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Summary

Purpose: Expression of biomarkers in breast cancer,
such as the estrogen receptor (ER), progesterone receptor
(PR) and human epidermal growth factor receptor 2 (HER?2),
can impact therapeutic decisions, however, it has been report-
ed that their expression may change with disease progression.
The aim of this retrospective study was to investigate the ex-
pression of these biomarkers in primary breast cancer and in
its metachronous recurrences or metastases, and to estimate
the percentage of cases with discordant expression.

Methods: Paired primary and metastatic tumor sam-
ples were collected from patients with primary breast cancer
and subsequent metachronous distant metastases, diagnosed
at the Metaxa Cancer Hospital, Piraeus, Greece, from 1988
to 2008. Two cases of local recurrence were also included.
ER, PR and HER? expression were assessed by immunohis-
tochemistry (IHC) according to ASCO-CAP 2007 guidelines.
Statistical comparisons were made using McNemar s exact
test and Bowker s test for symmetry.

Introduction

Breast cancer is the most common cancer in wom-
en, with an estimated 1,383,500 cases and 458,400
deaths worldwide in 2008 [1]. The prognosis and re-
sponse to treatment of patients with breast cancer is
variable, with expression of several biomarkers be-
lieved to be associated with this variability. These bio-
markers include the ER and PR [2,3], which are ex-
pressed in approximately 80% of invasive breast can-
cers [4], and the overexpression and/or gene amplifica-
tion of human epidermal HER2 [5], which occurs in 18-
25% of breast cancers [6-8]. Expression of ER and/or

Results: Tumor samples from 110 patients were anal-
ysed. In the primary tumor, ER, PR and HER?2 were positive-
ly expressed in 64.5%, 58.2% and 32.7% of cases, respec-
tively, and expression of these biomarkers was lost in 18.2%,
21.8% and 10.9% of the corresponding metastases, respec-
tively. Overall, a change of ER, PR and HER?2 expression
from positive to negative and vice versa occurred in 27.3%
(p =0.0987), 25.5% (p < 0.001) and 18.2% (p = 0.5034) of
the cases, respectively.

Conclusion: The expression of ER, PR and HER? in
metachronous recurrences or metastases can be discordant
from that observed in the primary tumor. As such changes can
occur during disease progression, the evaluation of biomark-
ers in metastatic sites should be mandatory, whenever pos-
sible, to ensure that patients are receiving the most effective
treatment at all times.

Key words: breast cancer, estrogen receptor, HER2, metas-
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PR is generally associated with a good prognosis, with
ER-positive tumors often exhibiting slow tumor growth
[9] and high levels of PR correlating with small tumor
size and low histologic grade [9]. In contrast, HER2-
positive breast cancer is considered to be more aggres-
sive than HER2-negative breast cancer and is associated
with increased cell proliferation and tumor invasiveness
[10,11] and reduced overall survival [8].

Knowledge of receptor status (ER, PR and HER2)
can have an impact on decision-making for breast can-
cer therapy, and strategies specifically aimed at patient
populations that express different receptors have al-
lowed a more targeted approach to treatment. For ex-
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ample, as endocrine responsiveness improves with in-
creasing expression of both ER and PR [12,13], hor-
mone receptor-positive tumors are typically treated with
endocrine therapy [14]. Furthermore, HER2-targeted
agents (i.e. trastuzumab and lapatinib) are recommend-
ed for patients with metastatic HER2-positive breast
cancer, and trastuzumab is the standard of care in the
adjuvant setting for patients with early HER2-positive
breast cancer [14,15]. Use of these agents in combina-
tion with chemotherapy has improved the prognosis for
many patients in terms of response rates and survival
[16-26]. For example, higher overall survival was ob-
served in women with HER2-positive metastatic breast
cancer who received trastuzumab, compared with those
who did not receive trastuzumab (25.1 vs. 20.3 months;
p=0.046) [24]. Understanding of the role of receptors
in breast cancer is still evolving.

The importance of receptor status in the progno-
sis and response to therapy is reflected by the stringent
guidelines available for accurate [HC testing of ER, PR
and HER?2 in breast cancer [27,28]. Despite the exis-
tence of guidelines supporting the retesting of metas-
tases for ER and PR [27], guidelines for HER2 are less
clear, and retesting of metastases for HER2 receptor sta-
tus is not common practice everywhere. However, some
studies have shown that there can be discordance be-
tween ER, PR and HER2 expression in primary breast
tumors compared with metastases in the same patient
[29-36]. As changes in receptor status can influence the
therapeutic choices, it is important to understand the
frequency with which these changes occur and to raise
awareness of the importance of retesting metastases to
allow for optimal treatment for all patients.

