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ERBB2 (HER2/Neu) gene amplification and overexpression is associated with increased risk
of metastases and shorter survival in breast cancer. Tyrosine 1248 is a major phosphoryla-
tion site of ERBB2 and reflects the activation status of the receptor. The aim of this study
was to investigate the relationships between quantitative levels of pY1248-ERBB2 (p-ERBB2)
and the expression of epidermal growth factor receptor (EGFR)-family members, and
whether p-ERBB2 could provide additional prognostic value compared with established
prognostic markers. For this purpose we developed a highly sensitive chemilumines-
cence-linked immunoassay (CLISA) and detected p-ERBB2 levels in 70 primary breast can-
cer biopsies. Phosphorylated ERBB2 correlated with EGFR and ERBB2, and inversely with
oestrogen receptor (ER), progesterone receptor (PgR) and ERBB4 expression levels. Addition-
ally, p-ERBB2 was associated with poor clinical outcome in univariate and multivariate Cox
regression analysis. Further studies are needed to evaluate the predictive value of p-ERBB2.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

as proliferation.> ERBB2 contains five major tyrosine auto-
phosphorylation sites, including Y-1248.°

ERBB2 (HER2/Neu) is a member of the epidermal growth factor
receptor (EGFR) family of receptor tyrosine kinases, which
comprises EGFR (HER1, ERBB1), ERBB3 (HER3) and ERBB4
(HER4).** Upon ligand binding, homo- and heterodimeric
complexes are formed, with ERBB2 as the preferred dimerisa-
tion partner.* This leads to autophosphorylation of specific
tyrosine residues, activation of downstream signalling
cascades and, finally, initiation of biological processes such

* Corresponding author: Tel.: +41 61 645 9304; fax: +41 61 645 9308.

In primary breast cancer, ERBB2 is amplified and overex-
pressed in 15-30% of patients and has been associated with
poor prognosis.” Trastuzumab (Herceptin™), a humanised
monoclonal anti-ERBB2 antibody is the first clinically avail-
able oncogene-targeted therapeutic agent for treatment of so-
lid tumours, and is approved for use in metastatic breast
cancer patients.'® First-line trastuzumab in combination with
chemotherapy resulted in a 25% improvement in overall
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survival compared with chemotherapy alone. However, only
up to 40% of patients respond to the therapy, suggesting that
more accurate biomarkers are required to identify patients
who are likely to respond to treatment such as trastuzumab.
It was also reported that an inverse relationship exists be-
tween oestrogen receptor (ER) and ERBB2 expression, where
ERBB2 overexpression is associated with decreased ER/pro-
gesterone receptor (PgR) levels and reduced sensitivity, possi-
bly even resistance to endocrine therapy.>*>*?

ERBB2 gene amplification or overexpression per se may not
reflect adequately the activated status of the ERBB2 receptor.
It was hypothesised that the percentage of phosphorylated
ERBB2, and thus activated receptor, could be different be-
tween tumours expressing similar amounts of ERBB2.3

The aim of the present study was to investigate the prog-
nostic value of pY1248-ERBB2 detected with a newly devel-
oped chemiluminescence-linked immunoassay (CLISA), its
association with protein and mRNA expression levels of the
EGFR-family members including established prognostic
markers in a set of 70 primary breast cancer patients.

2. Patients and methods

2.1. Patients and tumour characteristics

For all tumour samples the Stiftung Tumorbank Basel (STB)
received a representative piece of fresh frozen tissue contain-
ing more than 65% tumour cells after surgery and pathologi-
cal examination. Specimens were immediately processed or
cryopreserved (—80 °C). For this study, 70 primary breast tu-
mour samples were selected according to ERBB2 protein
expression levels detected by enzyme immunoassay (EIA) at
time of surgery. Tumours with ERBB2 protein levels >260 ng/
mg total protein were considered positive, which corresponds
to a previously published cut-off value of 500 U/mg total pro-
tein and correlates with the immunohistochemistry (IHC)
DAKO 3+% as well as ERBB2 amplification detected by fluores-
cence in situ hybridisation (FISH) (Urban P, et al., submitted).
ERBB2-negative tumours showed protein expression levels
between 100 and 260 ng/mg. All patients underwent primary
surgery before January 1996. Twenty-four patients (34%) re-
lapsed within the median follow-up time of 55 months (range
30-89 months). Thirty-seven (53%) were nodal-positive, 50
(71%) were ER-positive and 40 (57%) patients were ERBB2-
positive. None of the patients received neoadjuvant therapy.

