage1= 0.87 (0.75 —
1.01); HRrage2= 0.67 (0.52 — 0.86)] and higher risk of stage 3/4 breast cancer [HRstage 3 or4= 1.49 (1.02 —2.20)].
The lower risk of invasive breast cancer was only found for ER+ breast cancer [HRzz+= 0.82 (0.72 — 0.94);
HRzr=1.21 (0.88 — 1.66)]. The breast cancer-glucocorticoid association did not differ by other breast cancer
subtypes. No statistically significant heterogeneity/trend of invasive breast cancer risk according to active
ingredients, routes of administration, time since first/last use, or age at first were found (Prend/momogenciry > 0.29,
Table 2). However, analyses according to cumulative number of reimbursements yielded statistically
significant trend suggesting a decreased risk of invasive breast cancer in the highest categories of
reimbursements [>15 reimbursements: HR=0.53 (0.34 — 0.81); Pyens= 0.02]. No effect modification was found
by current age, BMI, ever use of MHT, selected comorbidities and use of selected drugs (Pineraciion > 0.24,

Supplementary Figure S1).
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When we changed the definition of exposure to at least three reimbursements (data not shown), applied a lag-
time of two years (Supplementary Figure S2) or restricted the study sample to women with a recent

mammogram (Supplementary Figure S3), the results remained virtually unchanged.

Discussion

In this large cohort of postmenopausal women, glucocorticoid exposure was associated with lower risk of
invasive breast cancer that was restricted to ER+ and to stage 1 or 2 tumours. There was also a statistically
significant trend according to cumulative number of reimbursements with a lower risk of invasive breast
cancer in the highest categories of cumulative number of reimbursements. Conversely, glucocorticoid use was

positively associated with risk of in situ and stage 3/4 breast cancers.

The only epidemiological study published to date to specifically evaluate glucocorticoid-breast cancer
associations reported a null association between glucocorticoid use and invasive breast cancer risk [systemic
glucocorticoids: OR=1.00 (0.96 — 1.10), n exposed cases= 908] ''. The associations did not differ by intensity,
or duration of use. However, the authors were not able to stratify their analyses by breast cancer subtypes. Our
results, suggesting a lower risk of invasive breast cancer especially for ER+ tumours, are supported by
experimental models showing that the expression of the glucocorticoid receptor was correlated with improved
breast cancer prognosis especially for ER+ breast cancer tumours and that activation of the glucocorticoid
receptor may reduce estrogen-induced cell proliferation in ER+ breast cancer '7!3, Indeed, glucocorticoids
were shown to have preventive breast cancer effects by stimulating the expression of sulfotransferase
SULTIEl (which plays a role in deactivating oestrogen) ©, affecting angiogenesis '°, or inhibiting
inflammatory and growth factors 2%?!. Our finding supporting an increased risk of in situ breast cancer with
glucocorticoid exposure could be explained by the fact that glucocorticoids might slow down tumour growth
(e.g. through the inhibition of the NF-kB activity and growth/proliferation signalling pathways 2>**) and
therefore keep the cancer cells located in situ. The higher risk of stage 3/4 breast cancers with glucocorticoid
exposure is also in line with experiments suggesting that glucocorticoids promote breast cancer metastasis >,
or that the glucocorticoid receptor was over-expressed in metastatic breast cancer >* and might be a strong
inducer of epithelial-to-mesenchymal transition >*. In addition, glucocorticoids have been hypothesized to
promote metastasis through the activation of the TEA domain transcription factor 4 2°. Studies conducted in
the 1960s among breast cancer patients reported that the use of adrenal steroids (including glucocorticoids),

26

compared to non-use, increased the risk of metastasis “°. However, in our study, the number of advanced stage

cases was too small to separate stage 3 and stage 4 breast cancers.

The main strengths of this study included its prospective design and the use of information from a drug

reimbursement database to identify glucocorticoid exposure, which avoids differential recall bias between
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cases and non-cases. In addition, the exhaustive data on glucocorticoid reimbursement allowed us to consider
precise information on exposure (including number of reimbursements and timing of use). However, we
lacked data regarding the compliance/adherence to the dispensed treatment but defining users as women with
at least two reimbursements during a three-month period makes it likely that they took the drug. Since data
on glucocorticoid reimbursements were combined with self-reported data on lifestyle, reproductive, and
medical factors, we were able to consider potential confounders and to examine interactions of glucocorticoid
use with breast cancer risk factors, comorbidities and other drugs. However, the power to detect differences
was limited because of the low number of cases in some categories and we cannot exclude residual
confounding. In addition, while some autoimmune diseases were associated with breast cancer risk 27 we
were not able to adjust or stratify on several comorbidities of interest such as adrenal insufficiency or some
autoimmune diseases (e.g. systemic lupus erythematosus, pernicious anaemia, or psoriasis). Nevertheless, the
prevalence of these comorbidities is low and because they are not established breast cancer risk factors, we do
not expect that they would confound the glucocorticoid-breast cancer associations. We minimized any
surveillance bias by adjusting for recent mammogram and number of consultations with medical doctors.
Lastly, we were able to stratify the analyses according to breast cancer subtypes, but some subgroups were

limited, and results must be interpreted carefully.

To conclude, this study suggests that breast cancer subtypes are important to consider when evaluating the
associations between glucocorticoid use and breast cancer risk. Our results require confirmation in other

prospective studies with data on breast cancer subtypes.
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Table 1. Characteristics of participants, overall and according to glucocorticoid exposure at the end of

follow-up (E3N Cohort; 2004 to 2014; n = 62,512).

