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ABSTRACT

Large-scale genotyping studies have identified over 70 single

nucleotide polymorphisms (SNPs) associated with breast can-

cer (BC) risk. However, knowledge regarding genetic risk fac-

tors associated with the prognosis is limited. The aim of this

study was therefore to investigate the prognostic effect of

nine known breast cancer risk SNPs. BC patients (n = 1687)

randomly sampled in an adjuvant, randomized phase III trial

(SUCCESS A study) were genotyped for nine BC risk SNPs:

rs17468277(CASP8), rs2981582(FGFR2), rs13281615(8q24),

rs3817198(LSP1), rs889312(MAP3K1), rs3803662(TOX3),

rs13387042(2q35), rs4973768(SLC4A7), rs6504950(COX11).

Cox proportional hazards models were used to test the SNPsʼ

association with overall survival (OS) and progression-free

survival (PFS). Additional analyses were carried out for molec-

ular subgroups. rs3817198 in LSP1 (lymphocyte-specific pro-

tein 1) was the only SNP that significantly influenced OS

(p = 0.01) and PFS (p < 0.01) in the likelihood ratio test com-

paring the genetic survival model with the clinical survival

model. In the molecular subgroups, triple-negative patients

with two minor alleles in rs3817198 had a much better prog-

nosis relative to OS (adjusted HR 0.03; 95% CI 0.002–0.279)

and PFS (HR 0.09; 95% CI 0.02–0.36) than patients with the

common alleles. The same effect on PFS was shown for pa-

tients with luminal A tumors (HR 0.19; 95% CI 0.05–0.84),

whereas patients with luminal B tumors had a poorer PFS with

two minor alleles (HR 2.13; 95% CI 1.02–4.40). The variant in

rs3817198 has a prognostic effect particularly in the sub-

group of patients with triple-negative BC, suggesting a possi-

ble link with immunomodulation and BC.

ZUSAMMENFASSUNG

In verschiedenen großangelegten Studien, in denen umfang-

reiche Genotypisierungsstudien vorgenommen wurden, wur-

den bislang über 70 Einzelnukleotid-Polymorphismen (SNPs)

