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Abstract
Background: Genome-wide association studies (GWAS) have to date identified 94 genetic variants (single
nucleotide polymorphisms (SNPs)) associated with risk of developing breast cancer. A score based on the
combined effect of the 94 risk alleles can be calculated to measure the global risk of breast cancer. We aimed to
test the hypothesis that the 94-SNP-based risk score is associated with clinico-pathological characteristics, breast
cancer subtypes and outcomes in early breast cancer.
Methods: A 94-SNP risk score was calculated in 8703 patients in the PHARE and SIGNAL prospective case cohorts.
This score is the total number of inherited risk alleles based on 94 selected SNPs. Clinical data and outcomes were
prospectively registered. Genotyping was obtained from a GWAS.
Results: The median 94-SNP risk score in 8703 patients with early breast cancer was 77.5 (range: 58.1–97.6). The risk
score was not associated with usual prognostic and predictive factors (age; tumor, node, metastasis (TNM) status;
Scarff-Bloom-Richardson grade; inflammatory features; estrogen receptor status; progesterone receptor status;
human epidermal growth factor receptor 2 (HER2) status) and did not correlate with breast cancer subtypes. The
94-SNP risk score did not predict outcomes represented by overall survival or disease-free survival.
(Continued on next page)
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Conclusions: In a prospective case cohort of 8703 patients, a risk score based on 94 SNPs was not associated with
breast cancer characteristics, cancer subtypes, or patients’ outcomes. If we hypothesize that prognosis and subtypes
of breast cancer are determined by constitutional genetic factors, our results suggest that a score based on breast
cancer risk-associated SNPs is not associated with prognosis.
Trial registration: PHARE cohort: NCT00381901, Sept. 26, 2006 – SIGNAL cohort: INCa RECF1098, Jan. 28, 2009
Keywords: Breast cancer, Genetic variant, Single nucleotide polymorphism, Risk score, Prognosis

Background
Both environmental and genetic factors are involved in
breast cancer pathogenesis. Germline mutations in the
tumor suppressor genes BRCA1 and BRCA2 are the two
main genes involved in hereditary breast cancer, and explain around 15–20% of familial breast cancer [1–3];
however, less than 10% of all breast cancers occur in patients with BRCA germline mutations [4]. Other rare
variants in genes such as PALB2, CHEK2, ATM, NBN,
TP53, CDH1, PTEN, STK11 and NF1 [5] confer moderate to high risk of developing breast cancer [6].
Genome-wide association studies (GWAS) have to date
identified 94 common genetic variants (single nucleotide
polymorphisms (SNPs)) associated with risk of developing breast cancer [7]. If the effect of one SNP on breast
cancer risk is low, the combined effect of all known associated SNPs can be of interest for prevention and
screening, and SNPs explain 15–20% of familial breast
cancer [3, 5, 7]. A score based on the effect of risk variants can be calculated to measure the risk of developing
breast cancer conferred by the 94 known SNPs [8]. Rare
mutations conferring high risk of breast cancer, for example in BRCA1/2 genes are not included in this score.
While SNP scores have been shown to be strongly associated with breast cancer risk, these polygenic SNP
scores have not yet been evaluated with respect to
clinico-pathological features of breast cancer, prognosis
and outcomes.
Clinico-pathological criteria, including patient age,
axillary lymph node involvement, tumor size and
Scarff-Bloom-Richardson (SBR) grade, are commonly
used in the clinical routine as breast cancer prognostic
factors; estrogen receptor (ER), progesterone receptor
(PR) and human epidermal growth factor receptor 2
(HER2) status are validated as prognostic and predictive
factors [9–11]. Based on these predictive factors, medical oncologists divide breast cancers into 3 categories
according to the management they require [12, 13]: (1)
HER2-positive breast cancers are characterized by amplification of the HER2 gene (human epidermal growth
factor receptor 2, located at 17q12) associated with
gene overexpression and consequently high abundance
of HER2 protein. The advent of trastuzumab, a

humanized monoclonal antibody specifically targeting
the HER2 extracellular domain, has revolutionized the
natural history and management of HER2-positive
breast cancers [14]; (2) triple-negative breast cancer,
with no expression of ER or PR and no HER2 overexpression (amplification) has overall poorer prognosis
than other subtypes and requires chemotherapy [15];
(3) HER2-negative breast cancers with ER or PR expression represent the third group, called luminal
breast cancers, and are usually treated with endocrine
therapy [16]. The SIGNAL/Protocole Herceptin® Adjuvant Réduisant l'Exposition - Herceptin®-based protocol
with reduced exposure (PHARE) - prospective cohort
benefits from a large, detailed database allowing assessment of pathological subtypes, prognostic factors and
outcomes.
We aimed to test the hypothesis that genetic polymorphisms involved in breast cancer risk may also impact
the aggressiveness of breast cancer and thus be related
to prognostic factors, pathological subtypes and patients’
outcomes. Individually, genetic variants have a small impact on breast cancer risk, and potentially small consequences on outcomes and pathological features of breast
cancer. A polygenic 94-SNP score, which has more statistical power than individual SNPs, may also be associated
with breast cancer prognostic factors and outcomes. Our
objective was to assess if a polygenic 94-SNP risk
score was associated with breast cancer outcomes,
prognostic factors and pathological subtypes in the
PHARE and SIGNAL French prospective case cohort
(NCT00381901 – RECF1098).

