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Abstract

Introduction: Current prognostic gene expression profiles for breast cancer mainly reflect proliferation status and
are most useful in ER-positive cancers. Triple negative breast cancers (TNBC) are clinically heterogeneous and
prognostic markers and biology-based therapies are needed to better treat this disease.

Methods: We assembled Affymetrix gene expression data for 579 TNBC and performed unsupervised analysis to
define metagenes that distinguish molecular subsets within TNBC. We used n = 394 cases for discovery and n =
185 cases for validation. Sixteen metagenes emerged that identified basal-like, apocrine and claudin-low molecular
subtypes, or reflected various non-neoplastic cell populations, including immune cells, blood, adipocytes, stroma,
angiogenesis and inflammation within the cancer. The expressions of these metagenes were correlated with
survival and multivariate analysis was performed, including routine clinical and pathological variables.

Results: Seventy-three percent of TNBC displayed basal-like molecular subtype that correlated with high
histological grade and younger age. Survival of basal-like TNBC was not different from non basal-like TNBC. High
expression of immune cell metagenes was associated with good and high expression of inflammation and
angiogenesis-related metagenes were associated with poor prognosis. A ratio of high B-cell and low IL-8
metagenes identified 32% of TNBC with good prognosis (hazard ratio (HR) 0.37, 95% CI 0.22 to 0.61; P < 0.001) and
was the only significant predictor in multivariate analysis including routine clinicopathological variables.

Conclusions: We describe a ratio of high B-cell presence and low IL-8 activity as a powerful new prognostic
marker for TNBC. Inhibition of the IL-8 pathway also represents an attractive novel therapeutic target for this
disease.

Introduction
Different molecular subtypes of breast cancer have been
described [1]. The most profound effects on gene
expression profiles in breast cancer are related to estro-
gen (ER), and proliferation status, and to a lesser extent
to Human Epidermal Growth Factor Receptor 2 (HER2)
status. Not surprisingly, molecular classification and cur-
rent prognostic signatures mainly reflect these molecular
features [2]. However, substantial clinical and molecular
heterogeneity remains within current molecular subsets,
particularly among ER, progesterone (PgR) and HER2

receptor negative (that is, triple negative breast cancers,
TNBC [3]). Furthermore the relationship between clini-
cally defined TNBC and the gene expression profile-
based basal-like breast cancer subtype (BLBC) [4] is not
fully defined [5]. Some authors use these two terms
synonymously given the substantial overlap between the
two definitions [6,7]. However, immunohistochemical
and molecular profiling studies have shown that only a
subset of TNBC express the combination of basal cell
markers (for example, CK5 and CK14) that is required
for the molecular definition of this disease [5]. The
prognostic significance and therapeutic implications of
molecular heterogeneity within TNBC remains to be
established. From a clinical point of view, further
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understanding of TNBC is important because better
prognostic markers and new treatments are needed [8].
The goal of this analysis was to assemble all currently

available TNBC gene expression datasets generated on
Affymetrix gene chips and search for molecular struc-
tures in the data to define gene expression-based subsets
within TNBC. We defined metagenes as the average
expression of groups of highly co-expressed genes in the
data without considering any clinical outcome variable.
These metagenes identified several molecular subsets
within TNBC, some with good prognosis even in the
absence of systemic therapy. Our results also suggest
possible new therapeutic strategies for TNBC. This
study represents the largest attempt to define clinically
important molecular subsets within TNBC [9].

Materials and methods
All analyses were performed according to the REporting
recommendations for tumour MARKer prognostic stu-
dies (REMARK) recommendations for prognostic and
tumor marker studies [10,11] and the respective guide-
lines to microarray-based studies for clinical outcomes
[12]. A respective diagram of the complete analytical
strategy and the flow of patients through the study,
including the number of patients included in each stage
of the analysis, is given in Additional file 1, Supplemen-
tary Figure S1. Tissue samples of invasive breast cancer
cases (dataset Frankfurt) were obtained with IRB
approval and informed consent from consecutive
patients undergoing surgical resection between Decem-
ber 1996 and July 2007 at the Department of Gynecol-
ogy and Obstetrics at the Goethe-University in
Frankfurt. Gene expression data have been deposited
into the GEO database (accession number GSE31519).

Assembly of TNBC microarray data and definition of
metagenes
In order to facilitate pooling of data sets from different
laboratories we only used data from a single platform
(Affymetrix U133A and U133 Plus 2.0 chips) and
included only samples that were defined as triple nega-
tive based on the mRNA expression of ER, PgR, and
HER2 as previously described [13-15]. To obtain a large
enough sample size for discovery it was necessary to
pool several datasets. A major concern during this exer-
cise is the possible confounding effect of systematic
technical differences that exist between individual data-
sets. These could lead to false discovery during meta-
gene definition and could also weaken the power of
validation. We applied two different strategies to mini-
mize this problem. First, we selected only highly com-
parable datasets for discovery. We initially identified 579
TNBC from a total of 3,488 publicly available primary
breast cancer gene expression profiles representing 28

individual datasets (Additional file 2, Supplementary
Table S1). We excluded 13 datasets contributing 185
TNBC cases from the discovery cohort because they did
not fulfill our criteria of comparability of the microarray
data (for details see Additional file 4, Supplementary
Methods Section 1 and Additional file 1, Supplementary
Figure S2). The final discovery cohort to identify meta-
genes included 394 TNBC from 15 datasets (cohort-A).
The 185 samples excluded from discovery were retained
as a validation set (cohort-B) to assess correlations
between various metagenes and between metagenes and
clinical outcome (Additional file 1, Supplementary Fig-
ure S1). This strategy maximized the integrity of meta-
gene discovery at the cost of possibly reducing the
power of the validation study. The two cohorts did not
significantly differ with respect to age, tumor size and
histological grade. However, the validation cohort-B
contained a larger number of lymph node positive
patients and a higher proportion of fine needle aspira-
tion (FNA) samples. Follow-up data were available for
2,348 of the total 3,488 samples and 327 of the 579
TNBC samples. Since the number of patients with fol-
low-up in validation cohort B was too small (n = 30 of
185) an additional independent validation cohort-C [16]
(n = 76) was included to assess the prognostic value of
the metagenes (Additional file 1, Supplementary Figure
S1). The patient characteristics of the discovery and vali-
dation cohorts are given in Table 1. For analysis of nor-
mal tissue a dataset from a benign breast was used
(Additional file 2, Supplementary Table S1).
Unsupervised analysis, without input of clinical vari-
ables, was performed to identify metagenes that were
defined as the arithmetical average expression of highly
correlated genes. Gene clusters were selected with either
a minimal membership of 10 genes and a minimal cor-
relation threshold of 0.7, or a minimum of 25 genes and
a correlation of 0.6, respectively (for details see Addi-
tional file 4, Supplementary Methods Section 2). We
also employed a screen to remove genes that showed
data-set bias. The dependence of the expression levels
of the metagene probesets on the dataset vector was
analyzed using the Kruskal-Wallis statistic (Additional
file 4, Supplementary Methods Section 3). Only Stroma
and Hemoglobin metagenes displayed a bias for FNA
samples that reflect frequent contamination of these
types of samples with blood and the lack of stromal ele-
ments compared to core needle or surgical biopsies
(Additional file 1, Supplementary Figure S3 and Addi-
tional file 4, Supplementary Methods). Therefore, these
two metagenes were analyzed only in surgical biopsies.
No systematic bias was observed between the U133A

and U133 Plus2.0 arrays, which differ only in the spatial
feature size of the probesets (for details see Additional
file 4, Supplementary Methods Section 4). Both
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metagene distributions and “Centroid methods” were
used to classify subtypes of TNBC as given in Additional
file 4, Supplementary Methods Sections 8 and 9).

Survival analysis
Relapse free survival (RFS) was preferentially used as a
clinical endpoint for event free survival (EFS). Only if
RFS was not available in some datasets was it replaced
by distant metastasis free survival (DMFS). Details on
used endpoints, Kaplan-Meier and Cox regression analy-
sis are given in Additional file 4, Supplementary Meth-
ods Section 5. Optimized cutoffs for dichotomizing of
metagene scores to plot survival curves were derived
from the discovery cohort and were applied without
modification to the validation cohorts (Additional file 4,
Supplementary Methods Section 6). All P-values are
two-sided and 0.05 was considered as a significant
result. Analyses were performed using the R software
[17] and SPSS version 17.0 (SPSS Inc. Chicago, IL).

Results
Identification of subsets of TNBC based on metagene
expression profile
In our discovery cohort we identified 16 clusters of corre-
lated genes by unsupervised methods whose expression

values were averaged as metagenes (Figure 1). As
expected, no cluster of genes correlated with ER, PgR,
and HER2 status [4] were identified. In contrast the iden-
tified metagenes presented in Table 2 included the basal-
like phenotype [4], an apocrine/androgen receptor signal-
ing signature [18,19], five signatures related to different
types of immune cells [4,20-25], a stromal signature
[26,27], the claudin-CD24 signature [28,29], markers of
blood [30] and adipocytes [4], as well as an inflammatory
signature [31-33] and an angiogenesis signature [23,34].
These phenotypes corresponded to previously described
gene signatures that have also been used to define subsets
of TNBC in a recent smaller study [9]. The angiogenesis
signature (VEGF metagene) has been described very
recently as a “hypoxia signature” associated with poor
outcome and expressed in distant metastases [34]. As
shown in Figure 1, we observed the highest correlation
between different types of immune cell metagenes. Simi-
lar relationships between the metagenes were detected in
the validation cohort-B (Figure 1) and -C (Additional file
1, Supplementary Figure S4). The presence of B-lympho-
cytes in the tumor is the primary source of the expression
of the B-Cell metagene that is largely composed of
immunoglobulin genes [20,22]. In contrast, immunohis-
tochemical analyses of IL-8 expression and analysis of

Table 1 Clinical data of TNBC patients from the finding-cohort-A and the validation cohorts-B and -C

Parameter Status Finding cohort-A (n =
394)

Validation cohort-B (n =
185)

P-value
(Chi2)
B vs A

Validation cohort-C (n =
76)

P-value
(Chi2)
C vs A

Lymph node
status

LNN 240 36 44

Node pos. 68 60 < 0.001 32 0.001

n.a. 86 89 0

Age ≤ 40 yr 63 25 10

41 to 50 yr 91 41 17

51 to 60 yr 76 39 13

> 60 yr 79 35 0.87 36 0.003

n.a. 85 45 0

Tumor size ≤ 2 cm 85 29 11

> 2 cm 224 122 0.068 62 0.035

n.a. 85 34 3

Histological
grade

grade 3 227 110 62

grade 1 and
2

82 46 0.57 14 0.18

n.a. 85 29 0

Biopsy method surgical 346 130 76

core 19 22 0

FNA 29 33 < 0.001 0 0.009

Five-year DFS no event 202 24 49

event 95 6 0.25 26 0.69

n.a. 97 155 1
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gene expression data of breast cancer cell lines indicate
that carcinoma cells are the main source of the IL-8
metagene (Figure 2).

Relationship between TNBC and basal-like breast cancer
(BLBC)
We observed a clear bimodal distribution of the basal-
like metagene score among TNBC (Figure 3). This
bimodal distribution allows us to derive a cutoff to sepa-
rate cases into high and low expression groups by fitting
two normal distributions to the data (Figure 3). Accord-
ing to this cutoff, 72.8%, 73.0% and 69.7% of TNBC
were defined as BLBC in the discovery cohort-A, valida-
tion cohort-B, and validation cohort-C, respectively.
Table 3 compares the clinical characteristics of BLBC or
non-BLBC triple negative cancers the discovery cohort-
A. The positive association between high histological
grade (G3, P < 0.001), younger age (P = 0.004) and
BLBC were also observed in the validation cohort-C and
validation cohort-B, respectively (Additional file 2, Sup-
plementary Table S2).
In unsupervised clustering of the metagenes the basal-

like metagene clustered next to the apocrine metagene

but showed a strong inverse correlation (Figure 1). To
quantify the correlation between the basal-like metagene
and all other metagenes from Table 2 we used quartiles
of the respective metagenes. Additional file 2, Supple-
mentary Table S3 presents the six metagenes that dis-
played significant correlations with the BLBC phenotype
in both the discovery and validation cohorts. A positive
correlation was found between the BLBC phenotype and
the proliferation and angiogenesis (VEGF) metagenes. A
negative correlation was observed for the apocrine/
androgen receptor signaling and two immune system
related metagenes (MHC-2 and T-Cell metagenes), as
well as an adipocyte related signature.
Since we observed a negative correlation between the

basal-like metagene and potential markers of normal
breast tissue, such as the adipocyte metagene, we had to
exclude the possibility that we are only distinguishing
stroma-rich and stroma-poor samples. As shown in
Additional file 1, Supplementary Figure S5, when meta-
genes for proliferation, adipocytes and histones were
compared between BLBC, non-BLBC, and normal breast
samples it is clearly demonstrated that the non-BLBC
subtype is distinct from normal breast tissues in the

Validation cohort-B (n=185 TNBC) 
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Figure 1 Principal biological phenotypes identified as metagenes among TNBC. Heatmaps of expression values of the 16 metagenes
(upper panels) and the 355 individual Affymetrix probe sets (lower panels) are shown for the finding cohort (left panels, n = 394) and validation
cohort (right panels, n = 185). The dendrogram at the left presents the results from hierarchical clustering of the metagenes. Three major
clusters were observed representing (i) basal-like, apocrine, CLDN-CD24, proliferation, and adipocyte metagenes (ii) all five immune cell metagenes,
and (iii) the IL-8 and VEGF metagenes, when the hemoglobin and stroma metagenes were left out which display some dataset-bias (see
methods). In keeping with these three major phenotypes the samples were sorted according to (1.) Basal-like phenotype, (2.) low vs. high B-Cell
metagene, and (3.) the expression value of the IL-8 metagene. (The 355 individual Affymetrix probesets and the respective metagenes are listed
in the Additional file 4, Supplementary Methods).
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Table 2 Principal biological phenotypes identified as metagenes among TNBC

Biological component Metagene
name

Correlation within
metagene cluster

# of probesets in
metagene cluster

Key markers Reference

Basal-like phenotype Basal-like 0.61 37 KRT-5,-6, -14, -17, SOX10, SFRP1,
ELF5, EPHB3, GABRP

[4]

Apocrine/androgen
receptor signalling

Apocrine 0.67 27 AR, FOXA1 [18,19]

Immune system: [4,20,21,23-25]

• B-Cell B-Cell 0.87 48 IgG

• T-Cell T-Cell 0.84 27 TCR, LCK, ITK

• MHC class II MHC-2 0.83 14 HLA-DR, -DM, -DP, -DQ

• MHC class I MHC-1 0.84 17 HLA-A, -B, -C, -E, -F, -G

• Interferone response IFN 0.76 14 OAS1, OAS2, OAS3, MX1

Stroma* Stroma 0.83 47 Decorin, Osteonectin, Fibronectin,
COL5A1

[26,27]

Claudin-CD24 signature Claudin-
CD24

0.70 19 CLDN3, CLDN4, CD24, ELF3 [28,29]

Proliferation Proliferation 0.74 47 BUB1, CDC2, STK6, BIRC5, TOP2A, [35]

Blood * Hemoglobin
*

0.63 17 HBA1, HBA2, HBB [30]

Adipocytes Adipocyte 0.74 8 FABP4, PLIN, ADIPOQ, ADH1B [4]

Angiogenesis VEGF 0.57 7 VEGF, adrenomedullin, ANGPTL4 [34]

Inflammation IL-8 0.52 4 IL-8, CXCL1, CXCL2 [31,32]

HOXA gene cluster HOXA 0.52 8 HOXA-4, -5, -7, -9, -10, -11 [64]

Histone gene cluster Histone 0.69 19 Histones H2A, H2B [65]

* The Stroma and Hemoglobin metagenes displayed a bias between datasets related to different biopsy techniques (see Methods).

[AU Query: Please choose a title of no more than 15 words for Tables 3 and 4. All other information should be placed in a legend beneath each table. AU
Response: Done, additional information transferred into footnotes]
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Figure 2 Immunohistochemical analyses of the cellular source of expression of the B-Cell and IL-8 metagenes in TNBC. A) Detection of
B-lymphocytes by a CD20 antibody (red staining) in a triple negative breast cancer from the Frankfurt cohort with high expression of B-Cell and
IL-8 metagenes. B) An adjacent section of the same tumor as in (A) is stained with an IL-8 antibody demonstrating that carcinoma cells are the
source of IL-8 expression (red staining). Note the strong IL-8 staining in rod-like structures in the carcinoma cells. Further analyses using
antibodies specific for macrophages (CD68) also demonstrated that macrophages are not the cellular source of IL-8 expression in the tumor
(Additional file 1, Supplementary Figure S15).
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expression of several metagenes. Proliferation genes
have been previously shown to be the most important
determinant of cancer vs normal signatures [35].
Furthermore, the strong bimodal distribution of the
basal-like metagene argues against the possibility that
this metagene is inversely describing the degree of con-
tamination with normal tissue which should rather
result in a continuous distribution. The non-BLBC
tumors in our TNBC dataset mainly represent samples
of the “molecular apocrine” type (16.5%), which demon-
strates the inverse bimodal distribution as the basal-like
metagene, and a relatively small group of “claudin-low”
tumors (6.3%). The mutual relationship of these three
metagenes is shown in Additional file 1, Supplementary
Figure S6.

Prognostic value of the different biological phenotypes in
TNBC
To assess the prognostic value of the metagenes, we
analyzed the event free survival of patients as a function
of metagene expression. The basal-like metagene had
no significant effect on survival (Additional file 1, Sup-
plementary Figure S7). In contrast, five other metagenes
including the IL-8, Histone, VEGF, B-Cell, and T-Cell
metagenes showed significant prognostic values when
considered as continuous variables in univariate analysis
(Additional file 2, Supplementary Table S4). In a step-
wise multivariate Cox regression analysis only three of
these, the IL-8, Histone, and the B-Cell metagenes,
remained significant (Additional file 2, Supplementary
Table S5). The IL-8 and Histone metagenes were posi-
tively correlated with one another in all data sets (see
Figure 1). The B-cell and IL-8 metagenes were asso-
ciated with prognosis but with an opposing direction.
Based on these observations, we derived a B-Cell /IL-8
metagene ratio as a prognostic index for TNBC. Figure
4A demonstrates that patients with a high expression of
the B-Cell and low expression of the IL8 metagene have
significantly better prognosis than other TNBC patients
(HR 0.37, 95% CI 0.22 to 0.61; P < 0.001). The five-year
event-free survival was 84 ± 4% for the good prognosis
group (n = 95) compared to 59 ± 4% for the rest of the
patients. In validation cohort B (n = 30), there was a
non-significant trend for better survival for patients with
high B-cell low IL8 metagene expression (P = 0.3, Figure
4B). Since this cohort has limited power due to the
small sample size, we also tested the prognostic value
on a separate and larger (n = 75) validation cohort of
TNBC samples [16]. The B-cell/IL8 metagene ratio had
significant prognostic value in this second validation
cohort C, the hazard ratio (HR) was 0.26, (95% CI 0.10
to 0.68) and the five-year DFS was 78 ± 9% vs. 45 ± 8%,
(P = 0.003) (Figure 4C). The prognostic value was inde-
pendent of histological grade; Figure 4D, E shows
pooled data from all three cohorts to increase sample
size, (see also Additional file 1, Supplementary Figure S8
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Figure 3 Distribution of the expression of the basal-like
metagene among TNBC of cohort-A. The bimodal distribution of
the expression of the basal-like metagene among the 394 TNBC
samples in the finding cohort-A is shown. A mixture (black line) of
two normal gaussian distributions (blue and red lines) was fitted to
these data. The interception of the two gaussians was derived as a
cutoff (0.0014) for the definition of basal-like tumors. Similar results
were obtained for the validation cohorts-B, and -C, as well as from
all samples combined.

