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rognostic Value of Molecular
reast Cancer Subtypes based on
er2, ESR1, PGR and Ki67 mRNA-
xpression in Muscle Invasive
ladder Cancer
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Abstract
INTRODUCTION: Gene expression analyses have identified similarities between bladder and breast cancer, where
clinical risk stratification is based on Her2, ESR1, PGR and Ki67 expression. The aim of the study was to assess the
respectivemarker gene expression in patients treatedwith radical cystectomy formuscle-invasive bladder cancer (MIBC)
and to evaluate the applicability of breast cancer subtypes for MIBC risk stratification. MATERIALS & METHODS: 102
patients treated with radical cystectomy for MIBC were assessed. Using routine FFPE tissue and an IVD validated kit,
mRNAexpressionwasmeasuredby single stepRT-qPCR.Partition testwere employed todefine cut-off values for highor
low marker gene expression. Association of expression with outcome was assessed using Kaplan-Meier analysis and
multivariate cox regression analysis. Finally, we performed validation of our results in theMD-Anderson cohort (n = 57).
RESULTS: Cancer specific survival (CSS) was impaired in patients with high gene expression of Her2 (P = 0.0009) and
ESR1 (P = 0.04). In the multivariate regression model Her2 expression remained significant for the prediction of CSS
(HR = 2.11, CI 1.11-4.21, P = 0.024). Furthermore, molecular stratification by breast cancer subgroups was significant
(P = 0.023) for CSS prediction. Especially the differentiation between Her2-positive and Luminal A (HR = 4.41, CI 1.53-
18.71, P = 0.004) and Luminal B (HR = 1.96, CI 0.99-4.08, P = 0.053) respectively was an independent prognostic
parameter for CSS. External validation resulted in comparable risk stratification with differences in fractional subgroups
distribution.CONCLUSION:Gene expression of Her2, ESR1, PGR, Ki67 and corresponding breast cancer subtypes allow
a risk-stratification in MIBC, whereby Her2 overexpressing tumors reveal a particularly poor prognosis.

Translational Oncology (2018) 11, 467–476

Address all correspondence to:MaximilianKriegmair, Department of Urology,Medical Faculty

annheim,University ofHeidelberg, Theodor-Kutzer-Ufer 1-3, 68167Mannheim,Germany.
mail: maximilian.kriegmair@medma.uni-heidelberg.de
n behalf of the BRIDGE Consortium e.V.
ceived 14 October 2017; Revised 30 January 2018; Accepted 1 February 2018

2018 The Authors. Published by Elsevier Inc. on behalf of Neoplasia Press, Inc. This is an open
ess articleunder theCCBY-NC-NDlicense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
36-5233/18
tps://doi.org/10.1016/j.tranon.2018.02.001
troduction
rothelial carcinoma (UCC) of the bladder is the second most
mmon urogenital neoplasm worldwide. Standard clinical param-
ers in bladder cancer such as stage, grade or patient’s age have
itations in predicting individual patient's prognosis and response
different treatment options [1]. Therefore, identifying distinct
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olecular subtypes of UC of the bladder is highly anticipated to
prove risk stratification and provide individual therapy regimens in
e future [2]. Recently, gene expression profiling of UC has
entified molecular subgroups that can help to predict outcome and
inical stage or even select patients for systemic therapies [3–7]. Up to
w at least four different molecular classifications have been proposed
,3,8–10]. Recently, a comprehensive comparison of the existing
odels revealed a large overlap between the respective subgroups [11].
lthough molecular classification of UC evolve prediction of treatment
sponse towards a more personalized therapy, a lack of standardized
sessment of subgroups still prevents their clinical use [11].
Interestingly, the molecular sub-classification of UC resemble the
ological situation in breast cancer revealing a comparable clinical
tcome prediction [4,8]. Accordingly some UC classifications
entified basal and luminal subtypes [2,12]. Currently, clinical
east cancer management involves assessment of gene expression of
ur molecular markers to stratify therapy and predict prognosis. The
arkers are the oncogene human epidermal growth factor receptor 2
er2), estrogen receptor 1 (ESR1), progesterone receptor (PR) and the
oliferation marker Ki67 protein (Ki-67) [2]. Assessing the respective
arker expression allows an assignment to one of four subgroups
er2 positive, Luminal A, Luminal B and Triple Negative initially
fined by gene expression profiling [13,14]. The subtypes have got a
stinct prognosis and are differentially treated [15].
Given the discovered similarities between UC and breast cancer, the
m of this study was to assess the respective marker panel in muscle
vasive bladder cancer. Here, Her2 has already been shown to be
equently overexpressed and associated with features of aggressiveness
d metastases, whereas finding concerning its prognostic role remain
ntroversy [16,17]. Moreover targeted therapies against Her2 are
ailable and currently under evaluation [18]. For Ki-67 expression
ultiple studies haven proven prognostic significance in bladder cancer
9,20]. The role of the hormone receptors ESR1 and PGRas prognostic
arkers in MIBC are less intensively studied [21,22]. Generally,
munohistochemistry (IHC) is the most commonly used method to
alyze marker expression in breast cancer. However, IHC is associated
ith inter-observer variability and varies depending on the antibodies
ed [23]. Therefore a standardized molecular diagnostic tool was used,
at allows objectively assessing expression ofHer2, ESR1, PR andKi-67
patients with breast cancer. This would possibly allow stratifyingUCC
a simple, standardized and valid method on the basis of Her2, ESR1,
GR and Ki-67 expression. The MammaTyper® enables simple and fast
easurement of the mRNA transcripts of the corresponding genes
er2, ESR1, PGR, and Ki-67) in routine FFPE material. Furthermore
is a quantitative, sensitive and objective method, not affected by
ter-observer variability and can be performed in a standardized and
tomatedmanner [24–26]. In the current pilot study we thus evaluated
e feasibility of mRNA based molecular characterization of bladder
ncer with a standardized kit and assessed the predictive efficiency of the
arker expression (Her2, ESR1, PGR and Ki-67) and the resulting
olecular subgroups (Her2 positive, Luminal A, Luminal B and Triple
egative) in a cohort of patients treated with radical cystectomy (RC) for
IBC.