Characteristics at the end of follow-up'

Age (years), mean (SD)

Educational level, N (%)

< High-school

From high-school to 4 years higher education
At least 5 years higher education

BMI (kg/m?), N (%)
<18.5

>185t0<23
>23t0<25
>25t0 <30
=30

Physical activity (Met-h/week), N (%)
<348

>3481t0<57.6

>57.6t0 <88.8

>88.8

Smoking status, N (%)
Never smoker

Current smoker

Past smoker

Alcohol intake (g/d), N (%)
Abstainer

=<5

>5t0<10

>10t0<20

>20

Missing

Breastfeeding, N (%)

Never

Ever

Missing

Age at menopause (years), mean (SD)
Age at menarche, years, N (%)

<13
=13

Parity and age at first full-term pregnancy, N (%)

Nulliparous

First child before age 30 years,
one or two children

First child before age 30 years,
three or more children

First child after age 30 ycars

Lifetime oral contraceptive use, N (%)

Lifetime MHT use, N (%)

All women
n=62,512

72.1(6.7)

6,516 (11)
45,138 (72)
10,858 (17

2,626 (4)
25,409 (41)
13,197 (21)
16,139 (26)
5,141 (8)

15,649 (25)
15,680 (25)
15,567 (25)
15,616 (25)

33281 (53)
4,741 (8)
24,490 (39)

7,832 (13)
16,796 (27)
9,357 (15)
12,053 (19)
12,522 (20)
3,952 (6)

23,425 (37)
34,174 (55)
4,913 (8)
50.5 (3.7)

28,078 (45)
34,434 (55)

7,282 (12)
31,393 (50)
17373 (28)
6,464 (10)
38,570 (62)

45239 (72)

Exposure at the end of follow-up

Number of medical consultations/visits during the preceding 6 months, N (%)

0
1to3

3,277 (5)
25413 (41)

Never/occasional Recurrent users
users (n=45,138 n=17,374
71.8 (6.4) 72.8 (6.3)
4,536 (10) 1,980 (11)
32,771 (73) 12,367 (71)
7,831 (17 3,027 (18
1,978 (4) 648 (4)
19,037 (42) 6,372 (37)
9,499 (21) 3,698 (21)
11,207 (25) 4,932 (28)
3,417 (8) 1,724 (10)
11,115 (25) 4,534 (26)
11,329 (25) 4,351 (25)
11,306 (25) 4,261 (25)
11,388 (25) 4,228 (24)
24,229 (54) 9,052 (52)
3,307 (7) 1,434 (8)
17,602 (39) 6,888 (40)
5,694 (13) 2,138 (13)
12,198 (27) 4,598 (26)
6,863 (15) 2,494 (14)
8,700 (19) 3,353 (19)
8,957 (20) 3,565 (21)
2,726 (6) 1,226 (7)
16,829 (37) 6,596 (38)
24,941 (55) 9,233 (53)
3,368 (8) 1,545 (9)
50.6 (3.7) 50.3(3.9)
20,054 (44) 8,024 (46)
25,084 (56) 9,350 (54)
5,346 (12) 1,936 (11)
22,434 (50) 8,959 (51)
12,592 (28) 4,781 (28)
4,766 (11) 1,698 (10)
27,719 (61) 10,851 (62)
31,843 (71) 13,396 (77)
2,865 (6) 412 (2)
20,289 (45) 5,124 (30)
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>4 33,491 (54) 21,667 (48) 11,824 (68)
Missing 331 (1) 317 (1) 14 (0)
Self-report of a mammogram performed 51,097 (82) 36,800 (82) 14,297 (82)
during the previous follow-up cycle, N (%)
Lifetime personal history of benign breast 23,268 (37) 16,435 (36) 6,833 (39)
disease, N (%)
History of breast cancer in first-degree 7,139 (11) 5,196 (12) 1,943 (11)
relatives, N (%)
Comorbidities, N (%)

Lifetime history of arthrosis 21,475 (34) 14,152 (31) 7,323 (42)
Lifetime history of rheumatisms 6,111 (10) 4,504 (10) 1,607 (9)
Lifetime history of arthritis 888 (1) 591 (1) 297 (2)
Lifetime history of polyarthritis 2,375 (4) 1,180 (3) 1,195 (7)
Lifetime history of spondyloarthritis 236 (1) 123 (0) 113 (1)
Lifetime history of asthma 6,043 (10) 3,484 (8) 2,559 (15)
Lifetime history of chronic bronchitis 7,102 (11) 4,278 (9) 2,824 (16)
Lifetime history of hay fever 12,633 (20) 8,629 (19) 4,004 (23)
L}fetlme history of chronic inflammatory bowel 2,284 (4) 1.576 (3) 708 (4)
diseases

Recurrent use of other drugs’, N (%)
NSAIDs 38,493 (62) 14,238 (47) 24,255 (75)
Immunosuppressants 895 (1) 171 (0) 724 (4)
Paracetamol 38,392 (61) 24,725 (55) 13,667 (79)
PPIs 30,063 (48) 18,011 (40) 12,052 (69)
Anti-arthritics 26,400 (42) 17,095 (38) 9,305 (54)

Abbreviations: BMI, body mass index; MHT, menopausal hormone therapy; MET-H, metabolic equivalent task-hour; NSAID, nonsteroidal anti-
inflammatory drug; PPI, proton pump inhibitor; SD, standard deviation.

! Except for years of schooling, physical activity level, age at menarche, parity and age at first birth, lifetime use of oral contraceptives, history of
breast cancer in first degree relatives, and age at menopause which were assessed before the start of follow-up.

*Recurrent use was defined as at least two reimbursements of the drug of interest during any previous three-month period since January 1, 2004,
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Table 2. Associations of glucocorticoid recurrent use with invasive breast cancer risk, according to
characteristics of use (E3N Cohort; 2004 to 2014; n= 62,512).

Characteristics of exposure N cases HR' (95% CI)

Route of administration?

Oral 198 0.82 (0.70 - 0.95)
Parenteral 130 0.90 (0.75 - 1.08)
Promogeneity 0.40

Active ingredient?

Betamethasone 56 0.88 (0.66 — 1.14)
Prednisolone 128 0.90 (0.75 - 1.08)
Prednisone 47 0.80 (0.59 ~ 1.07)
Cortivazol 57 0.94 (0.72 - 1.23)
Others’ 10 0.47 (0.25 - 0.87)
Prassganaii 0.98
Cumulative number of reimbursements

Occasional/never use 2,001 1.00 (ref)

<5 179 0.88 (0.75 — 1.03)
>5t0<10 84 0.84 (0.67 — 1.05)
> 10 to <10 18 0.68 (0.42 - 1.08)
> 15 21 0.53 (0.34 - 0.81)
Unknown 50 1.16 (0.87 — 1.53)
Pirend’ 0.02

Time since first use (years)

Occasional/never use 2,001 1.00 (ref)

<2 112 0.88 (0.73 - 1.07)
>2to<4 76 0.77 (0.61 - 0.98)
>4t0<6 61 0.86 (0.66 — 1.11)
>6 69 0.92 (0.72 - 1.18)
Unknown 34 0.86 (0.61 1.21)
Pirend’ 0.82

Time since last use (years)

Occasional/never use 2,001 1.00 (ref)

