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Abstract 

Background: Limited evidence suggests that inherited predisposing risk variants might affect the disease outcome. 
In this study, we analyzed the effect of genome-wide association studies—identified breast cancer-risk single nucleo-
tide polymorphisms on survival of early-stage breast cancer patients in a Chinese population.

Methods: This retrospective study investigated the relationship between 21 GWAS-identified breast cancer-risk 
single nucleotide polymorphisms and the outcome of 1177 early stage breast cancer patients with a long median 
follow-up time of 174 months. Cox proportional hazards regression models were used to estimate the hazard ratios 
and their 95% confidence intervals. Primary endpoints were breast cancer special survival and overall survival while 
secondary endpoints were invasive disease free survival and distant disease free survival.

Results: Multivariate survival analysis showed only the rs2046210 GA genotype significantly decreased the risk of 
recurrence and death for early stage breast cancer. After grouping breast cancer subtypes, significantly reduced sur-
vival was associated with the variant alleles of rs9485372 for luminal A and rs4415084 for triple negative breast cancer. 
Importantly, all three single-nucleotide polymorphisms, rs889312, rs4951011 and rs9485372 had remarkable effects 
on survival of luminal B EBC, either individually or synergistically. Furthermore, statistically significant multiplicative 
interactions were found between rs4415084 and age at diagnosis and between rs3803662 and tumor grade.

Conclusions: Our results demonstrate that breast cancer risk susceptibility loci identified by GWAS may influence the 
outcome of early stage breast cancer patients’ depending on intrinsic tumor subtypes in Chinese women.
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Background
Breast cancer (BC) is the most common diagnosed can-
cer and the fifth leading cause of cancer death among 
women in China [1]. The 5-year survival of early stage 
breast cancer (EBC) patients in China is about 58–78%, 
which is low compared to that in American and var-
ies in different geographic areas of China [2]. Tradition-
ally, there are some prognostic factors for EBC survival 
including tumor size, lymph node involvement, tumor 

grade, hormone receptor (HR) status. However it has 
been proven that inherited host characteristics, such as 
single nucleotide polymorphisms (SNPs), play an impor-
tant role [3].

Recently, genome-wide association studies (GWAS) 
have been widely applied to search genetic variations and 
disease association. It is worth noting that some suscepti-
bility genes or polymorphisms identified by GWAS have 
been proven to not only be associated with predisposi-
tion to malignant tumors, but also influence their clini-
cal outcome [4–6]. Only one study and one meta-analysis 
examined the relationship between GWAS-identified BC 
risk polymorphisms and the outcome for BC, both of 
which focused on Caucasian populations [6, 7]. However, 
rs6504950 and rs3803662 had different effects on the 
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survival of BC patients in those two studies. Differences 
might be due to the different sample sizes and the differ-
ent enrolled BC cases. Still, those studies already demon-
strated the possible associations between BC risk loci and 
BC survival.

Similarly, there had been some BC-risk GWAS focus-
ing on East Asian women and that found several BC risk 
variants, most of which were different from those identi-
fied in other ethnic populations [8, 9]. However, the rela-
tion between these polymorphisms and survival of EBC 
Asian patients has never been established. In the present 
study, we analyzed the association between 21 GWAS-
identified SNPs and the survival of patients in Southeast-
ern China with EBC.

Methods
Study populations
This is a hospital-based study including 1177 early breast 
cancer cases from Fujian Medical University Union Hos-
pital from July 2000 and October 2014. All the partici-
pants were histopathologically confirmed with invasive 
breast cancer and subsequently treated with curative 
surgical resection and systemic therapy. Clinicopatho-
logical and demographic data were collected from the 
hospital records and survival data were obtained from 
the followed-up database which was renewed annually. 
The patients were staged according to the 7th version of 
American Joint Commission on Cancer (AJCC) tumor-
node-metastasis (TNM) staging system [10]. Estrogen 
receptor (ER)/progesterone receptor (PR) positivity 
was determined by IHC analysis of the number of posi-
tively stained nuclei (≥ 10%) and hormone receptor (HR) 
positivity was defined as being either ER+ and/or PR+. 
Tumors were considered human epidermal growth fac-
tor-2 (HER2) positive when cells exhibited strong mem-
brane staining (3+). Expressions of 2+ would require 
further in situ hybridization testing for HER2 gene ampli-
fication while expressions of 0 or 1+ were regarded as 
negative. The subtypes were categorized as follows [11]: 
luminal A (ER+, PR+ > 20%, HER2−, Ki67 < 14% or grade 
I when Ki67 was unavailable), luminal B (HR+, HER2−, 
Ki67 > 14% or grade II/III when Ki67 was unavailable or 
HR+, HER2+); HER2 enriched (HR−, HER2+) and tri-
ple negative (HR− and HER2−). The study was approved 
by the Institutional Ethics Committee and all participants 
consented to genetic testing at the time of their participa-
tion and contributed data.