STB is a non-profit organisation with an official Swiss per-
mit that guarantees ethical issues and patient confidentiality.
Patients and tumour characteristics are summarised in
Table 1.

2.2. Cell lines and tissue culture

SKBr3 breast cancer cells were cultured in improved minimal
essential medium with zinc option (IMEM-ZO) supplemented
with 5% foetal bovine serum (FBS) and L-glutamine at 37 °C in
a 5% CO, incubator. For the phospho-standard preparation
sub-confluent SKBr3 cells were serum-starved for 48 h in ser-
um-free medium, treated with NaF and Nas;VO, for 1 h, then
with 10% FBS for 10 min. Cells were lysed in EB lysis buffer
(0.5M NaCl, 10 mM EDTA, pH 8, 1% Tritonx 100, 20 mM

Table 1 - Tumour and patients characteristics

Feature Number of patients (%)
Patients 70 (100)
Histology type

Ductal 48 (69)
Lobular 11 (16)
Other 11 (16)
Tumour size

T1 18 (26)
T2 42 (60)
T34 10 (14)
Lymph node status

Node-negative 33 (47)
Node-positive 37 (53)
Histopathological grade

I+11 27 (39)
I 34 (48)
Not analysed 9 (13)
Oestrogen receptor

Positive (>20 fmol/mg) 50 (71)
Negative (<20 fmol/mg) 20 (29)
Median/mean (fmol/mg) 72/139
Progesterone receptor

Positive (>20 fmol/mg) 38 (54)
Negative (<20 fmol/mg) 32 (46)
Median/mean (fmol/mg) 28/128
ERBB2

Positive (>260 ng/mg) 40 (57)
Negative (<260 ng/mg) 30 (43)
Median/mean (ng/mg) 307/298

Tris—Cl, pH 7.0, 20 mM NaF, 20 mM glycerophosphate, 2 mM
Na3VO,, proteinase inhibitor cocktail, Roche) for 5min on
ice, centrifuged at 20,000g for 5min and the supernatant
stored at —80 °C.

2.3.  Measurement of ER, PgR, ERBB2 and EGFR protein
levels

Tissue homogenates were prepared in accordance with stan-
dard procedures for tumour marker EIA measurement, as de-
scribed previously.® In brief, frozen tissues were powderised
in liquid nitrogen (Micro-Dismembrator U, B. Braun AG, Mels-
ungen, Germany) and homogenised (tissue homogeniser, Ul-
tra-Turrax; Janke and Kunkel, IKA-Werke, Staufen, Germany)
for 20s in three volumes of ice-cold extraction buffer. The
homogenate was centrifuged at 800g for 30 min at 2 °C, and
the resulting supernatant recentrifuged in an ultracentrifuge
(Beckman Instruments, Fullerton, CA, United States of Amer-
ica (USA)) at 100,000g. The resulting supernatants (cytosols)
were used for measurement of the hormone receptors (ER,
PgR by Abbott Laboratories, Abbott Park, IL, USA), while the
membrane fractions were used for EIA measurement of
ERBB2 (Oncogene Science Human HER-2/neu Quantitative
ELISA Kit, Bayer, Leverkusen, Germany). Quantification of
EGFR was done by radioligand binding assay (LBA) as de-
scribed previously.** Quality control of ER and PgR measure-
ments were carried out in collaboration with the Receptor
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Biomarker Group of the European Organisation for Research
and Treatment of Cancer (EORTC).