atients and Methods

atient Population
The study was approved by the institutional ethical committee
013-834R-MA). 102 patients with MIBC were treated with RC
1-4, Nx) and bilateral lymphadenectomy (obturator fossa, external
d internal iliac region) at the Department of Urology of the
niversity Hospital Center Mannheim between 2000 and 2010.
atients with lymph node metastases or ≥ pT3a disease were offered
adjuvant chemotherapy, which was conducted or not depending
shared decision making with the patients. Tumor tissue samples
C) were obtained retrospectively. Patients, who received
o-adjuvant chemotherapy, were excluded. Clinical records were
sessed for clinical and pathological data.

athological Evaluation
After intraoperative frozen section of ureteric and urethral resection
argins, tissue was fixed in either 10% non-buffered or 10% buffered
rmaldehyde, followed by paraffin-embedding using standardized
otocols. Storage time of the archival samples was up to 15 years at
om temperature. Hematoxylin-eosin stained sections were
-evaluated within this study for pathological stage according to
e 2002 TNM classification of the American Joint Committee on
ancer and tumor grade according to the 1998 WHO/International
ciety of Urologic Pathology consensus classification. Tumor samples
d respective patients with pure squamous differentiationwere excluded.

NA Isolation
RNA isolation from formalin-fixed paraffin-embedded (FFPE)
ssue was performed as described before [26–28]. From each tumor
mples a 3μm section was cut, H&E stained and evaluated for tumor
action. A corresponding 10-μm-thick section was used for
bsequent isolation of RNA. A tumor fraction of more than 20%
s been shown to enable the use the entire section for valid RNA
olation [23,24]. In case of less malignant tissue on the section
acro-dissection of malignant tissue was performed. RNA isolation
as conducted according to a fully automated, high-throughput
traction workflow on an Xtract XL liquid-handling robot
TRATIFYER Molecular Pathology GmbH, Cologne, Germany).
he extraction solutions and chemicals are commercially available in
ermany as part of the XTRAKT FFPE kit, which is based on
agnetic bead technology (STRATIFYER). In brief, FFPE sections
ere solubilized and paraffin was melted by incubating with a lysis
ffer in a thermo-mixer. Tissue digestion was performed with
roteinase K. The lysates were then admixed with germanium-coated
agnetic particles in buffer-controlled conditions which enhance
eferential attachment of nucleic acid molecules to the surface of the
rticles. Purification was carried out by means of 3 consecutive
ashing cycles involving magnetization, centrifugation, washing and
moval of the supernatant. Nucleic acids were eluted with 100 μl
ution buffer and treated with DNase I. The DNA-free RNA eluates
ere stored at -80°C until use. RNA was reversely transcribed using
e sequence specific primers and Super Script III reverse transcriptase
hermo Fisher Scientific, Waltham, USA).
Total RNA from cell lines were extracted using RNeasy Mini Kit
iagen, Hilden Germany) according to the manufacturer’s
structions. RNA was reversely transcribed using random hexamer
iming and MMLV reverse transcriptase (Thermo Fisher Scientific,
altham, USA).