Methods
Patients

PHARE was a randomized phase III clinical trial comparing 6-month and 12-month adjuvant trastuzumab exposure (NCT00381901) and included a subset of 1430
cases of HER2-positive early breast cancer with DNA
available for GWAS analyses [17]. SIGNAL was a prospective cohort specifically designed for GWAS analyses
of 8406 patients with early-stage breast cancer, enrolled
at the time of their adjuvant chemotherapy from June
2006 to December 2013 (www.e-cancer.fr RECF1098).
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The combined dataset representing the SIGNAL/
PHARE study included 9836 cases of early breast cancer;
among them 4834 were HER2-positive breast cancer. All
patients provided a blood sample, which was centralized
at the Fondation Jean Dausset-Centre d’Etudes du Polymorphisme Humain (CEPH) in Paris, France, for DNA
extraction using standard protocols. Genotyping was
carried out at the Centre National du Génotypage
(CNG) in Evry, France. From the 9836 patients in the
SIGNAL/PHARE population, some cases were excluded:
471 patients because there was no DNA available for
analysis, among the 26 pairs of individuals with identity
by state > 30% (suggesting a cryptic link) the member of
the pair with lower genotype completion rate was removed, 551 were non-representative of the main European population cluster, and 85 did not have sufficient
clinical data. A total of 8703 patients were analyzed
(Fig. 1). Information on patient age, tumors (tumor, node,
metastasis (TNM) status, SBR grade, laterality, inflammatory features, ER expression, PR expression and HER2 status) and outcomes (survival, death, breast cancer relapse
and second cancer) were prospectively provided directly
from the patients’ medical teams using standardized
forms, and centralized at the French National Cancer Institute (Institut National du Cancer - INCa).
Genotyping and 94-SNP risk score

The 94 SNPs used in the risk score were selected based on
the literature and were measured in these women as part of
a GWAS. These 94 variants are described in the European
population [7]. Briefly, all subjects were genotyped using
the Illumina HumanCore Exome chip set. Principal

Fig. 1 Flow chart
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components analysis and k-means were then used to
characterize the ancestry of the participants and only the
main cluster of European individuals was included in the
present analysis: 94 SNPs associated with breast cancer risk
were selected from recent literature (Additional file 1: Table
S1). Sixty-one variants not present in our genotyping arrays
were imputed from the 1000 Genomes project (http://
1000genomes.org). The cumulative effect of the 94 SNPs
was assessed by summing the number of at-risk alleles carried for each individual in an unweighted way. Carrying
two low-risk alleles was scored 0; two high-risk alleles were
scored 2 and heterozygous status was scored as 1. For imputed SNPs, the estimated allele dose was used directly as
the score for each SNP. Thus, the score could range between 0 and 94 × 2 = 188. Supplementary data about subject recruiting, blood collection, DNA extraction,
genotyping and imputation are detailed in Additional file 2.
Statistical analysis

The primary objective was to detect an association between the 94-SNP risk score and invasive-disease-free
survival (iDFS) [18]. iDFS was defined as the time from
first (neo)adjuvant chemotherapy administration to time
of first documented disease relapse (including local, regional, ipsilateral, contralateral and distant invasive breast
cancer recurrence), second non-breast malignant disease
or death (whatever the cause), whichever occured first
[18]. Overall survival (OS) was calculated from the date of
diagnosis to the date of death from any cause. For iDFS
and OS, patients alive without any predefined event were
censored at the time of the last assessment. Survival times
were computed according to the Kaplan-Meier method.
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Results were adjusted for breast cancer type (luminal,
HER2 or triple- negative) age at start of treatment, tumor
size, nodal involvement and inflammatory type. Breast
cancers were divided into three subtypes as defined in the
“Background” section: HER2-positive, luminal and triplenegative breast cancers.
The 94-SNP score risk was studied as a continuous
variable and subgroups were defined based on quartile
values. A relationship was examined between iDFS and
OS time and the 94-SNP score risk using Cox proportional hazard models. Differences in mean SNP score
and clinical characteristics and between breast cancer
subtypes (HER2-positive, luminal and triple-negative)
were assessed by analysis of variance (ANOVA). All statistical tests were performed using R version 3.1.2.
A post hoc power analysis using PASS 14 software
showed that our study had more than 82% power to detect a hazard ratio (HR) of 1.02 or higher for a change of
one unit of the score, considering iDFS and given the
sample size of 8703 patients and the observed event rate
of 0.118. If we consider a change of 5.48 as the unit,
which corresponds to the standard deviation, the HR
would then be 1.11.

