Supplementary patients and methods

1. Patients and methods, Cohort 1

Brief note: Here, we state our cohort definition and describe the design of our nested case-
control study. Whilst we did not use nested design in our analysis, we did use the individual
patients from the case-control study and given that this cohort has not previously been
described, it is necessary to provide all details for the sake of completeness and clarity. In
addition, we clearly define the population analyzed for the present study in the section

“Present study population”.

Patient cohort definition

Our patient cohort was defined as women diagnosed with primary breast cancer from January
1% 1997 to December 31* 2005 in the Stockholm health care region who were identified using
the population based Stockholm-Gotland Breast Cancer Registry in conjunction with the

unique 12 digit personal identification number assigned to every individual living in Sweden.

Original nested case-control study design

From the population-based cohort patients were selected who developed distant metastatic
disease within the study period (cases). Next, controls (defined as patients free from
disseminated disease for the same absolute time corresponding to the matched case) were
selected and randomly matched them to each case according to the following criteria;
assigned adjuvant therapy (chemotherapy (CT), endocrine therapy (ET) or a combination),
age at primary breast cancer diagnosis (<45 years of age, 45-54 years, and >55 years), and
calendar time period (1997-2000 or 2001-2005).

The nested case-control study cohort was comprised of 768 female study subjects (621

individuals including two with bilateral breast cancer tumors) aged 75 or younger with



available fresh frozen tumor tissue, excluding patients with primary tumor stage IV
(predefined) at the time of initial primary tumor diagnosis. Most cases had three controls each

(88.4%); 15 cases (7.9%) had four controls and 7 cases (3.7%) had two controls.

Present study population

We do not employ the nested case-control design in the present study, but rather take
individual patients (n=621) to form a straightforward cohort. In doing so, it is important to
note that we have an over-representation of metastatic events relative to a typical breast

cancer population.

Clinical Information

All patient medical records were examined for detailed clinical information resulting in more
than 200 clinical variables that form the basis for this study. Primary breast tumor ER,
progesterone receptor (PR), lymph node status and tumor size were manually collected from
original pathology reports. Tumor grade was re-evaluated by a breast cancer pathologist
according to the Elston Ellis (1) grading system. Human epidermal growth factor receptor 2
(HER2), evaluated by Chromogenic in Situ Hybridization (CISH) (2), and Ki67 expression
(MIB-1 antibody, 1:100 dilution, DAKO, Glostrup, Denmark) were reassessed in TMAs
(P.K.W). Two TMA core blocks were used with two sections scored from each utilizing the
same tumor sample as for the isolation of RNA. The TMAs were created under the
supervision of and scored by a breast cancer pathologist. An overview of the numbers and
percentages for each of the aforementioned clinicopathological variables in this cohort is
shown split by ER status in Table 1 of the main manuscript and BRISQ sample handling

criteria for cohort 1 is shown here:



BRISQ criteria, Cohort 1

Data Elements
Biospecimen type

Anatomical site

Clinical characteristics of patients

Vital state of patients

Clinical diagnosis of patients
Pathology diagnosis

Collection mechanism

Type of stabilization

Type of long-term preservation
Constitution of preservation
Storage temperature

Storage duration

Shipping temperature
Composition assessment and
selection

Information

Primary tumor material

Breast

Pre & Post-menopausal breast cancer patients
Alive at the time of tumor excision

Primary breast cancer

Table 1

Whole tumor excision, Formalin fixation + freezing samples
Dry ice and on ice

Formalin fixation + freezing

10% formalin

-80 °C (frozen samples), room temperature

16 years

-80 °C on Dry ice
Patients were selected on the basis of development of metastatic
disease, See Patients & Methods.

2. Array profiling and normalisation

Gene Expression Profiling by Microarray

In this study, surgically excised tumours were divided in two with half being used for

assessment of routine pathological markers (e.g. ER, PR, Her2, Ki67, grade) and the other

half being fresh frozen for gene expression array profiling. Of note, the intra-tumour

correlation for gene signatures (i.e. running signatures on both pieces of a primary breast

tumour divided in two) has been demonstrated to be very high with an intra-class correlation

of 0.90 (3). In addition, gene expression profiles from FFPE have been shown to be

comparable to those from fresh frozen tissue (4—6) and the GGI, 70-gene, recurrence score



and PAMS50 signatures have all compared on both FFPE and fresh frozen tissues (7—10) with
a high degree of concordance observed.

Extraction of total RNA from frozen tumors was carried out using the Qiagen RNeasy
Mini Kit (Qiagen, Germany). All patient tumor samples were profiled using NuGEN
amplification protocol and hybridized using the HRSTA-2.0 custom human Affymetrix array
GPL10379.

Details of the custom array are available at NCBI GEO depository as GPL10379. The
order of the patient tumor samples to be profiled was randomized and the samples were
subsequently profiled according to this order. The gene expression microarrays have been
deposited into the Gene Expression Omnibus under the accession number of GSE48091. It
should be noted that a potential bias exists in the dataset when using the nested case-control
design (owing to RNA being extracted for the cases first and then controls) and as such the
authors recommend appropriate validation datasets if pursuing a cases vs. controls analysis,

further information here (11). We do not utilize this design in the present study.

Preprocessing and Normalization of the Microarray Gene Expression Arrays

The microarray gene expression analysis was done in the open source software R using the
aroma.affymetrix package. Each gene expression array was individually background

corrected and normalized using robust multichip averaging (RMA).

Cell cycle score (CCS)

The cell cycle score (CCS) was developed in the Metabric dataset (12) in order to derive
broadly applicable cut-offs for cell cycle activity. Specifically, we aggregated all genes

central to, or associated with, the cell cycle from three different databases (KEGG, HGNC,



Cyclebase) (13—15) and extracted the expression values for these genes (463 in total, see
Supplementary Table S1) from all tumours of Metabric (n= 1992). Next, we summed the
expression of all genes within each tumour and split the resulting continuous score into
tertiles of low, intermediate and high cell cycle activity. For classification of our cohorts the
continuous cell cycle score was derived in an identical manner and then scaled to match the
Metabric cell cycle score before applying the same tertiles (33% and 66%) in order to classify
every tumour into low, intermediate or high cell cycle activity bins. This study makes use of
data generated by the Molecular Taxonomy of Breast Cancer International Consortium.
Funding for the project was provided by Cancer Research UK and the British Columbia

Cancer Agency Branch.

3. Choice of Ki67 cutoff

We have previously performed an extensive comparison of the prognostic information
provided by Ki67 with a range of cutoffs and how this relates to the prognostic information
provided by binary and multi-level gene expression signatures (16). These findings indicated
that choosing a cutoff between 10 to 19% provided largely consistent hazard ratios.
Importantly however, in the same study, we found that applying the St. Gallen cutoff (17) of
20% greatly reduced the prognostic capacity of Ki67 in our hands. We concluded that given
differences in staining procedures across pathology labs at a worldwide level, a reasonable
cutoff could/should be determined by choosing the median Ki67 staining value for an
individual lab. Based on this and additionally on wanting to avoid an overfit in the data by
choosing a cutoff that maximizes prognostic capacity, we selected the median Ki67 value as
an unbiased cutoff in Cohort 1 (16%). In order to keep methods and cutoffs identical, we also

selected 16% as the Ki67 cutoff in Cohort 2.
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