<1 255 0.84 (0.74 - 0.97)
>1to<2 44 0.96 (0.71 - 1.29)
> 2t0i<3 25 0.94 (0.63 — 1.40)
>3to<4 12 0.76 (0.43 - 1.35)
>4 16 0.78 (0.48 — 1.28)
Pirend® 0.81

Age at first use (years)

Occasional/never use 2,001 1.00 (ref)
<60 79 0.96 (0.76 — 1.22)
> 60 to <70 161 0.81 (0.69 - 0.96)
>170 67 0.73 (0.57 - 0.95)
Unknown 45 1.09 (0.81 — 1.47)
D 0.29

"HR adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity level (baseline),
age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at menopause (baseline), history of breast cancer
in first degree relatives (baseline), personal history of benign breast disease (time-varying), lifetime use of menopausal hormone therapy (time-varying), self-report
of a mammogram performed during the previous follow-up cycle (time-varying), number of medical consultations/visits during the preceding 6 months (time-
varying), and recurrent use of proton pump inhibitors (time-varying). Categories used are those displayed in Table 1. HRs were obtained from separate models
including one characteristic of exposure at a time.

2 The variables corresponding to recurrent use (versus never/occasional use) of cach route of administration/active ingredients displayed in the table were
introduced simultaneously in the model.

3 Other molecules include dexamethasone, methylprednisolone, triamcinolone, and hydrocortisone.

* Tests for lincar trends were performed among recurrently exposed women with known characteristics of exposure using an ordinal variable across categorics.
The corresponding variables were introduced in the models as continuous variables.
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Figure 1. Associations of glucocorticoid recurrent use with breast cancer risk, compared to never/occasional
use, overall and by breast cancer subtypes (E3N Cohort; 2004 to 2014; n=62,512).

Breast cancer subtypes

Overall

In situ

Invasive
Invasive ER+
Invasive ER-
Invasive PR+
Invasive PR-
Invasive ER+PR+
Invasive ER-PR-
Invasive others
Invasive HER2+
Invasive HER2-
Invasive ductal
Invasive lobular
Invasive others
Grade 1

Grade 2

Grade 3

In situ

Stage 1

Stage 2

Stage 3 or4

N exposed cases

466
67

352

114
218
47
71
38
286
259
62
25
101
177
60
67
227
74
39

HR (95% Cl)'

0.94 (0.85 - 1.05)
1.34 (1.01 - 1.78)
0.86 (0.76 - 0.97)
0.82 (0.72 - 0.94)
1.21(0.88 - 1.66)
0.81(0.69 - 0.94)
1.00 (0.81 - 1.23)
0.80 (0.69 - 0.93)
1.23(0.88 - 1.71)
0.89 (0.69 - 1.16)
0.95 (0.66 - 1.37)
0.85 (0.75 - 0.97)
0.86 (0.75 - 0.98)
0.83 (0.63-1.11)
0.87 (0.56 - 1.36)
0.93 (0.74 - 1.16)
0.82 (0.69 - 0.97)
0.87 (0.65 - 1.16)
1.34 (1.01-1.78)
0.87 (0.75 - 1.01)
0.67 (0.52 - 0.86)

1.49 (1.02 - 2.20)
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0.68
——
[ —
-
—.— 0.01
e
| | I
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Abbreviations: CI, confidence interval; HR, hazard ratio, ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor

receptor 2.

'HR adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at menopause
(baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying), lifetime use of
menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-varying), number
of medical consultations/visits during the preceding 6 months (time-varying), and recurrent use of proton pump inhibitors (time-varying).
Categories used are those displayed in Table 1. introduced in the models as continuous variables.
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Table S1. Associations of glucocorticoid recurrent use with in sifu breast cancer risk, according to

characteristics of use (E3N Cohort; 2004 to 2014; n= 62,512).

Characteristics of exposure N cases HR' (95% CI)
Route of administration?

Oral 46 1.50 (1.09 - 2.08)
Parenteral 19 0.93 (0.58 — 1.50)
Phromogeneiry 0.86
Active ingredient?

Betamethasone 6 0.61 (0.27 - 1.37)
Prednisolone 25 1.22 (0.80 - 1.86)
Prednisonc 14 1.63 (0.94 — 2.85)
Cortivazol 9 1.07 (0.55 — 2.11)
Others? 8 2.48 (1.20 - 5.11)
Promogeneity 0.11
Cumulative number of reimbursements

Occasional/never use 268 1.00 (ref)

<5 31 1.24 (0.85 - 1.92)
>5t0<10 17 1.43 (0.86 — 2.37)
> 10 12 1.46 (0.80 — 2.65)
Unknown T 1.44 (0.68 — 3.06)
Piendt 0.45

Time since first use (years)

Occasional/never use 268 1.00 (ref)

<2 20 1.29 (0.82 — 2.06)
>2to<4 17 1.45 (0.88 — 2.40)
>4t0<6 13 1.51 (0.85 — 2.68)
>6 11 1.19 (0.63 - 2.23)
Unknown 6 1.20 (0.53 — 2.72)
Pirond® 0.83

Time since last use (years)

Occasional/never use 268 1.00 (ref)

<1 47 1.28 (0.92 - 1.77)
> 1 toix2 13 2.29 (1.30 — 4.03)
>2 7 0.91 (0.43 - 1.94)
Prrea! 0.79

Age at first use (years)

Occasional/never use 268 1.00 (ref)

2< 60 12 0.90 (0.50 — 1.65)
> 60 to <70 34 1.37 (0.93 - 2.00)
>170 11 1.48 (0.76 — 2.90)
Unknown 10 2.25 (1.18 — 4.29)
Pirond’ 0.66

! HR adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity level (baseline),
age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at menopause (baseline), history of breast cancer
in first degree relatives (baseline), personal history of benign breast disease (time-varying), lifetime use of menopausal hormone therapy (time-varying), self-report
of a mammogram performed during the previous follow—up cycle (time-varying), number of medical consultations/visits during the preceding 6 months (time-
varying), and recurrent use of proton pump inhibitors (time-varying). Categories used are those displayed in Table 1. HRs were obtained from separate models

including one characteristic of exposure at a time.

2 The variables corresponding to recurrent use (versus never/occasional use) of each route of administration/active ingredient displayed in the table were

introduced simultaneously in the model.

