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Abstract
Purpose: Although the central role of the immune system for tumor prognosis is generally accepted, a

single robust marker is not yet available.

Experimental Design: On the basis of receiver operating characteristic analyses, robust markers were

identified from a 60-gene B cell–derived metagene and analyzed in gene expression profiles of 1,810 breast

cancer; 1,056 non–small cell lung carcinoma (NSCLC); 513 colorectal; and 426 ovarian cancer patients.

Protein and RNA levels were examined in paraffin-embedded tissue of 330 breast cancer patients. The cell

types were identified with immunohistochemical costaining and confocal fluorescence microscopy.

Results:We identified immunoglobulin k C (IGKC) which as a single marker is similarly predictive and

prognostic as the entire B-cell metagene. IGKC was consistently associated with metastasis-free survival

across different molecular subtypes in node-negative breast cancer (n ¼ 965) and predicted response to

anthracycline-based neoadjuvant chemotherapy (n ¼ 845; P < 0.001). In addition, IGKC gene expression

was prognostic in NSCLC and colorectal cancer. No association was observed in ovarian cancer. IGKC

protein expression was significantly associated with survival in paraffin-embedded tissues of 330 breast

cancer patients. Tumor-infiltrating plasma cells were identified as the source of IGKC expression.

Conclusion:Ourfindingsprovide IGKCasanoveldiagnosticmarker for risk stratification inhumancancer

and support concepts to exploit the humoral immune response for anticancer therapy. It could be validated

in several independent cohorts and carried out similarly well in RNA from fresh frozen as well as from

paraffin tissue and on protein level by immunostaining. Clin Cancer Res; 18(9); 1–9. �2012 AACR.
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Introduction
It has become evident that the immune response in the

tumor environment plays a pivotal role in all stages of
carcinogenesis and in different context may promote or
inhibit tumor progression (1–3). In human cancer, this
concept is supported by the observation that the presence of
specific immune cells can be linked to different clinical
outcomes. For instance, high numbers of T lymphocytes
were associatedwith goodprognosis inmanyhuman cancer
types (4, 5). Also, immune modulatory chemokines were
related to the natural course of cancer as well as to response
to therapy (6, 7).

With introduction of high resolution gene expression
arrays, it has become evident that a lot of prognostic gene
signatures consist of immune markers (8–11). Particu-
larly in breast cancer, several prognostic and predictive
gene signatures reflect the individual immune response,
independent from traditional markers like hormone
receptor status or Ki-67 proliferation index (12–14). To
systematically distinguish between T and B cell–related
effects on the natural course of breast cancer, we previ-
ously showed that the humoral immune system, as sum-
marized in a 60-gene B-cell signature, had a strong
protective impact on metastasis-free survival (MFI) in
node-negative breast cancer patients (15). However, ana-
lysis of a 60-gene signature by real-time PCR (RT-PCR) is
costly and relatively labor intensive. To improve the
clinical applicability, we studied whether the influence
of the B-cell metagene on prognosis can be narrowed
down to a single gene. We report that the prognostic
information provided by both mRNA and protein levels
of immunoglobulin k C (IGKC) was comparable with
that of the 60-gene B-cell metagene. Next, we identified
the cellular source of IGKC and evaluated this host-

dependent signature in other common cancer types.
Finally, to translate the findings to robust analytic tools
for clinical diagnostics on routinely archived tissue,
immunohistochemistry was applied.

Patients and Methods
Patients

Our analysis includes gene array data from 1,810 breast
cancer patients (965 node negative, without chemotherapy
and 845 with anthracycline-based chemotherapy), 1,056
non–small cell lung carcinoma (NSCLC), 513 colorectal,
and 426 ovarian cancer patients. In addition, paraffin-
embedded tissue blocks of 330 node-negative breast cancer
patients were analyzed (detailed description, Supplemen-
tary Methods).

Gene expression analysis and immunostaining
HG-U133A arrays were used to analyze Uppsala lung

cancer (n ¼ 196) cohorts (Supplementary Table S1). All
other gene array data are publicly available (Supplementary
Methods). IGKC mRNA levels in formalin-fixed, paraffin-
embedded (FFPE) tissuewere quantifiedby quantitative RT-
PCR (qRT-PCR). For both immunohistochemistry and con-
focal-fluorescence microscopy, antibodies against MUM1/
IRF4, CD20, pan-cytokeratin, or immunoglobulin G (IgG)
and IGKC were used as previously described (details, Sup-
plementary Methods).

Statistical analysis
Survival was analyzed by univariate andmultivariate Cox

models and visualized by Kaplan–Meier plots. The Brier
score was used to evaluate the ability to predict survival.
Meta-analyses were conducted by fixed and random effect
models and visualized with forest plots (details, Supple-
mentary Methods).

Results
IGKC is a representative marker of the B-cell gene
signature

To condense the previously described breast cancer B-cell
signature (15) that consists of 60 genes, we analyzedmicro-
array data fromour ownbreast cancer cohort (Mainz) and 2
independent cohorts [Rotterdam (19); Transbig (16, 17)].
The bioinformatic strategy was based on the optimal com-
bination of 2 criteria (Fig. 1): (i) the best average correlation
of each of the 60 genes with all other members of the B-cell
metagene as a measure of representativeness, and (ii) the
largest area under the receiver operating characteristic curve,
as a measure of the ability of each individual gene to
discriminate between patients with and without metastasis
during a 5-year follow-up period. Using these 2 criteria,
IGKCwas identified as oneof the geneswith thebest average
correlation and largest area under the curve (AUC; Fig. 1)
and also showed a wide dynamic range with a unimodal
distribution (Supplementary Fig. S1). The results obtained
by microarrays were confirmed with qRT-PCR in archived
FFPE tissue from the Mainz cohort. IGKC mRNA levels

Translational Relevance
This study reports that immunoglobulin k C (IGKC)

RNA levels robustly define prognosis in a comprehensive
analysis of available breast cancer data sets and predict
response to neoadjuvant anthracycline–based therapy.
In addition, IGKCmaintains its prognostic relevance also
innon–small cell lungand colorectal cancer, suggesting a
global mechanism in the biology of adenocarcinomas.
Using real-time PCR and immunohistochemistry in for-
malin-fixed, paraffin-embedded (FFPE) tissue, we could
validate the prognostic impact of IGKC. Furthermore,
using confocalmicroscopy, we identified tumor-infiltrat-
ing plasmablasts and plasma cells as the source of IGKC
expression. This studyhasmajor clinical implications: (i)
IGKC as a prognostic and predictive marker that lends
itself to systematic testing in FFPE tissue samples allows
an improved prediction of prognosis and response to
chemotherapy, and (ii) the protective effects of this
naturally occurring humoral immune response support
the concept of immunotherapy.
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determined by qRT-PCR, correlated verywell with the levels
measured by gene array in fresh-frozen samples of the same
tumors (Fig. 2A) and similarly, IGKC mRNA levels in
paraffin-embedded tissue showed a significant association
with MFI both in univariate and multivariate analyses
(Table 3; Kaplan–Meier plot: Fig. 2B).