SNPs selection
We selected the polymorphisms associated with 
breast cancer susceptibility from the US National 
Human Genome Research Institute (NHGRI) Catalog 

of Published Genome-Wide Association Studies. We 
used the following inclusion criteria: (i) the significance 
level for genome-wide association was considered to 
be P ≤ 1 × 10−9; (ii) the minor allele frequency (MAF) 
was at least 10% in the HapMap CHB data of the public 
SNP database (http://www.ncbi.nlm.nih.gov/SNP); (iii) 
pair wise linkage disequilibrium (LD) between the eligi-
ble SNPs calculated by Haploview 4.1 software must be 
less than 0.8 (r2 < 0.8). At last, 21 polymorphisms were 
applied in this study which can be found in Additional 
file 1: Table S1.

DNA extraction and SNPs genotyping
Blood samples were collected in EDTA anticoagu-
lant tubes and stored at − 80 °C until DNA extraction. 
Genomic DNA was extracted using the Whole-Blood 
DNA Extraction Kit (Bioteke, Beijing, China), according 
to the manufacturer’s protocol. The genotype analysis 
was performed by SNPscan, which is a high-throughput 
SNPs genotyping technology (Genesky Biotechnologies 
Inc., Shanghai, China). Finally, the raw data were ana-
lyzed by the GeneMapper 4.0 Software (Applied Bio-
systems, Foster City, CA). 5% of samples were randomly 
selected as blinded duplicates for quality assessment 
purposes and 100% concordance was obtained.

Statistical analyses
Overall survival (OS) and breast cancer specific sur-
vival (BCSS) were our primary endpoints and defined 
as the time from the date of cancer diagnosis to the 
date of mortality for all cause and breast cancer, respec-
tively. Disease free survival (DFS) and distant disease 
free survival (DDFS) were our secondary endpoints and 
calculated separately as the time from the date of diag-
nosis to the date of any recurrence and distant recur-
rence to the last patient contact [12]. Survival data were 
analyzed using the Kaplan–Meier method with the 
log-rank test and multivariate Cox stepwise regression 
analysis to the end of follow-up (2016.12.31). Adjust-
ment for age at diagnosis, tumor size, lymph node 
involvement, histological grade, ER status, and HER-2/
neu expression were applied. The hazard ratios (HRs) 
and 95% confidence interval (CI) for each factor in mul-
tivariate analyses were calculated from the Cox-regres-
sion model. The Chi square-based Q test was used to 
examine the heterogeneity between subgroups. The 
possible gene-environment interactions were also eval-
uated by the Cox proportional hazard regression mod-
els. All tests were 2-sided, and P values of < 0.05 were 
considered statistically significant. SAS 9.4 (SAS Insti-
tute Inc., Cary, NC) was used for all statistical analyses.

http://www.ncbi.nlm.nih.gov/SNP
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Results
Patient characteristics and clinical features
Patients’ clinical characteristics and survival are summa-
rized in Table 1. All the 1177 early breast cancer cohort, 
were female and their mean age was 47.0 ± 10.3 years old 
at breast cancer diagnosis. During a median follow-up 
time of 174  months, 446 cases experienced recurrence 
(142 locoregional and 410 distant) and 343 died (333 died 
of BC and 10 died of other disease).