Results
Clinico-pathological characteristics of the population and
94-SNP risk score repartition

From May 30, 2006, to December 30, 2013, 8703 assessable women with early breast cancer were included in the
SIGNAL/PHARE cohort (NCT00381901 - RECF1098).
The median OS time was 56 months (range 2.7–183,
standard deviation +/- 14.5) and the median iDFS time
was 54.3 months (range 0–183, standard deviation +/16.0). Because of the PHARE study inclusion criteria
this cohort was enriched in HER2-positive breast cancer subtypes [17] with 3199 patients (36.8%) with
HER2-positive breast cancer. Clinical characteristics
are summarized in Table 1. All 94 SNPs were successfully
genotyped (33 SNPs) or imputed (61 SNPs). As these
SNPs are necessary for calculating the score, no quality filtering was applied to the SNP imputation. The 94-SNP
risk median value was 77.5 (range 58.1–97.6) (Fig. 2). The
distribution of the risk score among the population was
considered as normal.
Relationship between SNP risk score and prognosis
factors

The 94-SNP risk score was not associated with any of
the usual prognosis factors (Table 2). The age at breast
cancer diagnosis was not correlated with the 94-SNP risk
score (p = 0.18). The size of the tumor, the nodal status,
the SBR grade and the inflammatory status were not associated with the 94-SNP risk score (p > 0.05).
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Predictive factors and breast cancer subtypes

There was no consistent association between the 94SNP risk score and ER status, PR status or HER2 status
(Table 2). The 94-SNP risk score was not correlated with
the three clinical subtypes of breast cancer - triplenegative breast cancer, HER2-positive breast cancer and
hormone-receptor-positive HER2-negative breast cancer
(Fig. 3).
Outcomes (OS and iDFS)

No relationship was found between survival endpoints
and the 94-SNP risk score. No evidence of difference in
terms of iDFS or OS between patients in the different
quartiles of 94-SNP risk score was observed (Fig. 4); with
a p value of 0.26 for iDFS at and a HR of 0.993 (95% CI
0.981–1.005). For OS, the p value was 0.88 and the HR
was 1.001 (95%CI 0.982–1.022).

Discussion
We have evaluated the prognostic value of a 94-SNP risk
score in 8703 patients with early breast cancer included
in the PHARE and SIGNAL prospective case cohort
(NCT00381901 – RECF1098). This score was not associated with prognostic and predictive factors commonly
used in the clinical routine, and was similarly unrelated
to breast cancer subtypes. Moreover, the 94-SNP risk
score did not predict outcomes. The analysis of this
large cohort did not detect any association between iDFS
and the 94-SNP score although the study had more than
82% power to detect a HR of 1.02 or higher. A previous
GWAS [19] has already suggested that survival may be
associated with a different set of SNPs to those that influence breast cancer susceptibility. If we hypothesize
that prognosis and subtype of breast cancer are determined by constitutional genetic factors, variants associated with breast cancer subtypes and prognosis may be
different from variants involved in the risk of developing
breast cancer. Tumoral characteristics and age at diagnosis were superimposable between patients at high and
low risk. Even if we assume that patients with family history of breast cancer may have a higher genetic risk
score, breast cancer characteristics and outcomes of
these high-risk patients are similar to others. Genetic
history has already provided such an example: BRCA1
and BRCA2 gene mutations significantly increase the
risk of developing breast cancer; however, outcomes of
carriers seem to be similar to those with sporadic breast
cancer [20–26]. For each individual, we calculated a 94SNP score by adding the number of breast cancer riskincreasing alleles across 94 known breast cancer SNPs.
All variants are equally weighted. BRCA1/2 variants,
which are rare and confer high risk of cancer, are not included in the 94-SNP score. Risk scores are generally
calculated this way [3, 7]; however, these points can be
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Table 1 Clinico-pathological characteristics of the patients
(n = 8703)

Table 1 Clinico-pathological characteristics of the patients
(n = 8703) (Continued)

Characteristics

HER2-positive breast
cancer

Number of
patients,
or median (range)

Percentage of
the study population

53.7 (21.8–90.9)

NA

T1

4042

46

T2

3416

39

T3–T4

1074

12

missing data

171

2

N0

4593

53

N1

3052

35

N2

575

7

37

34

0.4

recurrences

1025

12

deaths

missing data

Age, years
median (range)

3199

Outcomes

Size of tumor

423

5

- related to breast cancer

359

4

- unrelated to breast cancer

64

0.7

SBR Scarff-Bloom-Richardson, HER2 human epidermal growth factor receptor 2,
NA not applicable

Nodal status

N3

219

3

missing data

264

3

I

689

8

II

4034

46

III

3730

43

missing data

250

3

yes

317

4

no

8201

94

missing data

185

2

right

4197

48

left

4347

50

SBR grade

Inflammatory breast cancer

Laterality

bilateral

76

1

missing data

83

1

2468

28

considered as limits. Furthermore, we did not apply any
quality filtering for imputed SNPs. There may be very
minor error in calculating the overall risk score when including poorly imputed SNPs, but this impact should be
minor considering the number of SNPs involved.
The first studies for identification of variants associated
with prognosis in breast cancer investigated polymorphisms
of candidate genes involved in oncogenesis, such as Plasminogen activator inhibitor-1 gene [27, 28], VEGF [29],
TP53 [30] or Cycline D1 genes [31] and suggested links between some gene variants and breast cancer prognosis. Recently, GWAS have focused on associations between
inherited germline genetic variants and breast cancer outcomes. They have identified SNPs that may influence breast
cancer prognosis [28, 32–34]. Around 60 variants have
been described to date as potentially correlated with breast
cancer outcomes [35]. Most of them are involved in pathways playing fundamental roles in oncogenesis such as cell
cycle control, cell adhesion or DNA repair [35, 36].