Table 3 Clinical parameters of TNBC with basal-like breast cancer (BLBC) or non-BLBC phenotype

Parameter Information available* Non-BLBC
(n = 107, 27.2%)

BLBC
(n = 287, 72.8%)

Total (n = 394) P-value

lymph node status n = 308 LNN 50 (64.9%) 190 (82.3%) 240

N1 27 (35.1%) 41 (17.7%) 68 0.002

Age 50 yrs n = 309 ≤ 50 yr 27 (34.6%) 124 (53.7%) 151

> 50 yr 51 (65.4%) 107 (46.3%) 158 0.004

Tumor size n = 309 ≤ 2 cm 16 (20.5%) 69 (29.9%) 85

> 2 cm 62 (79.5%) 162 (70.1%) 224 0.14

Histological grade n = 309 G3 45 (57.0%) 182 (79.1%) 227

G1&2 34 (43.0%) 48 (20.9%) 82 < 0.001

* Number of cases with available information on the specific parameter in the finding cohort-A
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for the individual cohorts). Moreover, the prognostic value
of the B-cell/IL8 metagene ratio was observed both in
BLBC and non-BLBC TNBCs (P = 0.001 and P = 0.006,
respectively; Additional file 1, Supplementary Figure S9).
The proportion of BLBC cases was similar in the Good
and Poor prognosis groups defined by the B-cell/IL8 meta-
gene ratio (75.2% and 71.8%, respectively; P = 0.54).
To assess a potential predictive value for sensitivity to

systemic adjuvant chemotherapy, the patients were stra-
tified by adjuvant treatment. In the discovery cohort,
186 patients received no adjuvant systemic treatment
and 81 patients received chemotherapy (mostly Cyclo-
phosphamide Methotrexate Fluorouracil; CMF)). Better
prognosis was observed for the high B-cell/low IL8
group in both untreated (P = 0.001) as well as che-
motherapy treated patients (P = 0.05; not shown). A

potential predictive value of the B-cell and IL8 meta-
genes was also analyzed in 191 patients with TNBC who
received neoadjuvant chemotherapy. We assembled this
cohort of samples with information on pathologically
complete response (pCR) from seven datasets. As shown
in Additional file 1, Supplementary Figure S10 the B-cell
metagene had a modest predictive value with an area
under the curve (AUC) of 0.606 consistent with our pre-
vious results [22]. The predictive value for the IL8 meta-
gene was smaller (AUC -0.552). Combining both
metagenes increased the AUC to 0.612 (95% CI 0.519 to
0.704; P = 0.018).
In multivariate Cox regression analysis, including

lymph node status, age, tumor size, and histological
grade, only the combined B-Cell/IL8-metagene score
showed strong independent prognostic value in both the

Figure 4 Prognostic value of the combined B-Cell/IL-8 metagenes among TNBC. Kaplan Meier analysis of event free survival of 297 TNBC
patients with follow up from the finding cohort A. Samples were stratified according to prognostic predictor of the combined B-Cell/IL-8
metagenes. “Good” refers to 95 samples with both high B-Cell and low IL-8 metagene expression whereas all other samples (n = 202) are
referred as “Poor”. A) Prognostic value of the B-Cell/IL8-metagene prognostic predictor in the 30 TNBC patients with follow up from the
validation cohort-B. Samples were stratified as in (A). B) Prognostic value of the B-Cell/IL8-metagene prognostic predictor in the 75 TNBC
patients with follow-up from the independent validation cohort-C. Samples were stratified as in (A). C) Prognostic value of the combined B-Cell/
IL-8 metagenes among the subset of high grade (G3) TNBC tumors from all three cohorts -A, -B, and -C (n = 186). Samples were stratified as in
(A). (Results from the individual cohorts are given in Additional file 1, Supplemental Figure S8). D) Prognostic value of the combined B-Cell/IL-8
metagenes among the subset of low to medium grade (G1 and G2) TNBC tumors from all three cohorts -A, -B, and -C (n = 77). Samples were
stratified as in (A). (Results from the individual cohorts are given in Additional file 1, Supplemental Figure S8).
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discovery cohort (HR 0.38, 95% CI 0.22 to 0.67, P = 0.001)
and in the second, larger validation cohort-C, (HR 0.21,
95% CI 0.07 to 0.62, P = 0.005). The only other variable
with borderline statistical significance (HR 0.40; 95% CI
0.17 to 0.99, P = 0.046) was lymph node status in valida-
tion cohort-C (Table 4). However, even in univariate ana-
lyses the remaining clinical variables did not show a
significant prognostic value in the analyzed cohorts. This
might be attributed to the fact that most TNBC are usually
highly proliferating and grading is not as important for
prognosis in this subtype as it is in ER positive disease; in
addition, the power of our analysis may be limited to
detecting the modest effect of age and tumor size on prog-
nosis within this sample set. The inclusion of a term for
chemotherapeutic treatment in the multivariate analysis
further reduced the sample size to 213 patients in cohort-
A (no treatment information was available for patients
from validation cohort-B). Of these 213 patients only 37
were treated with chemotherapy. The combined B-Cell/
IL8-metagene score remained significant (P = 0.001) in
the corresponding multivariate analysis (Additional file 2,
Supplementary Table S9A). Unexpectedly, chemotherapy
treatment was associated with a worse prognosis probably
due to chance or some form of selection bias to include
higher risk patients in these public data sets (Additional
file 2, Supplementary Table S9A). This selection bias is
consistent with a significant higher portion of node posi-
tive patients in the chemotherapy group (P = 0.001) and a
trend for a higher histological grade (P = 0.074; Additional
file 2, Supplementary Table S9B).

Relationship of the identified metagenes to known
prognostic signatures
The correlation of several published prognostic gene sig-
natures to the metagenes discovered within the pure

TNBC cohort was analyzed by hierarchical clustering
using the gene expression data from cohort-A (Addi-
tional file 4, Supplementary Methods Section 13). As
shown in Additional file 1, Supplementary Figure S11,
the “recurrence score” [36], “genomic grading index”
(GGI) [37], and the “wound response signature” [38]
display high correlation to the proliferation metagene.
On the other hand the “7-gene immune response (IR)
signature” [39], the “stroma derived prognostic predic-
tor” (SDPP) [40], and the “368 gene medullary breast
cancer signature” [16] were all highly correlated to
immune cell metagenes. The magnitude of the correla-
tion (R2 = 0.4 to approximately 0.7) between the differ-
ent immune metagenes and the related signatures is at
the same high level as the correlation between genes
within other metagene clusters (R2 = 0.5 to approxi-
mately 0.7; Table 2). We demonstrated previously [22]
that even if the different immune metagenes can discri-
minate between distinct types of immune cells, the
actual infiltration of tumors generally represents a mix-
ture of these different immune cells. In most cases, the
differences in the proportions in this mixture are smal-
ler than the global differences in lymphocyte infiltration
between individual tumors. Therefore, different immune
signatures often carry redundant prognostic information
and can replace each other. In contrast to the immune
cell metagenes no correlation between the IL8 metagene
and other signatures were observed.

Discussion
It has been suggested that TNBC represent a group of
several molecularly [3] and clinically [41,42] distinct dis-
ease subtypes. We used gene expression data of a cohort
of 394 TNBC to identify molecular subsets within this
tumor type. The definition of TNBC was based on gene

Table 4 Multivariate analysis of EFS according to standard parameters and the combined B-Cell/IL8-metagene in TNBC

Finding cohort A* Validation cohort C*

Variable No. of
patients†

Hazard
ratio

95% CI P-
value‡

No. of
patients§

Hazard
ratio

95% CI P-
value‡

Lymph node
status

LNN vs N1 210 vs 27 0.59 0.31 to
1.12

0.10 43 vs 29 0.40 0.17 to
0.99

0.046

Age > 50 vs ≤ 50 113 vs 124 0.75 0.48 to
1.17

0.21 48 vs 24 1.68 0.65 to
4.38

0.29

Tumor size ≤ 2 cm vs > 2
cm

71 vs 166 0.73 0.44 to
1.21

0.22 11 vs 61 0.99 0.28 to
3.42

0.98

Histological
grading

G3 vs G1 and 2 166 vs 71 1.11 0.68 to
1.81

0.68 59 vs 13 0.53 0.22 to
1.29

0.16

B-Cell/IL8-
Signature

Good vs Poor|| 78 vs 159 0.38 0.22 to
0.67

0.001 29 vs 43 0.21 0.07 to
0.62

0.005

* Results from multivariate Cox analysis of event free survival in the TNBC finding cohort A and validation cohort C are presented.

† information on all parameters was available for 237 of the 297 TNBC samples with follow up data from the finding cohort A.

‡ Significant P-values are given in bold

§ information on all parameters was available for 72 of the 76 TNBC samples with follow up data from the validation cohort C.

|| “Good“ refers to high B-Cell metagene together with low IL8 metagene expression compared to all the remaining samples referred as “Poor“.

Rody et al. Breast Cancer Research 2011, 13:R97
http://breast-cancer-research.com/content/13/5/R97

Page 8 of 12



expression data which is not the standard definition
used in the clinic. This might be a caveat but holds the
promise that samples erroneously characterized as
receptor-negative by immunohistochemistry do not
introduce noise into our analysis. We identified 16
metagenes associated with several distinct biological
processes that showed variable expression across TNBC
(Table 2). Some of the metagenes seem to point to the
distinct origins of these cancers [43,44]. These include
the basal-like [4], the apocrine [18,19], and the claudin-
low [28,29] subtypes of TNBC. Other metagenes were
related to non-neoplastic cellular constituents of the
tumor microenvironment including stroma [26,27],
blood cell [30] and adipocytes [4], as well as signatures
for angiogenesis [23,34] and inflammation [31-33]. Five
metagenes appear to reflect the variable presence of
immune cells and may contribute to the clinical beha-
vior of the cancer [4,20-25,27,45] (Table 2).
Kreike et al. [9] detected similar metagenes among 97

TNBC analysed with a different microarray platform.
That study suggested that the TNBC clinical phenotype
can be equated to the BLBC molecular class determined
by the centroid method [46] since 95% of the TNBCs
were assigned basal-like molecular class [47]. However,
the centroid method is highly susceptible to the compo-
sition of the dataset that is used to define the reference
centroids [48] and variants of the method can lead to
different results [49]. Bertucci et al. [50] identified only
71% of their 172 TNBC cases as basal-like when using a
slightly different version of the centroid method for
molecular classification. When we applied different ver-
sions of the centroid method to 1,364 breast cancers,
65% to 90% of the TNBC samples (n = 172) were
assigned to the basal-like class depending on the
method used (Additional file 2, Supplementary Table
S6). In this paper we took a different approach and first
identified metagenes and used these metagenes to define
molecular subsets among TNBC. One of our metagenes
corresponded closely to the gene signatures that are
used to define BLBC in the centroid based methods.
Our results indicate that BLBC defined based on the
basal-like metagene expression represent around 73% of
TNBC (Table 3 and Additional file 2, Supplementary
Table S2).
The proportion of BLBC among TNBC in our study is

similar to results from an immunohistochemical study
by Rakha et al. [7] that defined BLBC by the expression
of CK5/6, CK14, CK17 or EGFR. These authors
observed a worse survival of the 165 patients with BLBC
compared to the remaining 67 TNBC cases, which
expressed none of these markers. However, we did not
detect differences in the prognosis of BLBC and non-
BLBC type triple negative cancers (Additional file 1,
Supplementary Figure S7). In the study by Rakha et al.

the prognostic effect was mainly confined to 103
untreated patients. Still, even when we analyzed
untreated patients (n = 186) separately, we detected no
prognostic value of the BLBC phenotype (not shown).
Our results are also contrary to the immunohistochem-
ical study of Cheang et al. [51], which used CK5/6 and
EGFR antibodies for TNBC stratification. They also
observed a worse prognosis of 336 BLBC TNBC com-
pared to 303 non-BLBC TNBC. However, our study is
not directly comparable to these prior reports because
our definition of BLBC is fundamentally different from
the IHC-based methods. Our results are in line with
several other genomic profiling studies that reported
limited prognostic value for the BLBC molecular class
among clinically triple negative cancers [18,19,50].
We observed strong prognostic value for several of the

other metagenes (Additional file 2, Supplementary Table
S4). An improved prognosis was observed for patients
with tumors displaying high expression of immune sys-
tem related metagenes which supports recent reports
[20,23-25,27,39,40,52,53]. An association with decreased
survival was observed for high expression of inflamma-
tion (IL-8), an angiogenesis/hypoxia signature (VEGF)
[34], and histone-related metagenes (Additional file 2,
Supplementary Table S4 and Figure 1). A simple combi-
nation of high B-Cell and low IL8 metagene expression
identifies a subset of TNBC patients (32% of all) with a
favorable prognosis and a five-year event-free survival of
84%. In multivariate analysis, only this metagene ratio
and lymph node status were significant predictors of
TNBC in our cohort of patients (Table 4 and Figure 4D,
E). Other known prognostic factors in breast cancer,
such as age, tumor size and histological grade, were not
significant in our cohorts, even in univariate analysis.
Most TNBC are high grade and, therefore, grade is not
as important for prognosis in this subtype as it is in ER
positive disease. TNBCs are also often associated with
younger age but the impact of age and tumor size for
prognosis within this subtype is not yet fully clear. Still
it cannot be excluded that a bias in our cohort is the
reason for the lack of the significance of these factors.
Our analyses of neoadjuvant treated TNBC samples sug-
gest modest predictive value of the B-cell/IL8 metagene
ratio for currently used chemotherapies [22,54] (Addi-
tional file 1, Supplementary Figure S10). We also
observed a pure prognostic value in untreated patients
of finding the cohort in line with other reports on B-cell
metagene [24,27]. Treatment information on the sam-
ples from the validation cohort was not available.
Our observation is important since every currently

available genomic prognostic signature, (for example,
the 70-gene profile [55], Recurrence Score [36], Geno-
mic Grading Index [37]), assigns poor prognostic risk
status to all TNBC samples despite their variable
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outcome [56-58]. One of these signatures, the Rotter-
dam-76-gene prognostic signature [59], was developed
in a way to allow prognostic stratification of ER-negative
cancers. However, similar to other reports [9] we were
not able to demonstrate a prognostic value for this sig-
nature (Additional file 1, Supplementary Figure S12).
We used an unsupervised class discovery approach to

first identify the main molecular subtypes within the
data and then assess the prognostic differences between
the molecular subsets. Interestingly, when we performed
an independent supervised analysis that compared
TNBC cases with or without recurrence, we also identi-
fied IL-8 as the top ranked gene associated with poor
prognosis (Additional file 1, Supplementary Figure S13
and Additional file 2, Supplementary Table S8). How-
ever, gene signatures obtained through supervised analy-
sis were not superior to the molecular structure based
prognostic predictions in validation (Additional file 1,
Supplementary Figure S14). In addition, the biological
interpretation of the empirically derived prognostic sig-
nature is more difficult than the interpretation of meta-
genes. In summary, we performed the largest
unsupervised analysis of pooled gene expression data
from TNBC. We describe a new prognostic signature
for these cancers that identify about one-third of TNBC
as relatively low risk for recurrence. These cancers are
characterized by high B-cell and low IL-8 metagene
expression and have about 84% recurrence-free survival
at five-years. Whereas, this may not be sufficiently high
to forego adjuvant chemotherapy, these observations
pave the way to develop a clinically useful multivariate
prognostic model for TNBC. A combined, prognostic
score, including clinical variables, such as nodal status
and perhaps tumor size, and molecular variables, such
as optimized B-cell and IL-8 metagenes (measured by
an RT-PCR or array-based method), may identify
patients with very low risk of recurrence even with ER-,
PgR- and HER2-negative breast cancer. Equally impor-
tant, the prognostic importance of B-cells and the nega-
tive impact of IL-8 suggest potential novel therapeutic
strategies for TNBC that can be tested in the clinic
[31,32]. It could allow the selection of those patients
who could profit most from novel immune stimulating
drugs like anti-CTLA-4 antibodies that have shown pro-
mise in melanoma [60,61]. IL8 could also directly
increase the survival of breast cancer stem cells after
chemotherapy [62], which can be blocked with IL8
directed drugs [63]. Such an effect might explain the tri-
ple negative paradox with high relapse rates despite a
good initial response to chemotherapy.

Conclusions
In the largest and most comprehensive analysis of all
available gene expression data in TNBC, we first

identified structures in the molecular data without con-
sidering any clinical outcome. Subsequently, these mole-
cular phenotypes were correlated with survival in
multivariate analysis, including routine clinical and
pathological variables. Our most important observation
is that a high B-cell presence and low IL-8 activity iden-
tifies a good prognosis group, even in the absence of
systemic therapy, among TNBC. These observations
directly point to therapeutic interventions, such as the
inhibition of the IL-8 pathway and activation of the
immune system in the tumor microenvironment that
could benefit patients with this disease.

Additional material

Additional file 1: Supplementary Figures S1 to S15. An Adobe file
containing 15 supplementary figures (S1 to S15).

Additional file 2: Supplementary Tables S1 to S7. An Adobe file
containing seven supplementary tables (S1 to S7).

Additional file 3: Supplementary Tables S8. An Excel file containing a
supplementary table (S8) containing lists of probesets and corresponding
information from the supervised analysis by SAM.

Additional file 4: Supplementary Methods. An Adobe file containing
supplementary information on methodology and six additional
supplementary figures (S16 to S21), which are referred to within this
supplementary methods.

Additional file 5: Supplementary R files. A zipped package containing
an R script file of the analysis with respective links to the complete
dataset files in GEO and a text file of the metagene probesets used in
the R analysis.
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#  R-Version:    R 2.12.1  (2010-12-16)

#  Required input files:
#
#   TNBC_Metag_ProbesLists.txt 
#   GSE31519_complete_dataset.txt 
#   GSE31519_TNBC_SampleInfo_BCR.txt 
#   
# How to obtain:
#
# The file TNBC_Metag_ProbesLists.txt is also included in the "Additional data file" zip package
#
# GSE31519_TNBC_SampleInfo_BCR.txt  is available from
# ftp://ftp.ncbi.nih.gov/pub/geo/DATA/supplementary/series/GSE31519/GSE31519%5FTNBC%5FSampleInfo%5FBCR%2Etxt%2Egz
#
# GSE31519_complete_dataset.txt  is available from
# ftp://ftp.ncbi.nih.gov/pub/geo/DATA/supplementary/series/GSE31519/GSE31519%5Fcomplete%5Fdataset%2Etxt%2Egz
#
# This last file from the GEO database has a rather complicated structure with a gap of 23 columns 
#   since it also contains samples from the ArrayExpress database which they have moved to the end.
#   The file is used to rebuild the complete dataset of 579 samples here:
#   

samples <- read.delim("GSE31519_complete_dataset.txt", colClasses= "character", skip=1, nrows=1, header=FALSE)   # read the sample names from row-2
data <- read.delim("GSE31519_complete_dataset.txt", skip=4,header=FALSE)  # read data starting row-5
colnames(data)=t(samples)       # add sample names from row-2 as column names
data=data[,!samples==""]        # remove blank gap-columns with no sample-title in row-2 from expr data
rm(samples)   # delete used variable
rownames(data)=data[,1]     # use first column with Affy IDs as rownames
cd_compl_579=data[,-1]    # remove first column with Affy IDs
rm(data)  # delete used variable
cd_compl_579=cd_compl_579[,sort(colnames(cd_compl_579))]   # sort columns by sample name


header_579 <- read.delim("GSE31519_TNBC_SampleInfo_BCR.txt",colClasses = "character", row.names="SampleNames",h=T)   # all sample information

#  Select the n=394 comparable TNBC samples from n=579 TNBC Affymetrix MAS5 data

#  Variables used:
#  cd_compl_579 ==> chip-data complete (data.frame, 579 samples in columns, 22283 probesets in rows)
#  header_579  ==> sample infos including dataset allocation (data.frame, 579 samples in columns)
#  n_probes ==> number of ProbeSets (rows in cd_compl_579)
#  n_col_cd ==> number of columns/samples in cd_compl_579
#  tcdm_579  ==> transposed chip data matrix
#  t_header_579 ==> transposed sample infos (data.frame)
#  ds_579 ==> dataset allocation of 579 samples from header_579
#  tds_579  ==>  transposed ds_579 (dataset allocation as matrix)
#  tdsn_579  ==> as.numeric(tds_579)  (vector)
#

n_col_cd=ncol(cd_compl_579)
n_probes=nrow(cd_compl_579)
ds_579=header_579["datas_new09",]    # dataset allocation of 579 samples from header_579
tds_579=t(ds_579)  # transposed ds_579 (dataset allocation as matrix)
tdsn_579=as.numeric(tds_579)   # transposed dataset vector
tcdm_579=t(cd_compl_579)   # transposed chip data matrix
t_header_579=as.data.frame(t(header_579))  # transposed sample info header as data.frame
ds_mean=by(tcdm_579, tdsn_579, mean)  # means within individual datasets, 
                                     #  List is sorted by numeric dataset tdsn_579
tcdm_mean=apply(tcdm_579,2,mean)
        #   generates named list of 22283 means, which can be indexed by tcdm_mean[probes]
tcdm_stdev=apply(tcdm_579,2, sd)   # the same for the StdDev


# Calculate comparability metrics for the datasets:
# (calculate sum of squared differences of dataset-mean from total-mean for all probesets)
# Define variables
n_datas=length(ds_mean)   # number of datasets
diff_to_mean= matrix(0,nrow=n_probes,ncol=n_datas) # matrix of differences from mean
nrm_diff_to_mean= matrix(0,nrow=n_probes,ncol=n_datas) # matrix of NORMALIZED diff from mean

for (probes in 1:n_probes)   # loop for all probesets
{

for (i in 1:n_datas)
# calculate for each dataset diff from global-mean of all datasets
# and save in matrix "diff_to_mean"
{
diff_to_mean[probes,i]=ds_mean[[i]][probes]- tcdm_mean[probes]
# again the same but normalize by dividing through StdDev
nrm_diff_to_mean[probes,i]=(ds_mean[[i]][probes]- tcdm_mean[probes]) / tcdm_stdev[probes]
}
}
# calculate squares of differences
squ_diff=diff_to_mean^2
squ_nrm_diff= nrm_diff_to_mean^2
# sum of squared differences by column
sum_squ_diff=apply(na.omit(squ_diff),2,sum)
sum_squ_nrm_diff=apply(na.omit(squ_nrm_diff),2,sum)
#  important: these vectors are still sorted by numeric dataset tdsn_579 !