identifiziert, die mit einem erhöhten Brustkrebsrisiko einher-

gehen. Aber das Wissen über die mit der Prognose assoziier-

ten Risikofaktoren wächst weniger schnell. Ziel dieser Studie

war es daher, die Auswirkungen von 9 bekannten Brustkrebs-

risiko-SNPs auf die Prognose zu untersuchen. In einer adjuvan-

ten randomisierten Phase-III-Studie (SUCCESS A-Studie) wur-

den Brustkrebspatientinnen (n = 1687) einer Genotypisierung

unterzogen. Die Patientinnen waren zuvor nach dem Zufalls-

prinzip ausgewählt worden. Bei der Genotypisierung standen

9 Brustkrebsrisiko-SNPs im Mittelpunkt: rs17468277(CASP8),

rs2981582(FGFR2), rs13281615(8q24), rs3817198(LSP1),

rs889312(MAP3K1), rs3803662(TOX3), rs13387042(2q35),

rs4973768(SLC4A7), rs6504950(COX11). Zur Überprüfung

des Zusammenhangs zwischen SNP und Gesamtüberleben

(OS) bzw. progressionsfreiem Überleben (PFS) wurde eine

Cox-Regressionsanalyse durchgeführt. Molekulare Untergrup-

pen wurden einer weiteren Analyse unterzogen. rs3817198 in

LSP1 (Lymphozyten-spezifisches Protein 1) war der einzige

SNP, für den im Likelihood-Ratio-Test, der das genetische

Überlebensmodell mit dem klinischen Überlebensmodell ver-

glich, eine signifikante Auswirkung auf das Gesamtüberleben

(p = 0,01) und das progressionsfreie Überleben (p < 0,01) fest-

gestellt wurde. In den molekularen Untergruppen hatten tri-

ple-negative Patientinnen mit 2 seltenen Allelen in rs3817198

eine viel bessere Prognose im Hinblick auf ihr Gesamtüber-

leben (adjustierte HR 0,03; 95%-KI 0,002–0,279) und ihr pro-

gressionsfreies Überleben (HR 0,09; 95%-KI 0,02–0,36), ver-

glichen mit Patientinnen, welche die häufig vorkommenden

Allele aufwiesen. Dieselbe Auswirkung auf das progressions-

freie Überleben fand sich auch bei Patientinnen mit Brust-

krebs vom Luminal-A‑Typ (HR 0,19; 95%-KI 0,05–0,84), wäh-

rend Patientinnen mit Brustkrebs vom Typ Luminal-B und 2

seltenen Allelen ein geringeres progressionsfreies Überleben

aufwiesen (HR 2,13; 95%-KI 1,02–4,40). Die Variante in

rs3817198 hatte besonders auf die Untergruppe von Patien-

tinnen mit triple-negativem Brustkrebs eine prognostische

Auswirkung, was auf eine mögliche Assoziation zwischen Im-

munmodulation und Brustkrebs hindeutet.
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Abbreviations

BCAC Breast Cancer Association Consortium
BMI Body mass index
BSA Body surface area
CI Confidence intervals
ER Estrogen receptor
FEC Fluorouracil, epirubicin and cyclophosphamide
GWAS Genome-wide association study
HER2 Human epidermal growth factor receptor 2
HR Hazard ratio
OR Odds ratio
OS Overall survival
PCR Polymerase chain reaction
PFS Progression-free survival
PR Progesterone receptor
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SND Sentinel-node dissection
SNP Single nucleotide polymorphism
Introduction

Since the publication of the reference genome, several molecular
biomarkers have been described for predicting either the progno-
sis or the drug response in patients with breast cancer. Most of
these biomarkers involve gene expression in the tumor and genet-
ic alterations in the tumor and the host [1–4]. Both mutation pat-
terns in the tumor [4] and germline genetic polymorphisms [3,5]
are now being considered for translation into clinical use.

This article focuses on an analysis of confirmed genetic risk fac-
tors for breast cancer and their influence on the prognosis in a co-
hort of breast cancer patients treated with chemotherapy. There
is growing evidence that inherited genetic variants can have an
Hein A et al. Genetic Breast Cancer… Geburtsh Frauenheilk 2017; 77: 651–659



impact on the prognosis in breast cancer patients. This may be ex-
plained by at least two different mechanisms. Firstly, the genetic
background in the host may result in variation in drug-response
phenotypes involving the metabolism, transportation, and elimi-
nation of the drugs used – phenomena investigated in the field
known as pharmacogenetics [3,5] – with the variations affecting
both the efficacy and the toxicity of a drug. Alternatively, the ge-
netic background of the host might influence the molecular path-
ogenesis of the developing tumor. Large case–control and case–
case studies have shown that inherited single nucleotide
polymorphisms (SNPs) can have an influence on both the molec-
ular biology of the tumor and the prognosis of the patient [1, 6–
10].

The Breast Cancer Association Consortium (BCAC) has identi-
fied and validated several SNPs which are associated with breast
cancer risk [11–16]. Nine of these eleven SNPs were identified by
validating results from genome-wide association studies, and two
were identified through gene studies. It has also been noted that
rarer susceptibility variants for breast cancer, notably the CHEK2
1100delC mutation, are associated with poorer survival [17,18].

We have previously shown that some of these genetic
polymorphisms are prognostic factors in heterogeneously treated
cohorts of breast cancer patients [9]. One of the limitations with
studies of large heterogeneously treated cohorts is the limited
ability to interpret the results relative to the clinical setting, due
to the heterogeneity of the diagnostic methods used for molecu-
lar subtypes and the different treatments administered. The aim
in the present study was therefore to assess the prognostic effect
of these genetic polymorphisms in a larger random subsample
from a prospectively randomized breast cancer chemotherapy tri-
al. Analyses were also performed to assess the prognostic effect in
commonly accepted molecular subtypes of breast cancer.
Materials and Methods