IGKC is associated with better prognosis in breast
cancer
To further validate the prognostic impact of IGKC, we

analyzed mRNA expression as a single marker in 5 publicly
accessible gene array data sets of node-negative breast
cancer patients who did not receive chemotherapy: the
Mainz (15), Rotterdam (19), Transbig (16, 17), Yu (18),

and NKI (20, 21) cohorts. The meta-analysis revealed a
highly significant association of IGKC RNA levels with
better prognosis (P < 0.0001, Fig. 3). The expression of
IGKC was further analyzed in the 3 molecularly and
biologically different subtypes of breast cancer (14): (i)
estrogen receptor (ER) status positive and HER2 status
negative, (ii) ER status negative, and (iii) HER2 status
positive and ER status positive or negative carcinomas.
High IGKC expression correlated with good prognosis in
all subgroups with a particularly strong association in the
HER2-positive subgroup (Fig. 3). The univariate (Table 1)
and multivariate Cox regression models (Table 2) adjust-
ed to established clinical factors (Supplementary Fig. S2)
confirmed the association of IGKC with MFI (Table 1,

Figure 2. Confirmation in paraffin
embedded tissue. A, RNA levels
determined by gene array in fresh-
frozen tumor tissue of node-negative
breast cancer patients correlate with
RNA levels of the same tumors
determined by qRT-PCR in FFPE
tissue. B, Kaplan–Meier plot for IGKC
RNA levels in paraffin-embedded
tissue (n ¼ 330).
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Figure 1. IGKC is representative for
the B-cell metagene. Each spot
represents one of the 60 genes of the
B-cell metagene. IGKC is indicated
by the red color (and additionally by
an arrow). Average correlation is the
mean of all absolute Pearson
correlations of an individual gene
with all other members of the B-cell
metagene. AUC is a measure for the
ability of the corresponding gene to
discriminate between patients with
and without metastasis. High values
indicate better prognosis.
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Supplementary Table S2), disease-free survival (Supple-
mentary Table S3A) and overall survival (OS; Supplemen-
tary Table S3B). For further illustration, IGKC gene
expression was dichotomized at the median, and
Kaplan–Meier curves were plotted (Supplementary Fig.
S3). IGKC correlated with recently published biological
signatures (15), the B-cell metagene, and to a lesser
degree, with the T-cell metagene (15). In addition, there
was a weak inverse correlation with the ER metagene but
not with the proliferation metagene (Supplementary Fig.
S4 and S5). Brier score analysis showed that IGKC alone
has a similar predictive power as the complete 60-gene–
based B-cell signature (Supplementary Fig. S6).

IGKC predicts response to anthracycline-based
chemotherapy

In addition to the prediction of survival, IGKC expression
levels were evaluated with regard to response to cytostatic
drugs. We selected all published gene array data of breast
cancer patients who had received anthracycline-based
neoadjuvant therapy (Fig. 4). High IGKC expression was
associated with complete response (CR) in a meta-analysis
that included 7 cohorts (n ¼ 845; P < 0.0001, Fig.4).
Analysis of the subgroups according to Desmedt (14)
showed that IGKC is predictive for response in the ER�/
HER2� and in the HER2þ subgroups but not in the ERþ/
HER2� subgroups. In particular, the association with CR
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Figure 3. IGKC is associatedwith better prognosis in node-negative breast cancer andNSCLC. Themeta-analysis shows the influence of IGKConmetastasis-
free survival in 5 cohorts (Mainz, Rotterdam, Transbig, NKI, and Yu). Data are given for all patients (A) as well as for the 3 breast cancer subgroups
according to Desmedt (14), namely ER positive and HER2 negative (B), ER negative and HER2 negative (C), as well as HER2 positive and ER positive or
negative (D) patients. In all cohorts, high IGKC is associated with a trend toward better prognosis resulting in a highly significant association in the
meta-analysis using the fixed as well as the random effects models. The Yu cohort contains only ER-negative patients and only 1 event in the HER2-positive
group and was excluded from the analyses in B and D. IGKC expression is also prognostic in NSCLC either in the univariate Cox model (E) or in the
model adjusted to the proliferation marker UBE2C. n, number of patients; P: P value of the fixed effect model.
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was pronounced for the ER-negative patients (P < 0.0001,
Supplementary Fig. S7A). In multivariate analyses, the
association of IGKC with CR was independent of proges-
terone receptor (PR), HER2, proliferation status (repre-
sented by ubiquitin-conjugating enzymeE2C;UBE2C), and
type of chemotherapy (anthracycline-based chemotherapy
with or without additional taxane; Supplementary Fig.
S7C–S7G). Again, a comparison of the ability to predict
response to chemotherapy based on logistic regression
models yielded similar AUC values for IGKC and the 60-
gene B-cell signature (Supplementary Fig. S8). In conclu-
sion, IGKC showed strong correlation with survival, but
also predicts chemosensitivity in ER-negative patients in the
neoadjuvant setting.

IGKC is alsoprognostic inNSCLCand colorectal cancer
Because the immune response represents a general mech-

anism in tumor biology, we analyzed the prognostic impact
of IGKC expression in lung, colorectal, and ovarian carci-
nomas (Supplementary Fig. S9). For lung cancer, we eval-
uated a novel cohort of 196 NSCLC patients from Uppsala.
Both the B-cell metagene as well as single IGKC mRNA
expressionwere significantly associatedwith longer survival
in the univariate (P < 0.001) and multivariate Cox regres-
sion model (P ¼ 0.032) adjusted to established clinical
factors (Supplementary Fig. S9). Interestingly, Kaplan–

Meier analysis in the subgroups revealed that this prognos-
tic relevancewas restricted to lung adenocarcinoma andwas
not seen in squamous lung carcinomas (Supplementary
Fig. S9A and S9B), possibly because of the smaller sample
size (n¼ 66). To further validate these results, we conducted
a meta-analysis of publicly available Affymetrix data sets,
including a total of 1,056 lung carcinomas (Fig. 3E and F).
Both the univariate (P ¼ 0.011; Fig. 3E) and the bivariate
meta-analysis, adjusted to the proliferation marker ubiqui-
nin-conjugating enzyme 2C UBE2C (P ¼ 0.015; Fig. 3F),
showed a significant association of IGKC with long-term
overall survival.