# summarize results
comparab=data.frame(sort(unique(tdsn_579)),sum_squ_diff,sum_squ_nrm_diff)
names(comparab)=c("dataset","sum_squ_diff","sum_squ_nrm_diff")
sort.comparab=comparab[order(comparab$sum_squ_nrm_diff),]

# integrate normalized comparab data in sample info in t_header_579
for (i in 1:n_col_cd) 
    {t_header_579$comparab_nrm[i]= comparab$sum_squ_nrm_diff[comparab$dataset==tdsn_579[i]]}
# remove temporary variables:
rm(diff_to_mean, nrm_diff_to_mean, ds_mean,tcdm_mean, tcdm_stdev, squ_diff, squ_nrm_diff, sum_squ_diff, sum_squ_nrm_diff)

plot(sort(t_header_579$comparab_nrm),type="l")
abline(8000,0,col="red")



###################################################################################################




#  Select a subset of datasets with lowest comparability metric
# Select a subset of comparab by defining criteria:
compar_subset= subset(comparab, subset= sum_squ_nrm_diff < 8000)
# vector of corresponding datasets:
datas_subset=compar_subset$dataset
# generate logical vector FALSE/TRUE for the complete dataset of 579 TNBC:
subset_index_vector=(tdsn_579 %in% datas_subset)
# query selected samples from transposed chipdata matrix:
tcdm_394=tcdm_579[subset_index_vector , ]
# query  corresponding transposed dataset vector:
tdsn_394=tdsn_579[subset_index_vector]
# query selcted samples from NOT-transposed dataset (and corresponding header and t_header):
cd_compl_394= cd_compl_579[,subset_index_vector]
header_394= header_579[,subset_index_vector]
t_header_394= t_header_579[subset_index_vector,]
  


# Calculate Kruskal-Wallis statistics for all probesets according to their association with the dataset vector among the 394 TNBC samples:

# Variables used:    tcdm_394, tdsn_394, n_probes, cd_compl_394
# Newly generated variables:    kruskal_param

kruskal_result=kruskal.test(tcdm_394[,1],tdsn_394)  # Define variable as "list" by performing test once
kruskal_stat= matrix(0,nrow=n_probes)  # matrix for chi-statistics
kruskal_p=matrix(0,nrow=n_probes)  # matrix for p-values

# loop perfoming kruskal-test for each probeset (chip-data vs. dataset-vector)
# the results of each test are variables of type LIST, which are combined by indexing with [[i]]
for (i in 1:n_probes)
{
kruskal_result[[i]]=kruskal.test(tcdm_394[,i], tdsn_394)   # results as LIST
kruskal_stat[i]=kruskal_result[[i]]$statistic  # read statistics from LIST in matrix
kruskal_p[i]=kruskal_result[[i]]$p.value   # read p-values from LIST in matrix
}
# summarize statistics and p-values and probeset names in one dataframe:
kruskal_param= data.frame(row.names=rownames(cd_compl_394),kruskal_stat,kruskal_p)  # dataframe with results
# remove temporary variables:
rm(kruskal_result, kruskal_stat, kruskal_p)
  
hist(kruskal_param$kruskal_stat,breaks=30,col="dark blue") # histogram for all probesets



###################################################################################################

#  Input-file required:   TNBC_Metag_ProbesLists.txt

# Calculation of metagene-values for all 394 samples:
# Variables:
# metagenes_probelists ==>  lists of probesets representing the different metagenes
# n_metagenes ==> number of different metagenes
# metag_means ==> matrix for metagene means of all samples
# cd_probes_c ==> probeset-names as character from  rownames of cd_compl_394

# Variable used from above:    cd_compl_394

# load probelists for metagenes and respective header-line

metagenes_probelists <- read.delim("TNBC_Metag_ProbesLists.txt",h=T)
n_metagenes= ncol(metagenes_probelists)
metag_means=matrix(0,ncol= ncol(cd_compl_394),nrow=n_metagenes) # define matrix for results
cd_probes_c =rownames(cd_compl_394)  # probeset-names as character

for (i in 1: n_metagenes)   # loop for metagen calculation
{
probes_of_metag=as.character(metagenes_probelists[,i])  # retrieve probes as character
# generate logical vector of selected probesets 
metag_subset_index_vector=(cd_probes_c %in% probes_of_metag) 
# calculate metagene-mean using logical vector (for all samples)
metag_mean_TF=by(as.matrix(cd_compl_394),metag_subset_index_vector,mean) 
    # provides mean values for TRUE (metagene probesets) and FALSE (not used)
metag_means[i,]= metag_mean_TF$'TRUE'
}
# Summarize results:
rownames(metag_means)=colnames(metagenes_probelists)
colnames(metag_means)=colnames(cd_compl_394)
metag_df=as.data.frame(t(metag_means))  # transposed as dataframe (to query metagenes by name)
# remove temporary variables:
rm(n_metagenes, metag_means, cd_probes_c, probes_of_metag, metag_subset_index_vector, metag_mean_TF)

# Kruskal-Wallis-stats of metagene-probesets:

metagene_kruskal_stats=vector(mode="list",length=ncol(metagenes_probelists))
names(metagene_kruskal_stats)=colnames(metagenes_probelists)
median_metagene_kruskal_stats=vector(mode = "numeric", length = ncol(metagenes_probelists))
names(median_metagene_kruskal_stats)=colnames(metagenes_probelists)

for (i in 1: ncol(metagenes_probelists))   # loop for kruskal-statistic of metagenes calculation
{
probes_of_metag=as.character(metagenes_probelists[,i])  # retrieve probes as character
metagene_kruskal_stats[[i]]=kruskal_param$kruskal_stat[rownames(kruskal_param[,]) %in% probes_of_metag]
median_metagene_kruskal_stats[i]=median(metagene_kruskal_stats[[i]])
}

metagene_kruskal =cbind(metagene_kruskal_stats,median_metagene_kruskal_stats)[order(median_metagene_kruskal_stats),]
# remove temporary variables:
rm(metagene_kruskal_stats, median_metagene_kruskal_stats, probes_of_metag, i)
boxplot(metagene_kruskal[,1])
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Supplementary Figure S1: Sample flow in analysis according to REMARK criteria  (McShane et al.  J Clin Oncol. 2005;23:9067). 
 


n=3488 breast cancers with Affymetrix microarray data 
(Suppl. Table S1) 


n=579 triple negative breast cancer (TNBC) (Table 1) 


Finding Cohort A 
n=394 comparable microarrays of TNBC (Suppl. Fig. S2, 


Table 1) 


Validation Cohort B 
n=185 samples excluded based on lower array 


comparability  (Suppl. Fig. S2, Table 1) 


n=2909 samples excluded  
(non-TNBC subtypes) 


Building of 16 metagenes for principal phenotypes from all 
22,283 probesets on Affymetrix array (Figure 1, Table 2, 


Suppl. Table S8) 


Control for dataset bias among metagenes (Suppl. Fig. S17) 
Two metagenes detected with dataset bias related to 


sampling procedure (stroma and blood; Suppl. Fig.S3,S17).  


Correlation of Basal-like metagene with clinical parameters 
(Table 3) and with other metagenes (Suppl. Table S3)  


Selection of prognostic metagenes (Suppl. Table S4; Suppl. 
Table S5) 


Validation in Cohort B 
(Suppl. Table S2; Suppl. Table S3) 


Construction of simple two-metagene prognostic predictor  
(Suppl. Fig. S19) 
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Analytical strategy:    Sample Flow 


Univariate and multivariate prognostic value in finding 
cohort A    (Figure 4A; Table 4). 


n=297 patients with follow up data; 
 n=237 patients with information on all  


standard parameters in multivariate analysis 


Validation of metagene correlations in Cohort B  
(Figure 1) 
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Validation in Cohort B (Figure 4B) 
only n=30 patients with follow up 


Independent validation of prognostic 
predictor in Cohort C in univariate (Figure 


4C) and multivariate  analysis (Table 4) 


Validation Cohort C 
n=76 TNBC samples with microarray and 


follow up data (Table 1) 
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Validation in Cohort C 
(Suppl. Table S2; Suppl. Table S3) 


 


Independent validation cohort of n=266 
breast cancers samples. 


(GSE21653, Suppl. Table S1) 


n=190 non-TNBC samples excluded 


Validation in Cohort C 
(Suppl. Figure S4) 


 







 


Supplementary Figure S2: Selection of the TNBC finding cohort from multiple datasets based 


on dataset comparibility 


Triple negative breast cancers (TNBC, n=579) from 28 datasets were sorted by dataset according to a 


dataset comparability metric (horizontally). Shown are the full array data of normalized Affymetrix 


U133A microarrays. The 15 most comparable datasets encompassing n=394 TNBC samples were 


subsequently used as a finding cohort-A and the remaining 13 datasets (n=185 TNBC samples) 


withhold as validation cohort-B. 
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28 Affymetrix datasets encompassing n=579 Triple Negative 


Breast Cancers   (Affymetrix U133A array data) 
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Supplementary Figure S3: Influence of biopsy method on expression of stroma and 


hemoglobin metagenes 


The distribution of the expression of the stroma (A) and hemoglobin (B) metagenes among the n=579 


TNBC samples of cohort-A and -B is shown. Different colours are used according to the applied biopsy 


method. Samples obtained by fine needle aspiration (FNA) are characterized by low stroma 


metagene expression and high hemoglobin metagene expression. Such samples are known to 


contain relative high amounts of blood and low amounts of stromal tissue. (Identical results were 


obtained  when the analysis was performed using cohorts-A and –B separately). 
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Supplementary Figure S4: Correlation of the expression of the 16 metagenes among 76 TNBC 


samples from validation cohort-C 


A heatmap of expression values of the 16 metagenes is shown for the 76 TNBC samples from 


validation cohort-C. The dendrogram at the left presents the results from hierarchical clustering of 


the metagenes. Samples were sorted as in Figure 1 according to (1.) Basal-like phenotype, (2.) low vs. 


high B-Cell metagene, and (3.) the expression value of the IL-8 metagene.  


 







 


 
Supplementary Figure S5: Relationship of non-BLBC samples to benign breast tissue  


Box plots comparing  the expression of Proliferation, Histone, and Adipocyte metagenes between samples of 


benign breast tissue, and tumors of the BLBC and Non-BLBC subtype of TNBC. Benign breast tissue is 


characterized by low expression of both Proliferation and Histone metagenes but high expression of the 


Adipocyte metagene. In contrast tumor samples of both BLBC and Non-BLBC type are similar to each other but 


differ significantly from benign breast in the expression of all three metagenes. 


(Affymetrix expression data from n=140 normal breast biopsies were obtained from GSE10780:   Chen DT, Nasir A, Culhane A, Venkataramu 


C, Fulp W, Rubio R, Wang T, Agrawal D, McCarthy SM, Gruidl M et al: Proliferative genes dominate malignancy-risk gene signature in 


histologically-normal breast tissue. Breast Cancer Res Treat 2009.) 
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Supplementary Figure S6: Mutual relationship between the Apocrine, Claudin-CD24, and 


Basal-like metagenes in TNBC 


A) Scatter plot of the expression of the Apocrine and the Claudin-CD24 metagenes among the 


394 TNBC samples from the finding cohort-A. Samples are coloured according to their 


classification as either Basal-like (red, 63.2%), Molecular-Apocrine (blue, 16.5%), or Claudin-


Low (green, 6.3%). Classifications were performed based on cutoffs derived from the 


distribution of the respective metagenes (given in B). Samples assigned to two different 


subtypes based on these cutoffs were classified as "unclassified/ambigous" (grey, 14.0%) in 


this plot. 


B) Histogramms of the expression of the Apocrine and Claudin-CD24 metagenes used for 


derivation of the respective cutoff values (arrows) through fitting a mixture of two normal 


distributions. 
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Supplementary Figure S7: Analysis of the prognostic value of the Basal-like metagene among 


TNBC of cohort A 


A) Kaplan Meier analysis of event free survival of TNBC patients from cohort-A stratified as 


BLBC (n=219) or Non-BLBC (n=78) based on the cutoff (0.0014) derived from the 


distribution of the Basal-like metagene. 


B) The TNBC cohort-A was stratified into quartiles according to the expression of the Basal-


like metagene and Kaplan Meier analysis of event free survival of the corresponing 


groups performed. However no trend for a prognostic value was detected among the 


297 patients with follow up information. Similar results were obtained in the validation 


cohorts (not shown). 
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Suppl. Figure S8: Prognostic value of the the combined B-Cell/IL-8 metagenes among TNBC in subgroups according to 


pathohistological grading in the three individual cohorts 
Kaplan Meier analysis of event free survival of TNBC patients with follow up from the finding cohort-A (in panels A and B), 
the validation cohort-B (in panels C and D), and the validation cohort-C (in panels E and F). The cohorts were further 
stratified according to pathohistological grading with either high grade (G3) tumors in panels A, C, and E or low grade 
(G1,G2) tumors in panels B, D, and F. Samples were stratified according to prognostic predictor of the combined B-Cell/IL-8 
metagenes. "Good" refers to samples with both high B-Cell and low IL-8 metagene expression whereas all other samples are 
referred as "Poor".  


 


Good 


B-Cell high / IL-8 low  (n=4) 


Poor 


remaining samples (n=9) 


P=0.019 


E
v
e


n
t 
fr


e
e


 s
u


rv
iv


a
l 


1.0 


0.9 


0.8 


0.7 


0.6 


0.5 


Low Grade TNBC (G1,G2) 
(n=13, cohort-C) F 


months 
60 40 20 0 


E 


Poor 


remaining samples (n=35) 


P=0.051 


E
v
e


n
t 
fr


e
e


 s
u


rv
iv


a
l 


1.0 


0.9 


0.8 


0.7 


0.6 


0.5 


months 
60 40 20 0 


High Grade TNBC (G3) 
(n=62, cohort-C) 


Good 


B-Cell high / IL-8 low  (n=3) 


D 


Poor 


remaining samples (n=9) 


P=0.45 


E
v
e


n
t 
fr


e
e


 s
u


rv
iv


a
l 


1.0 


0.9 


0.8 


0.7 


0.6 


0.5 


months 
120 80 40 0 


Low Grade TNBC (G1,G2) 
(n=12, cohort-B) 


Good 


B-Cell high / IL-8 low  (n=2) 


C 


Poor 


remaining samples (n=10) 


P=0.8 


E
v
e


n
t 
fr


e
e


 s
u


rv
iv


a
l 


1.0 


0.9 


0.8 


0.7 


0.6 


0.5 


months 
120 80 40 0 


High Grade TNBC (G3) 
(n=12, cohort-B) 


Good 


B-Cell high / IL-8 low  (n=26) 


B 


Poor 


remaining samples (n=51) 


P=0.125 


E
v
e


n
t 
fr


e
e


 s
u


rv
iv


a
l 


1.0 


0.9 


0.8 


0.7 


0.6 


0.5 


months 
120 80 40 0 


Low Grade TNBC (G1,G2) 
(n=77, cohort-A) 


Good 


B-Cell high / IL-8 low  (n=61) 


A 


Poor 


remaining samples (n=125) 


P=0.002 


E
v
e


n
t 
fr


e
e


 s
u


rv
iv


a
l 


1.0 


0.9 


0.8 


0.7 


0.6 


0.5 


months 
120 80 40 0 


High Grade TNBC (G3) 
(n=186, cohort-A) 


Good 


B-Cell high / IL-8 low  (n=27) 







 


 


 


  BLBC  Non-BLBC 


Cohort: n (total) P-Value n Good n Poor  P-Value n Good n Poor 


cohort-A 297 0.004 71 148  0.001 24 54 


cohort-B 30 0.640 3 17  0.159 2 8 


cohort-C 75 0.011 21 31  0.110 10 13 


cohort A+B 327 0.006 74 165  0.004 26 62 


all combined 402 0.001 95 196  0.003 36 78 


 


Supplementary Figure S9: Prognostic value of the combined B-Cell/IL-8 metagenes within the 


groups of Basal-like and Non-basal-like  TNBC. 


A) Kaplan Meier analysis of event free survival of 402 TNBC patients with follow up from all 


three cohorts (cohort-A, -B, and –C). Samples were stratified according to prognostic 


predictor of the combined B-Cell/IL-8 metagenes. "Good" refers to 131 samples with both 


high B-Cell and low IL-8 metagene expression whereas all other samples (n=274) are referred 


as "Poor". Two separate Kaplan Meier graphs are presented for patients with tumors either 


classified as Basal-like breast cancer (BLBC, left) or Non-BLBC (right). The B-Cell/IL8 metagene 


ratio demonstrated a prognostic value in both subgroups (HR 0.41, 95%CI 0.25-0.69, P<0.001; 


and HR 0.30, 95%CI 0.13-0.70, P=0.003; respectively). 


B) Results of the respective Kaplan Meier analyses of the individual cohorts are given using the 


same stratification strategy as in (A). 
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Supplementary Figure S10: Analysis of the predictive value of the combined B-Cell/IL-8 


metagenes for response to neoadjuvant chemotherapy in TNBC. 


A) Neoadjuvant treated TNBC samples with information on pathological complete response 


(pCR) and available Affymetrix expression data were assembled from 7 datasets (MDA133, 


GSE16716, GSE18728, GSE19697, GSE20194, GSE20271, Frankfurt-3). Only pretherapeutic 


biopsies that were not microdissected were included (n=191 nonredundant samples) of 


which 52 (27%) experienced a pCR. Two separate ROC curves for prediction of pCR by the B-


Cell metagene and no-pCR by the IL8 metagene are shown with an area under the curve 


(AUC) of 0.606 and 0.552, respectively. 