2.4.  pY1248-ERBB2 immunoassay

p-ERBB2 levels were measured with a two-site CLISA. Black
96-well microtitre plates (Nunc Black MaxiSorp Surface; Nal-
gen Nunc International, Rochester, NY, USA) were coated with
antihuman activated Neu/c-ERBB2 antibody (#06-229, lot
#15916; Upstate Biotechnology, Lake Placid, NY) at a concen-
tration of 4 mg/ml of coating buffer (phosphate buffered sal-
ine (PBS) with 0.6 mM EDTA) in a volume of 100 pl/well and
kept at 4 °C overnight. This antibody is virtually identical to
the monoclonal antibody clone PN2A that recognises only
pY1248-ERBB2.'*'> Tumour extracts were prepared in the
presence of Na;VO,. Before sample application, coated micro-
titre plates were washed five times with 200 pl/well of wash-
ing buffer (25mM HEPES, pH 7.4, 300 mM NaCl, 0.05%
Tween-20) and then blocked for 2 h at room temperature with
250 ul blocking buffer (25 mM HEPES, pH 7.4, 300 mM Nacl,
0.05% Tween-20, 3% TopBlock, Juro AG, Switzerland). The

blocked wells were washed five times with 300 ml blocking
buffer. Then 100 pl of the diluted membrane extracts or refer-
ence material was added to the wells and incubated overnight
at 4 °C. SKBr3 cell extract was used as reference for each assay
as described above. First, SKBr3 cell membrane extract was
sequentially diluted with sample dilution buffer at ratios of
1x, 0.75x, 0.5x, 0.25x, 0.125x and 0.025x. Subsequently, 100 ul
aliquots were incubated on each microtitre plate together
with the tumour extracts or controls (dilution buffer only).
After incubation, wells were washed five times with 300 ul
washing buffer at room temperature to eliminate unbound
particles. Biotinylated detection antibody (HER-2/Neu Microti-
ter ELISA kit, Oncogene Science) was added to the wells, incu-
bated for 2 h at room temperature and complex detected with
horseradish peroxidase (HRP)-conjugated streptavidin using
SuperSignal WestPico substrate (Pierce) in a glow lumino-
meter. A curve was fitted to the data of the reference dilution
series and used for quantification of tumour extracts. The va-
lue of the undiluted SKBr3 extract was denominated as 100 U/
ml. The standard curve and additional specification are
shown in Fig. 1.
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Fig. 1 - Supplementary assay specifications: (a) standard curve for pY1248-ERBB2 immunoassay as described in Section 2. A
concentration of 100 (x-axis) corresponds to 100 pl undiluted standard (1x), a concentration of 50 to a dilution of 0.5x, etc.
Standard curve was fitted using SoftMax software (Molecular Devices, CA, USA). Limit of detection (LOD) and limit of
quantification (LOQ) was calculated from repeated measurements without analyte. LOD (mean + 2SDs) value was 31088 RLU
or 0.07 U/ml, and LOQ (mean + 10SDs) was 39203 RLU or 0.41 U/ml, respectively. The undiluted value of SKBr3 standard was
denominated 100 U/ml; (b) dilution curve for SKBr3 standard (see Section 2).
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Table 2 - Primer sequences

Gene RefSeq Forward primer Reverse primer

ESR1 NM_000125 CTTGCTCTTGGACAGGAACCA CAAACTCCTCTCCCTGCAGATT

PgR NM_000926 TGTCGAGCTCACAGCGTTTC TACAGATGAAGTTGTTTGACAAGATCA
EGFR NM_005228 GGACTATGTCCGGGAACACAA CCAAGTAGTTCATGCCCTTTGC

ERBB2 NM_004448 CTGAACTGGTGTATGCAGATTGC TTCCGAGCGGCCAAGTC

ERBB3 NM_001982 AATAAAAGGGCTATGAGGCGATACT AGCTTCCTTAGCTCTGTCTCTTTGA
ERBB4 NM_005235 GTCCAGATAGCTAAGGGAATGATGTAC CTAGCCCAAAATCTGTGATTTTCAC

PgR, progesterone receptor; EGFR, epidermal growth factor receptor.