Patients and treatment

The patients included in this analysis were selected from among
participants in the SUCCESS A study, an adjuvant phase III ran-
domized open-label trial. Patients were eligible if they had a histo-
logically confirmed invasive breast cancer (pT1–3) with an in-
creased risk for recurrence, defined as being either node-positive,
or with a large tumor (≥ pT2 and grade 3) or negative hormone-
receptor status. Hormone receptor status was defined positive
when ≥ 10% of cells were positively stained for estrogen and/or
progesterone receptor). The multicenter SUCCESS A study was
conducted in 251 study centers comprised of academic and non-
academic cancer centers, specialist hospitals, and outpatient clin-
ics in all regions of Germany. The main study and all of the pre-
specified translational research projects, including the one re-
ported on here, were approved by the ethics committees respon-
sible and informed consent was obtained from all of the individual
participants included in the study.

Patients in the SUCCESS A study were treated with three cycles
of fluorouracil, epirubicin, and cyclophosphamide (FEC; 500/100/
500mg/m2 body surface area, BSA) followed by three cycles of
docetaxel (100mg/m2 BSA) every 3 weeks (q3w), vs. three cycles
Hein A et al. Genetic Breast Cancer… Geburtsh Frauenheilk 2017; 77: 651–659
of FEC followed by three cycles of gemcitabine (1000mg/m2 BSA,
d 1, 8) and docetaxel (75mg/m2 BSA) q3w, not reported on here.
Following the completion of chemotherapy, the patients were fur-
ther randomly assigned to receive either two or five years of zole-
dronic acid treatment. Premenopausal hormone receptor-positive
women received tamoxifen alone or in combination with goserelin
for 2 years if they were under 40 years of age. Postmenopausal pa-
tients were treated with tamoxifen for 2 years, followed by anas-
trozole for 3 years.

The primary surgery consisted of either breast conservation or
mastectomy, leading to R0 resection in all cases. Sentinel-node
dissection (SND) was performed in all cN0 patients (with SND as
the only axillary intervention), followed by complete axillary node
dissection in patients with positive sentinel nodes. The cN1 pa-
tients received axillary node dissection primarily. Radiotherapy
was performed in accordance with national guidelines [19,20]
and was recommended in all patients who received breast-con-
serving treatment.

Biomaterial sampling and patient selection

A total of 3754 patients were randomized between September
2005 and March 2007. Whole blood samples were retrieved from
3584 patients at the time point of the randomization. To build a
nested case–control study for leukopenia as a toxicity variable
(not reported on here), 887 and 888 patients were randomly se-
lected from the group of patients with grade 3 or 4 neutropenia
and patients without grade 3 or 4 neutropenia in the first three
cycles of the chemotherapy, resulting in a sample size of 1775 pa-
tients for genotyping. Eleven patients had to be excluded due to
unintended duplication, and 77 patients had to be excluded be-
cause less than 98% of all genotyped SNPs could be called. The
final sample size for this study was therefore 1687. The flow chart
for the patient selection process is shown in Fig. S1.

SNP selection

Nine SNPs associated with a risk for breast cancer were selected
that had previously been identified through a genome-wide asso-
ciation study (GWAS) and genotyped in research mainly con-
ducted in the Breast Cancer Association Consortium (BCAC) ▶ Ta-
ble 1. Seven of these SNPs were discovered by a GWAS in which
BCAC series were used as a replication stage: rs2981582, in intron
2 of FGFR2 (per-allele odds ratio, OR, for breast cancer risk 1.26;
95% CI, 1.23 to 1.28); rs3803662, a synonymous coding SNP of
LOC643714 that lies 8 kb upstream of TOX3 (per-allele OR 1.20;
95% CI, 1.16 to 1.24); rs889312, which lies in a linkage disequili-
brium block containing theMAP3K1 gene (per-allele OR 1.13; 95%
CI, 1.10 to 1.16); rs3817198, which lies in intron 10 of LSP1 (per-
allele OR 1.07; 95% CI, 1.04 to 1.11); rs13281615 at 8q24 (per-al-
lele OR 1.08; 95% CI, 1.05 to 1.11) [13]; rs4973768, which is lo-
cated on the short arm of chromosome 3 near the potentially
causative genes SLC4A7 and NEK10 (per-allele OR 1.11; 95% CI,
1.08 to 1.13; p = 4.1 E-23) [15]; and rs6504950, which lies in in-
tron 1 of STXBP4 (per-allele OR 0.95; 95% CI, 0.92 to 0.97; p = 1.4
E-08) [15]. One SNP was identified in a study from Iceland:
rs13387042, located in 90 kb at 2q35, which contains neither
known genes nor noncoding RNAs [21] (per-allele OR 1.12; 95%
CI, 1.09 to 1.15; p = 1 E-19) [14]. One validated SNP from candi-
653