B) ROC curves of the T-Cell and B-Cell metagenes as well as combinations of both metagenes 


and the IL8 metagene are shown for the prediction of pCR as in (A). The respective AUC 


values are given in the table on the right. Combinations of B-Cell and IL8 metagenes or 


addition of the T-Cell metagene slightly increase the AUC to a maximum of 0.619. 


T-Cell 


B-Cell 


B-Cell + T-Cell 


B-Cell + T-Cell – IL8 


B-Cell – IL8 


 AUC SE P-Value 


T-Cell 0.584 0.048 0.076 


B-Cell 0.606 0.048 0.025 


B-Cell + T-Cell 0.607 0.048 0.023 


B-Cell + T-Cell – IL8 0.619 0.047 0.012 


B-Cell – IL8 0.612 0.047 0.018 
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wound.score$score = "Wound response signature" 
rs.394$score = "Recurrence Score" 
ggi.score$score = "Genomic Grading Index" 
gene70.score$score = "Amsterdam 70 gene signature" 
sabatier.score$score = "Sabatier - 368-gene-medullary-BC-signature" 
Tesch7.score$score = "Teschendorff - 7-gene immune response (IR) signature" 
sdpp.score$score = "Finak – Stroma Derived Prognostic Predictor" 


 
CLDN3 = Claudin-CD24 metagene 
Prolif = Proliferation metagene 
 


 


Supplementary Figure S11: Relationship of previously published gene signatures to the 


metagenes detected within TNBC. 


The correlation of several published gene signatures to the metagenes discovered within the pure 


TNBC cohort was analyzed by hierarchical clustering using gene expression data from the 


homogenous cohort-A of 394 TNBC. "Recurrence Score" (Paik et al. 2004 N Engl J Med. 351:2817), 


"Genomic Grading Index" (GGI; Sotiriou et al. 2006 J Natl Cancer Inst. 98:262), and the "Wound 


response signature" (Chang et al. 2005 Proc Natl Acad Sci USA 102:3738) display high correlation to 


the proliferation metagene. The "7-gene immune response (IR) signature", the "Stroma derived 


prognostic predictor" (SDPP; Finak et al. 2008 Nat Med. 14:518), and the "368 gene medullary breast 


cancer signature" (Sabatier et al. 2011 Breast Cancer Res Treat. 126:407) were all highly correlated to 


immune cell metagenes. No correlations of the signatures to the IL8 metagene were observed. 
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Supplementary Figure S12: Prognostic value of the Rotterdam Signature in TNBC  


A) The n=47 TNBC cases from the Rotterdam finding cohort were stratified according to the 


Relapse Score derived from the 16 genes of the Rotterdam signature as requested for ER 


negative samples (Wang et al. 2005). Kaplan Meier analysis of event free survival is shown 


for the samples with a Good and Poor Relapse Score, respectively. 


B) For validation 280 TNBC cases not from the Rotterdam cohort with follow up information 


were stratified as either Good or Poor Prognosis according to the Relapse Score as in (A). As 


shown no significant prognostic value was detected both in the complete cohort as well as 


in the individual datasets (not shown). 


C) The same analysis as in (B) was performed using quartiles according to the Relapse Score of 


the Rotterdam signature. 
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Supplementary Figure S13: Development and validation of prognostic predictors according to REMARK criteria  (McShane et al.  J Clin Oncol. 


2005;23:9067). 


Finding Cohort A 
n=394 comparable microarrays of TNBC (Suppl. Fig. S2, Table 1) 


Unsupervised clustering and building of 16 metagenes for 
principal phenotypes from all 22,283 probesets on 
Affymetrix array (Figure 1, Table 2, Suppl. Table S7) 


Control for dataset bias among metagenes (Suppl. Fig. S17) 


Selection of prognostic metagenes (Suppl. Table S4; Suppl. 
Table S5) 


Construction of simple two-metagene prognostic predictor  
(Suppl. Fig. S19) 


Analytical strategy:    Development of prognostic predictors 


Univariate and multivariate prognostic value in finding 
cohort A    (Figure 4A; Table 4). 


n=297 patients with follow up data; 
 n=237 patients with information on all  


standard parameters in multivariate analysis 


Development 
of prognostic 


predictor 


Independent validation in 
Cohort B (Figure 4B), only 
n=30 patients with follow 


up 


Independent validation in 
Cohort C (Figure 4C and 
Table 4), n=75 patients 


with follow up 


Unsupervised 
identification of 


principal 
phenotypes  


Censored survival function of samr package (Significance 
Analysis of Microarrays, SAM)  using all 22,283 probesets 


on Affymetrix array (Suppl. Table S8). 


Median FDR: 25 % <3.5 % 
Poor Prognosis probesets:  235 26 


Good Prognosis probesets: 29 0 
 


Compound covariate predictors using each probesets' 
expression and the respective SAM-score as a weight. 


Kaplan-Meier analysis using a median split 
of the finding cohort A according to the supervised 


prognostic signatures (Suppl. Fig. S14 A,E) 


Supervised 
identification 
of prognostic 


markers  


Development 
of prognostic 


predictor 


Independent validation in 
Cohort B  


(Suppl. Fig. S14B,F) 


Independent validation in 
Cohort C  


(Suppl. Fig. S14C,G) 







  


 


 


 


Supplementary Figure S14     – (continued) – 
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Supplementary Figure S14: Supervised Prognostic Classification using Significance Analysis of 


Microarrays (SAM) in TNBC  


The Cox score option for censored survival data of Significance Analysis of Microarrays (SAM; Tusher 


et al. Proc Natl Acad Sci U S A. 2001 ;98:5116) was applied to the finding cohort-A using the R-


package samr and including all probesets on the Affymetrix U133A array. 


   


A) - D): 235 probsets associated with poor prognosis and 29 probesets associated with good 


prognosis were identified with a median false discovery rate of 25% (Suppl. Table S8). A 


supervised prognostic signature was derived as a compound covariate predictor using each 


probesets' expression value and the respective SAM-Score as a weight. Kaplan-Meier curves 


using a median split of the cohorts according to the supervised prognostic signature 


demonstrate a significant difference in prognosis in the training cohort (A). In contrast, only 


a trend was found among the validation cohorts (B and C). Panel D displays a cluster 


analysis of the metagenes from Figure 1 and the SAM-derived prognostic signature as 


continous variables in the finding cohort-A. The SAM-derived prognostic signature clustered 


together with IL-8, Histone and VEGF metagenes in one cluster (similar results were 


obtained using the two validation cohorts-B and –C). 


E) - H): When the stringency of the SAM-analysis was increased (δ=0.5) only 26 probesets 


associated with poor prognosis were identified with a median false discovery rate of 3.5% 


(no probesets associated with good prognosis were identified using this higher stringency; 


Suppl. Table S8).  Panels (E), (F), and (G) show the corresponding analyses to panels (A), (B), 


and (C), respectively, using the prognostic signature derived from these 26 probesets. A 


significant difference in prognosis  was found for validation cohort B (panel F) but only a 


trend for validation cohort C (panel G). The cluster analysis in panel (H) demonstrates that 


this 26-probeset-signature displayed the highest correlation to the IL-8 metagene (the same 


result was obtained using validation cohorts–B and –C; not shown).  


 







      


Supplementary Figure S15: Immunohistochemical analyses of the cellular source of IL8 


expression in TNBC through comparison with macrophage marker 


CD68 


A) Detection of macrophages by a CD68 antibody (red staining) in a triple negative breast cancer from 


the Frankfurt cohort with high expression of the IL-8 metagene. 


B) An adjacent section of the same tumor as in (A) is stained with an IL-8 antibody. The main source of 


IL-8 expression (red staining) results from carcinoma cells and not macrophages.  


 








Supplementary Table S1:     Summary of Affymetrix microarray datasets used in this study 


  % of samples (complete datasets)  No. of samples    
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Rotterdam-EMC344 GSE2034, GSE5327 55 35 100 72 100 0 0 28  344 82 82 0 0.0085 x + i,ii,iii 
TransBIG GSE7390 80 18 100 75 100 0 0 43  198 40 40 0 0.0110  + iv 
Mainz GSE11121 33 33 100 71 100 0 0 38  200 21 21 0 0.0115 x + v 
Stockholm GSE1456    74 45 55 0 40  159 25 25 0 0.0119  + vi 
Uppsala GSE3494 (n=251), GSE6232 (n=5), 


GSE4922 (n=1), GSE2990 (n=1) 
37 41 68 59 86 14 0 26  258 27 27 0 0.0124  + vii,viii 


Frankfurt-2 GSE31519 50 0 39 56    33  67 19 19 0 0.0146   ix 
Frankfurt GSE31519 33 42 83 83 0 0 100 33  119 24 24 0 0.0155  + x 
New York GSE2603 40 11 49  0 4 96 48  99 35 35 0 0.0155 x + xi 
Oxford-Untreated GSE2990 (n=61), GSE6532 (n=8) 54 46 100 60 100 0 0 45  69 13 13 0 0.0157  + xii 
Hamburg-2 GSE31519 0 0 71 40 0 100 0 20  77 7 7 0 0.0180 x + xiii 
Hamburg-1 GSE31519 53 33 80 86 0 0 100 47  77 15 15 0 0.0182  + xiv 
Signapore GSE5364          183 36 36 0 0.0186  + xv 
MDA133 mdanderson.org 38 21 24 83      133 29 29 0 0.0189  - xvi 
Boston GSE3744    100      40 16 16 0 0.0224  + xvii 
Tampa GSE10780          39 5 5 0 0.0262  + xviii 


Rotterdam-EMC204 GSE12276 55 22  71 63 25 13   204 56 0 56 0.0320  + xix 
MDA100 GSE16716 48 3 18 73 0 0 100   100 33 0 33 0.0327  - xx 
EORTC GSE1561  0 43 68      49 21 0 21 0.0338  - xxi 
Genentech GSE12763          30 5 0 5 0.0389  + xxii 
Frankfurt-3 GSE31519 0 50 50 50 0 100 0 50  52 2 0 2 0.0427  + xxiii 
San Francisco E-TABM-158 52 35 52 45 17 13 70 22  118 23 0 23 0.0441 x + xxiv 
Paris GSE13787    100      23 10 0 10 0.0487  + xxv 
Berlin GSE6596 29 29  71      24 7 0 7 0.0598  + xxvi 
Veridex-Tam GSE12093   100  0 100 0 0  136 1 0 1 0.0650 x + xxvii 
London-2 GSE9195 0 100 100 100 0 100 0 0  77 2 0 2 0.0663  + xxviii 
London GSE6532 50 0 0 100 0 100 0 50  87 2 0 2 0.0687  + xxix 
expO GSE2109 35 33 42 83      301 22 0 22 0.1001  + xxx 
Edinburgh GSE5462     0 100 0   116 1 0 1 0.1285  - xxxi 
Oxford-Tamoxifen GSE6532          109 0   n.a.   xii 


TOTAL:  48 25 68 72 57 12 31 35  3488 579 394 185   495  


                   
Additional datasets:                   


Validation-Cohort-C GSE21653          266 76 0 0   + xxxii 
Normal breast biopsies GSE10780          140       xxxiii 


                   







* Remarks: Datasets are sorted according to the comparability of the microarrays of only TNBC samples. The complete TransBIG dataset contains independent replicate samples from 19 patients of the 


Uppsala cohort and 22 patients of the Oxford-Untreated cohort. Affymetrix HG-U133A microarrays were applied in all studies except that in part HG-U133Plus arrays were used in datasets GSE2109, 


GSE3744, GSE6532, GSE9195, GSE10780, GSE12763, GSE12276, and GSE13787. In these cases only the probe sets identical to HG-U133A arrays were used. 
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Supplementary Table S2: Comparison of clinical parameters of TNBC with basal-like breast cancer (BLBC) or non-BLBC phenotype in the validation 


cohorts -B and –C 


 


  Cohort-B      Cohort-C     


Parameter  informa-


tion 


available* 


total 


(n=185) 


non-BLBC 


(n=50, 


27.0%) 


BLBC  


(n=135, 


73.0%) 


P-Value  informa-


tion 


available* 


total 


(n=76) 


non-BLBC 


(n=23, 


30.3%) 


BLBC  


(n=53, 


69.7%) 


P-Value 


lymph node status LNN n=96 36 11 (35.5%) 25 (38.5%) n.s. (0.8)  n=76 44 12 (52.2%) 32 (60.4%) n.s. (0.6) 


 
N1  60 20 (64.5%) 40 (61.5%)    32 11 (47.8%) 21 (39.6%)  


Age 50 yrs ≤ 50 yr n=140 66 13 (33.3%) 53 (52.5%) 0.058  n=76 27 3 (13.0%) 24 (45.3%) 0.009 


 
> 50 yr  74 26 (66.7%) 48 (47.5%)    49 20 (87.0%) 29 (54.7%)  


Tumor size ≤ 2 cm n=151 29 7 (16.7%) 22 (20.2%) n.s. (0.8)  n=73 11 3 (13.6%) 8 (15.7%) n.s. (1.0) 


 
> 2 cm  122 35 (83.3%) 87 (79.8%)    62 19 (86.4%) 43 (84.3%)  


Histological grade G3 n=156 110 21 (55.3%) 89 (75.4%) 0.024  n=76 62 18 (78.3%) 44 (83.0%) n.s. (0.8) 


 
G1&2  46 17 (44.7%) 29 (24.6%)    14 5 (21.7%) 9 (17.0%)  


* Number of cases with available information on the specific parameter 







 
 


 


 


Supplementary Table S3: Correlation of the BLBC phenotype with other metagenes in TNBC 


 


Metagene Correlation Pearson-R,  P-Value 


  finding cohort-A 


(n=394) 


validation cohort-B 


(n=185) 


validation cohort-C 


(n=76) 


Proliferation positive R=0.371, P<0.001 R=0.372, P<0.001 R=0.249, P=0.030 


VEGF positive R=0.151, P=0.003 R=0.121, P=0.099* R=0.249, P=0.030 


Apocrine  negative R=-0.401, P<0.001 R=-0.533, P<0.001 R=-0.474, P<0.001 


MHC-2 negative R=-0.233, P<0.001 R=-0.140, P=0.057* R=-0.100, P=n.s. 


Adipocyte negative R=-0.182, P<0.001 R=-0.184, P=0.012 R=0.064, P=n.s. 


T-Cell negative R=-0.161, P=0.001 R=-0.129, P=0.079* R=-0.064, P=n.s. 


* metagene only trended to significance in the validation cohort 







 
 


Supplementary Table S4: Univariate Cox Regression of metagenes as continous variables for 


event free survival in the finding cohort-A: 


Metagene B SE Wald statistic P-Value* 


IL-8 103.1 27.6 13.91 <0.001 
Histone 106.1 34.9 9.25 0.002 
VEGF 94.5 35.9 6.92 0.009 
B-Cell -44.7 19.4 5.30 0.021 
T-Cell -80.1 36.0 4.96 0.026 
Proliferation 37.3 45.6 0.67 0.414 
Basal-like 15.7 29.7 0.28 0.597 
Claudin-CD24 16.8 32.8 0.26 0.609 
Apocrine 10.7 26.4 0.17 0.684 
Adipocyte -24.2 22.0 1.21 0.272 
Stroma § 74.4 (76.4) 41.8 (43.3) 3.17 (3.11) 0.075  (0.078) 
IFN -13.1 35.7 0.14 0.713 
MHC-1 -90.5 47.3 3.66 0.056 
MHC-2 -61.0 33.2 3.37 0.066 
Hemoglobin § 16.0 (22.6) 24.7 (29.8) 0.42 (0.58) 0.518  (0.447) 
HOXA -35.3 36.9 0.91 0.340 
 * significant P-Values are given in bold 


 
§
 for Stroma and Hemoglobin metagenes the results of the analysis including only surgical biopsies are 


given in parentheses 


 


 


Supplementary Table S5: Result of stepwise Cox Regression model including all metagenes as 


continous variables for event free survival in the finding cohort-A: 


Metagene* B SE Wald statistic P-Value* 


IL-8 115.6 28.6 16.34 <0.001 


Histone 125.6 34.8 13.02 <0.001 


B-Cell -56.6 8.2 8.23 0.004 


* Only IL-8, Histone, and B-Cell metagenes remained in the final step because of their independent effect on event free 
survival. All 13 other metagenes were excluded from the stepwise cox regression model based on the P<0.05 
criterion. 


 
 







 
 


Supplementary Table S6: Comparison of the BLBC classification based on distribution of the 


basal-like metagene to the centroid method for subtype definition 


 


SSP-prediction in cohort of all subtypes (n=1364 total, n=172 TNBC) * 


metagene definition Centroid-Single Sample Predictor (data not centered)   


 
unclassified Basal-like other subtype TOTAL 


Non-BLBC 30 (54.5%) 13 (23.6%) 12 (21.8%) 55 
BLBC 16 (13.7%) 98 (83.8%) 3 (2.5%) 117 
 


   
172 


metagene definition Centroid-Single Sample Predictor (centered data)  


 unclassified Basal-like other subtype TOTAL 
Non-BLBC 0  36 (65.5%) 19 (34.5%) 55 
BLBC 0 114 (97.4%) 3 (2.6%) 117 
 


   
172 


 
    SSP-prediction in pure TNBC cohort (n=579) † 


metagene definition Centroid-Single Sample Predictor (data not centered)
 
  


 
unclassified Basal-like other subtype TOTAL 


Non-BLBC 107 (68.2%) 32 (20.4%) 18 (11.4%) 157 
BLBC 50 (11.8%) 364 (86.3%) 8 (1.9%) 422 


    
579 


*  A nearest centroid single sample predictor (SSP) method either with or without centering as 
described by Weigelt et al. (2010, Lancet Oncol; 11:339) was applied to seven larger datasets 
(Frankfurt, Mainz, NewYork, Stockholm, Transbig, Uppsala, Rotterdam) to assign a total of 1364 
breast cancer samples to a molecular subtype ( according to Hu et al. 2006, BMC Genomics, 7:96). 
The data for the 172 TNBC samples from this cohort that are included in our study are shown.  
Results are in line with data from Weigelt et al. that the basal-subtype is the most reproducible when 
using the centroid method. More than 97% of samples defined as BLBC based on the metagene 
distribution are assigned to basal-like or "unclassified" by the centroid method. The majority of Non-
BLBC samples based on the metagene distribution are also assigned to the unclassified or basal-like 
group by the centroid method depending on the variant of the method (non-centered or centered 
data, respectively). 


†
  Application of the centroid method to the cohorts-A and -B of 579 TNBC samples (without non-


TNBC samples) results in a positive predictive value (PPV) of 86.3 % for the prediction of the Basal-
like SSP-subtype from the distribution of the metagene. Only 20.4 % of the Non-BLBC samples based 
on metagene distribution were assigned to Basal-like subtype by the centroid method, most are 
unclassified. Data centering is not applicable to a complete ER negative cohort as described (Lusa et 
al. 2007,  J Natl Cancer Inst. 99:1715). 