ene Expression by RT-qPCR
The mRNA expression levels of ERBB2, ESR1, PGR, and MKI67
well as of two reference genes (REF), namely B2M (Beta2
icroglobulin) and CALM2 (Calmodulin2), were determined by



R
T
re
us
fo

Sy
m
C
(1

In
(M
tr
w
an
B
en
co
in
va

40

St

us
ex
da

de
an
re
pa
id
va
≥3
ex
ill
ha
pa
at
w
si
st
P

M

st
L
fo
cl
de

E

pa
w
co
de

Ta

Ag
≥7
b7
Ge

Tu

No

Gr

Ch

Ou

Translational Oncology Vol. 11, No. 2, 2018 Breast cancer subtypes in muscle invasive bladder cancer Kriegmair et al. 469
T-qPCR, using the MammaTyper® Kit as described before [25].
he 6 assays (assay = primer pair and probe specific for the
spective target sequence) were duplexed into three assay mixes, each
ing a pair of hydrolysis probes labeled with different fluorophores
r separate detection of the duplexed assays.
The experiments were run on the StepOnePlus Real-Time PCR
stem (Thermo Fisher, Waltham, USA) with 30 min at 50° C, 2
in at 95° C followed by 40 cycles of 15 sec at 95° C and 30 sec at 60°
. according to MammaTyper® instruct ions for use
40603-90020-EU Rev 2.0).
Gene expression levels were calculated as described before [24,25]:
short, cycle quantification threshold (Cq) values of maker genes
G) for each sample (S) were estimated as the median of the

iplicate measurements. To correct for inter-run variations Cq values
ere normalized against the mean expression of the REF genes (B2M
d CALM2) and set off against a calibrator (PC) (ΔΔCq method).
y subtracting ΔΔCq from the total number of cycles (40) it was
sured that normalized gene expression is proportional to the
rresponding mRNA expression levels. This method facilitates
terpretation of data and clinicopathological correlations. The
rious calculation steps are summarized in the following formula:

−ΔΔCq MGð ÞS ¼ 40− Cq MG½ �S–meanCq REF½ �Sð Þ– Cq MG½ �pc–meanCq REF½ �pcð Þð Þ

atistical Analysis
Significance in differences of gene expression levels was calculated
ing an unpaired two-sided t-test. Association between gene
pression values and patient characteristics or histopathological
ta was calculated using the Mann-Whitney test. Cut-Off
ble 1. Patient´s Characteristics of 102 Patients Undergoing Radical Cystectomy

Mannheim Cohort

n or median percentage/ra

e, y 66.6 45.4-92.1
5 21 20.6
5 81 79.4
nder
Male 77 75.5
Female 25 24.5
mor stage
pT1 2 2.0
pT2 24 23.5
pT3 56 53.9
pT4 20 19.6
CIS 0 0
pT4 or pN+ 47 46.1
dal stage
pN0 65 63.7
pN1 12 11.8
pN2 25 24.5
ading
G3 82 80.5
G2 19 18.6
G1 1 0.9
Concomitant carcinoma in situ 23 22.5
emotherapy
Neo-adjuvant 0 0
Adjuvant 12 14.8
tcome
Follow-up 20.8 3.6-179.2
Cancer-specific death 50 49.0
Time to Cancer-specific death, months 17.6 3.1-86.5
finitions for gene expression were done by Partitioning tests
alysis in regard to CSS. This test partitions data according to a
lationship between X and Y values creating a tree of partitions. The
rtition is performed recursively and thus the optimum splits are
entified from a large number of possible splits. The defined cut-off
lues were: Her2 ≥37.68, ESR1 ≥32.1 , PGR ≥34.27, MKI67
5.85. Log rank analyses were performed stratified by marker gene
pression and subgroup assignment in regard to CSS and RFS and
ustrated in Kaplan-Meier curves. Univariable Cox proportional
zard models for CSS and RFS assessed clinical and pathological
rameters as well marker gene expression and subgroup
tribution. Significant parameters from the univariate analysis
ere analyzed in a multivariate model. All tests were performed two
ded and a Pb 0.05 was considered to be statistically significant. All
atistical analyses were performed using SAS JMP 10.0 and Graph
ad Prism 5.

olecular Subtyping
To reflect the situation in breast cancer the tumors were
ratified into the respective subgroups Her2-positive, Luminal A,
uminal B and Triple negative depending on the expression of the
ur marker genes [13,29]. Table 1S shows a simplified subtype
assification, which was employed in the current study as
scribed before [29].

xternal Validation Using the MDACC Cohort
For external validation, array gene expression data of 57 MIBC
tients (49 male, 8 female) of the MDACC cohort (GSE48276)
ere analyzed (median age 67, range 41-89). Analogously, to our
hort partition tests for marker gene expression levels were used to
fine marker gene expression and subgroup assignment.
MD Anderson Cohort P

nge n or median percentage/range

67.4 41.0-90.6 0.72
9 15.7 0.53
48 84.2

49 86.0 0.29
8 14.0

2 3.5 0.51
12 21.1
35 61.4
8 14.0
0 0
39 68.4 0.001

22 38.6 0.002
9 15.8
26 45.6

n.a. n.a.
n.a. n.a.
n.a. n.a.
n.a. n.a.