Estrogen receptor status
negative
positive

6191

71

missing data

44

0.5

3717

43

Progesterone receptor status
negative
positive

4908

56

missing data

78

1

negative

5504

63

positive

3199

37

triple-negative breast
cancer

1115

13

luminal breast cancer

4355

50

HER2 status

Breast cancer subtypes
Fig. 2 The 94-SNP risk score repartition among the breast cancer
patient population: normal distribution. SNP single
nucleotide polymorphism
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Table 2 Association between clinico-pathological characteristics
and 94-SNP risk score: no significant correlation
Characteristics

P value

Age

0.24

Size of tumor

0.58

Nodal status

0.61

SBR grade

0.89

Inflammatory breast cancer

0.92

Laterality

0.32

ER status

0.77

PR status

0.72

HER2 status

0.49

Breast cancer subtypes

0.79

SBR Scarff-Bloom-Richardson, ER estrogen receptor, PR progesterone receptor,
HER2 human epidermal growth factor receptor 2

However, in a cohort of over 37,000 patients with breast
cancer, none of the 62 studied variants showed significant
association with outcomes [35, 37–42]. From these 62 variants, only one (rs2981582, in FGFR2 on chromosome 10) is
used in our 94-SNP score. It has been identified as possibly
associated with outcomes in breast cancer, with a HR (90%
CI) of 1.09 (1.04–1.14) [35]. This variant reached nominal
significance (p < 0.05) but did not reach genome-wide significance (p < 5 × 10−8) [35]. Preliminary analyses in our

GWAS study do not indicate that this variant is associated
with outcomes (unpublished data). This lack of evidence
can be explained by limited statistical power, or that germline genetic polymorphisms may not impact the natural history of breast cancer, once the cancer is present.
Regarding breast cancer subtype, there is more evidence that susceptibility loci are associated with specific
breast cancer subtypes. In 2011, the Breast Cancer Association Consortium identified six loci associated with ER
+ breast cancer, four loci associated with triple-negative
tumors and two loci associated with basal-like tumors
[43]. These variants were included in the present analyses. The SIGNAL/PHARE cohort confirmed the association between FGFR2 locus and ER+ tumors, further
restricting this association with HER2-negative breast
tumors [44]. In our study, the 94-SNP risk score was not
associated with specific breast cancer subtypes.
In clinical practice, there is a need to identify prognostic
factors that can predict the risk of tumor recurrence. To accurately determine the prognosis of a patient is crucial and
can also help to stratify patients in clinical trials assessing
new therapies. Finding predictive factors that are associated
with response or failure to a treatment and thus help to
identify the most effective therapy remains the ultimate
challenge to provide patients with personalized medicine.
With regard to this aim, gene expression signatures

Fig. 3 No correlation between the 94-SNP risk score and pathological subtype of breast cancer. SNP single nucleotide polymorphism, ER estrogen
receptor, HER2 human epidermal growth factor, ANOVA analysis of variance
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Fig. 4 Survival according to 94-SNP risk score quartiles. a Disease-free survival. b Overall survival. No relationship between invasive-disease-free
survival (iDFS) or overall survival (OS) and the 94-SNP risk score. The p value and hazard ratio (HR) is from the test of trend from quartile (Q) 1 to
quartile 4. SNP single nucleotide polymorphism

assessed on tumor tissue, such as the 21-gene recurrence
score assay Oncotype DX®, Mammaprint®, EndoPredict® or
PAM50®, are of interest. They estimate the risk of distant
recurrence and Oncotype DX® also predicts the magnitude
of benefit of adjuvant chemotherapy for patients with earlystage breast cancer [45–49]. Genes involved in this signature are different from those used in the 94-SNP score.
Genetic variants and scores based on SNPs may be of interest in clinical routine if they provide prognostic and predictive information [50, 51]. GWAS in very large case
cohorts of patients with available complete clinical data
provide the opportunity to identify prognostic and predictive variants usable in clinical practice. The SIGNAL/
PHARE database will also allow the investigation of clinical
endpoints such as iDFS. The SIGNAL trial is the first large
prospective clinical study whose primary objective was to
identify prognostic and predictive genetic variants in early
breast cancer. We are currently expanding our analyses, in
order to search for SNPs associated with prognostic and
predictive factors, eventually combined in a polygenic risk
score as described for breast cancer risk, which could be of
interest in routine clinical practice. Further stratifying patients based on their potential to respond to treatment will
help optimize adjuvant regimens, if indeed they are
necessary.