  


 


 







Supplementary Table S7: 
 
List of 355 Affymetrix probe sets used for 
metagene calculation: 
 
 
 


Metagene 


Affymetrix ProbeSet GeneSymbol 
DatasetBias 
KruskalFindCohort 


IL-8 204470_at CXCL1 14.8 


IL-8 202859_x_at IL8 35.9 


IL-8 211506_s_at IL8 54 


IL-8 209774_x_at CXCL2 18.1 


VEGF 200632_s_at NDRG1 40 


VEGF 210513_s_at VEGF 46.8 


VEGF 211527_x_at VEGF 72.4 


VEGF 210512_s_at VEGF 45.2 


VEGF 212171_x_at VEGF 60.8 


VEGF 202912_at ADM 26.8 


VEGF 221009_s_at ANGPTL4 36.8 


Proliferation 206102_at KIAA0186 50.1 


Proliferation 209172_s_at CENPF 39.5 


Proliferation 203418_at CCNA2 42.7 


Proliferation 204026_s_at ZWINT 42.2 


Proliferation 203213_at CDC2 56.6 


Proliferation 203214_x_at CDC2 47.6 


Proliferation 210559_s_at CDC2 45.6 


Proliferation 204170_s_at CKS2 79.1 


Proliferation 204092_s_at STK6 55 


Proliferation 208079_s_at STK6 38.9 


Proliferation 203362_s_at MAD2L1 43.9 


Proliferation 213226_at CCNA2 59.5 


Proliferation 202095_s_at BIRC5 61.3 


Proliferation 202613_at CTPS 49 


Proliferation 201291_s_at TOP2A 92.1 


Proliferation 201292_at TOP2A 31.5 


Proliferation 222039_at LOC146909 49.7 


Proliferation 204822_at TTK 52.2 


Proliferation 202954_at UBE2C 31.8 


Proliferation 203755_at BUB1B 32.3 


Proliferation 202705_at CCNB2 35.5 


Proliferation 204962_s_at CENPA 65.2 


Proliferation 209642_at BUB1 46.5 


Proliferation 202870_s_at CDC20 44.2 


Proliferation 209408_at KIF2C 46.5 


Proliferation 221520_s_at CDCA8 50.7 


Proliferation 218039_at NUSAP1 24.5 


Proliferation 206364_at KIF14 47.2 


Proliferation 204641_at NEK2 28 


Proliferation 207828_s_at CENPF 43.6 


Proliferation 219918_s_at ASPM 36.8 


Proliferation 204444_at KIF11 45 


Proliferation 218542_at C10orf3 44.5 


Proliferation 213008_at FLJ10719 67.4 


Proliferation 213007_at FLJ10719 43.9 


Proliferation 218009_s_at PRC1 43.3 


Proliferation 210052_s_at TPX2 11.3 


Proliferation 203764_at DLG7 53 


Proliferation 214710_s_at CCNB1 49 


Proliferation 218355_at KIF4A 60 


Proliferation 202580_x_at FOXM1 35.4 


Proliferation 221436_s_at CDCA3 31.2 


Proliferation 218755_at KIF20A 24.8 


Proliferation 218663_at HCAP-G 49.2 


Proliferation 219148_at PBK 51.1 


Proliferation 218585_s_at RAMP 36.8 


Proliferation 218726_at DKFZp762E1312 52.2 


(continued) 


 


 


Metagene Affymetrix ProbeSet GeneSymbol 
DatasetBias 
KruskalFindCohort 


Basal-like 202341_s_at TRIM2 149.9 


Basal-like 202342_s_at TRIM2 46 


Basal-like 215945_s_at TRIM2 65.5 


Basal-like 203074_at ANXA8 26 


Basal-like 202504_at TRIM29 18.4 


Basal-like 211002_s_at TRIM29 19.6 


Basal-like 204268_at S100A2 26.3 


Basal-like 201820_at KRT5 19.5 


Basal-like 204855_at SERPINB5 31.7 


Basal-like 209351_at KRT14 13.2 


Basal-like 205157_s_at KRT17 19 


Basal-like 212236_x_at KRT17 17.1 


Basal-like 209800_at KRT16 42.2 


Basal-like 209126_x_at KRT6B 26.7 


Basal-like 213680_at KRT6B 19.8 


Basal-like 209125_at KRT6A 26.6 


Basal-like 214580_x_at KRT6A 20.1 


Basal-like 1438_at EPHB3 55.6 


Basal-like 204600_at EPHB3 19.3 


Basal-like 218176_at MAGEF1 64.5 


Basal-like 205044_at GABRP 24.8 


Basal-like 202035_s_at SFRP1 70.3 


Basal-like 202036_s_at SFRP1 51.7 


Basal-like 202037_s_at SFRP1 38.2 


Basal-like 209842_at SOX10 33.6 


Basal-like 220425_x_at ROPN1 39.6 


Basal-like 206560_s_at MIA 47.4 


Basal-like 209843_s_at SOX10 64.4 


Basal-like 220624_s_at ELF5 52.1 


Basal-like 220625_s_at ELF5 38.1 


Basal-like 212730_at DMN 33.5 


Basal-like 219615_s_at KCNK5 21.8 


Basal-like 209504_s_at PLEKHB1 25.3 


Basal-like 213260_at FOXC1 26.7 


Basal-like 218963_s_at KRT23 27.2 


Basal-like 205487_s_at VGLL1 25.3 


Basal-like 215729_s_at VGLL1 30.5 


Claudin-CD24 201650_at KRT19 34.3 


Claudin-CD24 201596_x_at KRT18 29.7 


Claudin-CD24 209008_x_at KRT8 20.4 


Claudin-CD24 209016_s_at KRT7 25.7 


Claudin-CD24 205980_s_at ARHGAP8 76 


Claudin-CD24 37117_at ARHGAP8 52.6 


Claudin-CD24 203953_s_at CLDN3 54 


Claudin-CD24 203954_x_at CLDN3 30.8 


Claudin-CD24 201428_at CLDN4 44.2 


Claudin-CD24 201839_s_at TACSTD1 45.1 


Claudin-CD24 218186_at RAB25 16.1 


Claudin-CD24 201510_at ELF3 13.8 


Claudin-CD24 210827_s_at ELF3 46.7 


Claudin-CD24 208650_s_at CD24 48.9 


Claudin-CD24 209772_s_at CD24 47.8 


Claudin-CD24 208651_x_at CD24 40.9 


Claudin-CD24 209771_x_at CD24 71 


Claudin-CD24 216379_x_at CD24 70.1 


Claudin-CD24 266_s_at CD24 48.5 


Apocrine 204941_s_at ALDH3B2 76.4 


Apocrine 204942_s_at ALDH3B2 36.4 


Apocrine 211110_s_at AR 48.6 


Apocrine 211621_at AR 90.5 


Apocrine 209173_at AGR2 39 


Apocrine 207131_x_at GGT1 49.5 


Apocrine 208284_x_at GGT1 46.6 


Apocrine 209919_x_at GGT1 40.9 


Apocrine 211417_x_at GGT1 57.1 


Apocrine 215603_x_at GGT1 73.9 


Apocrine 211416_x_at GGTLA4 81.7 


Apocrine 206463_s_at DHRS2 57.4 


Apocrine 214079_at DHRS2 65.9 


Apocrine 211682_x_at UGT2B28 20.4 


Apocrine 206714_at ALOX15B 69.3 


Apocrine 206509_at PIP 47.3 


Apocrine 204667_at FOXA1 70.6 


Apocrine 218211_s_at MLPH 74.2 


Apocrine 214451_at TFAP2B 42.3 


Apocrine 204607_at HMGCS2 65.2 


Apocrine 214243_s_at SERHL 32.5 


Apocrine 217276_x_at dJ222E13.1 38.5 


Apocrine 217284_x_at dJ222E13.1 53.1 


Apocrine 213441_x_at SPDEF 48.2 


Apocrine 214404_x_at SPDEF 31.9 


Apocrine 220192_x_at SPDEF 22.8 


Apocrine 215686_x_at TFAP2B 30.1 


(continued) 







 


Metagene Affymetrix ProbeSet GeneSymbol 
DatasetBias 
KruskalFindCohort 


Histone 208583_x_at HIST1H2AJ 55.5 


Histone 208523_x_at HIST1H2BI 44.7 


Histone 209398_at HIST1H1C 26.8 


Histone 208180_s_at H4FH 25.2 


Histone 202708_s_at HIST2H2BE 31.4 


Histone 208546_x_at HIST1H2BH 28.2 


Histone 208490_x_at HIST1H2BF 15.8 


Histone 208527_x_at HIST1H2BE 33.1 


Histone 208579_x_at H2BFS 54.9 


Histone 209806_at HIST1H2BK 20.3 


Histone 209911_x_at HIST1H2BD 46.3 


Histone 222067_x_at HIST1H2BD 17.1 


Histone 214290_s_at HIST2H2AA 17.1 


Histone 218280_x_at HIST2H2AA 18.1 


Histone 215071_s_at HIST1H2AC 18 


Histone 210387_at HIST1H2BG 66.7 


Histone 215779_s_at HIST1H2BG 56.5 


Histone 214469_at HIST1H2AE 21.1 


Histone 214455_at H2BFL 25.6 


Adipocyte 203980_at FABP4 21 


Adipocyte 205913_at PLIN 19.2 


Adipocyte 207175_at ADIPOQ 21.9 


Adipocyte 209612_s_at ADH1B 43.5 


Adipocyte 209613_s_at ADH1B 42.6 


Adipocyte 206488_s_at CD36 36.1 


Adipocyte 209555_s_at CD36 24.6 


Adipocyte 209763_at CHRDL1 55.8 


Stroma 202766_s_at FBN1 114.7 


Stroma 207172_s_at CDH11 127.4 


Stroma 207173_x_at CDH11 139.1 


Stroma 200665_s_at SPARC 115.1 


Stroma 202465_at PCOLCE 151.3 


Stroma 201185_at PRSS11 119.3 


Stroma 201069_at MMP2 130.7 


Stroma 202273_at PDGFRB 170.7 


Stroma 204114_at NID2 136 


Stroma 201792_at AEBP1 136.4 


Stroma 201744_s_at LUM 76.5 


Stroma 201438_at COL6A3 153.1 


Stroma 202310_s_at COL1A1 135.5 


Stroma 202403_s_at COL1A2 107.9 


Stroma 202404_s_at COL1A2 100.2 


Stroma 201852_x_at COL3A1 153.7 


Stroma 215076_s_at COL3A1 115.2 


Stroma 211161_s_at COL3A1 106.2 


Stroma 221729_at COL5A2 118.8 


Stroma 221730_at COL5A2 131.2 


Stroma 202311_s_at COL1A1 129.1 


Stroma 203325_s_at COL5A1 109.9 


Stroma 212488_at COL5A1 127.5 


Stroma 212489_at COL5A1 140 


Stroma 210809_s_at POSTN 86.2 


Stroma 212667_at SPARC 106.6 


Stroma 209596_at DKFZp564I1922 99.6 


Stroma 209955_s_at FAP 100 


Stroma 201893_x_at DCN 113.2 


Stroma 211896_s_at DCN 113.1 


Stroma 211813_x_at DCN 133.7 


Stroma 209335_at DCN 90 


Stroma 213001_at ANGPTL2 144.6 


Stroma 213004_at ANGPTL2 133.1 


Stroma 208851_s_at THY1 108.4 


Stroma 213869_x_at THY1 94.2 


Stroma 213909_at LRRC15 84.9 


Stroma 204619_s_at CSPG2 101.6 


Stroma 204620_s_at CSPG2 125.8 


Stroma 221731_x_at CSPG2 97.8 


Stroma 221541_at LCRISP2 111 


Stroma 211571_s_at CSPG2 185 


Stroma 215646_s_at CSPG2 173.6 


Stroma 211719_x_at FN1 113.2 


Stroma 210495_x_at FN1 121.8 


Stroma 216442_x_at FN1 113 


Stroma 212464_s_at FN1 107.1 


IFN 202411_at IFI27 22.2 


IFN 202086_at MX1 27 


IFN 205483_s_at G1P2 27.1 


IFN 203153_at IFIT1 29.8 


IFN 204747_at IFIT3 32.2 


IFN 213797_at RSAD2 44.9 


IFN 204439_at IFI44L 30.8 


IFN 214453_s_at IFI44 26 


IFN 205552_s_at OAS1 62 


IFN 204972_at OAS2 68.8 


IFN 218400_at OAS3 48.7 


IFN 219352_at HERC6 28.3 


IFN 205660_at OASL 28.5 


IFN 210797_s_at OASL 46.5 


 


Metagene Affymetrix ProbeSet GeneSymbol 
DatasetBias 
KruskalFindCohort 


MHC-1 200905_x_at HLA-E 49.9 


MHC-1 217456_x_at HLA-E 66.5 


MHC-1 210514_x_at HLA-G 20.6 


MHC-1 209140_x_at HLA-B 87.1 


MHC-1 208812_x_at HLA-B 79.9 


MHC-1 216526_x_at HLA-C 67.2 


MHC-1 214459_x_at HLA-C 53.7 


MHC-1 211529_x_at HLA-G 19.4 


MHC-1 211528_x_at HLA-G 43 


MHC-1 208729_x_at HLA-B 40.9 


MHC-1 211911_x_at HLA-B 43.3 


MHC-1 217436_x_at HLA-J 42 


MHC-1 204806_x_at HLA-F 21.7 


MHC-1 221875_x_at HLA-F 26.9 


MHC-1 211799_x_at HLA-A 35.8 


MHC-1 213932_x_at HLA-A 60.9 


MHC-1 215313_x_at HLA-A 63.9 


T-Cell 209083_at CORO1A 65.3 


T-Cell 204891_s_at LCK 44.9 


T-Cell 206666_at GZMK 36.2 


T-Cell 201720_s_at LAPTM5 102 


T-Cell 201721_s_at LAPTM5 46 


T-Cell 204912_at IL10RA 24.1 


T-Cell 206150_at TNFRSF7 49.1 


T-Cell 204563_at SELL 63.7 


T-Cell 209670_at TRA@ 41.6 


T-Cell 204118_at CD48 40.3 


T-Cell 205831_at CD2 36.8 


T-Cell 210915_x_at TRBC1 36.9 


T-Cell 213193_x_at TRBC1 39.6 


T-Cell 213539_at CD3D 50.5 


T-Cell 211796_s_at TRBC1 46.9 


T-Cell 211339_s_at ITK 27.4 


T-Cell 203416_at CD53 30.6 


T-Cell 211742_s_at EVI2B 29.4 


T-Cell 212588_at PTPRC 31.2 


T-Cell 209671_x_at TRA@ 72 


T-Cell 210972_x_at TRA@ 71.2 


T-Cell 211902_x_at TRA@ 87.3 


T-Cell 220330_s_at SAMSN1 32.7 


T-Cell 38149_at KIAA0053 42.6 


T-Cell 219014_at PLAC8 27.7 


T-Cell 204661_at CD52 54.7 


T-Cell 34210_at CD52 37.8 


MHC-2 201137_s_at HLA-DPB1 22.2 


MHC-2 203932_at HLA-DMB 38.9 


MHC-2 209619_at CD74 50.4 


MHC-2 204670_x_at HLA-DRB1 27.2 


MHC-2 208306_x_at HLA-DRB1 31.8 


MHC-2 209312_x_at HLA-DRB1 27.1 


MHC-2 215193_x_at HLA-DRB1 29.8 


MHC-2 208894_at HLA-DRA 35.5 


MHC-2 210982_s_at HLA-DRA 48.6 


MHC-2 211991_s_at HLA-DPA1 50.7 


MHC-2 212671_s_at HLA-DQA1 42 


MHC-2 217478_s_at HLA-DMA 35 


MHC-2 212998_x_at HLA-DQB1 48.1 


MHC-2 211654_x_at HLA-DQB1 29.1 
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B-Cell 211639_x_at IGHM 48.5 


B-Cell 211633_x_at IGHG1 65.6 


B-Cell 211641_x_at IGHG1 52.2 


B-Cell 211634_x_at IGHM 45.8 


B-Cell 211635_x_at IGHG3 44.1 


B-Cell 211640_x_at IGHG1 41.1 


B-Cell 211798_x_at IGLJ3 57.6 


B-Cell 211881_x_at IGLJ3 51.5 


B-Cell 211637_x_at LOC388078 51.2 


B-Cell 216491_x_at IGHM 54 


B-Cell 211908_x_at IGHG1 58.8 


B-Cell 211650_x_at IGHG1 46.4 


B-Cell 216510_x_at IGHG1 60.5 


B-Cell 217281_x_at IGHG1 60.3 


B-Cell 211643_x_at IGKC 32.5 


B-Cell 213502_x_at LOC91316 25.6 


B-Cell 211430_s_at IGH@ 21.9 


B-Cell 209138_x_at IGLC2 18.1 


B-Cell 214677_x_at IGL@ 18.1 


B-Cell 215121_x_at IGL@ 21.3 


B-Cell 215379_x_at IGL@ 15 


B-Cell 221651_x_at IGKC 28.2 


B-Cell 221671_x_at IGKC 27 


B-Cell 211644_x_at IGKC 36.9 


B-Cell 214669_x_at LOC440871 19.4 


B-Cell 211645_x_at IGKC 29.4 


B-Cell 215176_x_at IGKC 31.4 


B-Cell 217378_x_at LOC391427 35.1 


B-Cell 217157_x_at IGKC 35.3 


B-Cell 214836_x_at IGKC 20 


B-Cell 216207_x_at IGKV1D-13 27.8 


B-Cell 217480_x_at LOC339562 30.3 


B-Cell 216576_x_at - - - 32.6 


B-Cell 216401_x_at - - - 35.9 


B-Cell 215946_x_at IGLL1 30.5 


B-Cell 214916_x_at IGH@ 46.3 


B-Cell 216557_x_at IGHG1 62.6 


B-Cell 211868_x_at IGHG1 46.5 


B-Cell 216984_x_at IGLJ3 46 


B-Cell 217148_x_at IGLC2 41 


B-Cell 216542_x_at MGC27165 68.6 


B-Cell 214768_x_at IGKC 27.7 


B-Cell 214973_x_at IGHD 54.8 


B-Cell 217235_x_at IGLJ3 44.3 


B-Cell 215949_x_at IGHM 69.1 


B-Cell 214777_at IGKC 39 


B-Cell 217179_x_at IGL@ 26 


Hemoglobin 204419_x_at HBG2 133.7 


Hemoglobin 204848_x_at HBG1 115.9 


Hemoglobin 209116_x_at HBB 164.4 


Hemoglobin 204018_x_at HBA1 158.4 


Hemoglobin 209458_x_at HBA1 154.7 


Hemoglobin 211745_x_at HBA1 150.8 


Hemoglobin 214414_x_at HBA2 152 


Hemoglobin 211696_x_at HBB 155.4 


Hemoglobin 217232_x_at HBB 155.2 


Hemoglobin 217414_x_at HBA2 153.7 


Hemoglobin 211699_x_at HBA1 147.7 


Hemoglobin 213515_x_at HBG2 158.6 


HOXA 206289_at HOXA4 27.4 


HOXA 206847_s_at HOXA7 43.9 


HOXA 209905_at HOXA9 41.1 


HOXA 214651_s_at HOXA9 27.8 


HOXA 213844_at HOXA5 38.2 


HOXA 213147_at HOXA10 30.1 


HOXA 213150_at HOXA10 20.9 


HOXA 213823_at HOXA11 43 
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Poor_Progn

		Suppl. Table S8a: SAM-Result Poor Prognosis Marker

		Affy_ID		GeneSymbol		Numerator(r)		Score(d)		Denominator(s+s0)		q-value(%)		264probe_Signature_FDR_25%		26probe_Signature_FDR_3.5%