2.5. Quantitative real-time PCR (Qrt-PCR) for ER, PgR and
EFGR-family

Total RNA was extracted using RNeasy kit (Qiagen, Hilden,
Germany). RNA quality and quantity was checked for all sam-
ples on Bioanalyzer 2100 (Agilent, Palo Alto, CA, USA). All
genes were measured using SYBR Green I method and a Taq-
man 7000 (Applied-Biosystems, Foster City, CA, USA). Relative
quantification (delta ct-value) was obtained by normalisation
to the ribosomal 18S gene, and by a standardisation step
using Human Universal Standard RNA (Stratagene, La Jolla,
CA, USA). Quantitative real-time polymerase chain reactino
(Qrt-PCR) results were expressed in arbitrary units of reverse
transcribed RNA (U/ug rt-RNA). Primer sequences are listed
in Table 2.

2.6. Statistical methods

Correlations between continuous values were assessed by the
Spearman rank correlation coefficient (rg). Statistical signifi-
cance between p-ERBB2 and dichotomous variables was cal-
culated using Mann-Whitney U test. In the present study
patients were dichotomised and defined as p-ERBB2-nega-
tive/positive according to median value of p-ERBB2. Alterna-
tively, an optimised cut-off value for p-ERBB2 with respect
to prognosis was searched for by classification and regression
trees (CART) analysis.'® Relationships between categorical
data were assessed using Fisher’s exact test. The prognostic
significance between p-ERBB2 and other variables was tested
in univariate and multivariate Cox regression analysis and
likelihood ratio test. Hazard rates and confidence intervals
(CIs) were summarised in tables. Survival curves were esti-
mated by the Kaplan-Meier method and statistical signifi-
cance compared by means of log-rank test. All tests were
performed using S-PLUS statistical software (Insightful,
Version 6).

3. Results

3.1.  Distribution of p-ERBB2 and association with ERBB2

p-ERBB2 levels quantified by CLISA ranged from 0 to 127 U/mg
total protein, with a median of 1.096 U/mg (mean 7.49 U/mg).
After log-transformation, values became almost normally
distributed (Fig. 2). Correlation between p-ERBB2 and expres-
sion levels of ERBB2 was 0.62 for mRNA and 0.53 for protein
(Fig. 3 and Table 3). p-ERBB2 levels were significantly higher

0.25 7

0.20

\

000 -

T T T T T T 1
4 %) 0 2 4 6
Log (pErbB2) in U/mg Total Protein

Fig. 2 - Distribution of log (p-ERBB2) levels in U/mg total
protein; zero values were omitted.

in ERBB2-positive tumours than in ERBB2-negative tumours
(Fig. 3). When taking the median value of p-ERBB2 as a cut-
off for p-ERBB2 status, 8 out of 30 (27%) ERBB2-negative and
27 out of 40 (68%) ERBB2-positive tumours were p-ERBB2-posi-
tive (P =0.001). Similar results were obtained when p-ERBB2
levels were compared with ERBB2 mRNA expression levels
(Fig. 4). Of note, ERBB2-negative tumours included in the
present study represent the upper third of all ERBB2-negative
tumours (Fig. 5). No significant association was found in
p-ERBB2 levels with respect to nodal status, either when anal-
ysing it as a continuous variable or after dichotomisation

(Fig. 3).
3.2.  p-ERBB2 and expression of ER/PgR

Quantitative p-ERBB2 expression levels correlated inversely
with ER (rs = —0.54) and PgR (rs = —0.46) mRNA as well as pro-
tein expression level (r; = —0.67 and rs = —0.45, Table 3), and
there was a significant difference in ER and PgR protein levels
in p-ERBB2-negative as compared with p-ERBB2-positive tu-
mours: median ER levels were almost 6-fold (P <0.001) and
PgR near 7-fold (P = 0.005) lower in p-ERBB2-positive tumours
(Fig. 6). With respect to the hormone receptor status, 30 out of
35 (86%) p-ERBB2-negative tumours were ER-positive
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Fig. 3 - Scatter plot of p-ERBB2 (CLISA) versus ERBB2 (ELISA)
protein expression levels. p-ERBB2 expression levels were
log-transformed and one added as constant in order
log-transformed values of zero correspond to zero values in
the raw data. Tumours with ERBB2 >260 ng/mg and
p-ERBB2 > median are considered positive (dashed lines):
(a) circles and triangles indicate patients without and with
relapse, respectively; (b) significant differences of p-ERBB2
levels in ERBB2-negative and ERBB2-positive tumours but
no difference with respect to nodal status.