▶ Table 1 Description of the nine confirmed breast cancer risk SNPs selected.

SNP Local ID Major allele Minor allele Reference

rs2981582 FGFR2/LOC100131885; 10q26 C T [13]

rs3803662 TNRC9/TOX3/LOC643714; 16q12 C T [13]

rs889312 MAP3K1/MGC33648/MIER3; 5q11 A C [13]

rs3817198 LSP1/H19; 11p15 T C [13]

rs13281615 FAM84B/c-MYC; 8q24 A G [13]

rs4973768 SLC4A7/NEK10; 3p24 C T [15]

rs6504950 STXBP4/COX11/TOM1L1; 17q23 G A [15]

rs13387042 2q35/TNP1/IGFBP5/IGFBP2/TNS1 G A [14]

rs17468277* CASP8/ALS2CR12; 2q33–q34 C T [12]

* Merged with rs1045485

GebFra Science |Original Article
date gene studies was also included [11]: rs1045485, a nonsynon-
ymous change in CASP8 (per-allele OR 0.88; 95% CI, 0.84 to 0.92;
p = 5.7 E-07) [12]. Additional SNPs identified by the same group
were not taken into consideration in this study [10,22–26].

Genotyping

Genotyping of these nine SNPs was performed as part of an Illu-
mina GoldenGate custom panel. Genotyping was performed in
accordance with the manufacturerʼs procedures [27]. Genotype
data were excluded from analysis in accordance with the following
quality control guidelines:
1. any sample that consistently failed for > 2% of the SNPs;
2. all samples on any one plate that had a call rate < 90% for any

one SNP;
3. all genotype data for any SNP for which the overall call rate was

< 95%;
4. all genotype data for any SNP for which duplicate concordance

was < 98%.

In addition, for any SNP for which the p value for departures from
Hardy–Weinberg proportions for controls was < 0.005, clustering
of the intensity plots was reviewed manually and the data were
excluded if clustering was judged to be poor. On the basis of these
criteria, none of the selected SNPs and 77 samples had to be ex-
cluded.

Statistical analyses

Overall survival (OS) was defined as the time from the date of
diagnosis to the date of death or date of censoring. Progression-
free survival (PFS) was defined as the time from diagnosis to the
date of first progression (distant metastasis, local recurrence, or
death) or the date of censoring. Patients who were lost to follow-
up were censored at the last date they were known to be alive and
progression-free, respectively.

Survival analyses for OS and PFS, respectively, were performed
as described below to investigate the prognostic value of each
SNP (homozygous common, heterozygous, homozygous rare), in
addition to the well-known prognostic factors age at diagnosis
(continuous), body mass index (BMI; continuous), pT (ordinal),
654
ER (positive vs. negative), PR (positive vs. negative), human epi-
dermal growth factor receptor 2 (HER2; positive vs. negative),
grading (ordinal; G1, G2, G3), nodal status (positive vs. negative),
and tumor type (ductal, lobular, other). Patients with missing out-
come variables were excluded. Missing predictor values were im-
puted as previously described [28]. Continuous predictors were
used as natural cubic spline functions to describe nonlinear effects
as done recently [28].