3 Other molecules include dexamethasone, methylprednisolone, triamcinolone, and hydrocortisone.

4 Tests for linear trends were performed among exposed women with known characteristics of exposure using an ordinal variable across categories. The

corresponding variables were introduced in the models as continuous variables.
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Figure S1. Associations of glucocorticoid recurrent use with invasive breast cancer risk, compared to
never/occasional use, in strata of selected factors, comorbidities and recurrent use' of other drugs (E3N
Cohort; 2004 to 2014; n= 62,512).

Selected factors N exposed cases HR (95% CI)* Pinteraction
Age (years)

<65 110 0.76 (0.61-0.94) R

265-<70 92 0.68 (0.54 - 0.86) —a— 0.49
270-<75 93 0.89(0.70-1.12) — - =
275 57 0.76 (0.57 - 1.03) —

BMI (kg/m?)

<25 70 0.92 (0.71-1.20) — 0.56
225 282 0.84 (0.74 - 0.96) —a—

MHT use

Never 210 0.87 (0.75 - 1.02) —a— 0.73
Ever 142 0.83 (0.69 - 1.01) —a—

Recurrent PPl use

No 133 0.81(0.68 - 0.98) —— 0.58
Yes 219 0.90 (0.77 - 1.06) el

Recurrent paracetamol use

No 19 0.82 (0.67 - 0.99) — - 0.68
Yes 233 0.90 (0.77 - 1.05) —a1

Recurrent NSAID use

No 84 0.83 (0.66 - 1.04) — -t 0.89
Yes 268 0.87 (0.75 - 1.00) —

Recurrent anti-arthritic use

No 185 0.88 (0.75 - 1.04) —a— 0.37
Yes 167 0.83 (0.69 - 0.99) —a—

Lifetime history of rheumatism

No 316 0.87 (0.76 - 0.98) —— 0.79
Yes 36 0.80 (0.55 - 1.15) e

Lifetime history of arthrosis

No 198 0.83 (0.71 - 0.97) —— 0.67
Yes 154 0.90 (0.75 - 1.09) ——

Lifetime history of arthritis, spondyloarthritis or polyarthritis®

No 320 0.85 (0.75 - 0.96) T 0.26
Yes 32 1.09 (0.68 - 1.74) —_

Lifetime history of asthma

No 295 0.86 (0.76 - 0.98) = 0.94
Yes 57 0.83 (0.60 - 1.14) ————

Lifetime history of chronic bronchitis

No 296 0.87 (0.76 - 0.99) —a—

Yes 56 0.79 (0.58 - 1.08) - 0.58

Lifetime history of hay fever
No 260 0.83 (0.73 - 0.96) —-

Yes 92 0.94 (0.74 - 1.19) — 0.24

Lifetime history of ic i y bowel di

No 336 0.85 (0.75 - 0.96) =

Yes 16 1.00 (0.55 - 1.80) —————— 0.35
| B E—

0.6 1.0 14 1.8

Abbreviations: BMI: body mass index, CI, confidence interval; HR, hazard ratio; MHT, menopausal hormone therapy; NSAID, nonsteroidal anti-
inflammatory drug; PPI, proton pump inhibitor.

! At least two reimbursements during any previous three-month period since January 1, 2004.

2HR adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (bascline), age at menarche (bascline), parity and age at first birth (baseline), lifetime usc of oral contraceptives (bascline), age at menopause
(bascline), history of breast cancer in first degree relatives (baseline), personal history of benign breast discase (time-varying), lifetime use of
menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow—up cycle (time-varying), number
of medical consultations/visits during the preceding 6 months (time-varying), and recurrent use of proton pump inhibitors (time-varying).
Categories used are those displayed in Table 1.

3 Associations were similar when comorbidities were ungrouped.
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Figure S2. Associations of glucocorticoid recurrent use with breast cancer risk, compared to never/occasional
use, overall and by breast cancer subtypes, with exposure and other co-variables coming from the

reimbursement database lagged by 2 years (E3N Cohort; 2004 to 2014; n=62,512).

Breast cancer subtypes N exposed cases HR (95% CI)' Phomogeneity
Overall 354 0.93 (0.84 - 1.04) —
In situ 51 1.30 (0.94 - 1.79) B B —

0.02
Invasive 266 0.85 (0.74 - 0.97) —&—
Invasive ER+ 220 0.82 (0.71-0.95) ——
Invasive ER- 37 1.09 (0.76 - 1.57) — —
Invasive PR+ 167 0.80 (0.68 - 0.95) ——
Invasive PR- 88 0.99 (0.78 - 1.25) —— Cetd
Invasive ER+PR+ 164 0.80 (0.67 - 0.94) —a—
Invasive ER-PR- 34 1.10 (0.75 - 1.61) — 0.26
Invasive others 57 0.94 (0.70 - 1.26) e
Invasive HER2+ 26 0.80 (0.52 - 1.22) —
Invasive HER2- 219 0.84 (0.73 - 0.98) = 0.61
Invasive ductal 199 0.87 (0.75 - 1.02) ——
Invasive lobular 43 0.73 (0.53 - 1.02) —e— 0.64
Invasive others 19 0.84 (0.51 - 1.39) —_—
Grade 1 82 1.00 (0.78 - 1.28) ——
Grade 2 129 0.78 (0.64 - 0.94) R 0.29
Grade 3 46 0.87 (0.63 - 1.20) .
In situ 51 1.30 (0.94 - 1.79) 4
Stage 1 172 0.87 (0.74 - 1.03) e
Stage 2 55 0.65 (0.49 - 0.87) ——— 0.01
Stage 3 or 4 30 1.46 (0.95 - 2.23) . (S

[ I ]

0.5 1.0 15 20

Abbreviations: CI, confidence interval; HR, hazard ratio; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2.

'HR adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at menopause
(baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying), lifetime use of
menopausal hormone therapy (time-varying), self-report of a mammogram performed during the previous follow-up cycle (time-varying), number
of medical consultations/visits during the preceding 6 months (time-varying), and recurrent use of proton pump inhibitors (time-varying).
Categories used are those displayed in Table 1.
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Figure S3. Associations of glucocorticoid recurrent use with breast cancer risk, compared to never/occasional
use, overall and by breast cancer subtypes, among women with a recent mammogram (E3N Cohort; 2004 to

2014; n=51,097).