(>20 fmol/mg) and 24 (69%) PgR-positive (>20 fmol/mg). In
contrast, only 20 out of 35 (57%) p-ERBB2-positive tumours
were ER-positive and 22 (43%) PgR-positive (P=0.016),
respectively.

3.3.  Correlation of p-ERBB2 with mRNA expression of
EGFR-family members, and EGFR and ERBB2 protein
expression

p-ERBB2 levels were correlated with quantitative mRNA
expression levels of all four EGFR-family members (Table 3).
p-ERBB2 was positively correlated with EGFR (rs=0.26) and

Table 3 - Correlation between p-ERBB2 levels and other

quantitatively assessed markers (Spearman correlation
coefficient r)

Correlation with mRNA expression Protein expression

ER —0.54 (P < 0.001) —0.67 (P < 0.001)
PgR —0.46 (P < 0.001) —0.45 (P < 0.001)
EGFR 0.26 (P = 0.049) 0.43 (P = 0.005)
ERBB2 0.62 (P < 0.001) 0.53 (P < 0.001)
ErBB3 —0.22 (P = 0.080) nd.
ErBB4 —0.47 (P < 0.001) n.d.

n.d., not determined; ER, oestrogen receptor; PgR, progesterone
receptor; EGFR, epidermal growth factor receptor.
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Fig. 4 - Scatter plot of p-ERBB2 (CLISA) versus ERBB2
expression levels measured by polymerase chain reaction
(PCR) (Delta CT). p-ERBB2 expression levels were
log-transformed and one added as constant so that
log-transformed values of zero correspond to zero values in
the raw data. Dashed lines indicate the cut-off value for
ERBB2 status by PCR (M. Labuhn et al., submitted) and
median expression value of p-ERBB2, respectively. Circles
and triangles indicate patients without and with relapse,
respectively.

ERBB2 (rs=0.62) and inversely correlated with ERBB-4
(rs=—0.47). A negative correlation between p-ERBB2 and
ERBB3 mRNA was not statistically significant. Similar results
were obtained for protein expression level of EGFR (rs = 0.43)
and ERBB2 (rs = 0.53, Table 3). Distributions and statistical dif-
ferences of the median mRNA expression levels for all EGRF-
family members in p-ERBB2-negative versus p-ERBB2-positive
tumours are summarised in Fig. 6. ERBB2 expression was sig-
nificantly higher whereas ERBB4 expression was significantly
lower in p-ERBB2-positive patients. Despite their correlation
with p-ERBB2, EGFR and ERBB3 were not significantly differ-
entially expressed between p-ERBB2-positive and -negative
samples.
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breast cancer patients.

3.4. Prognostic significance of p-ERBB2

p-ERBB2 was first tested in univariate Cox regression analysis,
revealing significant correlation with patient disease-free sur-
vival (DFS) and overall survival (OS, Table 4). Notably, p-ERBB2
retained significant prognostic value in univariate Cox regres-
sion analysis in both ERBB2-negative and ERBB2-positive
groups of patients. Subsequently, Kaplan-Meier survival anal-
ysis was performed for p-ERBB2-negative versus p-ERBB2-po-
sitive tumours (Fig. 7). Eighteen out of 35 (51%) patients with
p-ERBB2-positive tumours developed disease recurrence,
whereas this was the case for only 7 out of 35 (20%) in the p-
ERBB2-negative group (P = 0.004). Five-year DFS was 45% (CI
31-67%) in the p-ERBB2-positive group and 82% (CI 70-96%)
in the p-ERBB2-negative group. In OS analysis 9 out of 35
(26%) patients with p-ERBB2-positive tumours died compared
with 4 out of 35 (11%) in p-ERBB2-negative tumours (P = 0.079,
Fig. 7). Differences in survival remained significant when
stratified according to nodal status. However, the results were
more significant in nodal-positive than nodal-negative pa-
tients (Fig. 7). Moreover, p-ERBB2 status was significantly asso-
ciated with DFS in ERBB2-negative tumours (Fig. 7). Five out of
8 p-ERBB2-positive/ERBB2-negative tumours relapsed. Finally,
p-ERBB2 was an independent and significant prognostic factor
in multivariate Cox regression analysis, which included ER,
EGFR, ERBB2, tumour size (pT), lymph node status (pN) and
age. The results are summarised in Table 4.