Furthermore, we confirmed a significant association
between IGKC and relapse-free survival in a meta-analysis
of gene expression data of 513 patients with adenocarcino-
maof the colorectum (Supplementary Fig. S9D). For overall
survival, the association did not show significance (Supple-
mentary Fig. S9E). No association was seen in a meta-
analysis of 426 patients with ovarian cancer (Supplemen-
tary Fig. S9F).

IGKC protein expression in archived breast cancer
tissue

Valuable biomarkers should be applicable for routine
diagnostics. A major obstacle for gene expression studies is
the limited availability of fresh tumor tissue in clinical
practice. Indeed, most prognostic markers in breast cancer,
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Figure4. IGKC is associatedwithbetter response (CR) in breast cancer patients treatedwith anthracycline-basedneoadjuvant chemotherapy.Ameta-analysis
of all available cohorts treated with anthracycline-based neoadjuvant chemotherapy was carried out. Data are given for all patients (A) as well as for the
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for example, ER, PR, HER2, and Ki-67, are routinely deter-
mined by immunohistochemistry. Therefore, we tested a
monoclonal antibody against IGKC in FFPE tumor samples
from the Mainz breast cancer cohort and found that IGKC
was expressed in lymphoid cells in the tumor stroma of
breast cancer (Fig. 5A). Immunostaining intensities corre-
latedwith IGKCRNA levels isolated from the tissue slides (P
¼ 0.014; Jonckhere-terpstra test comparing staining inten-
sity groups 0 vs. 1þ vs. 2þ/3þ) aswell as withMFI (Fig. 5B).

IGKC is expressed in tumor-infiltrating plasma cells
Finally, to identify the cell type that was responsible for

IGKC expression, we carried out costaining with antibodies
against IGKC and either CD20 (a B-lymphocyte marker
expressed in mature B cells but not on plasma cells), pan-
cytokeratin (amarker for epithelial cells), orMUM1/IRF4 (a
marker for activatedB cells, plasmablasts, andplasma cells).
No colocalization between IGKC and CD20, or IGKC and
cytokeratin was observed (Fig. 5C). However, more than
90% of all cells that stained positive for nuclear MUM1/

IRF4 were also positive for cytoplasmic IGKC (Fig. 5C). In
addition, costaining with anti-human IgG showed that
IGKC is only expressed in IgG-positive cells. Collectively,
our results indicate that IGKC is expressed inmature plasma
cells.

Discussion
Here, we describe a B cell–related gene signature, best

represented by IGKC, as a strong prognostic marker in
human breast, lung, and colorectal adenocarcinomas.
Tumor-infiltrating plasma cells were identified to be the
source of IGKC expression, which supports the concept that
the adaptive humoral immune response is responsible for
this host-dependent protective effect.

Numerous studies have shown the association of infil-
trating immune cells and prognosis and response to therapy
in different cancer types. However, most often the clinical
relevance was ascribed to the T-cell lineage, with predom-
inance of CD8þ, and CD45ROþ T lymphocytes in colorec-
tal, lung, and ovarian cancer (22–25).
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in-between tumor cell nests;
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The immune infiltrates in breast cancer have been char-
acterized recently. Our own group systematically investi-
gates the role of B and T cells, as typified by their respective
metagenes, in the natural course of medically untreated

node-negative breast cancer (15). Our description of a
strong and independent prognostic impact of the humoral
immune system in rapidly proliferating node-negative
breast cancer was now confirmed by Bianchini and collea-
gues (26). Our study presents a consequent extension of the
previous work with focus of B-cell lineage and a systematic
implementation of solid biostatistics; therewith, we were
able to condense the 60-gene B-cell signature to IGKC as a
single gene. In addition to the prognostic impact, IGKC
expression predicts also response to neoadjuvant chemo-
therapy in breast cancer. This further substantiates the
hypothesis that chemotherapy does not only exert a direct
cytotoxic effect but at the same time enhances the antitumor
immune response (27, 28).

The robust reproduction of IGKC’s clinical relevance in
other cancer types represents in general one of the sparse
exception that gene signatures are compatible between
different cancer types. Mainly proliferation-related signa-
tures have been shown to be transferable (29). Likewise the
immunohistochemical analysis of the proliferation marker
Ki-67 is of clinical importance in a variety of cancer entities.
(30). In near analogy, the B-cell metagene reflects a general
beneficial biological mechanism, which can easily be mea-
sured by IGKC protein staining. The validation of the gene
expression findings in 330 node-negative FFPE tumors by
immunohistochemistry was therefore of particular impor-
tance because fresh-frozen tissue is logistically demanding
to obtain on a routine basis and often only small biopsies
are available. Thus, an antibody-based detection of IGKC is
applicable in routine cancer diagnostics.

Our finding that IGKC in tumors arises from plasma cells
contradicts the provocative assumption that tumor cells are
capable of producing immunoglobulins to promote growth
and survival (31). Rather, it supports a previous report that
breast cancer specimens typically have tumor infiltration of
IgG-positive plasma cells (32). Similarly, another study of
Wang and colleagues described that the majority of tumor-
infiltrating plasma cells in invasive-ductal breast carcinomas
was of IgG isotype suggesting that a tumor-derived antigen
responsemay lead to thematuration of systemic B cells (33).
In accordance, in our study, costaining for IGKC and IgG
confirmed increased heavy class isotype switch to IgG. This
antigen-dependent switch from immunoglobulin M and
immunoglobulin D to IgG1 production is a well-known
feature of B-cell maturation (34) and plasma cell

Table 2. Multivariate Cox analysis adjusted to
established clinical factors (combined Mainz
and Transbig cohorts, n ¼ 480)

P HR (95% CI)

Age (<50 vs. �50 y) 0.791 1.14 (0.74–1.73)
pT stage (�2 vs. >2 cm) 0.012 1.78 (1.13–2.78)
Histologic grade
(grade 1 and 2 vs. grade 3)