No significant difference in BC-DDFS, BCSS, and OS 
was shown in the subgroup of age at diagnosis (P = 0.087, 
0.420, and 0.402). But patients with a tumor size > 2 cm, 
lymph node positive, grade III, clinical stage II + III, or 

HER2 positive had significantly shorter survival times, 
whereas being ER or HR positivity remarkably improved 
the survival of EBC patients (log-rank P < 0.05, Table 1). 
Furthermore, our intrinsic molecular subtypes (luminal 
A, luminal B, HER2-enriched, and triple negative) were 
also associated with significantly different survival (log-
rank P < 0.05, Table 1).

Effects of each polymorphism on survival of EBC
Among the 21 SNPs, 6 SNPs (rs13281615, rs4415084, 
rs4784227, rs889312, rs10474352 and rs10816625) had 
a log-rank P under 0.05 in some genetic models and in 
some outcome indicators (log-rank P < 0.05, Table  2). 

Table 1 Patients’ clinicopathological characteristics and clinical outcome

a Variable including missing data

Variables Patients
N = 1177

iDFS DDFS BCSS OS

Events LogRank P Events LogRank P Events LogRank P Events LogRank P

Age at diagnosis 0.021 0.087 0.420 0.402

 ≤ 35 184 85 76 59 61

 > 35 993 361 334 274 282

Tumor size (cm) < 0.001 < 0.001 < 0.001 < 0.001

 ≤ 2 403 88 80 67 70

 > 2 774 358 330 266 273

Nodal status < 0.001 < 0.001 < 0.001 < 0.001

 Negative 510 116 101 69 75

 Positive 667 330 309 264 268

Clinical stage < 0.001 < 0.001 < 0.001 < 0.001

 I 257 40 35 29 31

 II + III 920 406 375 304 312

Gradea < 0.001 < 0.001 < 0.001 < 0.001

 I + II 904 310 286 228 236

 III 271 134 122 103 105

ER < 0.001 < 0.001 < 0.001 < 0.001

 Negative 378 177 165 149 150

 Positive 799 269 245 184 193

Variables Patients
N = 1177

iDFS DDFS BCSS OS iDFS DDFS BCSS OS
Events LogRank P Events LogRank P Events LogRank P Events LogRank P

PR < 0.001 < 0.001 < 0.001 < 0.001

 Negative 367 171 159 144 145

 Positive 810 275 251 189 198

HER2 < 0.001 < 0.001 < 0.001 < 0.001

 Negative 860 292 268 214 222

 Positive 317 154 142 119 121

Subtype < 0.001 < 0.001 < 0.001 < 0.001

 Luminal A 236 35 33 26 26

 Luminal B 574 240 218 163 172

 HER2+ 160 80 76 67 67

 Triple negative 207 91 83 77 78
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But after adjusting for age at breast cancer diagnosis, 
tumor size, lymph node involvement, grade, hormone 
receptor status, and HER2 status, only rs889312 and 
rs2046210 had significant effect on improving survival 
of EBC patients. In a recessive model, rs889312 was sig-
nificantly associated with better iDFS and DDFS (iDFS: 
adjusted HR (aHR): 0.761, 95% CI 0.583–0.994, and 
DDFS: aHR: 0.631, 95% CI 0.470–0.848; Table  3). Simi-
larly, in contrast to the GG + AA genotypes, the GA 
genotype of rs2046210 also improve the survival of EBC 
patients (iDFS: aHR: 0.812, 95% CI 0.673–0.980; DDFS: 
aHR: 0.771, 95% CI 0.635–0.938; BCSS: aHR: 0.790, 95% 
CI 0.636–0.981 and OS aHR: 0.786, 95% CI 0.635–0.934, 
Table 3).