Breast cancer subtypes N exposed cases HR (95% CI)' Prhomageneity
Overall 414 0.93 (0.84 - 1.04) B
In situ 58 1.30 (0.96 - 1.76) —

0.01
Invasive 313 0.85 (0.75 - 0.96) -
Invasive ER+ 261 0.82(0.71-0.94) .

0.05
Invasive ER- 44 1.18 (0.84 - 1.67) — -
Invasive PR+ 199 0.80 (0.69 - 0.94) —-—

0.16
Invasive PR- 100 0.98 (0.78 - 1.22) .5
Invasive ER+PR+ 196 0.80 (0.68 - 0.94) —-—
Invasive ER-PR- 41 1.20 (0.84 - 1.72) e 0.12
Invasive others 62 0.87 (0.66 - 1.15) ———
Invasive HER2+ 32 0.88 (0.60 - 1.31) s e

0.86
Invasive HER2- 256 0.85 (0.74 - 0.98) —a—
Invasive ductal 227 0.83(0.72-0.97) —-—
Invasive lobular 57 0.85(0.63-1.14) — 0.91
Invasive others 24 0.93 (0.59 - 1.46) |
Grade 1 95 0.99 (0.79 - 1.25) ——
Grade 2 156 0.80 (0.67 - 0.96) e 0.35
Grade 3 52 0.84 (0.62 - 1.15) — ]
In situ 58 1.30 (0.96 - 1.76) (LSS
Stage 1 205 0.85(0.72 - 0.99) —a—
Stage 2 62 0.67 (0.51 - 0.88) — 0.01
Stage 3 or 4 37 1.72 (1.15-2.57) e

[ [ I |

0.5 1.0 15 20 25

Abbreviations: CI, confidence interval; HR, hazard ratio; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2.

'HR adjusted for age (time scale), years of schooling (baseline), alcohol intake (time-varying), body mass index (time-varying), physical activity
level (baseline), age at menarche (baseline), parity and age at first birth (baseline), lifetime use of oral contraceptives (baseline), age at menopause
(baseline), history of breast cancer in first degree relatives (baseline), personal history of benign breast disease (time-varying), lifetime use of
menopausal hormone therapy (time-varying), number of medical consultations/visits during the preceding 6 months (time-varying), and recurrent
use of proton pump inhibitors (time-varying). Categories used are those displayed in Table 1.
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CHAPTER 6: DISCUSSION

My doctoral thesis aimed to provide additional epidemiological evidence on the potential role
of inflammation on breast cancer development by 1) identifying inflammatory biomarkers
associated with breast cancer risk and ii) investigating whether drugs with anti-inflammatory
properties might prevent breast cancer occurrence. Overall, results from this thesis suggested
that inflammation plays a modest role in the development of breast cancer and that its impact
on breast cancer risk could be limited to certain sub-populations or certain breast cancer

subtypes.

1. Inflammatory biomarkers and breast cancer risk
In the EPIC cohort, we found no overall association between pre-diagnostic blood levels of
eleven inflammatory markers and breast cancer risk. However, an inverse association was
observed with the leptin to adiponectin ratio among pre/perimenopausal women and a

positive association with TNF-a levels among postmenopausal women.

No previous epidemiological study evaluated the leptin to adiponectin ratio regarding breast
cancer risk. However, a few prospective epidemiological studies reported that high levels of
leptin and low levels of adiponectin were associated with a decreased risk of breast cancer
among premenopausal women (73, 77, 244), even though the associations did not reach
statistical significance in some of them (73, 77). The plausibility of the associations between
leptin to adiponectin ratio and premenopausal breast cancer risk needs to be further addressed
in experimental studies. In premenopausal women, high levels of leptin have been
hypothesized to reduce breast cancer risk through regulation of ovarian folliculogenesis (245)
and reduction of follicular oestradiol secretion (246). Because the leptin to adiponectin ratio
is a marker of insulin resistance (84), the inverse association found between this ratio and

breast cancer risk might not be due to inflammation.

Our finding on TNF-a is not in line with previous prospective epidemiological studies. Most
of them reported no significant associations between TNF-a levels and breast cancer risk (73,
82, 87-90). However, because the number of cases included was smaller than in our study,
most of the previous studies were not able to categorize TNF-a into quartiles (73, 82, 89, 90).
In contrast to our results, one prospective study reported an inverse association between high

levels of TNF-a and breast cancer risk (91). In EPIC, results from a previous study suggested
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also an increased risk of endometrial cancer in the highest quartile of TNF-0, compared to the
lowest (247). The positive association between TNF-a and breast cancer is highly plausible
since experimental data suggested that TNF-a could be involved in carcinogenesis by
activating NF-kB and consequently inducing the expression of genes associated with cell
proliferation, apoptosis, metastasis and angiogenesis (63), or by stimulating aromatase

activity in breast tissue leading to oestrogen synthesis (62).

Our study, which was the largest population-based prospective cohort examining the
inflammatory biomarkers-breast cancer associations, supports that menopausal status needs to
be considered when assessing these associations. In our study, we did not find any
heterogeneity according to molecular subtypes of breast cancer. However, some results from
subgroup analyses were based on relatively small numbers of cases. Since breast cancer is a
heterogeneous disease, there is a need to robustly evaluate the role of inflammation according
to histologic subtypes and provide data on less common but more aggressive tumour types
e.g. ER-PR- or triple negative breast cancers. Results from our study suggested that
anthropometry factors were strong confounders of the associations between some
inflammatory biomarkers with postmenopausal breast cancer. Indeed, obesity is an
established risk factor of postmenopausal breast cancer and contribute to chronic
inflammation (51-55). It is important that further studies evaluate whether anthropometry
confounds or modifies the inflammation-breast cancer associations. It would also be
interesting to evaluate to what extend inflammation may mediate the obesity-breast cancer
association. Lastly, the inflammation pathways are correlated to the oestrogen and insulin
pathways, and there is also a need to disentangle the effect on breast cancer development of

inflammation pathways from the two others.