		211506_s_at		IL8		0.224		3.754		0.060		0.000		included		included

		211708_s_at		SCD		0.210		3.377		0.062		0.000		included		included

		39249_at		AQP3		0.164		3.308		0.050		0.000		included		included

		202859_x_at		IL8		0.184		3.299		0.056		0.000		included		included

		202627_s_at		SERPINE1		0.132		3.136		0.042		0.000		included		included

		212909_at		LYPDC1		0.141		3.118		0.045		0.000		included		included

		200737_at		PGK1		0.091		3.090		0.029		0.000		included		included

		204344_s_at		SEC23A		0.148		3.075		0.048		0.000		included		included

		205810_s_at		WASL		0.138		3.071		0.045		0.000		included		included

		217356_s_at		PGK1		0.109		3.031		0.036		0.000		included		included

		215779_s_at		HIST1H2BG		0.160		3.017		0.053		0.000		included		included

		212344_at		SULF1		0.119		3.008		0.039		0.000		included		included

		209875_s_at		SPP1		0.141		3.002		0.047		0.000		included		included

		219434_at		TREM1		0.128		2.982		0.043		0.000		included		included

		219508_at		GCNT3		0.118		2.966		0.040		0.000		included		included

		208881_x_at		IDI1		0.095		2.959		0.032		0.000		included		included

		215427_s_at		ZCCHC14		0.106		2.958		0.036		0.000		included		included

		214603_at		MAGEA2		0.218		2.956		0.074		0.000		included		included

		219875_s_at		PNAS-4		0.143		2.951		0.048		0.000		included		included

		204083_s_at		TPM2		0.120		2.948		0.041		0.000		included		included

		218468_s_at		GREM1		0.131		2.937		0.045		0.000		included		included

		204615_x_at		IDI1		0.096		2.902		0.033		0.000		included		included

		212354_at		SULF1		0.108		2.858		0.038		3.454		included		included

		218469_at		GREM1		0.106		2.836		0.037		3.454		included		included

		212353_at		SULF1		0.104		2.809		0.037		3.454		included		included

		202497_x_at		SLC2A3		0.128		2.797		0.046		3.454		included		included

		202539_s_at		HMGCR		0.068		2.745		0.025		7.741		included		no

		214522_x_at		HIST1H3D		0.149		2.745		0.054		7.741		included		no

		212942_s_at		KIAA1199		0.117		2.733		0.043		7.741		included		no

		219773_at		NOX4		0.090		2.693		0.033		7.741		included		no

		205680_at		MMP10		0.126		2.664		0.047		11.225		included		no

		202912_at		ADM		0.106		2.656		0.040		11.225		included		no

		201108_s_at		THBS1		0.098		2.654		0.037		11.225		included		no

		210387_at		HIST1H2BG		0.146		2.653		0.055		11.225		included		no

		205227_at		IL1RAP		0.111		2.648		0.042		11.225		included		no

		201695_s_at		NP		0.065		2.645		0.025		11.225		included		no

		217073_x_at		APOA1		0.089		2.595		0.034		11.225		included		no

		201109_s_at		THBS1		0.107		2.595		0.041		11.225		included		no

		215446_s_at		LOX		0.099		2.593		0.038		11.225		included		no

		205443_at		SNAPC1		0.067		2.592		0.026		11.225		included		no

		209978_s_at		LPA		0.101		2.591		0.039		11.225		included		no

		201506_at		TGFBI		0.091		2.571		0.035		11.225		included		no

		208577_at		HIST1H3C		0.086		2.569		0.034		11.225		included		no

		219927_at		C14orf111		0.130		2.552		0.051		13.815		included		no

		212210_at		DKFZP586J0619		0.107		2.539		0.042		13.815		included		no

		202134_s_at		WWTR1		0.107		2.527		0.043		13.815		included		no

		211162_x_at		SCD		0.140		2.526		0.055		13.815		included		no

		218073_s_at		FLJ10407		0.073		2.524		0.029		13.815		included		no

		212887_at		SEC23A		0.068		2.524		0.027		13.815		included		no

		206354_at		SLCO1B3		0.106		2.522		0.042		13.815		included		no

		201324_at		EMP1		0.089		2.520		0.035		13.815		included		no

		212902_at		SEC24A		0.064		2.517		0.026		13.815		included		no

		214978_s_at		PPFIA4		0.112		2.512		0.045		13.815		included		no

		204338_s_at		RGS4		0.137		2.511		0.055		13.815		included		no

		210089_s_at		LAMA4		0.117		2.502		0.047		13.815		included		no

		214580_x_at		KRT6A		0.180		2.502		0.072		13.815		included		no

		39248_at		AQP3		0.131		2.499		0.052		13.815		included		no

		214725_at		RPESP		0.119		2.496		0.048		13.815		included		no

		219104_at		RNF141		0.077		2.492		0.031		13.815		included		no

		211840_s_at		PDE4D		0.098		2.489		0.039		13.815		included		no

		200738_s_at		PGK1		0.061		2.482		0.024		13.815		included		no

		203099_s_at		CDYL		0.138		2.480		0.056		13.815		included		no

		207933_at		ZP2		0.082		2.477		0.033		13.815		included		no

		202604_x_at		ADAM10		0.059		2.476		0.024		13.815		included		no

		221291_at		ULBP2		0.118		2.472		0.048		13.815		included		no

		214455_at		H2BFL		0.148		2.464		0.060		13.815		included		no

		210431_at		ALPPL2		0.078		2.463		0.031		13.815		included		no

		210845_s_at		PLAUR		0.066		2.454		0.027		14.967		included		no

		211160_x_at		ACTN1		0.072		2.440		0.030		14.967		included		no

		208547_at		HIST1H2BB		0.099		2.425		0.041		14.967		included		no

		219837_s_at		CYTL1		0.112		2.414		0.047		14.967		included		no

		201037_at		PFKP		0.092		2.409		0.038		14.967		included		no

		200989_at		HIF1A		0.054		2.405		0.022		14.967		included		no

		208490_x_at		HIST1H2BF		0.084		2.397		0.035		14.967		included		no

		204298_s_at		LOX		0.098		2.387		0.041		16.648		included		no

		201888_s_at		IL13RA1		0.069		2.387		0.029		16.648		included		no

		220768_s_at		CSNK1G3		0.050		2.386		0.021		16.648		included		no

		210405_x_at		TNFRSF10B		0.095		2.383		0.040		16.648		included		no

		206315_at		CRLF1		0.163		2.382		0.069		16.648		included		no

		217911_s_at		BAG3		0.055		2.378		0.023		16.648		included		no

		219886_at		LRRIQ2		0.087		2.369		0.037		16.648		included		no

		202628_s_at		SERPINE1		0.106		2.369		0.045		16.648		included		no

		209305_s_at		GADD45B		0.069		2.366		0.029		16.648		included		no

		210995_s_at		TRIM23		0.085		2.365		0.036		16.648		included		no

		206409_at		TIAM1		0.086		2.362		0.036		16.648		included		no

		201325_s_at		EMP1		0.085		2.359		0.036		16.648		included		no

		219366_at		AVEN		0.055		2.357		0.023		16.648		included		no

		210435_at		NBR2		0.118		2.355		0.050		16.648		included		no

		205199_at		CA9		0.097		2.350		0.041		16.648		included		no

		209803_s_at		PHLDA2		0.097		2.341		0.042		16.648		included		no

		205499_at		SRPX2		0.077		2.334		0.033		16.648		included		no

		214216_s_at		KIAA0217		0.135		2.330		0.058		16.648		included		no

		217834_s_at		SYNCRIP		0.067		2.321		0.029		16.648		included		no

		204883_s_at		HUS1		0.083		2.311		0.036		16.648		included		no

		208527_x_at		HIST1H2BE		0.073		2.305		0.032		19.072		included		no

		208129_x_at		RUNX1		0.063		2.303		0.027		19.072		included		no

		214612_x_at		MAGEA6		0.196		2.302		0.085		19.072		included		no

		215488_at		VMD2		0.076		2.299		0.033		19.072		included		no

		206512_at		U2AF1L1		0.086		2.298		0.038		19.072		included		no

		217428_s_at		COL10A1		0.130		2.292		0.057		19.072		included		no

		216796_s_at		- - -		0.066		2.290		0.029		19.072		included		no

		208427_s_at		ELAVL2		0.115		2.284		0.051		19.072		included		no

		213506_at		F2RL1		0.097		2.283		0.043		19.072		included		no

		208180_s_at		H4FH		0.099		2.282		0.043		19.072		included		no

		215997_s_at		CUL4B		0.057		2.282		0.025		19.072		included		no

		203000_at		STMN2		0.121		2.282		0.053		19.072		included		no

		202388_at		RGS2		0.099		2.278		0.044		19.072		included		no

		205523_at		HAPLN1		0.157		2.278		0.069		19.072		included		no

		217675_at		LOC201501		0.084		2.273		0.037		19.072		included		no

		203393_at		HES1		0.072		2.271		0.032		19.072		included		no

		214702_at		FN1		0.101		2.268		0.045		19.072		included		no

		209601_at		ACOX1		0.063		2.268		0.028		19.072		included		no

		204475_at		MMP1		0.187		2.266		0.083		19.072		included		no

		220623_s_at		TSGA10		0.089		2.258		0.040		19.072		included		no

		216729_at		- - -		0.097		2.252		0.043		19.072		included		no

		210990_s_at		LAMA4		0.084		2.251		0.037		19.072		included		no

		210257_x_at		CUL4B		0.054		2.246		0.024		19.072		included		no

		220759_at		FAM12B		0.088		2.242		0.039		21.089		included		no

		212543_at		AIM1		0.066		2.241		0.030		21.089		included		no

		219856_at		SARG		0.148		2.240		0.066		21.089		included		no

		207696_at		FUT9		0.089		2.238		0.040		21.089		included		no

		220031_at		ZA20D1		0.068		2.237		0.030		21.089		included		no

		201110_s_at		THBS1		0.088		2.232		0.040		21.089		included		no

		208394_x_at		ESM1		0.065		2.225		0.029		21.089		included		no

		215649_s_at		MVK		0.084		2.218		0.038		21.089		included		no

		206686_at		PDK1		0.117		2.206		0.053		21.089		included		no

		206547_s_at		PPEF1		0.083		2.203		0.038		21.089		included		no

		221679_s_at		ABHD6		0.085		2.200		0.039		21.089		included		no

		204337_at		RGS4		0.076		2.196		0.035		21.089		included		no

		210233_at		IL1RAP		0.113		2.191		0.051		21.089		included		no

		201170_s_at		BHLHB2		0.062		2.185		0.028		22.601		included		no

		211338_at		IFNA2		0.095		2.185		0.044		22.601		included		no

		216650_at		LOC442165		0.101		2.184		0.046		22.601		included		no

		201903_at		UQCRC1		0.051		2.179		0.023		22.601		included		no

		202740_at		ACY1		0.058		2.179		0.027		22.601		included		no

		208523_x_at		HIST1H2BI		0.080		2.175		0.037		22.601		included		no

		208487_at		LMX1B		0.062		2.173		0.029		22.601		included		no

		207370_at		IBSP		0.098		2.171		0.045		22.601		included		no

		206113_s_at		RAB5A		0.065		2.171		0.030		22.601		included		no

		215733_x_at		CTAG2		0.160		2.169		0.074		22.601		included		no

		210805_x_at		RUNX1		0.073		2.168		0.034		22.601		included		no

		205924_at		RAB3B		0.091		2.163		0.042		22.601		included		no

		216672_s_at		MYT1L		0.075		2.153		0.035		22.601		included		no

		206569_at		IL24		0.090		2.152		0.042		22.601		included		no

		211617_at		ALDOAP2		0.088		2.151		0.041		22.601		included		no

		222219_s_at		TLE6		0.067		2.150		0.031		22.601		included		no

		207328_at		ALOX15		0.084		2.149		0.039		22.601		included		no

		202363_at		SPOCK		0.082		2.147		0.038		22.601		included		no

		202543_s_at		GMFB		0.057		2.147		0.027		22.601		included		no

		213563_s_at		GCP2		0.069		2.145		0.032		22.601		included		no

		216268_s_at		JAG1		0.069		2.142		0.032		22.601		included		no

		210874_s_at		NAT6		0.074		2.139		0.035		22.601		included		no

		209101_at		CTGF		0.098		2.139		0.046		22.601		included		no

		211758_x_at		TXNDC9		0.047		2.139		0.022		22.601		included		no

		201559_s_at		CLIC4		0.079		2.137		0.037		22.601		included		no

		213640_s_at		LOX		0.119		2.133		0.056		22.601		included		no

		206788_s_at		CBFB		0.076		2.133		0.035		22.601		included		no

		219232_s_at		EGLN3		0.075		2.133		0.035		22.601		included		no

		219328_at		DDX31		0.094		2.129		0.044		22.601		included		no

		202540_s_at		HMGCR		0.053		2.128		0.025		22.601		included		no

		209398_at		HIST1H1C		0.092		2.128		0.043		22.601		included		no

		215574_at		- - -		0.080		2.124		0.038		22.601		included		no

		218036_x_at		NMD3		0.067		2.121		0.031		22.601		included		no

		210750_s_at		DLGAP1		0.084		2.118		0.040		22.601		included		no

		40524_at		PTPN21		0.075		2.117		0.035		22.601		included		no

		201275_at		FDPS		0.058		2.113		0.027		22.601		included		no

		204614_at		SERPINB2		0.116		2.112		0.055		22.601		included		no

		201043_s_at		ANP32A		0.095		2.109		0.045		22.601		included		no

		201091_s_at		CBX3		0.057		2.108		0.027		22.601		included		no

		37512_at		RODH		0.084		2.106		0.040		22.601		included		no

		203108_at		GPCR5A		0.149		2.105		0.071		22.601		included		no

		219948_x_at		FLJ21934		0.123		2.105		0.059		22.601		included		no

		215646_s_at		CSPG2		0.115		2.098		0.055		22.601		included		no

		213983_s_at		SCC-112		0.092		2.098		0.044		22.601		included		no

		202057_at		KPNA1		0.069		2.098		0.033		22.601		included		no

		208613_s_at		FLNB		0.073		2.097		0.035		22.601		included		no

		220003_at		FLJ11004		0.086		2.095		0.041		22.601		included		no

		201208_s_at		TNFAIP1		0.079		2.095		0.037		22.601		included		no

		209822_s_at		VLDLR		0.062		2.095		0.029		22.601		included		no

		209909_s_at		TGFB2		0.105		2.092		0.050		22.601		included		no

		210467_x_at		MAGEA12		0.114		2.088		0.055		22.601		included		no

		215432_at		BUCS1		0.100		2.085		0.048		22.601		included		no

		209122_at		ADFP		0.073		2.084		0.035		22.601		included		no

		210196_s_at		PSG1		0.103		2.083		0.049		22.601		included		no

		210876_at		ANXA2		0.063		2.081		0.030		22.601		included		no

		208546_x_at		HIST1H2BH		0.099		2.079		0.048		22.601		included		no

		216414_at		- - -		0.068		2.079		0.033		22.601		included		no

		212812_at		- - -		0.059		2.078		0.029		22.601		included		no

		219733_s_at		SLC27A5		0.087		2.078		0.042		22.601		included		no

		215254_at		DSCR1		0.091		2.074		0.044		22.601		included		no

		207319_s_at		CDC2L5		0.060		2.070		0.029		22.601		included		no

		211668_s_at		PLAU		0.078		2.068		0.038		22.601		included		no

		201792_at		AEBP1		0.081		2.066		0.039		22.601		included		no

		202238_s_at		NNMT		0.083		2.065		0.040		26.367		included		no

		219356_s_at		SNF7DC2		0.060		2.060		0.029		26.367		included		no

		210904_s_at		IL13RA1		0.076		2.059		0.037		26.367		included		no

		221552_at		ABHD6		0.074		2.059		0.036		26.367		included		no

		221009_s_at		ANGPTL4		0.094		2.058		0.046		26.367		included		no

		214968_at		DDX51		0.083		2.055		0.041		26.367		included		no

		201196_s_at		AMD1		0.063		2.055		0.031		26.367		included		no

		212444_at		- - -		0.134		2.054		0.065		26.367		included		no

		204845_s_at		ENPEP		0.077		2.053		0.038		26.367		included		no

		208496_x_at		HIST1H3G		0.108		2.053		0.053		26.367		included		no

		215464_s_at		TAX1BP3		0.050		2.052		0.024		26.367		included		no

		212797_at		SORT1		0.099		2.051		0.048		26.367		included		no

		204596_s_at		STC1		0.054		2.050		0.026		26.367		included		no

		210623_at		LOC51035		0.081		2.050		0.039		26.367		included		no

		216915_s_at		PTPN12		0.093		2.050		0.045		26.367		included		no

		208144_s_at		PP1345		0.067		2.049		0.033		26.367		included		no

		214469_at		HIST1H2AE		0.128		2.049		0.062		26.367		included		no

		205479_s_at		PLAU		0.065		2.044		0.032		26.367		included		no

		217448_s_at		C14orf92		0.070		2.044		0.034		26.367		included		no

		216607_s_at		CYP51A1		0.061		2.043		0.030		26.367		included		no

		210619_s_at		HYAL1		0.089		2.042		0.044		26.367		included		no

		214540_at		HIST1H2BO		0.099		2.039		0.048		26.367		included		no

		216549_s_at		TBC1D22B		0.096		2.039		0.047		26.367		included		no

		219478_at		WFDC1		0.111		2.037		0.054		26.367		included		no

		209624_s_at		MCCC2		0.078		2.034		0.038		26.367		included		no

		212575_at		C19orf6		0.102		2.034		0.050		26.367		included		no

		222379_at		KCNE4		0.082		2.031		0.040		26.367		included		no

		211924_s_at		PLAUR		0.070		2.030		0.034		26.367		included		no

		221933_at		NLGN4X		0.114		2.030		0.056		26.367		included		no

		220414_at		CALML5		0.161		2.029		0.079		26.367		included		no

		215976_at		DBC1		0.087		2.026		0.043		26.367		included		no

		210546_x_at		CTAG1B		0.183		2.025		0.090		26.367		included		no

		216712_at		SLC25A30		0.086		2.020		0.042		26.367		included		no

		220106_at		NPC1L1		0.074		2.020		0.037		26.367		included		no

		212898_at		KIAA0406		0.051		2.019		0.025		26.367		included		no

		202213_s_at		CUL4B		0.054		2.019		0.027		26.367		included		no

		216830_at		- - -		0.078		2.017		0.039		26.367		included		no

		204325_s_at		NF1		0.050		2.017		0.025		26.367		included		no

		215423_at		- - -		0.067		2.016		0.033		26.367		included		no

		205228_at		RBMS2		0.077		2.013		0.038		26.367		included		no

		208083_s_at		ITGB6		0.107		2.011		0.053		26.367		included		no

		218182_s_at		CLDN1		0.102		2.011		0.051		26.367		included		no





Good_Progn

		Suppl. Table S8b: SAM-Result Good Prognosis Marker

		Affy_ID		GeneSymbol		Numerator(r)		Score(d)		Denominator(s+s0)		q-value(%)		264probe_Signature_FDR_25%		26probe_Signature_FDR_3.5%

		209591_s_at		BMP7		-0.154		-3.405		0.045		21.089		included		no

		221671_x_at		IGKC		-0.144		-3.118		0.046		21.089		included		no

		211333_s_at		FASLG		-0.074		-3.107		0.024		21.089		included		no

		221651_x_at		IGKC		-0.136		-3.097		0.044		21.089		included		no

		211259_s_at		BMP7		-0.135		-3.041		0.044		21.089		included		no

		218872_at		TSC		-0.142		-3.019		0.047		21.089		included		no

		209460_at		ABAT		-0.122		-3.010		0.041		21.089		included		no

		217455_s_at		SSTR2		-0.082		-2.890		0.028		21.089		included		no

		208479_at		KCNA1		-0.100		-2.883		0.035		21.089		included		no

		205890_s_at		UBD		-0.188		-2.860		0.066		21.089		included		no

		221087_s_at		APOL3		-0.076		-2.843		0.027		21.089		included		no

		210321_at		GZMH		-0.150		-2.820		0.053		21.089		included		no

		214510_at		GPR20		-0.124		-2.777		0.045		26.367		included		no

		211430_s_at		IGH@		-0.155		-2.761		0.056		26.367		included		no

		214567_s_at		XCL1		-0.171		-2.759		0.062		26.367		included		no

		217143_s_at		TRA@		-0.129		-2.722		0.048		26.367		included		no

		207796_x_at		KLRD1		-0.086		-2.690		0.032		26.367		included		no

		214677_x_at		IGL@		-0.146		-2.688		0.054		26.367		included		no

		203915_at		CXCL9		-0.152		-2.681		0.057		26.367		included		no

		208498_s_at		AMY2A		-0.141		-2.679		0.052		26.367		included		no

		219605_at		ZNF3		-0.086		-2.677		0.032		26.367		included		no

		209138_x_at		IGLC2		-0.149		-2.661		0.056		26.367		included		no

		209590_at		BMP7		-0.101		-2.654		0.038		26.367		included		no

		204781_s_at		FAS		-0.077		-2.653		0.029		26.367		included		no

		217378_x_at		LOC391427		-0.212		-2.641		0.080		26.367		included		no

		218062_x_at		CDC42EP4		-0.083		-2.631		0.032		26.367		included		no

		212272_at		LPIN1		-0.101		-2.624		0.038		26.367		included		no

		203608_at		ALDH5A1		-0.108		-2.621		0.041		26.367		included		no

		207747_s_at		DOK4		-0.086		-2.619		0.033		26.367		included		no
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Supplementary Methods 


All analyses were performed according to the REMARK recommendations for tumor marker studiesA. 