20 35.0 b0.001
n.a. n.a.

38.1 3.9-180 0.63
17 30.0 0.01
24.2 4.8-79.2 0.17
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esults

atient Population and Gene Expression
Overall 102 patients (Male 77, female 25) treated with radical
stectomy due to MIBC in a transurethral resection specimen were
sessed. The median follow-up of this study population was 20.8
.1-179.1) months. None of the patients underwent neo-adjuvant
emotherapy, whereas 11.8% of the (n = 12) patients received an
juvant systemic treatment (Cis-Platin/Gemcitabine). Clinical and
thological characteristics of the population are listed in Table 1.
athological reports revealed pT3/4 tumors for 76 (73.8%) cases and
(8.8%) patients had a concomitant carcinoma in situ. Overall
mor samples of 11 (10.7) patients revealed micro-papillary
fferentiation. Median number of removed lymph nodes was 10
–28) and 63.7% (n = 65) of the patients had no lymphatic
etastasis. Cancer-specific death was observed in 50 cases (49.0%)
ter a median follow-up of 17.6 (3.1-86.5) months. As shown in
igure 1, C expression of Her2 and Ki67 was significantly higher
mpared to ESR1 and PGR (P b .0001). There was a high and
sitive correlation of 0.56 (P b 0.001) between Her2 and ESR1 and
negative correlation between PGR and Ki67 of –0.71 (P b 0.0001).
orrelation of themarker gene expression levels is illustrated in Figure 1S.
gure 1. (A) Normalized marker gene expression distributed by gende
vels defined by participation analyses. (C) Overall expression of the f
sitive or negative by the respective marker gene expression based-s
ncer subtypes.
ssociation of Gene Expression with Histopathology
Normalized expression of the four markers was 36.8 ± 0.34 for
er2, 33.6 ± 0.29 for ESR1, 34.2 ± 0.3 for PGR and 36.6 ± 0.38 for
i67. No difference in marker gene expression between male and
male patients was found as shown in Figure 1, A. In addition,
rmalized marker gene expression did not differ when stratified for
mor stage (T2 vs. T3/4 and T1-3 vs. T4 and/or N+), nodal stage
N0 vs. pN+), Grading (G1-2 vs. G3-4) and LVI (data not shown).
icropapillary tumors showed a higher Her2 expression, which
wever did not reach statistical significance (38.11 vs. to 36.7, P =
2). Figure 1, B shows the results of the participation tests. Thus the
t-off levels were determined at 37.6 (Her2), 32.1 (ESR1), 34.2
GR) and 35.8 (Ki67). This resulted in the respective marker-based
ratification as displayed in Figure 1, D. On the basis of the
assification illustrated in Table 1S patients were assigned to one of
e respective subgroups, namely Her2 positive 50.0% (n = 51),
.7% Luminal A (n = 14), 28.4% Luminal B (n = 29) and Triple
egative 7.8% (n = 8) (Figure 1, E).
Table 2 illustrates the differences in patients and tumor
aracteristics between the four subgroups. There were no differences
served between the subgroups expect for the Luminal B group
vealing significantly less pT2 (vs. pT3-4) tumors.
r. (B) Normalized maker gene expression and respective cut-off
our marker genes. (D) Percentage of patients/tumors defined as
tratification. (E) Number of patients allocated to the four breast



Table 2. Distribution of Patient´s and Tumor Characteristics Between Different Subtypes in the Mannheim and MD Anderson (*) cohort

Her2-positiv Luminal A like Luminal B like Triple neg

Yes No Yes No Yes No Yes No

Patient
Age ≥75 (vs. b75) 23.5 (12) 17.6 (9) 14.3 (2) 21.6(19) 20.7 (6) 20.5 (15) 12.5 (1) 21.3 (20)
Age ≥75 (vs. b75)* 1.75 (1) 14.0 (8) 7.0 (4) 8.8 (5) 3.5 (2) 12.3 (7) 12.3 (7) 3.5 (2)
Male (vs. female) 78.4 (40) 72.5 (37) 78.5 (11) 75.0 (66) 72.4 (21) 76.7 (56) 62.5 (5) 76.6 (72)
Male (vs. female)* 17.5 (10) 68.4 (39) 31.6 (18) 54.4 (31) 21.1 (12) 64.9 (37) 15.8 (9) 70.2 (40)