A clinical Cox regression model using the established predic-
tors listed above as main effects, but without any SNP variables,
was fitted as the reference model. For each SNP, a Cox model with
the SNP and the established predictors as main effects, and the
interactions between SNP and ER, PR, HER2, and grading, respec-
tively, as additional effects was fitted to obtain specific results for
the molecular subtypes HER2-positive, triple-negative (ER-nega-
tive, PR-negative, HER2-negative), luminal A-likes (ER-positive or
PR-positive, HER2-negative, grading G1 or G2), luminal B-likes
(ER-positive or PR-positive, HER2-negative, grading G3). This ge-
netic Cox model was compared with the clinical Cox model using
the likelihood ratio test. The p values of these tests (one test for
each SNP) were corrected using the Bonferroni–Holm method to
address the problem of multiple testing. If a corrected p value was
significant, then further analyses were carried out. The genetic
model was compared with a reduced genetic model in which the
interaction terms were dropped, using a likelihood ratio test. A
significant result demonstrates different prognostic effects of
the SNP between subgroups defined by ER, PR, HER2, and grad-
ing. In this case, the interaction model was used to obtain an over-
all hazard ratio (HR) representing the prognostic effect across all
subgroups and to obtain subgroup-specific HRs representing
prognostic effects within subgroups. By contrast, a nonsignificant
test result indicates that the genetic effect holds equally across all
subgroups. In this case, only an overall HR based on the reduced
genetic model was shown. All HRs were adjusted for the other
predictors taken into account in the model. The proportional haz-
ards assumptions in the SNP models were checked using the
Grambsch and Therneau method [29]. Interesting findings were
illustrated using Kaplan–Meier curves.
Hein A et al. Genetic Breast Cancer… Geburtsh Frauenheilk 2017; 77: 651–659



▶ Table 2 Patientsʼ characteristics.

Characteristic Mean or n SD or %

Age (years) 53.4 10.5

BMI (kg/m2) 26.2 5.1

Tumor stage pT1 705 42.4

pT2 843 50.7

pT3 94 5.6

pT4 22 1.3

Nodal status pN0 551 33.1

pN+ 1113 66.9

Tumor type Ductal 1363 81.9

Lobular 191 11.5

Other 110 6.6

Grading G1 87 5.2

G2 823 49.5

G3 754 45.3

ER Negative 504 30.3

Positive 1160 69.7
The performance of the Cox models in terms of discrimination
and calibration (“goodness of fit”) was measured with the area
under the curve (AUC) for survival data [30] and the modified
Hosmer–Lemeshow statistic for survival data [31,32]. The AUC
ranges from 0.5 (no discrimination at all) to 1 (perfect discrimina-
tion at any time point between patients with event already and
patients without event then). Following [31], the observed num-
ber of events and the model-based estimated number of events
within deciles of predicted risk were compared using a goodness
of fit χ2 test. A large p value indicates a satisfactory calibration.

Model building was evaluated by 10-fold cross-validation with
20 repetitions to address overfitting. For this purpose, the com-
plete model-building process for a SNP was carried out on each
training set, resulting in several genetic Cox models (one model
per set). The corresponding validation sets were used to calculate
AUCs. The average AUC was then taken as an evaluation measure.
The smaller the difference between this cross-validated AUC and
the original AUC, the lower the amount of overfitting.

A p value of < 0.05 was regarded as statistically significant. Cal-
culations were carried out using the R system for statistical com-
puting (version 3.0.1; R Development Core Team, Vienna, Austria,
2013).
PR Negative 605 36.4

Positive 1059 63.6

HER2 Negative 1264 76.0

Positive 400 24.0

Triple-negative No 1352 91.2

Yes 312 18.8

BMI = body mass index; ER = estrogen receptor; PR = progesterone
receptor
Results

A total of 1687 patients were included in the analysis. Twenty-two
patients with uncertain HER2 status and one patient for whom
there were no survival data had to be excluded. Complete data
for patient and tumor characteristics were available for 98.2% of
the patients and complete SNP information for 99.6% of the pa-
tients. The percentage of missing values in each variable was be-
low 1.5%.