0.001 2.27 (1.41–3.65)

ER and PR
(negative vs. positive)

0.964 1.01 (0.61–1.67)

HER2 status
(negative vs. positive)

0.231 1.42 (0.79–2.53)

IGKC (continuous variable) 0.005 0.81 (0.70–0.93)

Table 1. IGKC is associated with MFI in 3 independent cohorts of systemically untreated node-negative
breast cancer (combined Mainz, Rotterdam, and Transbig cohorts, n ¼ 766): univariate Cox analysis

Mainz cohort
(n ¼ 200)

Rotterdam
cohort (n ¼ 286)

Transbig
cohort (n ¼ 280)

Combined
cohorts (n ¼ 766)

IGKCa

P 0.052 <0.001 0.060 <0.001
HR (95% CI) 0.81 (0.65—1.00) 0.80 (0.71–0.90) 0.85 (0.72–1.01) 0.79 (0.72–0.86)

aIGKC was analyzed as a continuous variable.

Table 3. Prognostic relevance of IGKC
determined by qRT-PCR in paraffin-embedded
tumor tissue of patients (n ¼ 330) with node-
negative breast cancer

P HR (95% CI)

Univariate Cox
analysis of MFI

IGKC (continuous variable) 0.004 0.882 (0.809–0.960)
Multivariate Cox analysis
of MFI adjusted to
established clinical factors

Age (<50 vs. >50 y) 0.307 0.944 (0.593–1.501)
pT stage (<2 vs. >2cm) 0.880 0 964 (0.601–1.547)
Histologic grade (grade 3
vs. Grades 1 and 2)

<0.001 3.853 (2.386–6.238)

ER and PR
(negative vs. positive)

0.136 1.533 (0.874–2.690)

ERBB2 status
(positive vs. negative)

0.405 1.277 (0.718–2.270)

IGKC (continuous variable) 0.001 0.871 (0.805–0.944)
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differentiation(35)after antigen encounter.Notably, several
reports have characterizedoligoclonal expansionofB cells in
breast cancer (36–40). But none of these groups have yet
shown a robust clinical impact of these intriguing findings.

Interestingly, the impact of the peritumoral immune
system could be shown in other tumor entities, that is, in
NSCLC and colorectal cancer, but not in ovarian cancer.We
speculate that this may be explained by distinct growth
pattern in different organs and subsequent different immu-
nogenic properties. The biological roles of the IGKC signa-
ture have to be addressed in further studies. Nevertheless,
the strong prognostic impact shared by breast, lung, and
colorectal adenocarcinomas represents, to the best of our
knowledge, the first robust comprehensive biomarker pre-
dicting the response of the immune system in a variety of
cancer types.

We have to acknowledge the retrospective nature of our
study, but currently prospective analyses of breast cancer
without adjuvant treatment are not feasible considering
current treatment recommendations (41). Also, a detailed
evaluation of additional malignant tumor types is difficult
because of limited clinical and pathologic data in the
published expression array data sets. It should be consid-

ered that not only k but also l light chain–associated probe
sets are among the top genes indicating an antitumor
response (Supplementary Fig. S11). However, IGKC com-
bines the advantages of not only belonging to the top genes
indicating a favorable prognosis but also offers the possi-
bility that RNA from paraffin tissue can be used, and the

results could be validated by immunostaining with com-
mercially available antibodies.

The novelty of our study is (i) the translation of our B-cell
metagene approach (15) to other tumor types, (ii) the
validation by independent methods, and (iii) the establish-
ment of IGKC as a biomarker for clinical diagnostics on
FFPE tissues. In conclusion, our findings strongly support
the emerging role of the immune system as a clinically
relevant hallmark of cancer biology (42).
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Supplemental Fig. 1: Frequency distribution of IGKC RNA levels (log2 transformed data) in the Mainz (A), Rotterdam (B), Transbig (C) 
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Mainz, Rotterdam and Transbig cohorts). 
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Supplemental Fig. 7: IGKC predicts response to anthracycline based chemotherapy in breast cancer. A, B: Association of IGKC with 
complete response in estrogen receptor negative (ER-) and positive (ER+) patients. C: Multivariate analysis adjusted to proliferation, the 
estrogen (ER), progesterone (PR) and HER2 receptor status. D,E: Multivariate analysis in estrogen receptor negative (ER-) and positive 
(ER+) patients. F,G: Multivariate analysis in patients treated with antracyclines only or with anthracyclines plus taxanes.
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C. NSLC, Cox analysis of the total group of NSCLC patients; 


Univariate Cox analysis of overall survival (OS)
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Multivariate Cox analysis of overall survival (OS) adjusted to established clinical factors
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D. Colorectal cancer, relapse-free survival
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F. Ovarian cancer, overall survival
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Supplemental Fig. 10: Positive and negative controls for the immunostained tissue slices shown in Fig. 5. Upper line: representative examples of 
human lymph nodes after staining with antibodies specific for IGKC (green), MUM1 (red), IgG (red), and CD20 (red). Lower line: negative controls. 
Human lymph node and breast cancer tissue was stained without primary antibodies. The scale bar of overviews and close-ups represent 50 μm and 
5 μm, respectively.







Supplemental Fig. 11: Comparison of kappa (red) and lambda (blue) light chains. Each spot 
represents one of the 60 genes of the B-cell metagene. Lamda light chain associated probe sets are 
indicated by blue and kappa light chains by red color Average correlation is the mean of all absoluteindicated by blue and kappa light chains by red color. Average correlation is the mean of all absolute 
Pearson correlations of an individual gene with all other members of the B-cell metagene. AUC is a 
measure for the ability of the corresponding gene to discriminate between patients with versus without 
metastasis. High values indicate better prognosis.  