Tumor
pT1-2 (vs. pT3/4) 33.3 (17) 17.6 (9) 28.6 (4) 25.0 (22) 10.3 (3) 31.5 (23) 25.0 (2) 25.5 (24)
pT1-2 (vs. pT3/4) 3.5 (2) 21.1 (12) 12.3 (7) 12.3 (7) 5.3 (3) 19.3 (11) 3.5 (2) 21.1 (12)
pN0 (vs pN+) 65.3 (32) 60.8 (31) 57.1 (8) 63.9 (55) 55.1 (16) 66.2 (47) 87.5 (7) 60.8 (56)
pN0 (vs pN+)* 8.8 (5) 29.8 (17) 19.3 (11) 19.3 (11) 5.3 (3) 33.3 (19) 33.3 (19) 5.3 (3)
pT1-3, N0
(vs pT4 or N+)

60.8 (31) 47.1(24) 50.0 (7) (54.6) 48 37.9 (11) 60.3 (44) 75.0 (6) 52.1 (49)

pT1-3, N0
(vs pT4 or N+)*

7.0 (4) 24.5 (14) 15.8 (9) 15.8 (9) 3.5 (2) 28.1 (16) 5.3 (3) 26.3 (15)

G3 (vs G2) 74.5 (38) 86.3 (44) 78.6 (11) 80.7 (71) 89.4 (26) 76.7 (56) 87.5 (7) 79.8 (75)
Concomitant carcinoma in situ 21.5 (11) 23.5 (12) 21.4 (3) 22.7 (20) 27.5 (8) 20.5 (15) 12.5 (1) 23.4 (22)
Lymphovascular invasion 52.9 (27) 56.9 (29) 64.3 (9) 53.4 (47) 58.6 (17) 53.4 (39) 37.5 (3) 56.4 (53)

Bold font indicates significant (P b 0.05) differences in the respective clinical or pathological parameters between subgroups.

Figure 2. (A) Kaplan-Meier curves of CSS stratified by maker gene expression.
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Figure 3. (A) Kaplan-Meier curves of CSS stratified by molecular subclasses. (B) Kaplan-Meier curves of RFS stratified by molecular
subclasses. (C) Kaplan-Meier curves of CSS stratified by molecular subclasses derived from the analysis of the MD Anderson cohort. (D)
Allocation of breast cancer subtypes (defined by the four marker genes) to the molecular subclasses defined by Choi and colleagues.8
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nivariable and Multivariable Data Analysis
As displayed in Figure 2, A Log-Rank analyses found a significant
orter CSS in patients with high gene expression of Her2 (P =
0009) and ESR1 (P = 0.04). A trend towards significance in RFS
ble 3. Uni- and Multivariate Analysis for the Prediction of CSS

Univariate Analysis

HR 95%CI

ncer-specific survival
Age (≤75 y vs. N75 y) 2.50 1.30-4.57
Sex (male vs. female) 1.19 0.59-2.22
T-Stage (pT2 vs. p3-4) 1.76 0.91-3.73
Grade (G2 vs. 3-4) 1.22 0.62-2.69
Nodal-status (N0 vs. N+) 2.32 1.29-4.15
LVI 1.84 1.05-3.344
Concomitant carcinoma in situ 1.34 0.68-2.95
Adjuvant chemotherapy 0.79 0.36-1.97
Micropapillary 1.50 0.61-3.13
Her2 2.11 1.19-3.82
ESR 2.81 1.38-9.32
PGR 0.63 0.35-1.10
67 1.80 0.93-3.82
as found in terms of Ki67 (P = 0.09) expression. Concerning RFS,
ly stratification by Her2 expression resulted in a significant
fference in prognosis (P = 0.015; Figure 2SA). Ki67 expression
vealed a trend towards significance (P = 0.074). Stratification by
Multivariate Analysis

P HR 95%CI P

0.007 1.96 0.97-3.80 0.058
0.591
0.009 1.73 0.84-3.84 0.136
0.574
0.006 1.97 0.96-4.14 0.065
0.033 1.22 0.58-2.53 0.587
0.408
0.587
0.343
0.009 2.11 1.11-4.21 0.024
0.023 1.25 0.43-4.53 0.697
0.110
0.079 1.59 0.79-3.51 0.197
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Table 4. Uni- and Multivariate Analysis for the Prediction of CSS