The aim of this retrospective study was to com-
pare the expression of the ER, PR and HER?2 proteins,
analysed by IHC, in primary breast cancer with that in
its metachronous recurrences or metastases, in order to
estimate discordant cases.

Methods

Patients

This retrospective study considered all consecutive meta-
chronous breast cancer metastases and local recurrences along with
their primary tumors diagnosed in the “Metaxa” Cancer Hospital,
Piracus, Greece, from 1988 to 2008. This study was approved by the
Metaxa Cancer Hospital Bioethics committee.

Tissue collection and handling

Samples from resections of the primary breast tumors and
from biopsies of local metachronous recurrences or metastases were
fixed in 10% buffered formalin for a maximum of 48h and then em-

bedded in paraffin blocks. Time from sample collection to fixation
was less than 2h.

Immunohistochemistry

IHC was used to assess protein expression of ER, PR and
HER? in all primary tumors and their corresponding metastases/
local recurrences. ER was detected using monoclonal mouse anti-
human ERa (clone 1D5) (Dako, Glostrup, Denmark) and PR was
detected using monoclonal mouse anti-human PR (clone PgR 636,
Dako). Sections (3 um thick) were cut from paraffin-embedded tis-
sue samples and were dry-heated (58° C, 1h). Subsequently, sec-
tions were deparaffinized and rehydrated in xylene (three times, 5
min each), 100% ethanol (twice, 2 min each), 95% ethanol (twice, 2
min each), followed by 50% ethanol (once for 2 min) and finally im-
mersed in distilled water. Antigens were decloaked by heat-induced
epitope retrieval using the Dako target retrieval solution pH 9 (3 in
1) and incubated for 40 min at room temperature in an antibody so-
lution (1:50 in Dako REAL™ diluent). Primary antibodies were vi-
sualized using the Dako Envision HRP/DAB polymer system. Cells
labeled by the ER or PR antibody displayed a nuclear staining pat-
tern. The intensity of staining was categorized as weak, moderate or
strong and the percentage of positive neoplastic cells was evaluated.

HER?2 was detected using the HercepTest™ kit (Dako). Par-
affin-embedded tissue samples were cut into sections (3 um thick)
and then dry-heated (58° C, 1h). Subsequently, sections were depa-
raffinized and rehydrated, as described above. Antigens were de-
cloaked by heat-induced epitope retrieval for 20 min at 98° C in a
preheated citrate buffer (10 mmol/l, pH 6.0) and then incubated for
30 min at room temperature in a prediluted ready-to-use antibody
solution (polyclonal rabbit anti-human HER2 oncoprotein). The an-
ti-HER?2 antibody was visualized using HRP/DAB provided in the
HercepTest™ kit. Cells labeled by the HER2 antibody displayed a
staining confined to the cell membrane. Samples were classified as
negative, IHC2+ or positive (IHC3+).

ER-positive and PR-positive normal breast tissue samples
from each patient and HER2-positive paraffin-embedded breast
carcinomas from the archive of the Pathology Department in the
“Metaxa” Cancer Hospital were used as positive controls. Negative
control tissue slides from verified negative breast cancer samples
were also included.

Statistical analysis

The McNemar exact test or Bowker’s test for symmetry were
performed to compare expression levels for each receptor in the pri-
mary tumors with those in metachronous recurrences or metastases.
A p-value below 0.05 was considered to be statistically significant.

Results

From 1988 to 2008, samples were collected from
110 patients with primary breast cancer who were sub-
sequently treated for metastatic breast cancer at the
same hospital. In addition to the primary tumor, there
were 89 metachronous distant metastases, 19 metachro-
nous lymph node metastases, and two local recurrences.
Clinical and pathologic features of the primary tumors
are given in Table 1. In Table 2 the sites of the metasta-
ses are shown.



Table 1. Patient age and primary tumor characteristics
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Table 2. Sites of the metastases

Metastatic sites Patients, N (%)

Characteristics Patients, N (%)
Mean age, years (range) 55.4(30-94)
Tumor size
Tla 0(0.0)
T1b 6(5.4)
Tlc 29 (26.4)
T2 44 (40.0)
T3 12(10.9)
T4 0(0.0)
Not determined 19(17.3)
Histologic type
Invasive ductal carcinoma 92 (83.6)
Invasive lobular carcinoma 18 (16.3)
Histologic grade
Gl 2(1.8)
G2 31(28.2)
G3 60 (54.5)
Not determined 17 (15.5)