 A respective diagram of the complete analytical strategy and the flow of patients through the study, 


including the number of patients included in each stage of the analysis is given in Supplementary 


Figure S1. The analyses were performed using Bioconductor (http://www.bioconductor.org/) and the 


R software environment (http://www.r-project.org/) and SPSS version 17.0. The genefu package was 


used for implementation of published gene signatures (http://www.bioconductor.org  


/packages/release/bioc/html/genefu.html). Fishers exact test was applied for the analysis of 


associations between categorical parameters. All reported P values are two sided and P values of less 


than 0.05 were considered to indicate a significant result.  


 


 


1. Assembly of microarray data:  


To assemble a highly homogeneous dataset of microarrays of triple negative breast cancers we used 


(i) only one single array platform (Affymetrix U133A and U133Plus2) and (ii) included only samples 


defined as triple negative by a consistent method based on the gene expression itself of ER, PR, and 


HER2 as previously describedB,C. For a reasonable sample size pooling datasets was necessary. A 


major concern of this procedure are systematic technical differences between individual datasets 


("batch effects"). Many adaption methods as e.g. Z-normalization often do not eliminate but rather 


blur such effects. Thus we applied two further strategies to cope with this problem. First, we 


rigorously selected only highly comparable datasets for the finding cohort. Second, we controlled for 


biased genes which still show associations with the dataset vector. These two strategies are 


described below: 


Affymetrix microarray data from 28 datasets encompassing a total of n=3488 primary breast cancers 


were assembled. Expression data were analyzed using the MAS5.0 algorithmD of the affy packageE of 



http://www.bioconductor.org/

http://www.r-project.org/

http://www.bioconductor.org/
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the Bioconductor software projectF. Subsequently data were log2-transformed, median-centered 


across arrays, and the expression values of all the probesets from the U133A array were multiplied 


by a scale factor S so that the magnitude (sum of the squares of the values) equals one. Triple 


negative breast cancers (TNBC, n=579) were identified based on gene expression of ER, PgR, and 


HER2 on microarray as described previouslyC. Gene expression data of these 579 TNBC have been 


deposited into the GEO database (accession number GSE31519). To select only comparable samples 


for the finding cohort a metric to compare different datasets was developed. We derived a simple 


comparability metric C from the sum of the squared differences of the mean (μ) within a specific 


dataset and among all datasets, respectively, normalized by the standard deviation (σ) calculated for 


all genes (g) on the array: 


            
                       


         
 


 
 


   


 


As shown in Supplementary Figure S2 all datasets were sorted according to this metric and those 15 


datasets with lowest values (norm. C ≤ 0.03; see also Suppl. Figure S16) encompassing n=394 samples 


selected as finding cohort-A (Supplementary Figure S2). The excluded datasets encompassing n=185 


samples were withhold as validation cohort-B (Supplementary Figure S1). 


Since the number of patients with follow up in the validation cohort-B revealed as too small (n=30) to 


validate the final prognostic predictor an additional  independent validation cohort-CG was also 


analyzed for validation. However, this cohort-C was not available and thus never touched during the 


preceding analysis steps (Supplementary Figure S1). Clinical data of all three cohorts are given in 


Table 1. 


 


2. Building of metagenes for principal molecular phenotypes among TNBC 


High feature to sample ratio is one of the most severe limitations of genomic profiling methods 


leading to an inflation of α-valuesH. Therefore, unsupervised clustering was applied for feature 


reduction based on the assumption that the expression of a large number of genes is highly inter-
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dependent. This dependence can be attributed to the expression of sets of genes in different cell 


types in the sample or to differentiation steps and pathways associated with specific expression 


profiles. The command line version of the CLUSTER 3.0 program was applied using pairwise single-


linkage and Pearson correlation as distance metric (available at http://bonsai.ims.u-


tokyo.ac.jp/~mdehoon/software/cluster).  As described previously, genes which did not show a 


correlation with other genes above a certain threshold (0.5) were suspected to represent noise and 


therefore discarded from further analysisI. To build "metagenes" for the principal vectors we selected 


only those clusters which contained at least 10 elements and a minimal average correlation of 0.7 or 


25 elements with a correlation of 0.6, respectively. This strategy rediscovered previously described 


gene clusters for basal-like genesJ, an apocrine/androgen receptor signalling signatureK,L, a stromal 


signatureM,N, the claudin-CD24 signatureO,P as well as several gene clusters related different types of 


immune and blood cellsI,J,Q,R,S,T,U,. A higher cutoff of 0.8 for correlation was applied to differentiate 


these individual subclusters associated with distinct types of immune cells. In addition we included 


four metagenes for clusters containing less than 10 elements but which are well known for their 


biological phenotype, namely angiogenesisV,S , adipocytesJ, inflammationW,X,Y, and a cluster of HOXA 


genes (Table 2 and Figure 1). Metagene expression values were determined by calculating the mean 


of the normalized expression values of all probesets in the respective cluster as previously describedI. 


A list of all 355 applied Affymetrix probesets is given in Supplementary Table S7.  


 


3. Control for biased probesets and metagenes 


We aimed to control for metagenes which display a possible bias related to technical differences 


between datasets. As a metric for the dependence of each individual probeset on the dataset vector 


we used the standard Kruskal-Wallis rank test. The distribution of the rank sum statistics for all 


22,283 probesets from the U133A array in the finding cohort-A of n=394 samples is shown in 


Supplementary Figure S17A. We controlled for this dataset bias throughout the analysis by tagging 


each of the 22,283 Affy probesets with its Kruskal stat value. Thereby the influence of dataset bias 
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was monitored during unsupervised analyses. Biased probesets tend to cluster together and can 


easily be detected by their tagged Kruskal stats. The median Kruskal-Wallis rank sum statistic and 


inter quartile range (IQR) of the probesets of the 16 metagenes from Table 2 are presented in 


Supplementary Figure S17B. The values for each individual probeset are given in Supplementary 


Table S7. Only the Stroma and Hemoglobin metagenes display a high bias between datasets. This 


effect originates from the inclusion of two datasets which were obtained from fine needle aspiration 


(FNA) samples (Supplementary Figure S3). Such samples generally contain relative high amounts of 


blood and low amounts of stromal tissue. Thus to avoid a dataset bias in all analyses concerning the 


Stroma and Hemoglobin metagenes four datasets with FNA and core biopsies were excluded and 


only datasets containing surgical biopsy samples (n=365 and n=130 in the finding and validation 


cohorts-A and -B, respectively) were used (Supplementary Table S1). 


 


4. Control for platform bias between U133A and U133Plus2.0 Affymetrix arrays 


A platform bias between U133A and U133Plus2.0 arrays has been reported in a previous study by 


Symmans et al. 2010Z for SET index gene signature (Suppl. Fig. S3 in the Supplementary Appendix of 


Symmans et al) and a correction factor was used in this study to adjust for this bias. In contrast, no 


platform bias was observed for ESR1 and HER2 gene expression in the same study (Suppl. Fig. S4 of 


Symmans et al.). We obtained similar results when we compared the distribution of ESR1, PgR, and 


HER2 gene expression from samples profiled on either U133A or U133Plus2.0 arrays in our full cohort 


of 3488 samples. As demonstrated in Supplementary Figure S18A no platform bias was observed. We 


have also observed a high consistency of cutoffs for ER, PgR, and HER2 genes in different datasets 


previouslyC. Therefore the primary selection of the triple negative cohort of 579 samples is not 


influenced by the type of array used in the respective individual studies. 118 (20.4%) of the 579 TNBC 


were profiled on U133 Plus 2.0 arrays, but only 21 (5.3%) of the 394 samples from the finding 


cohort-A. The bias between the two different U133 platforms described in the report by Symmans et 


al is not systematic but only effects certain probesets since no effect on ESR1, PgR, and HER2 was 
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observed. Thus any adaption has to be done on a gene by gene (or metagene) basis. Therefore we 


checked the inter-platform agreement as well as the inter-laboratory agreement of the metagenes 


analyzed in our study using the raw data from a 2x2  factorial study from the Symmans et al 


publication (GEO accession number GSE17700). As shown in Supplementary Figure S18B we 


observed good correlation for both types of agreement and no systematic type of bias was detected. 


Therefore no platform correction was performed for the metagenes analyzed in our study. 


 


5. Survival analyses  


Follow up data were available for 2348 of the total 3488 samples and 327 of the 579 TNBC samples 


(given lack of follow up data in 12 datasets, see Supplementary Table S1). All survival intervals were 


measured from the time of surgery to the distinct survival endpoint used in the individual datasets. 


For 11 datasets relapse free survival (RFS) was used as an endpoint (n=1429 total, n=167 TNBC) while 


for 6 dataset only distant metastasis free survival (DMFS) was available. Thus any local recurrence 


events are missing from these 6 datasets. In the conduct of the presented analysis event free survival 


(EFS) was calculated as preferentially corresponding to the RFS endpoint, but measured with respect 


to the DMFS endpoint if RFS was not available. We have previously shownC that the effect of using 


these different endpoints was rather small in the overall dataset. However, all results from survival 


analyses were verified by examining the effect of the different endpoints in stratified analyses. 


Follow up data for those women in whom the envisaged end point was not reached were censored 


as of the last follow-up date or at 120 months. Subjects with missing values were excluded from the 


analyses. We constructed Kaplan-Meier curves and used the log-rank test to determine the 


univariate significance of the variables. Cox regression analysis was applied to analyze the univariate 


hazard ratio of individual metagenes as continous factors. A Cox proportional-hazards model was 


used to simultaneously examine the effects of multiple covariates on survival. The effect of each 


individual variable was assessed with the use of the Wald test and described by the hazard ratio, with 
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a 95 percent confidence interval (95% CI). In stepwise backward selection models variables were 


excluded using P=0.05 as cutoff.  


 


6. Development of a prognostic predictor from the IL-8 and B-Cell metagenes in the training 


cohort-A 


As shown in Suppl. Figures S16 and S17 we used both an unsupervised and a supervised approach 


(next section) to develop prognostic predictors for TNBC. In the unsupervised approach three 


metagenes (IL-8, Histone, and B-Cell metagenes) revealed independent prognostic value in 


multivariate cox regression in the finding cohort-A. Since IL-8 and Histone metagenes are positively 


correlated and both inversely related to the B-Cell metagene we aimed for constructing a simple 


prognostic predictor for TNBC from a combination of the IL-8 and B-Cell metagenes. Cutoffs for 


dichotomizing of the IL-8 and B-Cell metagene were optimized stepwise (0.001) in the finding 


cohort-A as shown in Suppl. Figure S19. Those cutoffs were selected which displayed (i) high 


significance in univariate Cox regression concurrently with (ii) mostly equally sized sample groups.  


Combination of the two dichotomized metagene variables were applied to the finding cohort-A to 


obtain a binary prognostic predictor. TNBC patients with tumors displaying both a high expression of 


the B-Cell metagene and low expression of the IL8 metagene displayed a superior prognosis 


compared to the remaining samples (Figure 4). 


 


7. Supervised prognostic signature generation by SAM 


In an independent approach we also applied a supervised classification using all genes on the 


Affymetrix microarrays to identify a prognostic gene expression signature (right part of the diagram 


in Supplementary Figure S13). The Cox score option of Significance Analysis of Microarrays (SAM)AA 


using the R-package samr was applied to the finding cohort-A (297 TNBC samples with follow up) as 


training set. A delta value of 0.3 resulted in 235 probesets associated with poor prognosis and 29 


probesets associated with good prognosis with a median false discovery rate of 25%. A more 
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stringent delta value of 0.5 resulted in 26 probesets associated with poor prognosis with a median 


false discovery rate < 3.5% (no probesets associated with good prognosis were identified using this 


higher stringency. The 235 and 29 probesets, respectively, are listed in Supplementary Table S8. This 


Table also gives information which 26 probesets were obtained by higher stringency. Interestingly, 


the two probesets of IL-8 on the Affymetrix array are ranked at position 1 and 4 in the poor prognosis 


probeset list. On the other hand, most of the 29 probesets in the good prognosis probeset list are 


associated with immune cells.  


Supervised prognostic signatures were derived as a compound covariate predictor using each 


probesets' expression value and the respective SAM-Score as a weight. The results of Kaplan-Meier 


analysis using a median split of the cohorts according to the supervised prognostic signatures for 


both the 264 probesets signature (lower stringency) and the 26 probeset signature (higher 


stringency) are given in Supplementary Figure S14 A-C and E-G, respectively, for all three cohorts.  


As expected the 264-SAM-derived-probes prognostic signature had a high prognostic value in the 


training-set (Supplementary Figure S14A). In contrast, only a trend towards a better prognosis was 


observed in the validation cohorts-B and –C (Supplementary Figures S14B and S14C). When the 264-


SAM-derived-probes prognostic signature score as a continous variable was clustered together with 


the metagenes from Figure 1 the highest correlation was observed to the cluster containing IL-8, 


Histone, and VEGF metagenes in both finding cohort-A (Supplementary Figure S14D) and validation 


cohorts (not shown).  


The prognostic value of the signature derived from higher stringency (26-SAM-derived-probes) was 


analysed in Suppl. Figure S14 panels (E), (F), and (G), respectively. A significant difference in 


prognosis  was found for validation cohort B (panel F) but only a trend for validation cohort C (panel 


G). The cluster analysis in panel (H) demonstrates that this 26-SAM-derived-probes signature 


displayed the highest correlation to the IL-8 metagene (the same result was obtained using validation 


cohorts–B and –C; not shown).  


 


 







Suppl_Methods_page_S-8 
 


 


8. Centroid-based definition of Molecular subtypes 


We applied a recently published implementation of different variants of the centroid method to 


assign breast cancer samples to a molecular subtypeBB. Detailed information and corresponding R-


code can be downloaded from the authors of this study at: 


http://rock.icr.ac.uk/collaborations/Mackay/centroid.correlations.Eset/ExpressionSet%20Nearest%20Centroid


%20Correlations.pdf 


For the results presented in Supplementary Table S6 we performed Spearman's rank correlations on 


all probes both with centering and without centering using the centroids according to Hu et al. CC 


downloaded from  


http://rock.icr.ac.uk/collaborations/Mackay/centroid.correlations.Eset/Hu306.centroids.txt 


The analyses were performed independently in seven larger datasets (Frankfurt, Mainz, NewYork, 


Stockholm, Transbig, Uppsala, Rotterdam) to assign a total of 1364 breast cancer samples to a 


molecular subtype. Subsequently the resulting subtype definitions of the 172 TNBC samples from 


these datasets were compared to the BLBC vs. Non-BLBC definition deduced from the distribution of 


the Basal-like metagene. 


In addition, the analysis was also performed using the complete cohorts-A and –B of 579 TNBC 


samples only (without Non-TNBC subtypes). In this case only the variant of the method without 


centering was applied since centering of a complete ER negative cohort results in distortion of the 


data as previously shownDD,C. 


 


9. Definition of molecular subtypes based on bimodal metagene distributions 


Cutoffs for bimodally expressed metagenes (Basal-like, Apocrine, Claudin-CD24) were derived from 


fitting a mixture of two normal gaussian distributions to the observed distributions by maximum 



http://rock.icr.ac.uk/collaborations/Mackay/centroid.correlations.Eset/ExpressionSet%20Nearest%20Centroid%20Correlations.pdf

http://rock.icr.ac.uk/collaborations/Mackay/centroid.correlations.Eset/ExpressionSet%20Nearest%20Centroid%20Correlations.pdf

http://rock.icr.ac.uk/collaborations/Mackay/centroid.correlations.Eset/Hu306.centroids.txt
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likelihood optimization using the optim function in R as described by Venables and RipleyEE. The 


resulting cutoffs are shown in Supplementary Figure 3 (Basal-like) and Supplementary Figure S6B 


(Apocrine, Claudin-CD24). These cutoff values were subsequently used to categorize TNBC samples 


into the following subgroups: Basal-like, molecular-Apocrine, and Claudin-Low. Any samples classified 


to more than one group using the distribution-derived cutoff values were assigned as 


"unclassified/ambigous". Among the 394 TNBC samples from the finding cohort-A we detected 249 


Basal-like (63.2%), 65 Molecular-Apocrine (16.5%), and 25 Claudin-Low (6.3%) samples by this 


method. 55 samples (14.0%) were assigned to the "unclassified/ambigous" group. The relationship of 


the three metagenes is demonstrated in the scatter plot in Supplementary Figure S6A. Most of the 


samples classified by this method as Molecular-Apocrine or Claudin-Low were either assigned to the 


"unclassified" or the "basal-like" group when the centroid method was applied (60-80% depending 


on the specific variant of the method as given in the preceding section above). 


High expression of Adipocyte markers and low expression of proliferation markers are features of 


both normal tissue as well as the so called "normal-like" subtype of breast cancer. Using the above 


method we were not able to discriminate a "normal-like" subtype since the Adipocyte metagene and 


the Proliferation metagene did not display bimodal distributions. Similarily immune metagenes 


displayed a continous distribution of expression values suggesting that these markers rather describe 


mixtures of cells than subtypes of distinct origin. 


 


10. Immunohistochemical analysis 


To analyze the cellular source of expression in samples which show a high expression of the B-cell 


and IL-8 metagenes we performed immunohistochemistry using specific antibodies. CD20 (clone B-


Ly1, Dianova, Hamburg, Germany) was used as marker for B lymphocytes. A polyclonal IL-8 (AF-208-


NA) was obtained from R&D Systems (Minneapolis, MN). Briefly, paraffin sections (2 μm) were 


mounted on Superfrost Plus slides, dewaxed in xylene and rehydrated through graduated ethanol to 
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water. Antigens were retrieved by microwaving sections in 1 mM EDTA (pH 8.0) for 20 min at 800 W. 


Blocking was performed using antibody dilution buffer (DCSDiagnostics, Hamburg, Germany) at room 


temperature for 15 min. Subsequently, antibodies were diluted 1:100 individually in this buffer. 


Sections were incubated with antibodies for 1 h at room temperature. For negative controls, the 


primary antibodies were replaced with phosphate-buffered saline. For secondary antibody 


incubations and detection, the Dako REAL Detection System Alkaline Phosphatase/RED (Dako, 


Glostrup, Denmark) was used following the protocol of the supplier and sections were 


counterstained with Mayer’s hematoxylin. 


 


11. Relationship of B-Cell and IL-8 metagenes to the medullary subtype of TNBC 


The good prognosis of TNBC with high lymphocyte content is in line with properties of medullary 


breast cancer, a tumor subtype with high amounts of immune cell infiltrates and favourable 


prognosis. Since this subtype represents <3% of all breast cancers it could account only for a tiny 


minority of TNBC in our dataset. Nevertheless, we analyzed a publicly available microarray datasetFF 


of medullary and ductal TNBC for expression of B-Cell and IL-8 metagenes. As shown in Suppl. Figure 


S20 the expression of the metagenes largely overlap between the two histologically defined cancer 


subtypes and thus the prognostic value of the predictor cannot be explained by the identification 


medullary breast cancer samples alone.  