Univariate Analysis Multivariate Analysis

HR 95%CI P HR 95%CI P

Cancer-specific survival
Age (≤75 y vs. N75 y) 2.50 1.30-4.57 0.007 2.02 1.01-3.93 0.049
Sex (male vs. female) 1.19 0.59-2.22 0.591
T-Stage (pT2 vs. p3-4) 1.76 0.91-3.73 0.009 1.68 0.82-3.73 0.158
Grade (G2 vs. 3-4) 1.22 0.62-2.69 0.574
Nodal-status (N0 vs. N+) 2.32 1.29-4.15 0.006 1.80 0.89-3.70 0.105
LVI 1.84 1.05-3.344 0.033 1.38 0.66-2.74 0.401
Concomitant carcinoma in situ 1.34 0.68-2.95 0.408
Adjuvant chemotherapy 0.79 0.36-1.97 0.587
Micropapillary 1.50 0.61-3.13 0.343
Subtype 0.003 0.023

Separate multivariate models each with inclusion of the above values and a single a pair of subtypes
Her2 vs. Luminal A 4.43 1.57-18.55 0.0208 4.41 1.53-18.71 0.004
Her2 vs. Luminal B 1.54 0.82-3.06 0.180 1.96 0.99-4.08 0.053
Her2 vs. Triple neg. 2.28 0.81-9.53 0.123
Luminal A vs. Luminal B 0.34 0.07-1.07 0.062 0.44 0.10-1.39 0.174
Luminal A vs. Triple neg 0.51 0.09-2.77 0.419
Luminal B vs. Triple neg 1.47 0.48-6.45 0.523
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e different subtypes revealed a significantly impaired CSS in Her2
sitive vs. non-Her2 positive (P = 0.0009) and Luminal A vs.
n-Luminal A (P = 0.0022) cases (Figure 2S). Results for RFS are
own in Figure 3SB. Kaplan-Meier curves for all four subgroups are
splayed in Figure 3. A clear stratification was archived by the
bgroups for CSS (P = 0.032) and a strong trend towards
gnificance in case of RFS (P = 0.077). In addition uni- and
ultivariate analysis were performed for CSS and RFS regarding
ngle marker gene expression first and subgroups stratification
cond. The results are shown in Tables 3 and 4 for CSS and Tables
and 3S for RFS. In the first multivariate regression model only

er2 expression remained significant for the prediction of CSS
R = 2.11, CI 1.11-4.21, P = 0.024). In the second model age
R = 2.02, CI 1.01-3.93, P = 0.049) and subgroup stratification
= 0.023) were significant. Especially the differentiation between
er2-positive and Luminal A (HR = 4.41, CI 1.53-18.71, P =
004) and Luminal B (HR = 1.96, CI 0.99-4.08, P = 0.053)
spectively turned out to be an independent prognostic parameter.
he regression models for RFS revealed similar results (Tables 2S und
).

alidation of the Marker Gene Expression in the MD
nderson Cohort
Finally, findings were externally validated using expression data of the
D Anderson cohort (n = 57, GSE48276) [8]. As shown in Table 1
inical parameters between groups did not differ significantly. TheMD
nderson cohort contained more advanced tumors (T4 or N+) (46%
, 68.4%, P = 0.001) and neo- 35% (20) of the cases received
juvant treatment. Data on adjuvant treatment was not available.
oncerning the distribution of clinical and pathological parameter in
e respective Mamma-Typer subgroups a similar picture as in the
ding cohort was obtained. Accordingly Luminal B tumors revealed
ss advanced tumors (Table 2). The distribution of the four subtypes
as: 22.8% (n = 13) Her2 positive, 31.1% (n = 18) Luminal A,
.1% (16) Luminal B and 17.6% (n = 10) Triple negative. Log-Rank
alyses and the respective Kaplan-Meier curves are shown in Figure 3S.
ppropriately to our findings stratification for CSS by Her2 (P =
0015) was significant. Moreover, patients with high Ki67 expression
d a significant reduced CSS (P = 0.047). ESR1 expression revealed a
rong trend towards significance (P = 0.071). However in the MD
nderson cohort patients with high ESR1 expression had an improved
rvival, whereas in our cohort the situation was vice versa. In terms of
bgroup stratification similar results as in our cohort were found in
rms of the Her2-positive group (Figure 4S). In addition in the MD
nderson cohort patients in Luminal A (P = 0.085) and Luminal B
= 0.068) subgroups showed a trend towards significance in terms of
proved CSS, while in our cohort this applied only for Luminal A vs.
n-Lumina A (P = 0.022). The share of Luminal B and Triple
gative did rather reflect the situation in breast cancer.