ER expression

An example of the staining pattern for ER in pri-
mary and metastatic tumor samples is presented in Fig-
ure la. ER was positively expressed in 64.5% of pri-
mary tumors (Table 3). Overall discordance for ER
between the primary tumor and the corresponding me-
tastases was 27.3%. Twenty (18.2%) cases that had ER
expression in the primary tumor lost ER expression in
the corresponding metastases, while 10 (9.1%) cases
that did not have ER expression in the primary tumor
gained ER expression (Table 3; Figure 2). The number
of patients who changed from ER-positive to ER-nega-
tive was not significantly different from the number of
patients who changed from ER-negative to ER-positive
(p = 0.0987). In some ER-positive cases, the percent-
age of cells stained positively for ER receptors changed
considerably. A relevant increase in the percentage of
positive cells was observed in 3 (2.7%) cases and a rel-
evant decrease in the percentage of positive cells was
observed also in 3 (2.7%) cases.

PR expression

Examples of PR staining patterns in primary and
metastatic tumor samples are given in Figure 1b. PR
was positively expressed in 58.2% of primary tumors
(Table 3). Overall discordance for PR expression be-
tween the primary tumor and the corresponding me-
tastases was 25.5%. Twenty-four (21.8%) cases that
showed PR expression in the primary tumor lost PR
expression in the corresponding metastases, while 4
(3.6%) cases that were negative for PR expression in
the primary tumor gained PR expression (Table 3; Fig-

Metachronous lymph node metastases 19(17.3)
Local recurrence 2(1.8)
Distant metastases 89 (80.9)
Skin 23(20.9)
Stomach 6(5.4)
Small bowel 8(7.3)
Large bowel 2(1.8)
Liver 17(15.4)
Thyroid gland 2(1.8)
Soft tissues 2(1.8)
Bone marrow 7(6.4)
Omentum 2(1.8)
Bones 7(6.4)
Lung 9(8.2)
Ovary 4(3.6)
Total 110(100)

ure 2). The number of patients who changed from PR-
positive to PR-negative was significantly different from
the number of patients who changed from PR-negative
to PR-positive (p < 0.001). In some PR-positive tu-
mors, the percentage of cells stained positively for PR
changed considerably. A relevant increase in the per-
centage of positive cells was detected in 1 (0.9%) case
and arelevant decrease in the percentage of PR-positive
cells was observed in 2 (1.8%) cases.

HER?2 expression

An example of a HER2 staining pattern from a
primary tumor sample (IHC2+) and a metastatic tu-
mor sample (IHC3+) is shown in Figure 1c. HER2 was
positively expressed (defined as IHC3+) in 32.7% of
the primary tumors (Table 4). Overall discordance of
HER2 between the primary tumor and the correspond-
ing metastases was 18.2% (p = 0.5034). Twelve (10.9%)
cases that were positive for HER2 expression in the pri-
mary tumor were negative for HER2 expression in the
corresponding metastases, while 8 (7.3%) cases that
were negative for HER2 expression in the primary tu-
mor became positive in the metastases (Table 4; Fig-
ure 2). In addition, 6 (5.5%) cases that were negative
in the primary tumor became IHC2+ in the metastases,
while 2 (1.8%) cases that were IHC2+ in the primary
tumor were negative in the metastases. Furthermore,
5 (4.5%) cases that were [HC2+ in the primary tumor
were positive (IHC3+) in the metastases and 5 (4.5%)
cases that were positive (IHC3+) in the primary tumor
were IHC2+ in the metastases (Table 4). The change of
HER2 expression status (negative, [HC2+ or positive
[IHC3+]) was not statistically significant (Bowker’s
test, overall p-value = 0.4235).
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Figure 1. Receptor expression in primary and metastatic tumor samples. Tumor samples stained for (A) ER, (B) PR and (C) HER2. Aa: Pri-
mary tumor (x200); Ab: Metastatic tumor (x100). Ba: Primary tumor (x200); Bb: Metastatic tumor (x200). Ca: Primary tumor (IHC2+)
(x400); Cb: Metastatic tumor (IHC3+) (x200). ER was detected using monoclonal mouse anti-human ERa (clone 1D5) (Dako, Glostrup,
Denmark). PR was detected using monoclonal mouse anti-human PR (clone PgR 636) (Dako) and primary antibodies were visualized us-
ing the Dako Envision HRP/DAB polymer system. HER2 was detected using the HercepTest™ kit (Dako) and the anti-HER2 antibody
was visualized using HRP/DAB provided in the HercepTest™ kit.