Supplemental Tables 
 
Supplemental Table 1A: Clinicopathological characteristics of node negative breast 


cancer patients (fresh frozen tissue) from the Mainz cohort (n=200) 


 
Characteristics n % 


Age at diagnosis 
<50 
≥50 


 
49 


151 


 
24.5 
75.5 


pT stage 
≤2cm  
>2cm 


not documented 


 
106 
88 
6 


 
53.0 
44-0 
3.0 


Histological grade 
G I 
G II 
G III 


 
42 


109 
49 


 
21.0 
54.5 
24.5 


Estrogen receptor status1


 RNA expression high  


 
RNA expression low 


 
31 


169 


 
15.5 
84.5 


Progesterone receptor 
status


RNA expression low 
1 


 RNA expression high  


 
 


86 
114 


 
 


43.0 
57.0 


Hormone receptor 
status


RNA expression low 
2 


      RNA expression high 


 
 


31 
169 


 
 


15.5 
84.5 


HER2 status
RNA expression low 


1 


  RNA expression high 


 
181 
19 


 
90.5 
9.5 


Death 
Yes 


Surviving 


 
57 


143 


 
28.5 
71.5 


Metastasis 
Yes 
No 


Relapse 
Yes 
No 


 
47 


153 
 


58 
142 


 
23.5 
76.5 


 
29.0 
71.0 


1Estrogen, progesterone and HER2 status have been derived from RNA levels as described in 
Schmidt et al., 2010. 2


 


The hormone receptor status is defined as positive when one of either the 
estrogen or the progesterone receptor status, is positive. 


 


 







 


Supplemental Table 1B: Clinicopathological characteristics of node negative breast 


cancer patients (fresh frozen tissue) from the Rotterdam cohort (n=286). Estrogen 


receptor, progesterone receptor and HER-2 status were derived from the gene array 


data. Cut-points were 8.2 for the estrogen receptor, 11.2 for HER-2 and 4.5 for the 


progesterone receptor. Log2 transformed gene array data have been used. 


 
Characteristics n % 


Estrogen receptor  
RNA expression low 


 RNA expression high 


 
78 


208 


 
27.3 
72.7 


Progesterone receptor  
RNA expression low 


 RNA expression high 


 
158 
128 


 
55.2 
44.8 


Hormone receptor 
status


RNA expression low 
1 


 RNA expression high 


 
 


76 
210 


 
 


26.6 
73.4 


HER2 status 
RNA expression low 


 RNA expression high 


 
236 
50 


 
82.5 
17.5 


Metastasis 
Yes 
No 


 
179 
107 


 
62.6 
37.4 


 
1The hormone receptor status is positive when one of either the estrogen or progesterone receptor 
RNA expression is high. 







Supplemental Table 1C: Clinicopathological characteristics of node negative breast 


cancer patients (fresh frozen tissue) from the Transbig cohort (n=280). Estrogen 


receptor, progesterone receptor and HER-2 status were derived from the gene array 


data. Cutpoints were 8.2 for the estrogen receptor, 10.2 for HER-2 and 4.5 for the 


progesterone receptor. Log2 transformed gene array data have been used. 


 
Characteristics n % 


Age at diagnosis 
<50 
≥50 


 
158 
122 


 
56.4 
43.5 


pT stage 
≤2cm  
>2cm 


 


 
107 
173 


 
38.2 
61.8 


Histological grade 
G I+II 
G III 


not documented 


 
166 
99 
15 


 
59.3 
35.4 
5.4 


Estrogen receptor  
RNA expression low 
RNA expression high 


 
79 


201 


 
28.2 
71.8 


Progesterone receptor  
RNA expression low 
RNA expression high 


 
156 
124 


 
55.7 
43.3 


Hormone receptor 
status


Negative 
1 


Positive 


 
 


78 
202 


 
 


27.9 
72.1 


HER2 status 
RNA expression low 
RNA expression high 


 
245 
35 


 
87.5 
12.5 


Metastasis 
Yes 
No 


 
72 


208 


 
74.3 
25.7 


 
1The hormone receptor status is positive as soon as one of both, the estrogen or progesterone 
receptor RNA expression is high. 







Supplemental Table 1D:  Clinicopathological characteristics of non-small cell lung 
cancer patients (fresh frozen tissue; Uppsala cohort, n=196).  
 


Characteristics n % 
Sex 
Male 


Female 


 
107 
89 


54.6 
45.4 


Age at diagnosis,  
median (Q1-Q3) 65 (57-70) 


Histology 
Squamous cell 


Adenocarcinoma 
SCLC 


Large cell carcinoma 


66 
106 
1 
23 


33.7 
54.1 
0.5 


11.7 
Stage at diagnosis 


IA 
IB 
IIA 
IIB 
IIIA 
IIIB 
IV 


 
40 
90 
6 
29 
21 
6 
4 


 
20.4 
45.9 
3.1 


14.8 
10.7 
3.1 
2.0 


Performance Status 
WHO 0 
WHO 1 
WHO 2 
WHO 3 


 
105 
75 
12 
4 


 
53.6 
38.3 
6.1 
2.0 


Smoking History 
Current 


Ex-smoker 
Never 


96 
85 
15 


49.0 
43.4 
7.7 


Death 
Yes 
No 


145 
51 


74.0 
26.0 


 







Supplemental Table 1E: Clinicopathological characteristics of node negative breast 


cancer patients, formalin fixed paraffin embedded (FFPE) tissue from the Mainz 


cohort (n=330) 


 
Characteristics n % 


Age at diagnosis 
<50 
≥50 


 
94 


236 


 
28.5 
71.5 


pT stage 
≤2cm  
>2cm 


 
224 
106 


 
67.9 
32.1 


Histological grade 
G I 
G II 
G III 


 
86 


175 
69 


 
26.1 
53.0 
20.9 


Estrogen receptor status1


 RNA expression high  


 
RNA expression low 


 
119 
211 


 
36.1 
63.9 


Progesterone receptor 
status


RNA expression low 
1 


 RNA expression high  


 
 


52 
278 


 
 


15.8 
84.2 


Hormone receptor 
status


RNA expression low 
2 


      RNA expression high 


 
 


41 
289 


 
 


12.4 
87.6 


HER2 status
RNA expression low 


1 


  RNA expression high 


 
287 
43 


 
87.0 
13.0 


Death 
Yes 


Surviving 


 
91 


239 


 
27.6 
82.4 


Metastasis 
Yes 
No 


Relapse 
Yes 
No 


 
66 


264 
 


86 
244 


 
20.0 
80.0 


 
26.1 
73.9 


1Estrogen, progesterone and HER2 status have been derived from RNA levels. 2The hormone 
receptor status is positive as soon as one of both, the estrogen or the progesterone receptor status, is 
positive. 







Supplemental Table 2: Association of IGKC with MFI in the Mainz and Transbig 
cohorts using the multivariate Cox model. 
 