Conclusion
A score built with 94 SNPs can be used to stratify women
with respect to their risk of developing breast cancer. In a
prospective cohort of 8703 patients, this score is not

associated with breast cancer characteristics, cancer subtypes or patients’ outcomes (iDFS and OS). If we
hypothesize that prognosis and subtypes of breast cancer
are determined by constitutional genetic factors, we suggest that inherited variants associated with breast cancer
subtypes and prognosis may be different from variants involved in the risk of developing breast cancer.
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Abbreviations
ANOVA: Analysis of variance; ER: Estrogen receptor; GWAS: Genome-wide
association study; HER2: Human epidermal growth factor receptor 2;
HR: Hazard ratio; iDFS: Invasive disease-free survival; OS: Overall survival;
PR: Progesterone receptor; SBR: Scarff-Bloom-Richardson; SNP(s): Single
nucleotide polymorphism(s); TNM: Tumor, node, metastasis
Acknowledgements
Not applicable.
Funding
This work has fully been funded by the sponsor of the study, l’Institut
National du Cancer, France (INCa).
Availability of data and materials
The dataset supporting the conclusions of this article is not publicly
available. The data belong to the French National Cancer Institute (INCa;
Institut National du Cancer). Collaboration projects are welcome.

Curtit et al. Breast Cancer Research (2017) 19:98

Authors’ contributions
Conception and design: all co-authors. Development of methodology: EC,
XP, JH, SPB, IP, JFD, GT and DC. Acquisition of data (acquired and managed
patients, provided facilities, etc.): XP, PF, MR, HB, TB, PS, CJ, HB, TP, IT, DA,
MCM, JPJ, SLD, ADJ, JMF, CT, CL, VD, VTL, OC, JM, JYP, CFM, MS, AB, DB, CB,
GT and GR. Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): EC, XP, JH, SPB, DC, HB and JFD. Writing, review, and/or revision of the manuscript: all co-authors. Administrative,
technical, or material support (i.e., reporting or organizing data, constructing
databases): IP and CFM. Study supervision: DC, EC and XP. All authors read
and approved the final manuscript.
Authors’ information
Not applicable.
Ethics approval and consent to participate
This study was approved by the ethics committee of the University Hospital
of Besançon. All study participants signed an informed consent form.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Hôpital Jean-Minjoz, Centre Hospitalier Universitaire, UMR 1098
INSERM-EFS-Université de Bourgogne Franche-Comté, Boulevard Fleming,
25000 Besançon, France. 2Centre Hospitalier Universitaire, Unité de
Méthodologie et de Qualité de Vie en Cancérologie, 2 place St Jacques,
25000 Besançon, France. 3Georges-François Leclerc, 1 Rue du Professeur
Marion, 21000 Dijon, France. 4Institut de Cancérologie de Lorraine - Alexis
Vautrin, département d’Oncologie Médicale, 6, avenue de Bourgogne, 54511
Vandoeuvre Les Nancy Cedex, France. 5Institut Bergonié, Département
d’Oncologie Médicale, 229 Cours de l’Argonne, 33000 Bordeaux, France.
6
Centre Léon Bérard, Département de Cancérologie Médicale, 28 rue
Laënnec, Lyon Cedex 08, France. 7Institut de Cancérologie de l’Ouest, Service
Oncologie Médicale, 2 rue Moll, 49993 Angers Cedex 09, France. 8Institut
Jean Godinot, Service Oncologie Médicale, 1 rue du Général Koenig, 51056
Reims cedex, France. 9Clinique Victor Hugo-Centre Jean Bernard, 18 rue
Victor Hugo, 72015 Le Mans Cedex 2, France. 10Centre Paul Strauss, Service
d’Oncologie Médicale, 3 rue de la Porte de l’Hôpital, 67065 Strasbourg
Cedex, France. 11Centre Henri Becquerel, rue d’Amiens, 76038 Rouen, France.
12
Institut Daniel Hollard, Service Oncologie Médicale, 8 rue du Docteur
Calmette, 38028 Grenoble Cedex 01, France. 13Institut Gustave Roussy,
Comité de Pathologie mammaire, 39 rue Camille Desmoulins, 94805 Villejuif
Cedex, France. 14Institut de Cancérologie Lucien Neuwirth, Service Oncologie
Médicale, 108 bis avenue Albert Raimond, 42270 Saint Priest en Jarez, France.
15
Centre Hospitalier de Limoges, Service d’Oncologie Médicale, 2 avenue
Martin Luther King, 87042 Limoges Cedex, France. 16Clinique Drévon, Centre
d’oncologie et de radiothérapie du Parc, 18 cours du général de Gaulle,
21000 Dijon, France. 17Centre Antoine Lacassagne, Département Oncologie
Médicale, 33 avenue de Valombrose, 06189 Nice Cedex 02, France. 18Institut
Paoli-Calmettes, Département d’Oncologie Médicale, 232 Boulevard de
Sainte-Marguerite, 13009 Marseille, France. 19Centre François Baclesse, 3
avenue du Général Harris, 14076 Caen Cedex 5, France. 20Centre Etienne
Dolet, Pôle Mutualiste, Service Oncologie Médicale, 11 boulevard Georges
Charpak, 44606 Saint Nazaire, France. 21Centre Hospitalier Lyon Sud, Service
d’Oncologie Médicale, 165 chemin du Grand Revoyet, 69495 Pierre-Benite
Cedex, France. 22Centre Hospitalier Le Mans, Service d’Onco-Hématologie et
Médecine interne, 194 avenue Rubillard, 72037 Le Mans Cedex, France.
23
Centre Hospitalier Régional d’Orléans, Service d’Oncologie médicale, 1 rue
Porte Madeleine, 45032 Orleans Cedex 1, France. 24Institut Curie, Department
of Medical Oncology, 26 rue d’Ulm, 75248 Paris Cedex 05, France. 25Centre
Eugène Marquis, Service Oncologie médicale, Rue de la Bataille
Flandres-Dunkerque, CS 44229, 35042 Rennes Cedex, France. 26Institut
National du Cancer, Direction de la Recherche, 52 avenue Morizet, 92513