The patientsʼ average age was 53.4 (± 10.5). Most of the tu-
mors were staged pT2 and were node-positive (n = 113; 66.9%).
The proportion of patients who had a tumor with a grading of 3
was 45.3% (n = 754). A total of 312 patients (18.8%) had triple-
negative breast cancer. These characteristics reflect the inclusion
criteria used in the study, which focused on high-risk breast can-
cer patients. Additional patient characteristics are summarized in
▶ Table 2. The median follow-up period was 59 months for overall
survival and 58 months for progression-free survival. All of the
anticipated prognostic factors showed an influence on overall sur-
vival and disease-free survival, as expected (data not shown).

Genotyping showed that all SNPs had minor allele frequencies
ranging from 11.7 to 48.8%, showing that the SNPs analyzed were
common polymorphisms in the study population (▶ Table 3). All
of the genotype distributions were within the Hardy–Weinberg
equilibrium. There were no associations between genotype and
tumor characteristics, except for rs2981582 in FGFR2 and hor-
mone receptor status. Patients with the rare genotype showed a
higher percentage of hormone receptor-positive tumors. This
finding is in agreement with previously published studies.

Overall survival

The rs3817198 was the only SNP that significantly influenced
overall survival (corrected p = 0.01, likelihood ratio test compar-
Hein A et al. Genetic Breast Cancer… Geburtsh Frauenheilk 2017; 77: 651–659
ing the genetic interaction model with the clinical model). All oth-
er SNPs considered had non-significant p values after correction
for multiple testing (▶ Table 3). On average – i.e., without looking
at specific subgroups – there were no differences between the
genotypes with regard to the prognosis (▶ Table 4). There were
differences in triple-negative patients. Triple-negative patients
with two minor alleles had a longer OS in comparison with pa-
tients with common alleles (adjusted HR 0.03; 95% CI, 0.002 to
0.279; ▶ Table 4, Fig. 1a). The genetic regression model used to
predict HRs was well calibrated. The difference between observed
and predicted events was quite low (p = 0.96, Hosmer–Lemeshow
test). Model discrimination was also good at AUC = 0.794. The
cross-validated AUC was 0.789, indicating hardly overfitting. For
comparison, the observed and the cross-validated AUC of the clin-
ical model was 0.762 and 0.752, respectively, showing again the
additional prognostic value of the genetic model.

Disease-free Survival

Similar results were seen for progression-free survival. As with the
OS, rs3817198 was the only SNP that was associated with PFS
(corrected p < 0.001, likelihood ratio test). Patients with two rare
alleles and a triple-negative (▶ Fig. 1b) or luminal A-like tumor
had a better prognosis in comparison with those with triple-nega-
655



▶ Table 3 Genotype and allele distribution, and survival analyses. Absolute frequencies and percentages (in brackets) are shown for each single
nucleotide polymorphism (SNP), as well as raw and corrected p values resulting from the comparison between the genetic survival model and the
clinical survival model*.

SNP MAF (%) Homozygous
common

Hetero-
zygous

Homozygous
rare

Overall survival Progression-free survival

Raw
p value

Corrected
p value

Raw
p value

Corrected
p value

rs13281615 44.0 510 (30.6) 844 (50.7) 311 (18.7) 0.17 1.00 0.77 1.00

rs13387042 44.8 514 (30.9) 810 (48.6) 341 (20.5) 0.48 1.00 0.47 1.00

rs17468277 11.7 1306 (78.4) 327 (19.6) 32 (1.9) 0.32 1.00 0.12 0.86

rs2981582 42.7 532 (32.0) 844 (50.7) 289 (17.4) 0.27 1.00 0.19 1.00

rs3803662 31.5 796 (47.8) 688 (41.3) 181 (10.9) 0.35 1.00 0.88 1.00

rs3817198 32.5 747 (44.9) 754 (45.3) 164 (9.8) < 0.01 0.01 < 0.001 < 0.01

rs4973768 48.8 444 (26.7) 818 (49.1) 403 (24.2) 0.90 1.00 0.88 1.00

rs6504950 26.2 896 (53.8) 667 (40.1) 102 (6.1) 0.03 0.24 0.10 0.81

rs889312 28.6 849 (51.0) 681 (40.9) 135 (8.1) 0.16 1.00 0.40 1.00

MAF = minor allele frequency

* The clinical Cox model contains the predictors age, BMI, tumor stage, nodal status, tumor type, ER, PR, HER2, and grading. The genetic Coxmodel additio-
nally contains a specific SNP and the interactions SNP by ER, PR, HER2, and grading.