A. Multivariate Cox analysis of metastasis free survival (MFI) adjusted to established 
clinical factors in the Mainz cohort (n=200) 


 
 p HR 95% CI 


Age  
(<50 vs. ≥50 years) 


0.654 0.858 0.438-1.678 


pT stage 
 (≤2cm vs. >2cm) 


0.354 1.361 0.709-2.612 


Histological grade 
(Grade 1 and 2 vs. 


grade 3) 


 
<0.001 


 
5.703 


 
2.996-10.855 


ER and PR  
(negative vs. positive)  


0.437 1.365 0.622-2.997 


HER2 status 
(negative vs. positive) 


0.044 2.395 1.023-5.608 


IGKC 
(continuous variable) 


0.006 0.666 0.498-0.892 


 


 
B. Multivariate Cox analysis of metastasis free survival (MFI) adjusted to established 
clinical factors in the Transbig cohort (n=280) 
 


 p HR 95% CI 


Age  
(<50 vs. ≥50 years) 


0.561 1.161 0.702-1.918 


pT stage 
 (≤2cm vs. >2cm) 


<0.001 3.576 1.841-6.945 


Histological grade 
(Grade 1 and 2 vs. 


grade 3) 


 
0.726 


 
1.105 


 
0.633-1.926 


ER and PR  
(negative vs. positive)  


0.616 0.861 0.479-1.547 


HER2 status 
(negative vs. positive) 


0.154 1.667 0.826-3-363 


IGKC 
(continuous variable) 


0.011 0.765 0.622-0.940 


 







Supplemental Table 3: Association of IGKC with disease free survival (DFS) and 
overall survival (OS) in the Mainz cohort (n=200) using the multivariate Cox model. 
 


A. Disease free survival 
 


 p HR 95% CI 


Age  
(<50 vs. ≥50 years) 


0.370 0.771 0.437-1.361 


pT stage 
 (≤2cm vs. >2cm) 


0.954 1.016 0.583-1.773 


Histological grade 
(Grade 1 and 2 vs. 


grade 3) 


<0.001 4.416 2.515-7.753 


ER and PR  
(negative vs. positive)  


0.986 1.006 0.490-2.066 


HER2 status 
(negative vs. positive) 


0.559 1.287 0.552-3.004 


IGKC 
(continuous variable) 


0.009 0.758 0.615-0.934 


 


 
B. Overall survival 
 


 p HR 95% CI 


Age  
(<50 vs. ≥50 years) 


0.195 1.581 0.791-3.160 


pT stage 
 (≤2cm vs. >2cm) 


0.731 1.100 0.639-1.894 


Histological grade 
(Grade 1 and 2 vs. 


grade 3) 


 
0.002 


 
2.521 


 
1.413-4.499 


ER and PR  
(negative vs. positive)  


0.794 0.907 0.437-1.884 


HER2 status 
(negative vs. positive) 


0.264 1.580 0.709-3.522 


IGKC 
(continuous variable) 


<0.001 0.700 0.574-0.853 


 


 


  
 
 
 





		Supplemental Tables

		Supplemental Table 1A: Clinicopathological characteristics of node negative breast cancer patients (fresh frozen tissue) from the Mainz cohort (n=200)

		Supplemental Table 1B: Clinicopathological characteristics of node negative breast cancer patients (fresh frozen tissue) from the Rotterdam cohort (n=286). Estrogen receptor, progesterone receptor and HER-2 status were derived from the gene array data...

		Supplemental Table 1C: Clinicopathological characteristics of node negative breast cancer patients (fresh frozen tissue) from the Transbig cohort (n=280). Estrogen receptor, progesterone receptor and HER-2 status were derived from the gene array data...

		Supplemental Table 1E: Clinicopathological characteristics of node negative breast cancer patients, formalin fixed paraffin embedded (FFPE) tissue from the Mainz cohort (n=330)






 1 


 


 


Supplemental: Material and Methods 


 


Patients  
 


Node negative patients with gene array data of fresh frozen tissue. We used five 


previously published datasets with node-negative breast cancer patients who did not 


receive chemotherapy (“systemically untreated patients”). A large combined cohort of 


766 patients comprises the Mainz cohort (Supplemental Table 1A) with 200 patients1, 


the Rotterdam cohort (Supplemental Table 1B) with 286 patients2,3, and the 


TRANSBIG cohort (Supplemental Table 1C) with 280 patients.4,5 The NKI cohort 


from Amsterdam6,7 contains 141 patients and the Yu cohort3


 


 58 patients. These 


cohorts are, to the best of our knowledge, all publicly available microarray datasets of 


medically untreated node-negative breast cancer patients with mRNA data for IGKC 


which used MFI as an endpoint. 


Formalin fixed and paraffin embedded (FFPE) tissue blocks of node-negative 


breast cancer patients. The Mainz FFPE cohort consisted of 410 consecutive node-


negative breast cancer patients with tumor size pT1a – pT3 and adequate follow-up 


information who were treated at the Department of Obstetrics and Gynecology of the 


Johannes Gutenberg University Mainz between 1986 and 2000.8 Of these 409 


patients, FFPE blocks of sufficient quality RNA was available for 330 individuals. Of 


200 patients from the Mainz FFPE cohort, fresh-frozen tissue for microarray-based 


gene-expression analysis was also available as previously described1, which 


represents the above described Mainz cohort. All patients were treated by surgical 


tumor resection, but did not receive any systemic therapy in the adjuvant setting. 


Tumor size was collected from the original pathology reports of the Gynecological 


Pathology Division. Histological grade was assessed according to Elston&Ellis9. 


Results for ER, PGR and HER2 were collected from our node-negative breast cancer 


database as previously described8. 224 (55%) patients were treated with breast 


conserving surgery followed by irradiation and 185 (45%) with modified radical 


mastectomy. We focused on node-negative breast cancer patients with pT1-3 tumors 
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without any evidence of metastatic disease at the time of surgery. The median age of 


the patients at diagnosis was 59 years. The study was approved by the ethical review 


board of the medical association of Rhineland-Palatinate. Median follow-up was 152 


months. 86 patients (21%) developed distant metastasis, 61 (15%) patients died from 


breast cancer and 58 (14%) died due to causes not related to breast cancer.  