iscussion
olecular markers and subclasses are highly anticipated to improve
sk stratification and selection towards individual and targeted
erapy in UC, where decisions are based on conventional clinical and
thological parameters. With the given heterogeneity of molecular
adder cancer molecular phenotypes, robust and sensitive methods
e requested for subtype and target gene validation, which should be
ansferrable into the routine use [18,30–32]. Therefore, in the
esent study mRNA expression of Her2, PGR, ESR1 and Ki67 were
sed in a cohort of patients treated with RC due to MIBC using a
andardized protocol based on an IVD validated kit which allows
easuring marker expression at mRNA level using routine FFPE
mples [24–26].
Marker gene expression did not differ when stratified for different
tients’ characteristics such as sex or age. In particular no difference
tween PGR or ESR1 expression levels and gender was found. Here,
r results are in accordance to findings of immunohistochemistry
sed studies [33]. Distinct expression could have been a potential
planation for gender differences in UCC rates and biology
6,20,34]. Furthermore, Her2, PGR, ESR1 and Ki67 expression
d not vary as a function of pathological findings e.g. tumor stage or
I. This seems to be in contrast to the situation in non-muscle
vasive situation, where our group found a strong correlation between
i67,Her2 and ESR1 and tumor stage and grading using the same IVD
t [25]. InMIBCKi67 expression is considered to be a strong predictor
stage, grading and LVI in studies assessing cystectomy specimens
0,35]. The comparably high percentage of T3/4 tumors (N70%) in
r cohort could have offset the association. For Her2 expression a
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lation to tumor stage is less clear, but it seems to be associated to
atures of tumor aggressiveness such as lymph node invasion [16,36].
hereas for ESR1 differences according to tumor stage have been
ported, this has not been observed for PGR, although most studies
sessed inhomogeneous cohorts of NMIBC and MIBC [21,37,38].
Analyzing outcome prediction and association with RFS and CSS, it
uld be demonstrated that Her2 expression correlated with both
dpoints. In long-rank test patients with high expression of Her2
vealed a significantly impaired RFS and CSS. The uni- and
ultivariate analyses identified high Her2 expression as independent
edictor of RFS and CSS. Generally, Her2 expression levels in
IBC are known to be high and it has been identified as prognostic
aker for poor prognosis in several imunhistochemical studies
,9,16,17,36,39,40]. Astonishingly, in UCC Her2 targeted therapy
uld not come up to the expectations arising from successes in other
er2 overexpressing tumors such as breast or gastric cancer [41–44].
ariances and a lack of standardization in protein based assessments
ith a subsequent inaccurate patients stratification might be one
planations for the absent therapeutic success [18]. Here, a sensitive
d quantitative mRNA-based approach, with a broad dynamic range
ing routine FFPE tissue could improve patient selection and
ognostic models [23,45].
Besides high Her2 expression, patients with increased ESR1 levels
vealed an impaired CSS in log-rank and univariate analysis. In
ultivariate analysis ESR1 status did however not reach significance.
he discovered strong and positive correlation between Her2 and
SR1 expression might explain this finding. Unfortunately, further
udies focusing on the prognostic value of ESR1 expression in UC of
e bladder are missing [21,33]. This prevents further interpretation
the opposite findings on ESR1 expression between our cohort and
e MD Anderson cohort. Similar to ESR1, little is known in terms of
GR expression. Two immunochemistry-based studies failed to
tect PGR signals and another found its expression in only 2% of the
mors [22,46,47]. Accordingly, our mRNA based analyses showed
GR expression to be significantly lower than Her2 and Ki67
pression. There was a negative correlation between PGR and Ki67
d no association between PGR expression with RFS and CSS. This
ts to the arguably inconsiderable role of PGR expression in UCC
oposed by existing literature [21].
For Ki67 many studies could prove a prognostic role especially in
tients with MIBC treated with radical cystectomy [20,35,48]. Our
sults confirm these findings, although the association between Ki67
d survival is not as strong as previously indicated, presumably being
leviated the sample size [49].
In respect to the similarities between UCC and breast cancer, we
sessed the prognostic role of molecular subtypes of breast cancer
fined by the marker gene expression of Her2, ESR1, PGR and Ki67
,13]. Notably, the distribution of the four subtypes did not reflect
e situation in breast cancer. In breast cancer there are approximately
-35% Luminal A and B, 10-15% Her2 positive and Triple
gative[27]. We discovered 50% of the tumors to be allocated to the
er2 positive group and only 13.7% to the Luminal A group with
mparable distribution of Luminal B and Triple negative. Our
oup recently assessed the situation in NMIBC using the same
ethods. Most interestingly, here only 12.9% of 302 NMIBC were
und to be in the Her2 positive subgroup [29]. At the same time we
ve previously identified high Her2 expression to be associated with
gher stage and grade in NMIBC and associated with progression in
subset of patients with high-risk NMIBC [25,50]. Hence the shift
d differences from non-invasive to invasive forms might well be
companied by the Her2 receptor status in bladder cancer. This is in
cordance to in vitro experiments, where Her2 overexpression drives
ithelial to mesenchymal transition resulting in poor prognosis
1,52]. Furthermore some histopathological subtypes with worse
ognosis such as the micropapillary carcinomas exhibit high rates of
er2 alterations which can contribute to the described discrepancies
3].
In breast cancer Her2-positve tumors (Her2 enriched) represent a
parate group, which differs from Luminal and triple-negative (basal)
mors. Molecular subtyping in BC has classified Her2 as Luminal
arker. Hence direct assignment and comparison of the classification
ed in this study to the molecular subtypes (basal vs. luminal) of BC
not feasible. Importantly, the purpose of the used marker panel is
t to replace or mimic molecular subtyping of bladder cancer
btypes. Besides marker evaluation, this study however was in fact to
ove the application of a simple standardized kit measuring
aracteristic marker expression in bladder cancer. Considering data
om breast and bladder cancer, it was to be expected that Luminal A
d B as well as Her2-positve tumors have an improved prognosis
mpared to triple-negative tumors. These best refer to the basal
btype introduced by the landmark papers on molecular subclassi-
cation, which is in simplified terms associated with an impaired
ognosis compared to luminal tumors [2,8,9,54]. According to this
sumption we found Luminal A and B tumors with a good
ognosis. Remarkably, in this cohort and the MD Anderson cohort
er2 positive tumors revealed a poor prognosis compared to Luminal
t also to triple negative tumors. The low numbers of patients in the
iple negative group in our data set and the cohort of the MD
nderson prevent profound assertion of the significance of this
nding. However, the findings concerning the Her2-positve type as
ell as the known association of Her2 with aggressiveness and
vasiveness of BC suggest, that the role of Her2 as Luminal marker
BC should interpreted with caution regards to prognosis. Most
terestingly, recent studies found Her2 expression across different
olecular subtypes [18,55]. For instance Eriksson and colleagues
entified high Her2 mRNA expression also in the genetically
stable subtype and Robertson and colleagues introduced a