▶ Table 4 Survival analyses relative to SNP rs3817198, showing adjusted* hazard ratios (HRs) with 95% confidence intervals (CIs) and corresponding
p values.

Patients Genotype Overall survival Progression-free survival

HR (95% CI) p value HR (95% CI) p value

HER2-positive Homozygous common 1 (reference) 1 (reference)

Heterozygous 0.70 (0.24, 2.05) 0.51 0.51 (0.23, 1.11) 0.09

Homozygous rare 0.84 (0.16, 4.43) 0.85 0.46 (0.13, 1.61) 0.22

Triple- negative Homozygous common 1 (reference) 1 (reference)

Heterozygous 0.71 (0.29, 1.70) 0.44 0.71 (0.35, 1.44) 0.34

Homozygous rare 0.03 (0.002, 0.279) < 0.01 0.09 (0.02, 0.36) < 0.001

Luminal A-like Homozygous common 1 (reference) 1 (reference)

Heterozygous 0.85 (0.36, 2.02) 0.71 0.73 (0.37, 1.43) 0.36

Homozygous rare 0.24 (0.04, 1.43) 0.12 0.19 (0.05, 0.84) 0.03

Luminal B-like Homozygous common 1 (reference) 1 (reference)

Heterozygous 1.38 (0.69, 2.78) 0.36 1.36 (0.83, 2.23) 0.22

Homozygous rare 1.03 (0.29, 3.73) 0.96 2.13 (1.02, 4.40) 0.04

Overall Homozygous common 1 (reference) 1 (reference)

Heterozygous 0.80 (0.41, 1.57) 0.52 0.65 (0.39, 1.10) 0.11

Homozygous rare 0.41 (0.10, 1.69) 0.22 0.36 (0.13, 1.03) 0.06

* HRs for molecular subtypes were adjusted for age, BMI, tumor stage, nodal status, and tumor type. The “overall” HR representing the prognostic effect
across the hormone receptor subgroups was adjusted in the same way as the HRs for molecular subtypes and additionally for ER, PR, HER2, and grading.
All results are based on the genetic interaction model for overall and progression-free survival.
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▶ Fig. 1 Kaplan–Meier curves for SNP rs3817198, showing overall survival (a) and progression-free survival (b) relative to the genotypes in the
subgroup of triple-negative patients.
tive or luminal A-like patients with common alleles, with adjusted
HRs of 0.09 (95% CI, 0.02 to 0.36) and 0.19 (95% CI, 0.05 to 0.84),
respectively. The opposite effect was found for patients with lumi-
nal B-like tumors. The homozygous rare genotype in these pa-
tients was significantly associated with a poorer prognosis with re-
gard to PFS (HR 2.13; 95% CI, 1.02 to 4.40; ▶ Table 4). Again, cal-
ibration was satisfactory (p = 0.32). The observed and the cross-
validated AUC were 0.726 and 0.718, the corresponding values
for the clinical model were 0.698 and 0.689.
Discussion

In a cohort of breast cancer patients treated with anthracyclines
and taxanes, this study showed that the SNP rs3817198 in the
LSP1 gene has a prognostic effect. This effect was seen in relation
to overall survival and progression-free survival in the subgroup of
triple-negative patients and only for progression-free survival in
luminal A-like breast cancer patients. Specifically, the C allele ap-
peared to have a protective effect with regard to the prognosis in
these groups.