Page 8 of 9

Boulogne-Billancourt, France. 27Centre d’Etudes du Polymorphisme Humain,
27 rue Juliette Dodu, 75010 Paris, France. 28Centre National du Génotypage,
2 rue Gaston Crémieux, CP 5721, 91057 Evry Cedex, France. 29Synergie Lyon
Cancer, Centre Léon Bérard, 28 rue Laënnec, Lyon Cedex 08, France.
30
Oncologie Sénologie, ICM Institut Régional du Cancer, 34298 Montpellier
Cedex, France. 31Centre de Recherche en Cancérologie de Lyon, INSERM
U1052 - Centre Léon Bérard, 28 rue Laennec, 69373 Lyon, France.
32
Department of Medical Oncology, University Hospital Jean Minjoz, 3,
boulevard Alexandre Fleming, 25030 Besancon Cedex, France.
Received: 24 May 2016 Accepted: 4 August 2017

References
1. Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA, Harshman K, Tavtigian S, et
al. A strong candidate for the breast and ovarian cancer susceptibility gene
BRCA1. Science. 1994;266:66–71.
2. Wooster R, Neuhausen SL, Mangion J, Quirk Y, Ford D, Collins N, et al.
Localization of a breast cancer susceptibility gene, BRCA2, to chromosome
13q12-13. Science. 1994;265:2088–90.
3. Mavaddat N, Antoniou AC, Easton DF, Garcia-Closas M. Genetic
susceptibility to breast cancer. Mol Oncol. 2010;4:174–91.
4. Hernández JEL, Llacuachaqui M, Palacio GV, Figueroa JD, Madrid J, Lema M, et
al. Prevalence of BRCA1 and BRCA2 mutations in unselected breast cancer
patients from Medellín, Colombia. Hered Cancer Clin Pract. 2014;12:11.
5. Easton DF, Pharoah PDP, Antoniou AC, Tischkowitz M, Tavtigian SV,
Nathanson KL, et al. Gene-panel sequencing and the prediction of breastcancer risk. N Engl J Med. 2015;372:2243–57.
6. Melchor L, Benítez J. The complex genetic landscape of familial breast
cancer. Hum Genet. 2013;132:845–63.
7. Michailidou K, Beesley J, Lindstrom S, Canisius S, Dennis J, Lush MJ, et
al. Genome-wide association analysis of more than 120,000 individuals
identifies 15 new susceptibility loci for breast cancer. Nat Genet. 2015;
47:373–80.
8. Dorling L, Barnett GC, Michailidou K, Coles CE, Burnet NG, Yarnold J, et al.
Patients with a high polygenic risk of breast cancer do not have an
increased risk of radiotherapy toxicity. Clin. Cancer Res. [Internet]. 2015
[cited 2016 Feb 9]. Available from: http://clincancerres.aacrjournals.org/cgi/
doi/10.1158/1078-0432.CCR-15-1080
9. Rakha EA. Pitfalls in outcome prediction of breast cancer. J Clin Pathol.
2013;66:458–64.
10. Jacot W, Gutowski M, Azria D, Romieu G. Adjuvant early breast cancer
systemic therapies according to daily used technologies. Crit Rev Oncol
Hematol. 2012;82:361–9.
11. Martín M, González Palacios F, Cortés J, de la Haba J, Schneider J.
Prognostic and predictive factors and genetic analysis of early breast cancer.
Clin Transl Oncol Off Publ Fed Span Oncol Soc Natl Cancer Inst Mex. 2009;
11:634–42.
12. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M,
Thürlimann B, et al. Personalizing the treatment of women with early breast
cancer: highlights of the St Gallen International Expert Consensus on the
Primary Therapy of Early Breast Cancer 2013. Ann Oncol Off J Eur Soc Med
Oncol ESMO. 2013;24:2206–23.
13. McCutcheon S, Cardoso F. Challenges in optimizing care in advanced breast
cancer patients: results of an international survey linked to the ABC1
consensus conference. Breast Edinb Scotl. 2015;24:623–9.
14. Hortobagyi GN. Trastuzumab in the treatment of breast cancer. N Engl J
Med. 2005;353:1734–6.
15. Foulkes WD, Smith IE, Reis-Filho JS. Triple-negative breast cancer. N Engl J
Med. 2010;363:1938–48.
16. Ades F, Zardavas D, Bozovic-Spasojevic I, Pugliano L, Fumagalli D, de
Azambuja E, et al. Luminal B breast cancer: molecular characterization,
clinical management, and future perspectives. J Clin Oncol Off J Am Soc
Clin Oncol. 2014;32:2794–803.
17. Pivot X, Romieu G, Debled M, Pierga J-Y, Kerbrat P, Bachelot T, et al. 6
months versus 12 months of adjuvant trastuzumab for patients with HER2positive early breast cancer (PHARE): a randomised phase 3 trial. Lancet
Oncol. 2013;14:741–8.
18. Gourgou-Bourgade S, Cameron D, Poortmans P, Asselain B, Azria D, Cardoso
F, et al. Guidelines for time-to-event end point definitions in breast cancer
trials: results of the DATECAN initiative (Definition for the Assessment of