Prognostic implication of risk variants in molecular 
subtypes
For a large number of patients enrolled in this study, we 
analyzed the association between enrolled SNPs and 
survival associated with different molecular subtypes of 
EBC. As showed in Table  3, rs9485372 and rs4415084 
were still associated with a worse outcome in luminal 
A and triple negative EBC patients, respectively, after 
adjustment (for rs9485372 under the recessive model: 
iDFS: aHR: 2.465, 95% CI 1.133–5.360; DDFS: aHR: 2.671, 
95% CI 1.214–5.875; BCSS and OS: aHR: 3.522, 95% CI 
1.464–8.473; for rs4415084 under the dominant model: 
iDFS: aHR: 1.674, 95% CI 1.043–2.687; DDFS: aHR: 
1.804, 95% CI 1.084–3.002 and OS: aHR: 1.674, 95% CI 
1.000–2.803). Furthermore, in the luminal B subtype we 
found that rs4951011 (under the dominant model) and 
rs889312 (under the recessive model) could significantly 
improve the iDFS, DDFS, BCSS and OS of the breast can-
cer, while rs9485372 (under dominant model) worsens 
outcome (iDFS: aHR = 0.719, 95% CI 0.557–0.928, DDFS: 
aHR = 0.734, 95% CI 0.561–0.960, BCSS: aHR = 0.721, 
95% CI 0.528–0.984 and OS: aHR = 0.690, 95% CI 0.510–
0.934 for rs4951011; iDFS: aHR = 0.558, 95% CI 0.381–
0.817, DDFS: aHR = 0.419, 95% CI 0.269–0.653, BCSS: 
aHR = 0.498, 95% CI 0.304–0.815 and OS: aHR = 0.465, 
95% CI 0.285–0.761 for rs889312 and iDFS: aHR = 1.482, 
95% CI 0.124–1.954, DDFS: aHR = 1.557, 95% CI 0.161–
2.088, BCSS: aHR = 1.504, 95% CI 1.071–2.112 and OS: 
aHR = 1.538, 95% CI 1.104–2.142 for 9485872, Table 3). 
However, no significant effect was observed in the HER2-
enriched subtype in any model of the 21 polymorphisms.

Combined analysis of three risk SNPs on survival of luminal 
B EBC
To assess the combined effects on risk of recurrence and 
death from luminal B EBC, we combined the risk geno-
types of rs4951011, rs889312 and 9485372. According to 
the number of combined risk genotypes, the univariate 

survival analysis show that all of iDFS, DDFS, BCSS 
and OS were significantly different among different 
groups with different combined risk genotypes (P Log-
rank < 0.01) (Fig.  1). As shown in Table  4, compared to 
subjects with one or no unfavorable genotype, subjects 
carrying more unfavorable loci had shorter survival time 
and had a 1.534–1.645 fold increased risk of recurrence 
and/of death even after adjustment (iDFS: aHR = 1.534, 
95% CI 1.288–1.827, DDFS: aHR = 1.632, 95% CI 1.356–
1.964, BCSS: aHR = 1.570, 95% CI 1.267–1.944 and OS: 
aHR = 1.645, 95% CI 1.334–2.029, respectively for trend).

Stratification and interaction analysis
The associations between breast cancer risk loci geno-
types and EBC survival were then evaluated by strati-
fied analysis of age at diagnosis, tumor size, lymph 
node involvement, grade, hormone-receptor status 
and HER2 status. As shown in Table  5, we found that 
rs4415084 and rs2981582 were associated with shorter 
survival of the patients who were younger (rs4415084 
for age at diagnosis ≤ 35  years: iDFS: aHR = 1.792, 95% 
CI 1.161–2.915, DDFS: aHR = 2.172, 95% CI 1.310–
3.602, BCSS: aHR = 2.250, 95% CI 1.278–3.959 and OS: 
aHR = 1.871, 95% CI 0.988–3.544) and with higher grade 
tumors (rs2981582 for grade III: iDFS: aHR = 1.666, 95% 
CI 1.051–2.639, DDFS: aHR = 1.682, 95% CI 1.049–
2.698, BCSS: aHR = 1.783, 95% CI 1.080–2.944 and 
OS: aHR = 1.732, 95% CI 1.050–2.855). But rs2046210 
and rs3803662 had beneficial effects on survival of the 
patients with larger tumor (rs2046210 for tumor size 
> 2  cm: iDFS: aHR = 0.757, 95% CI 0.606–0.944, DDFS: 
aHR = 0.732, 95% CI 0.582–0.919, BCSS: aHR = 0.713, 
95% CI 0.533–0.920 and OS: aHR = 0.694, 95% CI 0.540–
0.992) and with higher grade tumors (rs3803662 for 
grade III: iDFS: aHR = 0.588, 95% CI 0.414–0.834, DDFS: 
aHR = 0.586, 95% CI 0.407–0.845, BCSS: aHR = 0.479, 
95% CI 0.319–0.717 and OS: aHR = 0.484, 95% CI 0.324–
0.722) respectively. However, we did not find that the 
other SNPs affected survival in the subgroups of patients 
with different tumor characteristics.