 


Neoadjuvant breast cancer patients treated with anthracycline-based 


chemotherapy. The following seven cohorts are, to the best of our knowledge, all 


publicly available microarray datasets of breast cancer patients who received 


anthracycline-based neoadjuvant chemotherapy and documented response to 


chemotherapy differentiating between CR, PR and NR and where IGKC RNA data 


are available: (i) GSE2019410: 247 patients with 6 months of preoperative 


chemotherapy including paclitaxel, 5-fluorouracil, cyclophosphamide and doxorubicin, 


(ii) GSE2027111: 144 patients preoperatively treated with paclitaxel, fluorouracil, 


doxorubicin, and cyclophosphamide, (iii) GSE6861)12: 161 patients from the EORTC 


10994 phase III breast cancer clinical trial comparing FEC (5-fluorouracil, 


cyclophosphamide, epirubicin) with ET (epirubicin, docetaxel), (iv) GSE1644613:  114 


patients from the neoadjuvant TOP trial, in which patients with estrogen receptor 


negative tumors were treated with anthracycline (epirubicin) monotherapy, (v) 


GSE2209314: 47 patients (42 ER-positive and 43 ER-negative patients) treated with 


four courses of FAC chemotherapy, (vi) GSE2398814: 60 HER2-normal patients who 


received four courses of 5-fluorouracil, epirubicin, and cyclophosphamide, followed 


by 12 weeks of docetaxel concomitant with capecitabine, (vii) Düsseldorf cohort 


(DUS)15


 


: 86 patients treated preoperatively with epirubicin and cyclophosphamide.  


Study population and patient characteristics of the non-small cell lung cancer 
(NSCLC) cohort 
The source population consisted of surgically treated patients with primary NSCLC 


who reported to the Uppsala-Örebro Lung Cancer Registry from 1995 through 2005 


and comprised 382 cases with available fresh frozen tumor tissue. Inclusion into the 


study was based on: (1) NSCLC histology of squamous cell carcinoma, 


adenocarcinoma, or large cell carcinoma, (2) tumor sample size >5 mm, (3) tumor 


cell fraction >50% in the fresh frozen tissue sample, as evaluated by pathologists and 


(4) RNA quality (RIN >7.0). In total, 196 tissue samples met the inclusion criteria 
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(Supplemental Table 1D). All samples were used in accordance with the Swedish 


Biobank Legislation (Uppsala Ethical Review Board reference #2006/325). RNA was 


prepared as previously described.16


 


 A total of 2 µg RNA from each tissue specimen 


was used for analysis on Affymetrix Human Genome U133 plus 2 arrays (Affymetrix 


Inc.). Sample preparation, processing and hybridization were performed according to 


the GeneChip® Expression Analysis Technical Manual (Affymetrix Inc., Rev. 5). 


Lung cancer, colorectal cancer and ovarian cancer cohorts with published 
Affymetrix data for metaanalyses 


 


The following publicly available cohorts with gene array data sets were used: 


Data set n Reference Source 


Lung cancer 


Jacob-00182 448 (Shedden et al., 2008)17 https://array.nci.nih.gov/caarray/
project/jacob-00182 


GSE14814 90 (Zhu et al., 2010)  18 
GSE4573 129 (Raponi et al., 2006)  19 
GSE3141 111 (Bild et al., 2006)  20 
GSE19188 82 (Hou et al., 2010)  21 


Colorectal cancer 


GSE14333 226 (Jorissen et al., 2009)  22 
GSE17536 177 (Smith et al., 2010)  23 
GSE17537 55 (Smith et al., 2010)  23 
GSE12945 62 (Staub et al., 2009)  24 


Ovarian cancer 


GSE14764 80 (Denkert et al., 2009)  25 
Duke 133 (Bild et al., 2006)20 http://data.cgt.duke.edu/ 


oncogene.php 
GSE19829 28 (Konstantinopoulos et al., 2010)  26 
GSE26712 185 (Bonome et al., 2008)


 


27  


 


 


Gene expression profiling and data processing 
For the Mainz, Rotterdam and Transbig cohorts, the Affymetrix (Santa Clara, CA) 


HG-U133A array and GeneChip SystemTM were used to quantify the relative 


transcript abundance in the freshly frozen breast cancer tissue specimens as 


previously described1 and RMA was used for normalization. To analyze IGKC 


expression from gene array data probe set ID 211645_x_at was used in all cohorts. 


We used the previously described 60 gene based B cell metagene1 for comparison 



https://array.nci.nih.gov/caarray/project/jacob-00182�

https://array.nci.nih.gov/caarray/project/jacob-00182�

http://data.cgt.duke.edu/oncogene.php�

http://data.cgt.duke.edu/oncogene.php�
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with IGKC in this study. Defining molecular (intrinsic) subtypes was done according to 


the methodology described by Smid and co-workers28 as well as the more simplified 


approach by Desmedt and co-workers29 defining three different molecular subtypes, 


luminal (ER+/HER2-), erbB2-like (HER2+, whereby ER may be positive or negative), 


and basal-like (ER-/HER2-) based on gene-expression data. A significant correlation 


between the subtypes according to Smid28 and Desmedt29


 


 was obtained. 


IGKC qRT-PCR 
Primers and probes were designed for IGKC to profile FFPE tumor tissue by qRT-


PCR (Table 1). Tumors had been preserved as formalin-fixed and paraffin-embedded 


tissue and were stored at room temperature until analysis. RNA was isolated from 


FFPE material (thickness 5 µM) on a slightly modified version of the Siemens 


VERSANTTM kPCR Molecular System* using a proprietary silica-magnetic bead 


extraction technology. The FFPE extraction method allows fully automated extraction 


of 48 patient sections without any xylene deparaffinization in less than 4 hours. To 


standardize the amount of sample RNA, Calmodulin2 (CALM2) und 


Peptidylprolylisomerase A (PPIA) were selected as reference genes and relative 


RNA expression was calculated according to the following formula: deltaCt = 20 – 


(Ct(target) – mean(Ct(references)) as previously described30


 


.  