Curtit et al. Breast Cancer Research (2017) 19:98

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Time-to-event Endpoints in CANcer trials). Ann Oncol Off J Eur Soc Med
Oncol. 2015;26:2505–6.
Fasching PA, Pharoah PDP, Cox A, Nevanlinna H, Bojesen SE, Karn T, et al.
The role of genetic breast cancer susceptibility variants as prognostic
factors. Hum Mol Genet. 2012;21:3926–39.
Marcus JN, Watson P, Page DL, Narod SA, Lenoir GM, Tonin P, et al.
Hereditary breast cancer: pathobiology, prognosis, and BRCA1 and BRCA2
gene linkage. Cancer. 1996;77:697–709.
Gaffney DK, Brohet RM, Lewis CM, Holden JA, Buys SS, Neuhausen SL, et al.
Response to radiation therapy and prognosis in breast cancer patients with
BRCA1 and BRCA2 mutations. Radiother Oncol J Eur Soc Ther Radiol Oncol.
1998;47:129–36.
Robson M. Are BRCA1- and BRCA2-associated breast cancers different?
Prognosis of BRCA1-associated breast cancer. J Clin Oncol Off J Am Soc Clin
Oncol. 2000;18:113S–8.
van den Broek AJ, Schmidt MK, v ’t Veer LJ, Tollenaar RAEM, van Leeuwen
FE. Worse breast cancer prognosis of BRCA1/BRCA2 mutation carriers:
what’s the evidence? A systematic review with meta-analysis. PLoS One.
2015;10:e0120189.
Goodwin PJ, Phillips K-A, West DW, Ennis M, Hopper JL, John EM, et al.
Breast cancer prognosis in BRCA1 and BRCA2 mutation carriers: an
International Prospective Breast Cancer Family Registry population-based
cohort study. J Clin Oncol Off J Am Soc Clin Oncol. 2012;30:19–26.
Roukos DH. Prognosis of breast cancer in carriers of BRCA1 and BRCA2
mutations. N Engl J Med. 2007;357:1555–6. author reply 1556.
Baretta Z, Mocellin S, Goldin E, Olopade OI, Huo D. Effect of BRCA germline
mutations on breast cancer prognosis: a systematic review and metaanalysis. Medicine (Baltimore). 2016;95:e4975.
Zhang X, Shu X-O, Cai Q, Ruan Z, Gao Y-T, Zheng W. Functional
plasminogen activator inhibitor-1 gene variants and breast cancer survival.
Clin Cancer Res Off J Am Assoc Cancer Res. 2006;12:6037–42.
Shu XO, Long J, Lu W, Li C, Chen WY, Delahanty R, et al. Novel genetic
markers of breast cancer survival identified by a genome-wide association
study. Cancer Res. 2012;72:1182–9.
Lu H, Shu X-O, Cui Y, Kataoka N, Wen W, Cai Q, et al. Association of genetic
polymorphisms in the VEGF gene with breast cancer survival. Cancer Res.
2005;65:5015–9.
Toyama T, Zhang Z, Nishio M, Hamaguchi M, Kondo N, Iwase H, et al.
Association of TP53 codon 72 polymorphism and the outcome of adjuvant
therapy in breast cancer patients. Breast Cancer Res. 2007;9:R34.
Bewick MA, Conlon MSC, Lafrenie RM. Polymorphisms in XRCC1, XRCC3,
and CCND1 and survival after treatment for metastatic breast cancer. J Clin
Oncol Off J Am Soc Clin Oncol. 2006;24:5645–51.
Rafiq S, Tapper W, Collins A, Khan S, Politopoulos I, Gerty S, et al.
Identification of inherited genetic variations influencing prognosis in earlyonset breast cancer. Cancer Res. 2013;73:1883–91.
Rafiq S, Khan S, Tapper W, Collins A, Upstill-Goddard R, Gerty S, et al. A
genome wide meta-analysis study for identification of common variation
associated with breast cancer prognosis. Miao X, editor. PLoS ONE. 2014;9:
e101488.
Bayraktar S, Thompson PA, Yoo S-Y, Do K-A, Sahin AA, Arun BK, et al. The
relationship between eight GWAS-identified single-nucleotide
polymorphisms and primary breast cancer outcomes. Oncologist. 2013;18:
493–500.
Pirie A, Guo Q, Kraft P, Canisius S, Eccles DM, Rahman N, et al. Common
germline polymorphisms associated with breast cancer-specific survival.
Breast Cancer Res. 2015;17:58.
Woltmann A, Chen B, Lascorz J, Johansson R, Eyfjörd JE, Hamann U, et al.
Systematic pathway enrichment analysis of a genome-wide association
study on breast cancer survival reveals an influence of genes involved in
cell adhesion and calcium signaling on the patients’ clinical outcome.
Wanjin H, editor. PLoS ONE. 2014;9:e98229.
Azzato EM, Pharoah PDP, Harrington P, Easton DF, Greenberg D, Caporaso
NE, et al. A Genome-wide association study of prognosis in breast cancer.
Cancer Epidemiol Biomarkers Prev. 2010;19:1140–3.
Eriksson N, Benton GM, Do CB, Kiefer AK, Mountain JL, Hinds DA, et al.
Genetic variants associated with breast size also influence breast cancer risk.
BMC Med Genet. 2012;13:1.
Purrington KS, Slettedahl S, Bolla MK, Michailidou K, Czene K, Nevanlinna H,
et al. Genetic variation in mitotic regulatory pathway genes is associated
with breast tumor grade. Hum Mol Genet. 2014;23:6034–46.