An interaction analysis was performed (Table  6) and 
statistically significant multiplicative interactions on EBC 
survival were found both between rs4415084 genotypes 
and age at diagnosis (adjusted Pint: iDFS 0.045, DDFS 
0.013, BCSS 0.025 and OS 0.018) and between rs3803662 
genotypes and tumor grade (adjusted Pint: iDFS 0.011, 
DDFS 0.001, BCSS 4.7 × 10−4 and OS 9.9 × 10−4).

Discussion
In this study, we evaluated the possible relation between 
21 GWAS-identified BC susceptibility germline varia-
tions and EBC clinical outcome in a large Chinese cohort 
of 1177 EBC cases. To the best of our knowledge, this 
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is the first study that reports the association between 
GWAS-identified BC susceptibility loci and clinical out-
comes in a Chinese population and it produced different 
results from two other American studies findings [6, 7]. 
The most significant and novel result of this study is that 
the influence of BC risk polymorphisms on the outcome 
of EBC depends on different intrinsic molecular sub-
types, especially for luminal B breast cancer.

More recently, Zhang and his colleagues demonstrated 
some GWAS-identified SNPs are associated with molec-
ular subtypes of EBC in Chinese women [13]. It has been 
accepted worldwide that breast cancer is a complex dis-
ease and consists of several intrinsic subtypes, which 
have different etiologies and prognosis [14]. By altering 
the related genes’ expression and/or function in key sign-
aling pathways, we gradually realize putative SNPs may 
take effect on the basis of molecular subtypes, whether in 
risk or in clinical outcome of EBC [15–17].

Loci rs889312, rs4951011, and rs9485372 play sig-
nificant and independent roles in survival of luminal B 
breast cancer patients both individually or jointly by all 
of the four outcome indicators (iDFS, DDFS, BCSS and 
OS). Recently, MAP3K1 rs889312 has been identified as a 

low-penetrant risk factor for breast cancer, both for ER+ 
or ER− breast cancer [18]. It was also demonstrated to 
be an independent risk factor for poor survival in diffuse-
type gastric cancer in an overdominant model [19]. How-
ever, two similar investigations failed to prove this variant 
was associated with BC clinical outcome [6, 7], although 
neither of them carried out survival analysis on the basis 
of BC intrinsic subtypes. From most recent available data, 
rs889312 (C/C) was found to be significantly associated 
with poor DFS, DDFS and OS among HR positive breast 
cancer patients [20], which was similar to our results. 
The MAP3K1 gene is the most important member in the 
MAPK signal pathway which activates the transcription 
of essential cancer genes [21]. But the exact mechanism 
as to how rs889312 can change MAP3K1 protein struc-
ture and/or function is still beyond our knowledge.

The rs4951011 located in intron 2 of the zinc finger 
CCCH domain-containing protein 11A (ZC3H11A) and 
5′-UTR of ZBED6 gene, has been first identified as a BC 
susceptibility loci in East Asian [8]. In another study, it 
was only associated with triple negative breast cancer 
but not other BC subtypes [22]. For rs4951011 in the 
dominant model, we found that the GA + GG genotype 

Fig. 1 Kaplan–Meier plots of survival for combined effect of the three SNPs on luminal B EBC survival
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was significantly associated with a better DFS, DDFS, 
BCSS and OS (aHR = 0.690–0.734). However, there was 
no evidence indicating a relation between this variant 
and clinical outcome of other malignant tumors. The 
data of ENCODE from human mammary epithelial cells 
(HMEC) suggests that rs4951011 may be located in a 
strong enhancer region marked by peaks of several active 
histone acetylation modifications (H3K4me1, H3K4me3, 
H3K9ac, and H3K27ac) [23]. Furthermore, it was found 
in colorectal cancer cell lines that repressing transcrip-
tion of ZBED6 modulates expression of 10 genes, includ-
ing PTBN1, WWC1, WWTR1, etc., linked to important 
signal pathway and tumor development depended on the 
genetic background of tumor cells and the transcription 
state of its target genes [24]. So rs4951011 may regulate 
expression of some important metastasis-related genes 
and then influence the course of breast cancer.