2. Drugs with anti-inflammatory properties and breast cancer risk
Results from our pharmacoepidemiologic studies conducted in the EPIC or E3N cohorts
suggested that NSAIDs, low-dose aspirin and glucocorticoids might have different effects on
breast cancer development and that these effects may differ according to the type and
duration of drug use but also according to the breast cancer subtypes considered. These
associations may also vary depending on subgroups of the population or on the use of other
drugs. Indeed, in the EPIC and E3N cohorts, no overall association was observed between
NSAID use and breast cancer risk. However, in the EPIC cohort (where NSAID use was self-

reported), there was a borderline significant interaction by MHT use suggesting an inverse
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association between NSAID use and breast cancer risk only among postmenopausal women
who had ever used MHT. In the E3N cohort, using drug reimbursement data updated during
follow-up, there was a significant interaction by PPI use suggesting an inverse association
between NSAID use and breast cancer risk only among postmenopausal women who
previously used PPL

In the E3N cohort, use of aspirin at antiplatelet dosage was associated with a higher breast
cancer risk few year after treatment star, followed by a lower breast cancer risk. In the study
on NSAIDs, overall, aspirin at anti-inflammatory dosage was not associated with breast
cancer risk. However, because it is mainly used sporadically, it was not possible to capture a
long duration of use. Therefore, comparison of results across different dosage of aspirin was
difficult. We also evaluated the association between clopidogrel, another antiplatelet drug,
and breast cancer risk to test whether low-dose aspirin and clopidogrel showed similar
associations with breast cancer risk, which was not the case, suggesting that the decreased
risk of breast cancer found with a long duration of low-dose aspirin might be due to other
properties than its antiplatelet properties. Indeed, clopidogrel use was associated with
increased breast cancer risk that seemed restricted to ER- tumours, with no clear trend
according to duration of use.

In the E3N cohort, glucocorticoid use was associated with an increased risk of in situ breast
cancer and a decreased risk of invasive breast cancer. Among invasive cases, glucocorticoid
use was associated with a decreased risk only for ER+ breast cancer, stage 1 and 2 breast
cancer, or with the highest categories of cumulative number of reimbursements, and was

associated with an increased risk of stage 3/4 breast cancers.

Our results on NSAIDs are consistent with the majority of results from prospective studies,
suggesting no reduced risk of breast cancer with NSAID use (142, 147, 148, 150, 155, 160,
248-255). To our knowledge, most of the studies evaluating whether the NSAID-breast
cancer associations differed by MHT use did not observe any significant effect
modification (142, 148, 149, 250, 252, 256, 257) and only one study reported an inverse
association between NSAID use for at least five years and breast cancer risk among MHT
users (148). Another study showed a statistically significant positive association between
standard dose aspirin use and breast cancer risk among MHT users for ten years or
more (151). Nevertheless, this result should be considered cautiously because the number of
exposed cases in that category was very low (n=25). In all the other studies, risk estimates

associated with NSAID use among MHT users were not reported. In addition, the interaction
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with MHT use was not confirmed in the E3N cohort, which has more accurate data on both
MHT and NSAID use than the EPIC cohort. The modifying effect of PPI on the NSAIDs-
breast cancer associations we observed within the E3N cohort was not examined in previous

epidemiological studies.

Our results on low-dose aspirin are consistent with two meta-analyses which suggested a
duration-response relationship between aspirin use and breast cancer risk (194, 202). In the
latest randomized double-blind placebo-controlled trial (ASPREE: participants aged > 65
years old, median follow-up of 4.7 years), daily use of low-dose aspirin (100 mg) had no
effect on breast cancer incidence (199). This lack of effect could be due to the fact that
follow-up as well as duration of aspirin use were not long enough to expect a benefit of
aspirin (34)(35) (200)(201). However, our study shows close estimates compared to the ones
found in the latest meta-analysis of randomized controlled trials on any cancer incidence and
aspirin use, with a transient increase in risk in the three first years of use, followed by a
decrease in risk (200). It therefore seems important to be able to assess the low-dose aspirin-
breast cancer risk associations according to duration of use. In our analyses, the number of
cases was too limited to evaluate the low-dose aspirin-breast cancer associations for a
duration longer than five years of use. No previous epidemiological studies evaluated the

clopidogrel-breast cancer association.

Our results on glucocorticoids are not in line with the only epidemiological study specifically
designed to evaluate the glucocorticoid-breast cancer associations, which reported a null
association between glucocorticoid use and invasive breast cancer risk (230). However, the
authors were not able to stratify their analyses by breast cancer subtypes. Our results
suggesting a decreased risk of invasive breast cancer especially for ER+ tumour are
supported by experiments showing that glucocorticoids might stimulate the expression of the
sulfotransferase SULT1EI (which plays a role in deactivating oestrogen) (213, 216), affect
angiogenesis (215), or inhibit inflammatory and growth factors (214, 258). Our findings
supporting an increased risk of in situ breast cancer could be explained by the fact that
glucocorticoids might slow down tumour growth (259, 260). An increased risk of stage 3/4
breast cancers with glucocorticoid exposure is also in line with experiments suggesting that
glucocorticoids promote breast cancer metastasis (221), induce the epithelial-to-mesenchymal

transition (261), or activate the TEA domain transcription factor 4 (262). In addition, in the
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1960’s, a study among breast cancer patients reported that the use of adrenal steroids

(including glucocorticoids), compared to non-use, increased the risk of metastasis (222).

The prospective design of our studies minimizes recall bias and the large number of
participants and incident breast cancer cases allowed us to examine interactions of drug use
with breast cancer risk factors and to estimate associations with different breast cancer
subtypes. While many medico-administrative databases do not have data on breast cancer risk
factors, our studies showed that breast cancer risk factors are not major confounders in the
associations between the studied drugs and breast cancer risk. Our results suggested that
future pharmacoepidemiologic studies should consider breast cancer subtypes, risk factors,
and use of other drugs because, in our analyses, they were found to modify the associations
between anti-inflammatory/antiplatelet drug use and breast cancer risk. However, some of
our subgroup analyses were based on low numbers of cases and, because of the large number
of comparisons evaluated, they need to be interpreted cautiously before confirmation in other
prospective studies. In the EPIC cohort, NSAID exposure was self-reported in a baseline
questionnaire and there was a lack of data on characteristics of NSAID use, such as duration,
dose, or frequency of use. Thus, we were not able to examine a potential dose- or duration-
response relationship. In the E3N cohort, drug exposure was identified through a drug
reimbursement database, which avoids differential recall bias between cases and non-cases
and allowed us to consider precise information on exposure (including duration, dose, and
timing of use). However, our statistical power remained limited to evaluate breast cancer risk
associated with a long duration of use and future studies should be able to do so. We might be
able to do so in the E3N cohort when the follow-up will be longer. In the EPIC cohort the
NSAIDs-breast cancer associations did not differ according to menopausal status. In the E3N
cohort, we only evaluated the effect of drugs on breast cancer development among
postmenopausal women. The associations between NSAIDs, antiplatelet drugs,
glucocorticoids and breast cancer risk among premenopausal is undervalued and further
studies should consider menopausal status. In conclusion, there is a real need to perform
large, well-powered analyses where less common tumour subtypes or subgroups can be

addressed, and a long duration of use can be captured.
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3. Perspectives
Additional evidence on the role of inflammation/anti-inflammatory drugs on breast cancer

development are needed. Therefore, we planned several additional analyses (listed below).