Discussion including that of statistical significance for PR only [31].
Idirisinghe et al. reported that among women with dis-

The results of this study show discordance be- tant metastases, discordance for ER, PR and HER2 was
tween receptor expression in primary breast tumorsand 18, 42 and 7%, respectively, while among women with
patient-matched metastases for ER, PR and HER2, with  local recurrence discordance was 13, 33 and 2%, respec-
statistical significance reached for PR. Several studies  tively [31]. In a separate study with distant metastases
report similar findings for ER, PR and HER2 [31,32,35],  reported in 70.5% of metastatic cases, discordance was
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Table 3. Estrogen and progesterone receptor expression levels in the primary tumor and corresponding metastases

Metastases, N (%)

Negative Positive Total p-value
Estrogen receptor
Primary lesion
Negative 29 (26.4) 10(9.1) 39(35.5) 0.0987
Positive 20(18.2) 51 (46.4) 71 (64.5)
Total 49 (44.5) 61(55.5) 110
Progesterone receptor
Primary lesion
Negative 42(38.2) 4(3.6) 46 (41.8) <0.001
Positive 24 (21.8) 40(36.4) 64 (58.2)
Total 66 (60.0) 44 (40) 110

N
o
;

Gain of receptor expression from primary tumor to metastases
M Loss of receptor expression from primary tumor to metastases

ER ' PR '

Figure 2. Discordant cases for ER, PR and HER2. Shown is the num-
ber of discordant cases for which a change (loss or gain) in receptor
status was observed from the primary tumor to the corresponding
metastases for ER, PR and HER2. ER: estrogen receptor, HER2: hu-
man epidermal growth factor receptor 2, PR: progesterone receptor.
HER?2 data are shown for positive (IHC3+) to negative and negative
to positive (IHC3+) conversion only and do not include conversions
to or from I[HC2+.

w
o
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observed in 36, 54 and 15% of the cases for ER, PR and
HER?2, respectively [35], while a further study reported
a discordance of 10% for HER2 among women with
metachronous metastases [32]. A recent study reported
discordance for HER2 expression in only 3.7% of the
cases (by IHC) and for ER and PR expression in 6.4%
and 21.4% of'the cases, respectively [37]. In the majority
of the cases, a change in ER expression status was cor-
related with a change in PR expression status [37]. The

change in PR expression was affected by adjuvant cyto-
toxic plus hormonal therapy [37].

Discrepancies between different studies do ex-
ist, with some studies having reported significant dis-
cordance for ER (ERB 20%; p <0.002) [36] and HER2
(21.5%; p <0.001) [30], whereas another study con-
cluded that ER, PR and HER2 expression were gener-
ally concordant between primary tumors and metastases
[38]. These discrepancies may be a consequence of dif-
ferences in the type of metastases, as significant ER dis-
cordance was reported in a population with only lymph
node metastases, and significant HER2 discordance was
reported in a population with few (29.4%) distant me-
tastases. However, a study examining ER discordance
reported that discordance was not associated with met-
astatic site (local vs. distant) [39]. Although inaccura-
cies in testing procedures do occur, as can discrepancies
due to sampling procedures, it is generally accepted that
change of receptor status during disease progression is a
biologic phenomenon [33]. Bogina et al. discussed that
intratumoral heterogeneity and clonal selection for hor-
mone receptors and HER?2 during progression, and also
that antitumor therapy may contribute to discordant ex-
pression of these biomarkers in the primary tumor and
its corresponding metastases [37].

Approximately 20-25% of breast cancers are
HER2-positive [10]. The high rate of HER2-positive

Table 4. Human epidermal growth factor receptor 2 expression in the primary tumor and the

corresponding metastases

Primary lesion

Metastases, N (%)

Negative IHC2+ Positive (IHC3+) Total
Negative 51(46.4) 6(5.5) 8(7.3) 65(59.1)
[HC2+ 2(1.8) 2(1.8) 5(4.5) 9(8.2)
Positive (IHC3+) 12(10.9) 5(4.5) 19(17.3) 36(32.7)
Total 65(59.1) 13(11.8) 32(29.1) 110

Overall p-value = 0.4235 (Bowker’s test of symmetry); p-value negative vs. 2+=0.2891; p-value negative

vs. positive = 0.5034; p-value 2+ vs. positive = 1.00
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cases in our study (32.7%), may be due to the fact that
the study included only patients who experienced dis-
ease progression.

Change of receptor status can have an impact on
therapeutic decisions. Discordance rates in receptor sta-
tus presented here, as well as in previous studies, support
retesting of the tumor in the metastatic disease, because
knowledge of a change in receptor expression would
allow use of a more appropriate therapeutic approach.

There is substantial evidence for a change in
HER2 and hormone receptor status during disease pro-
gression among women with breast cancer. As these
changes may be of great clinical importance and influ-
ence therapeutic decisions, evaluation of biomarkers
in the metastatic site might be considered mandatory.
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