Probe  FAM 5‘ Seqence 3‘ TAMRA 
IGKC  AGCAGCCTGCAGCCTGAAGATTTTGC 
PPIA   TGGTTGGATGGCAAGCATGTGGTG 
CALM2 TCGCGTCTCGGAAACCGGTAGC 
 
5‘ Primer 5‘ Seqence 3‘ 
IGKC  GATCTGGGACAGAATTCACTCTCA 
PIPIA  TTTCATCTGCACTGCCAAGACT 
CALM2 GAGCGAGCTGAGTGGTTGTG 
 
3‘ Primer 5‘ Seqence 3‘ 
IGKC  GCCGAACGTCCAAGGGTAA 
PIPIA  TATTCATGCCTTCTTTCACTTTGC 
CALM2 AGTCAGTTGGTCAGCCATGCT  
 


Table 1: Primers and probes for analysis of IGKC in RNA isolated from formalin-fixed 


and paraffin-embedded (FFPE) tissue. 
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Immunohistochemistry and interpretation of the staining 
Immunohistochemical analyses of patients from the Mainz FFPE cohort were 


performed on 4-µm-thick sections according to standard procedures. Antigen 


retrieval reactions were performed in a steamer using citrate buffer, pH 10, for 15 


minutes. All slides were incubated with the peroxidase block reagent supplied by 


Dako (Carpinteria, California, USA). Sections were then stained with monoclonal 


IGKC antibodies (clone KP-53, Santa Cruz Biotechnology, Santa Cruz, California, 


USA) in a dilution 1:100 for 30 minutes at room temperature. Slides were then 


incubated with a polymeric biotin-free visualization system (EnVision™; Dako, 


Carpinteria, California, USA) for 30 minutes, followed by 5 minutes incubation with 


the chromogen diaminobenzidine (DAB) and finally lightly counterstained with 


hematoxylin. All series included appropriate positive and negative controls; all 


controls gave adequate results. IGKC showed cytoplasmic staining and was divided 


into four groups: no IGKC positive infiltrate (0), weak IGKC positive infiltrate (1+), 


moderate IGKC positive infiltrate (2+) and strong (3+) IGKC positive infiltrate. Co-


stainings of IGKC with (i) MUM1, (ii) CD20, (iii) cytokeratin and (iv) IgG were 


performed using slices of at least ten patients as follows: Immunohistochemical 


localization of IGKC producing cells was performed as described previously31,32 with 


modifications. Tissue sections were deparaffinized by washing in Rotihistol (Carl-


Roth, Karlsruhe - Germany) followed by hydration in a descending ethanol gradient 


(100%, 95%, 90%,70%, 50% and 30% ethanol for 5min each). Tissue sections were 


then boiled twice in a microwave oven, 7 minutes each, in 0.01M citrate buffer (Carl-


Roth, Karlsruhe, Germany; pH 6.0). After washing 3 times in 1xPBS, the tissue 


sections were incubated for 2 hours with 3% BSA, 0.1% Tween20. Subsequently, the 


tissue sections were incubated overnight at 4°C with rabbit anti-kappa light chain 


antibody (Abcam, Cambridge – UK, ab76837, 1:100 dilution) to visualize IGKC and 


co-stained with one of the following antibodies: mouse anti-B-cell (CD20), clone L26 


(Invitrogen, Darmstadt – Germany, Cat. No. 18-0088, 1:200 dilution), monoclonal 


mouse anti-human MUM1 protein (Dako, Hamburg – Germany, M-7259, 1:50 


dilution), monoclonal mouse anti-human IgG [EM-07] (Abcam, Cambridge – UK, 


ab77118, 1:200 dilution), monoclonal mouse anti-human cytokeratin, clone MNF116 


(Dako, Hamburg- Germany, M-0821, 1:100 dilution) for the detection of B-cells, 


plasma cells or activated T-cells and tumor cells, respectively. The incubation period 


was followed by three subsequent washing steps in 1x PBS at room temperature for 
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10 minutes each. The tissue sections were then incubated with secondary antibodies 


labeled with fluorescent dyes: IGKC was visualized using Cy2-labelled donkey anti-


rabbit (Dianova, Hamburg - Germany, 711-226-152, 1:200 dilution) and mouse raised 


antibodies were detected by Cy3-labelled donkey anti-mouse (Dianova, Hamburg - 


Germany, 715-166-150, 1:200 dilution). Both primary and secondary antibodies were 


diluted in 0.3% BSA, 0.1% tween20 in 1x PBS. Then, tissue sections were washed in 


1xPBS and nuclei were visualized using 4',6-diamidino-2-phenylindole (DAPI; 


Invitrogen, Karlsruhe - Germany). The slides were mounted using Entellan (Merck, 


Darmstadt - Germany) and were stored in the dark at room temperature until further 


analysis. Image analysis was performed using a confocal microscope (Olympus FV-


1000). 


 


Statistical Analysis  


Average correlation of a gene g relative to a gene set G was defined as the mean of 


all absolute Spearman correlations of g with all members of G. AUC (area under the 


curve) was defined as the area under the ROC (receiver operating characteristic) 


curve and is a measure for the ability of the corresponding gene to discriminate 


between two prognostic groups (metastasis within 5 years versus patients with a 


follow up period of at least 5 years without metastasis). Survival rates were 


calculated according to the Kaplan-Meier method. Metastasis-free survival (MFI) was 


computed from the date of diagnosis to the date of distant metastasis. Breast cancer-


specific overall survival (OS) was computed from the date of diagnosis to the date of 


death from breast cancer. Patients who died of an unrelated cause were censored at 


the date of death. Survival functions were compared with the Log-rank test. 


Multivariate Cox survival analyses were performed with inclusion. Categorization was 


performed as follows: IGKC mRNA: <median, ≥median; IGKC IHC: 0, 1+, 2+ and 3+; 


age: <50 years, ≥50 years; HER -2 status, ER status, PR status: negative, positive; 


histological grade: GI and GII, GIII; pT stage: pT1 (≤2cm), pT 2 and pT3 (>2 cm). The 


Brier score was used to evaluate the ability of a gene to predict survival. Hormone 


receptor status were dichotomized based on corresponding gene expression values, 


whereby cutoffs were selected by optimizing the phi coefficient between the 


immunohistochemical receptor status and resulting subgroups based on expression 


values. In cases of absence of immunohistochemical measurements the gene 


expression values were divided into two groups using model-based clustering. Probe 
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set ID xxx was used to study ESR1 and ID xxx to analyze ERBB2 in all cohorts. 


Logistic regression was used to predict response to chemotherapy. The resulting 


models were evaluated with AUC values with model-based predicted probabilities as 


estimates for response to chemotherapy. Meta analyses were performed with fixed 


effect models and random effects models. Results were visualized with forest plots, 


and significance of the overall effect was measured with the p-value of the fixed 


effect models. All p-values are two-sided. As no correction for multiple testing was 


performed they are descriptive measures. All analyses were performed using 


R2.12.1. 
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