4, Discussion

This is the first study to measure quantitative levels of acti-
vated pY1248-ERBB2 applying a newly developed immunoas-

say, and investigating the relationship with mRNA and
protein expression levels of the EGFR-family, established
prognostic markers and survival. Compared with IHC, p-
ERBB2 expression levels assessed by CLISA yield quantitative,
highly sensitive and reproducible results. In addition, CLISA
results obtained from fresh frozen tissue extracts avoid po-
tential antigen damage due to formalin fixation, paraffin
embedding and sample storage. However, phosphorylation
reflects a dynamic process and potential alterations in phos-
phorylation levels require careful sample handling and the
use of phosphatase inhibitors. Further, a two-site (sandwich)
CLISA assay as used in this study ensures increased specific-
ity compared with single-antibody assays such as IHC and
Western blotting.

Several studies have investigated the role of phosphory-
lated ERBB2 in breast tumour samples using IHC.*>*>% We
could reconfirm the association with ERBB2 status, poor prog-
nosis and the inverse correlation with hormone receptor
expression. Although there is good correlation between ERBB2
and its phosphorylation levels, we identified cases with high
p-ERBB2 levels in ERBB2-negative tumours. This is in contrast
to previously published data by Thor and colleagues,*® which
could not detect p-ERBB2 in ERBB2-negative tumours using
IHC. A possible reason for these findings might be differences
in assay sensitivity, this being higher in CLISA. We observed 8
(27%) of ERBB2-negative tumours to express p-ERBB2 values
above the median, a cut-off that also revealed significant
prognostic value in survival analysis. These were unlikely
p-ERBB2-positive samples classified falsely as ERBB2-negative
using protein-based ERBB2 status since the same number of
p-ERBB2-positive cases was found using mRNA-based ERBB2
status determination (Fig. 4). We further report that p-ERBB2
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was significantly associated with survival in both ERBB2-neg-
ative and ERBB2-positive patients. Finally, multivariate analy-
sis including ERBB2, EGFR, ER, nodal status, age and tumour
size demonstrated independent prognostic value for p-ERBB2,
suggesting that p-ERBB2 is providing additional information
despite being associated with ERBB2 - a finding which was

also recognised by Thor and colleagues.”® Besides p-ERBB2,
nodal status (pN) and tumour size (pT) were independent
prognostic markers in multivariate analysis. Grade was not
included because of too many missing values.

We used the median value of p-ERBB2 to define p-ERBB2-
negative/-positive tumours. Alternatively, we tested an opti-
mised cut-off with respect to prognosis searched for by CART
analysis, which classified 33 tumours in the high-risk group
instead of 35 when using the median. This optimised cut-
off, however, did not change the overall results. It is notewor-
thy that we selected the samples a priori according to ERBB2
protein expression levels and explicitly enriched the popula-
tion with ERBB2-positive samples. The high correlation be-
tween ERBB2 and p-ERBB2 and the fact that there are
approximately as many ERBB2-positive as ERBB2-negative pa-
tients in the population studied might explain why using the
median as cut-off is reasonable in this setting. However, the
number of p-ERBB2-positive tumours is expected to be signif-
icantly lower in a randomised situation. Moreover, our ERBB2-
negative population had ERBB2 protein expression levels
ranging from 100 to 260 ng/mg total protein. This correspond
to the upper third of ERBB2 expression levels among ERBB2-
negative patients when compared with the distribution of
ERBB2 protein expression levels observed in a large study pop-
ulation (Fig. 5%). Thus, the percentage of p-ERBB2-positive tu-
mours among ERBB2-negative patients is probably
overestimated.