The SNP rs9485372 was also found to play a sig-
nificant role in the clinical outcome of luminal A and 
luminal B breast cancer patients. For luminal A BC, 
rs9485372 in the recessive model had a worse iDFS, 
DDFS, BCSS, and OS (aHR 2.465–3.522). For lumi-
nal B BC, the GA + AA genotypes had a worse iDFS, 
DDFS, BCSS and OS (aHR = 1.482–1.557), compared 
to the GG genotype. This variant is located in Table  2   

(TGF-β activated kinase 1/MAP3K7 binding protein 
2) which plays a pivotal role in the TGF-β pathway and 
contributes to development of cancer [25]. Table  2 is 
near the ESR1 gene and it was found to be co-expressed 
with ESR1 in hepatocellular carcinoma [26]. Table  2 
was found to be a mediator of resistance to endocrine 
therapy which is a poor prognostic indicator for HR+ 
breast cancer patients and is a potential new target to 
reverse pharmacological resistance and potentiate anti-
estrogen action [27]. Therefore it is possible that the 
association both rs9485372 and survival of luminal A 
and B BC patients may be mediated by regulating estro-
gen signaling and the TGF-β pathway.

Two GWAS-identified BC risk loci, rs1219648 and 
rs13387042, were found to take effect on overall survival 
of EBC in Tunisians [28]. On the contrary, we failed to 
confirm this result in our Chinese population. We attrib-
ute this difference to the following reasons. Firstly, these 
two studies focused on different ethnic groups with dif-
ferent genetics background. Secondly, we used a much 
bigger sample size and longer follow-up than the other 
study which made our result more reliable. Finally, both 
of these two studies are retrospective. We used the mul-
tivariate Cox proportional hazard model to evaluate 
the independent effect of every SNP on survival of EBC 

Table 5 Stratification analysis of polymorphism genotypes associated with EBC survival

Adjusted for age at diagnosis, tumor size, lymph node involvement, grade, hormone receptor, HER2 status, exception for stratification factor

HR hazard risk, CI confidence interval
a Heterogeneity test for differences between groups

SNPs Variables iDFS DDFS BCSS OS

Adjusted HR 
(95% CI)

P  valuea Adjusted HR 
(95% CI)

P  valuea Adjusted HR 
(95% CI)

P  valuea Adjusted HR 
(95% CI)

P  valuea

rs4415084 Age at diagnosis

 ≤ 35 1.792 (1.161–
2.915)

0.068 2.172 (1.310–
3.602)

0.014 2.250 (1.278–
3.959)

0.018 1.871 (0.988–
3.544)

0.009

 > 35 1.073 (0.830–
1.386)

1.056 (0.809–
1.379)

1.067 (0.796–
1.431)

0.743 (0.584–
0.946)

rs2046210 Tumor size (cm)

 ≤ 2 1.277 (0.791–
2.061)

0.052 1.277 (0.773–
2.109)

0.048 1.558 (0.874–
2.780)

0.015 1.522 (0.867–
2.670)

0.012

 > 2 0.757 (0.606–
0.944)

0.732 (0.582–
0.919)

0.713 (0.553–
0.920)

0.694 (0.540–
0.992)

rs2981582 Grade

 I + II 0.922 (0.642–
1.323)

0.048 0.791 (0.532–
1.177)

0.017 0.822 (0.529–
1.278)

0.023 0.872 (0.571–
1.331)

0.040

 III 1.666 (1.051–
2.639)

1.682 (1.049–
2.698)

1.783 (1.080–
2.944)

1.732 (1.050–
2.855)

rs3803662 Grade

 I + II 1.017 (0.812–
1.273)

0.010 1.096 (0.866–
1.387)

0.005 1.151 (0.884–
1.500)

0.000 1.075 (0.830–
1.392)

0.001

 III 0.588 (0.414–
0.834)

0.586 (0.407–
0.845)

0.479 (0.319–
0.717)

0.484 (0.324–
0.722)
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patients while the other study just used Kaplan–Meier 
Curve and Log-Rank Test.

