
Materials and Methods
Patients and Tumour samples
The study was carried out according to the national ethical guidelines of ‘Code for Proper Secondary Use of Human Tissue' developed by Federation of Medical Societies (FMWV) in the Netherlands [7]. Selection of patients and tumour samples and definition of metastatic disease has been previously described [5]. 
Briefly, metastatic breast cancer patients were identified and a subset of 157 of tumours with available frozen material was selected for further gene expression profiling experiments. Subsequently relevant clinical data were abstracted from the clinical charts. Detailed information on metastasis site, metastatic behaviour and survival (metastasis specific and overall) data were collected for 151 patients. 
The individual metastatic sites were recorded and used to separate tumours in subgroups. For each metastatic site it was assessed whether patients developed metastases during follow-up (ever versus never for each organ site); when patients developed metastases to any organ site it was recorded whether this was the first metastasis or a metastasis arising after metastases to other organ site arose (first/not first); and it was recorded when a patient developed metastases to one organ site only (only/not only). Presence of multiple metastases was also carefully recorded at the time of diagnosis of the first metastases as well as after complete follow up. In instances where patients developed another distal organ involvement within less than two months after initial diagnosis of a metastasis, this was also considered as multiple organ metastases at first presentation. 
Time from surgery to development of first metastasis, time from first metastasis to last event (metastasis specific survival, MSS) and overall survival (OS) time for each patient was calculated. Last event date was recorded as most recent follow-up date for the patients who were alive and time of death for the others. 
Additionally, data on systemic treatment (chemotherapy, hormonal therapy and targeted therapy) used to treat primary and metastatic disease was collected (n=142 and n=122, respectively).
 Hemotoxylin and eosin stained slides from all tumours were evaluated and histologic subtype, tumour grade  and hormone receptor status were immunohistochemically assessed as previously described [5]. 
Gene expression profiling:
From primary tumors of 157 patients 30 sections of 20-μm were used for isolation of RNA. The first and last sections (5 μm) were stained with hematoxylin and eosin; only samples containing an average of at least 50% tumor cells were used in this analysis. Total RNA was isolated with RNA-Bee (Tel-Test) and dissolved in RNase-free water. Then, total RNA was treated with DNase with use of the Qiagen RNase-Free DNase Kit and RNeasy spin columns and dissolved in RNase-free water. The gene expression microarrays used in this study were the HumanHT-12 v4 Expression BeadChip arrays (Illumina, Inc.) containing more than 47,000 probes. Details of RNA amplification, labeling, and hybridization are available on the Illumina website (http://www.illumina.com). The arrays were processed in the Central Microarray Facility of the Netherlands Cancer Institute. The data was normalized using robust spline normalization (rsn) and log2 transformed, followed by ComBat (http://www.bu.edu/jlab/wp-assets/ComBat/Abstract.html) to adjust for batch effects.
Human breast tumour microarray datasets
Additional to the gene expression profiling data set of 157 primary breast tumours generated herein with this study, a second data set which was a combined data set of four studies captured from the public domain was analysed. This large data set was employed as a combined data set as previously described by Harrell et al [2]. Aforementioned combined data set included total 855 tumours of which 376 with known metastatic disease. Analyses in order to validate the gene signatures were performed using this subset of tumours with known metastatic disease (n= 376) and whole data set (n= 855). Four microarray sets are listed as: GSE2034, GSE12276, GSE2603 and the NKI295 (microarray-pubs.stanford.edu/wound_NKI/Clinical_Data_Supplement.xls). 
Microarray data analysis/ bioinformatics:
All data were analyzed using the R2 (Microarray Analysis and Visualization Platform) web application, which is publicly available at http://r2.amc.nl. 
Samples were classified into 5 intrinsic breast cancer subtypes by using the PAM50 classifier [4]. To assess the prognostic status of the tumours according to the 70-gene prognostic signature [6], these 70 genes were mapped via Gene Symbol ID to the Illumina platform. Out of the 70 genes 62 genes were found to be present on the Illumina platform corresponding to 65 Illumina probes. In case of presence of multiple probes for one gene, the probe with the highest variance across the samples was selected. We calculated the Pearson correlation coefficient between the centroids of the original good prognosis template and the gene expression levels of each sample with regard to these mapped 62 gene to assign tumours in good or poor prognostic group.
To validate already published gene expression signatures for site specific metastasis for bone metastasis [3] and epithelial to mesenchymal transition (EMT) gene signature [1], the specified genes from bone metastasis signature and from EMT signature were first mapped to the Illumina platform via Gene Symbol ID. As previously mentioned,  in the instance of presence of multiple probes for one gene, the probe with the highest variance across the samples were selected. Respectively, a K-means method was used to cluster the data in 2 groups and a  t-test revealed the performance of these signatures (bone metastasis and EMT signature) in our dataset. 


[bookmark: _GoBack]Identification and validation of site-specific metastasis signature:
In order to identify a gene expression signature associated  an organ specific metastasis, we used the one-way ANOVA function in R2. Samples were split into 2 groups; one group in which the patient developed a metastasis and another group in which a patient never developed a certain organ metastasis. The genes with an expression level above the background expression level were selected (total 16036 genes. The calculated p-values (<0.01) were corrected for multiple testing using Benjamini Hochberg False Discovery Rate (FDR) calculation. The metastatic signature was validated in multiple datasets using the K-means and t-test function in R2. To further investigate the association between this gene signature and clinical variables multivariate logistic regression tests were applied using SPSS Statistics for Windows (Release version 21.0; IBM Corp.2012, Armond, NY). All statistical tests were two sided and p < 0.05 was considered to be statistically significant.
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