 


12. Relationship of the B-Cell/IL-8 prognostic predictor to proliferation in TNBC 


As shown in Supplementary Figure S21 no difference in the expression of the proliferation metagene 


was observed when TNBC samples were stratified according to the prognostic predictor based on 


high expression of the B-Cell metagene and low expression of the IL-8 metagene.  
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13. Relationship of previously published gene signatures to the metagenes detected within 


TNBC. 


The correlation of several published gene signatures with the metagenes discovered within the pure 


TNBC cohort was analyzed by calculating the Pearson correlation coefficient between signature 


scores in the finding cohort of TNBC. The following gene signatures were included in this analysis: 


Recurrence scoreGG, genomic grade indexHH, Amsterdam signatureII, wound response signatureJJ, 7-


gene immune response moduleKK, stroma derived prognostic predictorLL, and a medullary like 


signatureG. The genefu R-packageMM,NN was used to calculate signature score as continuous variables. 


The correlations between these gene signatures and all 16 identified metagenes in TNBC were 


visualized through hierarchical clustering. 


 


 


 







Suppl_Methods_page_S-12 
 


Supplementary Methods References: 


                                                            
A McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark GM; Statistics Subcommittee of the NCI-
EORTC Working Group on Cancer Diagnostics. Reporting recommendations for tumor marker prognostic 
studies. J Clin Oncol. 2005 Dec 20;23(36):9067-72. 


B Gong Y, Yan K, Lin F, Anderson K, Sotiriou C, Andre F, Holmes FA, Valero V, Booser D, Pippen JE Jr, Vukelja S, 
Gomez H, Mejia J, Barajas LJ, Hess KR, Sneige N, Hortobagyi GN, Pusztai L, Symmans WF (2007) Determination 
of oestrogen-receptor status and ERBB2 status of breast carcinoma: a gene-expression profiling study. Lancet 
Oncol 8(3):203–211. 


C Karn T, Metzler D, Ruckhäberle E, Hanker L, Gätje R, Solbach C, Ahr A, Schmidt M, Holtrich U, Kaufmann M, 
Rody A. Data driven derivation of cutoffs from a pool of 3,030 Affymetrix arrays to stratify distinct clinical types 
of breast cancer. Breast Cancer Res Treat. 2009 May 20. 


D Affymetrix (2001) Statistical algorithms reference guide, Technical report, Affymetrix. 


E Gautier L, Cope L, Bolstad BM, Irizarry RA. affy--analysis of Affymetrix GeneChip data at the probe level. 
Bioinformatics. 2004 Feb 12;20(3):307-15. 


F Gentleman RC, Carey VJ, Bates DM, Bolstad B, Dettling M, Dudoit S, Ellis B, Gautier L, Ge Y, Gentry J, Hornik K, 
Hothorn T, Huber W, Iacus S, Irizarry R, Leisch F, Li C, Maechler M, Rossini AJ, Sawitzki G, Smith C, Smyth G, 
Tierney L, Yang JY, Zhang J. Bioconductor: open software development for computational biology and 
bioinformatics. Genome Biol. 2004;5(10):R80. 


G Sabatier R, Finetti P, Cervera N, Lambaudie E, Esterni B, Mamessier E, Tallet A, Chabannon C, Extra JM, 
Jacquemier J, Viens P, Birnbaum D, Bertucci F. A gene expression signature identifies two prognostic subgroups 
of basal breast cancer. Breast Cancer Res Treat. 2010 May 21. [Epub ahead of print] 


H Simon R, Radmacher MD, Dobbin K, McShane LM. Pitfalls in the use of DNA microarray data for diagnostic 
and prognostic classification. J Natl Cancer Inst. 2003 Jan 1;95(1):14-8. 


I Rody A, Holtrich U, Pusztai L, Liedtke C, Gaetje R, Ruckhaeberle E, Solbach C, Hanker L, Ahr A, Metzler D, 
Engels K, Karn T, Kaufmann M. T-cell metagene predicts a favorable prognosis in estrogen receptor-negative 
and HER2-positive breast cancers. Breast Cancer Res. 2009;11(2):R15. 


J Perou CM, Sørlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pollack JR, Ross DT, Johnsen H, Akslen LA, 
Fluge O, Pergamenschikov A, Williams C, Zhu SX, Lønning PE, Børresen-Dale AL, Brown PO, Botstein D. 
Molecular portraits of human breast tumours. Nature. 2000 Aug 17;406(6797):747-52. 


K Farmer P, Bonnefoi H, Becette V, Tubiana-Hulin M, Fumoleau P, Larsimont D, Macgrogan G, Bergh J, Cameron 
D, Goldstein D, Duss S, Nicoulaz AL, Brisken C, Fiche M, Delorenzi M, Iggo R. Identification of molecular 
apocrine breast tumours by microarray analysis. Oncogene. 2005 Jul 7;24(29):4660-71. 


L Doane AS, Danso M, Lal P, Donaton M, Zhang L, Hudis C, Gerald WL. An estrogen receptor-negative breast 
cancer subset characterized by a hormonally regulated transcriptional program and response to androgen. 
Oncogene. 2006 Jun 29;25(28):3994-4008. 


M Farmer P, Bonnefoi H, Anderle P, Cameron D, Wirapati P, Becette V, André S, Piccart M, Campone M, Brain E, 
Macgrogan G, Petit T, Jassem J, Bibeau F, Blot E, Bogaerts J, Aguet M, Bergh J, Iggo R, Delorenzi M. A stroma-
related gene signature predicts resistance to neoadjuvant chemotherapy in breast cancer. Nat Med. 2009 
Jan;15(1):68-74. 


N Bianchini G, Qi Y, Alvarez RH, Iwamoto T, Coutant C, Ibrahim NK, Valero V, Cristofanilli M, Green MC, Radvanyi 
L, Hatzis C, Hortobagyi GN, Andre F, Gianni L, Symmans WF, Pusztai L. Molecular anatomy of breast cancer 
stroma and its prognostic value in estrogen receptor-positive and -negative cancers. J Clin Oncol. 2010 Oct 
1;28(28):4316-23. 


O Hennessy BT, Gonzalez-Angulo AM, Stemke-Hale K, Gilcrease MZ, Krishnamurthy S, Lee JS, Fridlyand J, Sahin 
A, Agarwal R, Joy C, Liu W, Stivers D, Baggerly K, Carey M, Lluch A, Monteagudo C, He X, Weigman V, Fan C, 
Palazzo J, Hortobagyi GN, Nolden LK, Wang NJ, Valero V, Gray JW, Perou CM, Mills GB. Characterization of a 







Suppl_Methods_page_S-13 
 


                                                                                                                                                                                          
naturally occurring breast cancer subset enriched in epithelial-to-mesenchymal transition and stem cell 
characteristics. Cancer Res. 2009 May 15;69(10):4116-24. 


P Creighton CJ, Li X, Landis M, Dixon JM, Neumeister VM, Sjolund A, Rimm DL, Wong H, Rodriguez A, 
Herschkowitz JI, Fan C, Zhang X, He X, Pavlick A, Gutierrez MC, Renshaw L, Larionov AA, Faratian D, Hilsenbeck 
SG, Perou CM, Lewis MT, Rosen JM, Chang JC. Residual breast cancers after conventional therapy display 
mesenchymal as well as tumor-initiating features. Proc Natl Acad Sci U S A. 2009 Aug 18;106(33):13820-5. 


Q Perou CM, Jeffrey SS, van de Rijn M, Rees CA, Eisen MB, Ross DT, Pergamenschikov A, Williams CF, Zhu SX, 
Lee JC, Lashkari D, Shalon D, Brown PO, Botstein D. Distinctive gene expression patterns in human mammary 
epithelial cells and breast cancers. Proc Natl Acad Sci U S A. 1999 Aug 3;96(16):9212-7. 


R Palmer C, Diehn M, Alizadeh AA, Brown PO. Cell-type specific gene expression profiles of leukocytes in human 
peripheral blood. BMC Genomics. 2006 May 16;7:115. 


S Desmedt C, Haibe-Kains B, Wirapati P, Buyse M, Larsimont D, Bontempi G, Delorenzi M, Piccart M, Sotiriou C. 
Biological processes associated with breast cancer clinical outcome depend on the molecular subtypes. Clin 
Cancer Res. 2008 Aug 15;14(16):5158-65. 


T Schmidt M, Böhm D, von Törne C, Steiner E, Puhl A, Pilch H, Lehr HA, Hengstler JG, Kölbl H, Gehrmann M. The 
humoral immune system has a key prognostic impact in node-negative breast cancer. Cancer Res. 2008 Jul 
1;68(13):5405-13. 


U Alexe G, Dalgin GS, Scanfeld D, Tamayo P, Mesirov JP, DeLisi C, Harris L, Barnard N, Martel M, Levine AJ, 
Ganesan S, Bhanot G, High expression of lymphocyte-associated genes in node-negative HER2+ breast cancers 
correlates with lower recurrence rates, Cancer Res. 2007 Nov 15;67(22):10669-76 


V Hu Z, Fan C, Livasy C, He X, Oh DS, Ewend MG, Carey LA, Subramanian S, West R, Ikpatt F, Olopade OI, van de 
Rijn M, Perou CM. A compact VEGF signature associated with distant metastases and poor outcomes. BMC 
Med. 2009 Mar 16;7:9. 


W Waugh DJ, Wilson C. The interleukin-8 pathway in cancer. Clin Cancer Res. 2008 Nov 1;14(21):6735-41. 


X Angelo LS, Kurzrock R. Vascular endothelial growth factor and its relationship to inflammatory mediators. Clin 
Cancer Res. 2007 May 15;13(10):2825-30. 


Y Bièche I, Chavey C, Andrieu C, Busson M, Vacher S, Le Corre L, Guinebretière JM, Burlinchon S, Lidereau R, 
Lazennec G. CXC chemokines located in the 4q21 region are up-regulated in breast cancer. Endocr Relat Cancer. 
2007 Dec;14(4):1039-52. 


Z Symmans WF, Hatzis C, Sotiriou C, Andre F, Peintinger F, Regitnig P, Daxenbichler G, Desmedt C, Domont J, 
Marth C, Delaloge S, Bauernhofer T, Valero V, Booser DJ, Hortobagyi GN, Pusztai L. Genomic index of sensitivity 
to endocrine therapy for breast cancer. J Clin Oncol. 2010 Sep 20;28(27):4111-9. 


AA Tusher VG, Tibshirani R, Chu G. Significance analysis of microarrays applied to the ionizing radiation 
response. Proc Natl Acad Sci U S A. 2001 Apr 24;98(9):5116-21. 


BB Weigelt B, Mackay A, A'hern R, Natrajan R, Tan DS, Dowsett M, Ashworth A, Reis-Filho JS. Breast cancer 
molecular profiling with single sample predictors: a retrospective analysis. Lancet Oncol. 2010 Apr;11(4):339-
49. 


CC Hu Z, Fan C, Oh DS, Marron JS, He X, Qaqish BF, Livasy C, Carey LA, Reynolds E, Dressler L, Nobel A, Parker J, 
Ewend MG, Sawyer LR, Wu J, Liu Y, Nanda R, Tretiakova M, Ruiz Orrico A, Dreher D, Palazzo JP, Perreard L, 
Nelson E, Mone M, Hansen H, Mullins M, Quackenbush JF, Ellis MJ, Olopade OI, Bernard PS, Perou CM. The 
molecular portraits of breast tumors are conserved across microarray platforms. BMC Genomics. 2006 Apr 
27;7:96. 







Suppl_Methods_page_S-14 
 


                                                                                                                                                                                          
DD Lusa L, McShane LM, Reid JF, De Cecco L, Ambrogi F, Biganzoli E, Gariboldi M, Pierotti MA. Challenges in 
projecting clustering results across gene expression-profiling datasets. J Natl Cancer Inst. 2007 Nov 
21;99(22):1715-23. 


EE Venables WN, Ripley BD (2002) Modern Applied Statistics with S, chap 16.3, 4th edn. Springer. ISBN 0-387-
95457-0. 


FF Bertucci F, Finetti P, Cervera N, Charafe-Jauffret E, Mamessier E, Adélaïde J, Debono S, Houvenaeghel G, 
Maraninchi D, Viens P, Charpin C, Jacquemier J, Birnbaum D. Gene expression profiling shows medullary breast 
cancer is a subgroup of basal breast cancers. Cancer Res. 2006 May 1;66(9):4636-44. 
GG Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, Baehner FL, Walker MG, Watson D, Park T, Hiller W, Fisher 
ER, Wickerham DL, Bryant J, Wolmark N. A multigene assay to predict recurrence of tamoxifen-treated, node-
negative breast cancer. N Engl J Med. 2004 Dec 30;351(27):2817-26. Epub 2004 Dec 10. 


HH Sotiriou C, Wirapati P, Loi S, Harris A, Fox S, Smeds J, Nordgren H, Farmer P, Praz V, Haibe-Kains B, Desmedt 
C, Larsimont D, Cardoso F, Peterse H, Nuyten D, Buyse M, Van de Vijver MJ, Bergh J, Piccart M, Delorenzi M. 
Gene expression profiling in breast cancer: understanding the molecular basis of histologic grade to improve 
prognosis. J Natl Cancer Inst. 2006 Feb 15;98(4):262-72. 


II van 't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, Peterse HL, van der Kooy K, Marton MJ, 
Witteveen AT, Schreiber GJ, Kerkhoven RM, Roberts C, Linsley PS, Bernards R, Friend SH. Gene expression 
profiling predicts clinical outcome of breast cancer. Nature. 2002 Jan 31;415(6871):530-6. 


JJ Chang HY, Sneddon JB, Alizadeh AA, Sood R, West RB, Montgomery K, Chi JT, van de Rijn M, Botstein D, 
Brown PO. Gene expression signature of fibroblast serum response predicts human cancer progression: 
similarities between tumors and wounds. PLoS Biol. 2004 Feb;2(2):E7. Epub 2004 Jan 13. 


KK Teschendorff AE, Miremadi A, Pinder SE, Ellis IO, Caldas C. An immune response gene expression module 
identifies a good prognosis subtype in estrogen receptor negative breast cancer. Genome Biol. 2007;8(8):R157. 


LL Finak G, Bertos N, Pepin F, Sadekova S, Souleimanova M, Zhao H, Chen H, Omeroglu G, Meterissian S, 
Omeroglu A, Hallett M, Park M. Stromal gene expression predicts clinical outcome in breast cancer. Nat Med. 
2008 May;14(5):518-27. 


MM genefu R package: Relevant Functions for Gene Expression Analysis, Especially in Breast Cancer 
[http://cran.r-project.org/web/packages/genefu/] 


NN Haibe-Kains B, Desmedt C, Rothé F, Piccart M, Sotiriou C, Bontempi G. A fuzzy gene expression-based 
computational approach improves breast cancer prognostication. Genome Biol. 2010;11(2):R18. Epub 2010 Feb 
15. 







Supplementary Figures: 


 


 


 


Supplementary Figure S16: Selection methods for comparable Affymetrix datasets  


We derived a simple comparability metric C from the sum of the squared differences of the mean (μ) 


within a specific dataset and among all datasets, respectively, normalized by the standard deviation 


(σ) calculated for all genes (g) on the array: 


             
                       


         
 


 
 


   


 


We also considered a metric without normalizing by the standard deviation: 


                                         
 


 


   


 


and using the mean of the means among datasets instead of the global mean: 


                                
             
 
   


 
  


 


   


 


In the above figure the results of all three methods were compared on a normalized scale. An 


increase was observed for all three metrics between 0.02 and 0.03. The selected cutoff of C ≤ 0.03 


resulted in the inclusion of 15 datasets encompassing n=394 TNBC samples in the finding cohort-A. 


The excluded datasets encompassing n=185 samples were withhold as validation cohort-B. 
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Supplementary Figure S17: Analysis of metagenes for potential dataset bias 


A) The standard Kruskal-Wallis rank test was used for the dependence of each individual 


probeset to the vector of the 15 different datasets in the finding cohort-A of n=394 samples. 


The distribution of the rank sum statistics for all 22,283 probesets from the U133A array is 


shown. 


B)  Median Kruskal-Wallis rank sum statistic (horizontal lines) and inter quartile range (IQR, 


vertical lines) of the probesets from the 16 metagenes are shown. Only the Stroma and 


Hemoglobin metagenes display a high bias between datasets. This effect originates from the 


inclusion of two datasets obtained from FNA samples which contain high amounts of blood 


and low amounts of stromal tissue. 
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Supplementary Figure S18: Analysis of platform bias between U133A and U133 Plus 2.0 


Affymetrix arrays 


A) Distribution of gene expression of ESR1 (probeset 205225_at), PgR (probeset 208305_at), 


and HER2 (probeset 216836_s_at) among 3488 breast cancer samples profiled either on 


Affymetrix U133A (blue) or U133 Plus 2.0 (orange) arrays. Similar distributions and cutoff 


values were obtained for both platforms. 


B) The inter-platform agreement for the 16 metagenes from our study between Affymetrix 


U133A and U133 Plus 2.0 arrays was analyzed using the raw data from a 2x2  factorial study 


from the Symmans et al. 2010 J Clin Oncol. 28:4111 (GEO accession number GSE17700). A 


good correlation between the two platforms was observed and a systematic bias affecting all 


metagenes was not detected. 


C) The inter-laboratory agreement between two different laboratories (MDA and JBI) for the 16 


metagenes from our study was analyzed using the raw data from a 2x2  factorial study from 


the Symmans et al. 2010 J Clin Oncol. 28:4111 (GEO accession number GSE17700). A good 


correlation between the two laboratories was observed and a systematic bias affecting all 


metagenes was not detected. 


 







 
 


 
 


 
 
Supplementary Figure S19: Selection of cutoffs for dichotomizing of the IL-8 and B-Cell meta-


genes in the finding cohort-A 


Univariate Cox regression analysis of event free survival was performed in the finding cohort-A with 


dichotomized IL-8 (in A) and B-Cell (in B) metagenes, respectively. The results of different cutoff 


values in steps of 0.001 are shown. In each figure the upper panel shows the number of samples in 


the two groups according to the used cutoff. The middle and lower panels shows the P-Value and 


hazard ratio of the respective univariate Cox regression according to the applied cutoff. 


Those cutoffs were selected which concurrently displayed (i) a low P-Value and (ii) mostly equally 


sized sample groups. The cutoffs chosen for all further analyses are marked by red arrows (B-Cell 


metagene cutoff 0.005 (A) and IL-8 metagene cutoff -0.001 (B), respectively). 
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Supplementary Figure S20: Distribution of the IL-8 and B-Cell metagenes in TNBC of the 


medullary and non-medullary subtype 


Affymetrix expression data from 39 triple negative breast cancers of the study of Bertucci et al. (Cancer Res. 


2006; 66(9): 4636-44) on medullary breast cancer were analyzed. Based on histopatholocigal analysis 22 of 


these samples were defined as typical medullary breast cancer in the original study and 17 as ductal breast 


cancer. All probesets of the IL-8 and B-Cell metagenes were available from the Supplementary Data of this 


study. Shown is the distribution of the metagene expression values of IL-8 (in A) and B-Cell (in B) metagenes 


from the for ductal breast cancer (blue) and medullary breast cancer (green) samples. 


While the expression of the B-Cell metagene is slightly higher in the medullary cohort no clear difference was 


observed in IL-8 and B-Cell metagene expression between the two histopathological subtypes.  


(Note that since no complete Affymetrix CEL file data were available for this dataset the scale of the metagene values is not 


the same as in TNBC cohorts–A,-B,-C, and the cutoff values cannot be directly adapted.) 
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Supplementary Figure S21: Comparison of the proliferative activity of TNBC stratified according 


to the combined B-Cell/IL-8 metagenes in cohort-A 


The distribution of the proliferation metagenes is shown for TNBC samples stratified according the combined B-


Cell/IL-8 metagene with samples displaying either both high B-Cell and low IL-8 metagene expression in blue 


and the remaining samples in red, respectively. No difference in the expression of the proliferation metagene is 


observed between these two groups. Similar results were obtained in the validation cohorts (not shown). 
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