Some potential limitations of our study should be taken 
into consideration. First, as all patients were of Chinese 
origin, it is unclear whether our findings are Chinese 
Han population—specific or common in other popula-
tions. Second, the biological mechanism of the significant 
SNPs in breast cancer is still unclear. Therefore, more 
studies with diverse ethnic backgrounds and determina-
tion of the functional characterizations of the SNPs are 
warranted. Nevertheless, this is the first study with inte-
grated clinicopathological data and long enough follow-
up data to investigate the association between genetic 
breast cancer risk polymorphisms and survival of Asian 
breast cancer patients depended on intrinsic molecular 
subtypes.

Conclusions
Our findings indicated that breast cancer risk vari-
ants are not in general strongly associated with clinical 
outcome. However, we illustrated that, on the basis of 
molecular subtypes, there are some potential BC risk 
polymorphisms, which are probably novel predictors 
for EBC outcome in Chinese patients. Large better-
designed investigations with a variety of populations, as 
well as functional assessments are needed to verify and 
extend our findings.

Additional file
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Table 6 The interaction analysis between risk variants and clinicopathological parameters

a HR hazard risk, CI confidence interval; adjusted for age at diagnosis, tumor size, Lymph node involvement, grade, hormone receptor status and HER2 status, except 
for the interaction factor

SNPs Variable iDFS DDFS BCSS OS

Adjusted  HRa P 
value

Adjusted  HRa P value Adjusted  HRa P value Adjusted  HRa P value

rs4415084 Age at diagnosis

 CC  ≤ 35 1 (reference) 1 (reference) 1 (reference) 1 (reference)

 CC  > 35 1.113 (0.739–1.676) 0.609 1.270 (0.814–1.983) 0.292 1.366 (0.829–2.249) 0.221 1.346 (0.827–2.189) 0.232

 CT  ≤ 35 1.317 (0.797–2.176) 0.282 1.421 (0.829–2.438) 0.202 1.358 (0.733–2.516) 0.331 1.271 (0.692–2.336) 0.440

 CT  > 35 1.090 (0.734–1.619) 0.669 1.246 (0.810–1.917) 0.316 1.373 (0.847–2.229) 0.198 1.340 (0.835–2.148) 0.225

 TT  ≤ 35 2.013 (1.161–3.488) 0.013 2.427 (1.357–4.339) 0.003 2.505 (1.310–4.788) 0.005 2.497 (1.328–4.693) 0.004

 TT  > 35 1.180 (0.767–1.815) 0.452 1.332 (0.836–2.124) 0.228 1.461 (0.868–2.460) 0.153 1.378 (0.826–2.298) 0.219

P for multiplicative interaction 0.045 0.013 0.025 0.018

 rs3803662  Grade

  GG   I + II 1 (reference) 1 (reference) 1 (reference) 1 (reference)

  GG   III 1.858 (1.400–2.466) 1.8E−5 1.877 (1.394–2.527) 3.3E−5 2.134 (1.543–2.952) 4.6E−6 2.018 (1.469–2.773) 1.5E−5

  GA   I + II 1.031 (0.814–1.306) 0.801 1.106 (0.864–1.416) 0.425 1.139 (0.862–1.505) 0.361 1.054 (0.801–1.385) 0.709

  GA   III 1.043 (0.746–1.459) 0.804 1.014 (0.711–1.446) 0.939 0.979 (0.655–1.462) 0.917 0.946 (0.639–1.403) 0.784

  AA   I + II 0.994 (0.684–1.443) 0.973 1.081 (0.735–1.592) 0.691 1.246 (0.820–1.893) 0.303 1.195 (0.793–1.800) 0.394

  AA   III 1.085 (0.582–2.023) 0.798 1.245 (0.665–2.331) 0.493 1.043 (0.501–2.169) 0.911 0.983 (0.474–2.041) 0.964

P for multiplicative interaction 0.011 0.001 4.7E−4 9.9E−4
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