Page 9 of 9

40. kConFab Investigators, NBCS Investigators, Pirie A, Guo Q, Kraft P, Canisius S,
et al. Common germline polymorphisms associated with breast cancerspecific survival. Breast Cancer Res. [Internet]. 2015 [cited 2016 Feb 9];17.
Available from: http://breast-cancer-research.com/content/17/1/58
41. Kiyotani K, Mushiroda T, Tsunoda T, Morizono T, Hosono N, Kubo M, et al. A
genome-wide association study identifies locus at 10q22 associated with
clinical outcomes of adjuvant tamoxifen therapy for breast cancer patients
in Japanese. Hum Mol Genet. 2012;21:1665–72.
42. Guo Q, Schmidt MK, Kraft P, Canisius S, Chen C, Khan S, et al. Identification
of novel genetic markers of breast cancer survival. J Natl Cancer Inst. 2015;
107:djv081.
43. Broeks A, Schmidt MK, Sherman ME, Couch FJ, Hopper JL, Dite GS, et al.
Low penetrance breast cancer susceptibility loci are associated with specific
breast tumor subtypes: findings from the Breast Cancer Association
Consortium. Hum Mol Genet. 2011;20:3289–303.
44. Cox DG, Curtit E, Romieu G, Fumoleau P, Rios M, Bonnefoi H, et al. GWAS in
the SIGNAL/PHARE clinical cohort restricts the association between the
FGFR2 locus and estrogen receptor status to HER2-negative breast cancer
patients. Oncotarget. 2016;7:77358–64.
45. Paik S, Tang G, Shak S, Kim C, Baker J, Kim W, et al. Gene expression and
benefit of chemotherapy in women with node-negative, estrogen receptorpositive breast cancer. J Clin Oncol Off J Am Soc Clin Oncol. 2006;24:3726–34.
46. Kelly CM, Warner E, Tsoi DT, Verma S, Pritchard KI. Review of the clinical
studies using the 21-gene assay. Oncologist. 2010;15:447–56.
47. Gligorov J, Pivot XB, Jacot W, Naman HL, Spaeth D, Misset J-L, et al. Prospective
clinical utility study of the use of the 21-gene assay in adjuvant clinical
decision making in women with estrogen receptor-positive early invasive
breast cancer: results from the SWITCH study. Oncologist. 2015;20:873–9.
48. Cardoso F, van’t Veer LJ, Bogaerts J, Slaets L, Viale G, Delaloge S, et al. 70Gene signature as an aid to treatment decisions in early-stage breast
cancer. N Engl J Med. 2016;375:717–29.
49. Curtit E, Mansi L, Maisonnette-Escot Y, Sautière J-L, Pivot X. Prognostic and
predictive indicators in early-stage breast cancer and the role of genomic
profiling: focus on the Oncotype DX(®) Breast Recurrence Score Assay. Eur J
Surg Oncol J Eur Soc Surg Oncol Br Assoc Surg Oncol. 2017;43:921–30.
50. Pharoah PDP, Antoniou AC, Easton DF, Ponder BAJ. Polygenes, risk
prediction, and targeted prevention of breast cancer. N Engl J Med. 2008;
358:2796–803.
51. Barrdahl M, Canzian F, Lindström S, Shui I, Black A, Hoover RN, et al.
Association of breast cancer risk loci with breast cancer survival. Int J
Cancer. 2015;137:2837–45.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