Because EGFR-family receptors have to homo- and/or het-
ero-dimerise to become activated, we sought to identify po-
tential candidates for the preferred partner for ERBB2 in this
process. We report correlation between p-ERBB2 and EGFR
expression at both mRNA and protein level, suggesting a po-
tential role for EGFR in ERBB2 phosphorylation and signalling
towards a more aggressive phenotype. Indeed, it was pro-
posed that ERBB2 in a heterodimer with EGFR is involved in
signalling pathways required for a human breast cancer cell
to become metastatic.’®*® Despite this correlation with EGFR
there was no significant difference in EGFR expression levels
between p-ERBB2-negative and p-ERBB2-positive tumours.
However, we observed that p-ERBB2 expression was signifi-
cantly higher in tumours having high EGFR protein levels
compared with tumours with low EGFR protein levels (Figs.
6 and 8). Conversely, ERBB3, ERBB4 and ER correlated nega-
tively with p-ERBB2 and were expressed at significantly lower

Table 4 - Uni- and multi-variate Cox regression analysis against patient disease-free survival (DFS)

Factor Univariate Multivariate

P-value HR (95% CI) P-value HR (95% CI)
p-ERBB2 0.004 3.4 (1.4-8.1) 0.010 4.1 (1.4-11)
ERBB2 0.041 1.9 (1.0-3.4) n.s. -
EGFR n.s. - n.s. -
ER 0.012 0.7 (0.6-0.9) n.s. =
pT <0.001 1.9 (1.3-2.7) 0.008 2.1 (1.2-3.7)
pN 0.011 2.0 (1.2-3.3) 0.049 1.9 (1.0-3.7)
Age n.s. = n.s. =

n.s., not significant; ER, oestrogen receptor; EGFR, epidermal growth factor receptor; HR, hazard ratio; CI, confidence interval; pT, tumour size;

pN, lymph node status.
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Fig. 7 - Kaplan-Meier survival curves for p-ERBB2. Patients were dichotomised according to the median expression value of
p-ERBB2. Disease-free survival (DFS) and overall survival (OS) in (a, b) all patients, in (c, d) nodal-positive patients and (e) DFS

in ERBB2-negative patients.

levels in tumours having high levels of p-ERBB2 (Fig. 6). Anal-
ogous findings were made in the subset of ERBB2-negative pa-
tients (Fig. 9). With respect to ERBB4 mRNA expression, it was
shown to be associated with good prognosis in a number of
studies,?®?? whereas there is conflicting data about the role
of ERBB3. ERBB3 together with ERBB2 promotes tumour cell
proliferation in vitro,?® but ERBB3 mRNA expression was also
shown to correlate with good prognosis.?>?* The latter find-
ings are in accordance with our results, where ERBB3 and
ERBB4 are good prognostic factors (data not shown).

In conclusion, we show that p-ERBB2, measured quanti-
tatively by CLISA, is a marker of poor prognosis indepen-
dent of ERBB2, ER/PgR, tumour size, nodal status and age.
In addition, p-ERBB2 correlated with expression of EGFR
and ERBB2, and inversely with ER, PgR, ERBB3 and ERBB4.
Hormone receptors and ERBB4 were significantly lower in
tumours expressing high p-ERBB2. These findings might be
of interest with respect to the selection of appropriate treat-
ment strategies. For trastuzumab, it was demonstrated that

tumours expressing p-ERBB2 (IHC) have significantly longer
survival when compared with tumours lacking p-ERBB2.%*
The positive correlation between p-ERBB2 and EGFR might
suggest that p-ERBB2 may not only be a predictor of trast-
uzumab response but also predictive of novel EGFR-family
targeted treatments such as ERBB2-dimerisation inhibitors
and dual-specific tyrosine-kinase inhibitors.>>?® The signifi-
cantly lower levels of hormone receptors in p-ERBB2-posi-
tive patients might further suggest relative resistance to
anti-ER targeted treatment.® However, since this study ad-
dressed mainly the prognostic value of p-ERBB2 and its
relationship with other EGFR-family members, future
research should further investigate the predictive value of
p-ERBB2.
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