Previously, in a large heterogeneously treated cohort analyzed
by the BCAC, it was shown that some SNPs associated with a risk
of breast cancer have an influence on the prognosis in breast can-
cer patients. Specifically, SNP rs3803662 in the TOX3 gene was as-
sociated with prognosis [9]. In that BCAC study, stratified analyses
were carried out for ER-positive and ER-negative patients, which
showed some evidence that rs3817198 (LSP1) is a prognostic fac-
tor only in ER-negative patients (HR for breast cancer-specific
mortality per C allele: 0.71; 95% CI, 0.59 to 1.00) [9]. As only
scarce data were available on the patientsʼ HER2 status, an analy-
sis for triple negatives was not possible. In the present study, all
biomarkers (ER, PR, and HER2) had to be available at the time of
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study entry, providing high-quality parameters. In this analysis,
the effect of rs3817198 can be attributed to triple-negative and
luminal A-like breast cancers only. In another study from the Neth-
erlands, the prognostic relevance of rs3817198 was examined
along with other susceptibility loci for breast cancer [33]:
rs3817198 was not associated with the prognosis in the low-risk
group of 1290 patients with lymph node-negative disease in-
cluded, who were not treated with chemotherapy.

SNP rs3817198 lies in intron 10 of LSP1 (also known as WP34),
encoding lymphocyte-specific protein 1, a F-actin bundling cyto-
skeletal protein expressed in hematopoietic and endothelial cells
[34–36]. In the Dutch cohort of 1440 patients, the expression of
LSP1 in primary breast tumors as assessed by real-time PCR was
not associated with the genotype of rs3817198 (p = 0.81) [33].
In our lymphoblastoid cell lines, there was also no association be-
tween gene expression of LSP1 and rs3817198 genotypes (data
not shown), making it unlikely that a global change in expression
levels is the mode of action for this genetic alteration.

With regard to the association of rs3817198 with patient and
tumor characteristics, previous studies have shown inconsistent
results for possible correlations with the hormone receptor status.
While the previous publication by the BCAC did not find an associ-
ation [9], a much smaller study claimed an association, although
there was no dose-dependent effect relative to the number of al-
leles [33]. Patients with a TT, TC, or CC genotype were ER-positive
in 71, 76.2, and 73.4% of cases, respectively (calculated from
[33]), making an association based on the allele distribution un-
likely. On the other hand, the BCAC publication reported an asso-
ciation with HER2 status, with 14.9, 14.0, and 11.9% being posi-
tive for TT, TC, and CC genotypes, respectively.

Interestingly, rs3817198 has been reported to be one of the
breast cancer susceptibility loci that is associated with mammo-
graphic density [37,38]. It is suspected that this effect is medi-
657



GebFra Science |Original Article
ated through the regulation of neutrophil motility, adhesion to fi-
brinogen matrix proteins, and transendothelial migration [38,39].
Given the fact that LSP1 expression in endothelial cells is crucial for
neutrophil transendothelial migration [35], the prognostic pheno-
type observed might be of a complex nature.

The present study has both strengths and limitations.
Although pharmacogenetic analyses were specified in advance in
the study protocol, the analysis was retrospective in nature. The
analyses were also conducted in a subset of patients who were
randomly selected in order to construct a case–control study for
the presence of neutropenia/leukopenia. The reason for the
nested case–control study design was the need to reduce geno-
typing costs. However, when the selected patients were com-
pared with the unselected patients, no differences were found
with regard to the common prognostic factors listed in ▶ Table 1
(data for comparison not shown). Nevertheless, the possibility
cannot be excluded that there are interactions between the oc-
currence of leukopenia and the prognosis, possibly resulting in a
bias that does not emerge when the possible confounders in ▶ Ta-
ble 1 are compared.

The study shows that the breast cancer susceptibility SNP
rs3817198 in LSP1 has prognostic relevance in a group of patients
treated with anthracycline and taxane chemotherapy. Another
susceptibility SNP (rs3803662 in TOX3), which has previously been
described as being of prognostic relevance in a heterogeneously
treated group of patients, was not confirmed in the SUCCESS A
study. On the basis of the results of this study, the hypotheses
can therefore be formulated that rs3817198 in LSP1 may act as a
pharmacogenetic marker predicting the prognostic effect
through responsiveness to chemotherapy, and that rs3803662 in
TOX3 acts as a prognostic factor through other mechanisms.
However, this will need to be confirmed in studies in which these
patient groups can be directly compared with each other.
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