First, in the EPIC cohort, we will use mediation analysis to evaluate and quantify:
- the role of leptin to adiponectin ratio as a mediator in the association between obesity
and pre/perimenopausal breast cancer,
- and the role of TNF-a as a mediator in the association between obesity and

postmenopausal breast cancer.

Then, we will use data from the Information System for the Development of Research on
Primary Care (SIDIAP) database, in which data on drug prescription are available from 2006
and 2018, to evaluate the associations between NSAIDs use and breast cancer risk, overall
and by menopausal status. During my thesis, I spent 1 month at the Institut Universitari
d'Investigaci6 en Atencio Primaria (IDIAP) Jordi Gol (in Barcelona), after being awarded a
French Mobility Scholarship from the Cancéropole Lyon Auvergne Rhone-Alpes, to
investigate the feasibility of this study. The data source and the selection of the study

population are presented in the Annex 4.

Lastly, to provide more definitive evidence on the association of inflammation with breast
cancer development, data from prospective cohort studies collaborating within the National
Cancer Institute (NCI) Cohort Consortium will be pooled (project approved by the NCI
cohort consortium steering committee and pending funding). Data from 22 prospective
cohorts (including more than 44,000 breast cancer cases, among over 1.4 million study
participants) will be pooled to evaluate the association between aspirin/NSAIDs and breast
cancer risk, according to breast cancer subtypes and risk factors. Data from 14 case-control
studies nested within prospective cohorts (including more than 7,200 breast cancer cases and
15,000 matched controls) will be pooled to evaluate the associations between CRP, leptin,

and adiponectin with breast cancer risk, according to breast cancer subtypes and risk factors.
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ANNEXES

Annex 1: Different types of nonsteroidal anti-inflammatory drugs~.

ATC codes” Molecules
SALICYLIC ACID AND DERIVATIVES (N02BA) §
NO02BAO1 Acetylsalicylic acid
BUTYLPYRAZOLIDINES (M01AA)
MO1AAO1 Phenylbutazone
MO1AA02 Mofebutazone
MO1AA03 Oxyphenbutazone
MO1AA05 Clofezone
MO1AA06 Kebuzone
ACETIC ACID DERIVATIVES AND RELATED SUBSTANCES (M01AB)
MO1ABO1 Indometacin
MO1AB02 Sulindac
MO1ABO03 Tolmetin
MO1AB04 Zomepirac
MO1ABO5 Diclofenac
MO1ABO06 Alclofenac
MO1ABO7 Bumadizone
MO1ABO8 Etodolac
MO1AB09 lonazolac
MO1AB10 Fentiazac
MO1ABI11 Acemetacin
MO1AB12 Difenpiramide
MO1AB13 Oxametacin
MO1AB14 Proglumetacin
MO1ABI15 Ketorolac
MO1AB16 Aceclofenac
MO1AB17 Bufexamac
MO1ABS1 Combinations of indometacin
MO1ABSS Combinations of diclofenac
OXICAMS (M01AC)
MO1ACO1 Piroxicam
MO1ACO02 Tenoxicam
MO1AC04 Droxicam
MO1ACO05 lornoxicam
MO1AC06 Meloxicam
MO1ACS56 Combinations of Meloxicam
PROPIONIC ACID DERIVATIVES (M01AE)
MO1AEO1 Ibuprofen
MO1AE02 Naproxen
MO1AEO3 Ketoprofen
MO1AEO4 Fenoprofen
MO1AEOS5 Fenbufen
MO1AEO06 Benoxaprofen
MO1AEO07 Suprofen
MO1AEOS Pirprofen
MO1AE09 Flurbiprofen
MO1AE10 Indoprofen
MO1AE11 Tiaprofenic acid
MO1AE12 Oxaprozin
MO1AE13 Ibuproxam
MO1AE14 Dexibuprofen
MO1AE15 Flunocaprofen
MO1AE16 Alminoprofen
MO1AE17 Dexketoprofen
MO1AE18 Naproxcinod
MO1AES1 Combinations of ibuprofen
MO1AES2 Naproxen and esomeprazole
MO1AES3 Combinations of Ketoprofen
MO1AES6 Naproxen and misoprostol
FENAMATES (M01AG)
MO1AGO1 Mefenamic acid
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MO1AGO02 Tolfenamic acid

MO1AGO3 Fufenamic acid
MO1AG0O4 Meclofenamic acid
COXIBS (M01AH)

MO1AHO1 Celecoxib
MO1AHO02 Rofecoxib
MO1AHO03 Valdecoxib
MO1AHO04 Parecoxib
MO1AHO5 Etoricoxib
MO1AHO06 Lumiracoxib
MO1AHO7 Polmacoxib
OTHER ANTI-INFLAMMATORY AND ANTI-RHEUMATIC AGENTS, NON-STEROIDS (M01AX)
MO1AXO01 Nabumetone
MO1AX02 Niflumic acid
MO1AX04 Azapropazone
MO1AX07 Benzydamine
MO1AX13 Proquazone
MO1AX14 Orgotein
MO1AX17 Nimesulide
MO1AX18 Feprazone
MO1AX22 Morniflumate
MO1AX23 Tenidap
MO1AX68 Combinations of Feprazone

# “In the ATC classification system, the active substances are classified in a hierarchy with five different levels. The system
has fourteen main anatomical/pharmacological groups or 1st levels. Each ATC main group is divided into 2nd levels which
could be either pharmacological or therapeutic groups. The 3rd and 4th levels are chemical, pharmacological or therapeutic
subgroups and the 5th level is the chemical substance”.

§ I reported only preparations containing acetylsalicylic acid.

oo Excluding topical preparations.
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Annex 2: Different types of antiplatelet drugs.