uminal-infiltrated type with Her2-expression and impaired prog-
sis [56]. Accordingly, we identified Her-2 positive tumors in all
adder cancer subtypes in the validation cohort. Additional
mprehensive studies are required to dissect the meaning of Her2
pression in the distinct subtypes. Difference in methods used for
tection should be taken into account [18]. Nevertheless, the
rrent data underlines that high mRNA Her2 expression might be a
arker for impaired prognosis.
The analysis in the MD Anderson cohort resulted in a different
bgroup distribution. However risk stratification was comparable
pecially with regard to the Her2 positive tumors revealing the worst
ognosis. In contrast to our tissue samples were obtained from
UR-B material in the MD Anderson cohort [8]. Furthermore
most 20% of the tumors assessed by Choi and colleagues had
uamous differentiation, whereas we excluded the respective tumors
mples. These differences might at least partly explain the alteration
subgroup distribution and prognosis of the Luminal B subtype
tween the MD Anderson and our cohort.
There are several important limitations to our study. First and
remost are the limitations inherent to the retrospective analyses and
e relative short median follow-up of 20.8 months. Furthermore
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ta is derived from a single-tertiary center. Only one sample per
tient was assessed and the normalization controls have been
lidated for breast cancer only. For confirmation of our finding a
lidation in a multi-center study is required. Finally, we only assessed
tients without neoadjuvant chemotherapy. Admittedly, this
ntributes to a homogenous cohort, but prevents analyses of
sponse rates in the identified subgroups.

onclusion
the current study marker gene expression of Her2, ESR1, PGR and
i67 in MIBC and the resulting distribution into breast cancer
bclasses were assessed. We could show that in MIBC similar
rmone receptor expression and subtypes with prognostic associa-
on could be detected. This was most relevant for the Her2 positive
btype. The usage of a simple IVD validated kit allows easy transferring
our results to other cohorts andmay serve as risk-stratification in future
udies. Further studies are required to assess if it may assist in predicting
sponse to current and novel systemic therapies.
Supplementary data to this article can be found online at https://
i.org/10.1016/j.tranon.2018.02.001.
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