ATC codes” Molecules
Platelet aggregation inhibitors excl. heparin (B01AC)
BO1ACO1 Ditazole
BO1ACO02 Cloricromen
BOI1ACO3 Picotamide
BO1AC04 Clopidogrel
BO1ACO05 Ticlopidine
BO1ACO06 Acetylsalicylic acid
BO1ACO7 Dipyridamole
BO1ACO08 Carbasalate calcium
BO1AC09 Epoprostenol
BO1AC10 Indobufen
BO1ACI11 Iloprost
BO1ACI13 Abciximab
BO1AC15 Aloxiprin
BO1AC16 Eptifibatide
BO1AC17 Tirofiban
BO1ACIS8 Triflusal
BOIAC19 Beraprost
BOIAC21 Treprostinil
BO1AC22 Prasugrel
BOIAC23 Cilotazol
BO1AC24 Ticagrelor
BO1AC25 Cangrelor
BOI1AC26 Vorapaxar
BO1AC27 Selexipag
BO1AC30 Combinations of acetylsalicylic acid
BO1ACS56 Acetylsalicylic acid and proton pump inhibitors

# “In the ATC classification system, the active substances are classified in a hierarchy with five different levels. The system
has fourteen main anatomical/pharmacological groups or 1st levels. Each ATC main group is divided into 2nd levels which
could be either pharmacological or therapeutic groups. The 3rd and 4th levels are chemical, pharmacological or therapeutic
subgroups and the 5th level is the chemical substance”.
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Annex 3: Different types of systemic glucocorticoids.

ATC codes” Molecules
Glucocorticoids for systemic use (H02AB)
HO02ABO1 Betamethasone
HO02AB02 Dexamethasone
HO02ABO03 Fluocortolone
HO02AB04 Methylprednisolone
HO02ABO05 Paramethasone
HO02ABO06 Prednisolone
HO02ABO07 Prednisone
HO02ABO0S8 Triamcinolone
H02AB09 Hydrocortisone
HO02AB10 Cortisone
HO02ABI11 Prednylidene
HO02AB12 Rimexolone
HO02ABI13 Deflazacort
HO02AB14 Cloprednol
HO02AB15 Meprednisone
HO02AB17 Cortivazol

# “In the ATC classification system, the active substances are classified in a hierarchy with five different levels. The system
has fourteen main anatomical/pharmacological groups or 1st levels. Each ATC main group is divided into 2nd levels which
could be either pharmacological or therapeutic groups. The 3rd and 4th levels are chemical, pharmacological or therapeutic
subgroups and the 5th level is the chemical substance”.
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Annex 4: Description of the SIDIAP database and study population.

The Information System for the Development of Research in Primary Care database

SIDIAP (http://www.sidiap.org/index.php/en) is a large prospective population-based
database in Catalonia. In Spain, general practitioners (GP)s and nurses play an essential role
in the public health care system as they are responsible for primary health care, long-term
prescriptions, and specialist/hospital referrals. The Spanish public healthcare system covers
more than 98% of the population, and more than two thirds of the Catalan population see
their GP at least once a year (263). The computerisation of the primary care patient records of
the Catalan Health Institute (CHI) was completed in 2005. SIDIAP was designed to provide a
valid and reliable database of selected information from clinical records of patients registered
in primary care centres for use in biomedical research. SIDIAP contains data of anonymized
patients’ healthcare records for nearly six million people (approximately 80% of the Catalan
population) registered in 287 primary care practices throughout Catalonia since 2005 (264,
265). It was previously shown that SIDIAP population is highly representative of the entire

Catalan region in terms of geographic, age, and sex distributions (265).

SIDIAP includes data collected by health professionals during routine visits in primary care,
including anthropometric measurements, clinical diagnoses (International Classification of
Diseases 10™ revision [ICD-10]), laboratory tests, treatments, hospital referrals, demographic
and lifestyle information. It provides an excellent source of population-based data and
reliably reproduces the actual conditions of clinical practice. The high quality of these data
has been previously documented (264, 265), and SIDIAP has been successfully applied to
epidemiological studies of key exposures and outcomes including cancers (266). In addition,
data on cancer cases recorded in primary care were validated through a comparison of
SIDIAP and two Catalonia population-based cancer registries (267). High sensitivity was
observed for most cancer types, with the highest sensitivity for breast (89%, 95% CI: 88—
90%). Lifestyle variables and diagnoses of health problems are recorded by GPs following
the Catalan Clinical Practice Guidelines. Quality checks to identify duplicate patient IDs are
performed centrally at each SIDIAP database update, which is done annually. Checks for
logical values and data harmonisation are performed. For biochemistry data, consistency for
measurements taken in different laboratories is assessed, and unit conversion is undertaken

when needed.
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Case-control selection

In the following, we have defined SIDIAPO as the date of entry into the SIDIAP database. In
a first step, we extracted data from women with at least 1.5 years of medical history in the
SIDIAP database (i.e. not deceased, not lost to-follow-up, not reaching the end of data
availability into SIDIAP within 1.5 years after SIDIAPO). Women with any cancer (except

basal cell carcinoma) within 1.5 years after SIDIAPO are excluded.

Within the cohort defined above, we will perform a nested case-control study using risk set
sampling (cases are eligible for sampling as controls before their diagnosis date).

Cases are women with breast cancer diagnosed after SIDIAPO+1.5 years. For cases, the date
of breast cancer diagnosis defines the index date, and TO is equal to SIDIAPO. We further
define T1 as TO + one year.

Controls (up to 10 per case) are women with no cancer (any cancer except basal cell
carcinoma) diagnosed between SIDIAPO and the time of the case’s breast cancer diagnosis,
alive and still registered into SIDIAP at that date. They are matched on year of birth
(x1 year), primary care centre, menopausal status, and must have a medical history duration
(time between SIDIAPO and the time of the matched case’s breast cancer diagnosis) >= the
medical history duration of the matched case. Controls are assigned the same index date, the
same TO, and the same T1 as those of the matched case (since medical history of the control
is longer than the one of the case, a new TO is defined, equal to the TO of the case). For
latency considerations and in order to minimize reverse causality, we define a lagged index
date which is the index date minus 6 months (242). Any exposure or adjustment data
recorded after the lagged index date (likely not causal) is disregarded.

Index date = date of each case’s breast cancer diagnosis

Lagged index date = Index date minus 6 months

The TO-T1 period is used to identify prevalent NSAID exposure. It is a period with no cancer
diagnoses (see Figure below). Finally, 24,697 cases will be included and 117,916 matched
controls. The median age of the study population at TO is 53 years old. In the study
population 67% of women had at least 1 prescription of NSAID or aspirin and 34% had at

least 2 prescriptions in any three-month period.
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