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Summary

Molecular classification of breast cancer (BC) and the
evaluation of new biological markers such as estrogen
receptor (ER), progesterone receptor (PR), ErbB2 (HER2)
and topoisomerase 2a (TopoZ2a) status are claimed to be
important parameters in the management of BC therapy.
In case of heterogeneity between primary BC and meta-
static site, this implies profound limitations of efficient
systemic therapy. Therefore, it is essential to analyze
whether biological markers of BC relate to identical ex-
pression profiles of metastatic lymph nodes (mLNs). We
used paraffin-embedded tumor tissue from 119 patients
with at least 1T mLN. Immunohistochemistry (IHC) was
used to analyze ER, PR, HER2 and Topo2a. In addition,
HER2 and Topo2a amplification was evaluated by fluo-
rescence/chromogenic in situ hybridization (FISH/CISH)
in all samples with a HER2 score of 2+/3+ by IHC. Overall,
the percentage of discordant marker status in the BC and
its mLN was 2.6% for ER, 3.5% for PR, 3.4% for HER2,
and 3.4% for Topo2a. With FISH/CISH, the amplification
rate for Topo2a and HER2 was concordant in all cases.
Because there are no prospective studies, it remains
unclear whether these discrepancies have an effect on
patient survival.

Presented in part as oral presentation on the 10th Nottingham
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Zusammenfassung

Zur Festlegung der Systemtherapie beim Mammakarzi-
nom ist die Evaluation von biologischen Markern wie
dem Ostrogenrezeptor (ER), dem Progesteronrezeptor
(PR), ErbB2 (HER2) und Topoisomerase 2a (Topo2a) es-
senziell. Im Falle einer bestehenden Heterogenitat zwi-
schen dem Primartumor der Mamma (BC) und der Meta-
stase bedeutet dies eine starke Einschrankung in der
effektiven Systemtherapie. Deshalb ist es wichtig zu ana-
lysieren, ob biologische Marker des BC mit identischen
Expressionsprofilen von metastatischen Lymphknoten
(mLNSs) in Verbindung gebracht werden kénnen. In unse-
rer Studie wurden Paraffinblocke von 119 BCs und je-
weils mindestens einem ipsilateralen axillaren mLN ein-
geschlossen. Mittels Immunhistochemie (IHC) wurden
ER, PR, HER2 und Topo2a im Hinblick auf Diskordanz
untersucht. Zusatzlich wurden HER2 und Topo2a bei
allen IHC-Proben mit dem Ergebnis HER2 2+/3+ mittels
Fluoreszenz-in-situ-Hybridisierung (FISH) und chromo-
gener In-situ-Hybridisierung (CISH) untersucht. Zusam-
menfassend zeigte sich eine Diskordanz von 2,6% fiir ER,
3,5% fur PR, 3,4% fir HER2 und 3,4% flr Topo2a zwi-
schen BC und mLN. Fir HER2 und Topo2a waren die
Amplifikationsraten von FISH und CISH in allen unter-
suchten Fallen konkordant. Da es bisher keine prospek-
tiven Studien gibt, bleibt unklar, ob diese Diskrepanzen
einen Einfluss auf das Uberleben der Patienten haben.
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Introduction

Estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2) are
therapeutically and prognostically important markers in the
management of breast cancer (BC). Expression of hormone
receptors is associated with better prognosis and important in
predicting the response to adjuvant endocrine therapy [1, 2].
Also, HER2 overexpression seems to be correlated with
increased sensitivity to anthracyclin-based adjuvant chemo-
therapy [3-5]. Topoisomerase 2a (Topo2a) is the target
enzyme for anthracyclines and there is a direct correlation
between the cellular level of Topo2a and the dose of anthra-
cycline cytotoxicity [6]. The report that Topo2a is frequently
coamplified with HER2 in BC because of the proximity on
chromosome 17q12-q21 provides a mechanism for the link
between HER2 overexpression and anthracycline response
[7]. Topo2a coamplification was seen in 35.4% of HER2-posi-
tive tumors, whereas no Topo2a amplification was detected in
the HER2-normal population (n = 1614); the deletion rate
was 3% [8]. Because of this fact, some leading commentators
came to the conclusion that HER2-normal patients should not
receive anthracyline-based chemotherapy. Presently, assess-
ment of biological markers with potential predictive value is
performed only on the primary tumor. An examination of the
corresponding lymph node (LN) as the first step of tumor
progression is not routinely performed. However, the main
goal of BC therapy is to prevent tumor progression and me-
tastasis; inevitably, it is assumed that micrometastases already
exist at the time of diagnosis [9, 10]. But several studies sug-
gest that the receptor status of metastatic lesions may change
in relevant ranges. Discordance rates between 18-54% for
hormonal receptors [11-13] and between 0-34% for HER2
[14-19] have been reported. Therefore, it is crucial to know
how frequently these markers are discordant in BC and the
ipsilateral metastatic LN (mLN). In this retrospective study,
we analyzed the stability of ER, PR, HER2 and Topo2a of
BC and the paired ipsilateral mLN.

Patients and Methods

Patients

From the Redcross hospital Munich, 119 node-positive BC patients
(median age 58 years, range 34-91 years) treated during the period from
December 1999 to April 2002 were selected. All patients underwent
stage-adapted breast surgery and axillary node dissection with tissue se-
lection in 1 session, so that there were no influence factors, e.g. systemic
therapy or radiotherapy. A brief schedule of the trial is given in figure 1.

Fixation Protocol and Hybrid Block Generation

For each patient, paraffin cores of 0.6 mm in diameter were taken from
representative regions of the BC and the corresponding mLN and pre-
cisely arrayed into a new recipient paraffin block using biopsy punches
(PFM AG, Cologne, Germany). After fixation (12 h) in 4% neutral-buff-
ered formalin, tissues were paraffin embedded using a processor (GMI,
Eden Prairie, MN, USA). After preparation, the hybrid blocks were
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Fig. 1. Study trial schedule. PT: primary tumor; mLN: lymph node me-
tastasis; ICH: immunohistochemistry; ER: estrogene receptor; PR: pro-
gesterone receptor; Topo2a: tomoisomerase 2a status; Her2/neu: ErbB2.

stained with hematoxylin and eosin (H&E; Merck, Darmstadt, Germany)
to ensure that sufficient tumor tissue was represented.

Immunohistochemistry

For immunohistochemistry (IHC) analysis, 3-um paraffin sections were
pretreated using a pressure boiler (100 °C, 6 min) and stained with anti-
bodies against Topo2a (clone SWT3D1, 1:50), ER (clone 6F11, 1:6),
PR (clone 16, 1:100; all from DCS Innovative Diagnostik-Systeme, Ham-
burg, Germany). HER2 was stained using the Herceptest kit, according to
the manufacturer’s instructions, and detection of all antibodies was by
EnVision+ (Dako, CA, USA) with diaminobenzidine (DAB) as chro-
mogen. Only nuclear staining was considered for Topo2a, ER and PR,
whereas positive HER2 assessment required membrane staining. All re-
sults were assessed by 2 pathologists (BH, MB), using the semiquantita-
tive immunoreactive score (IRS) [20] for ER/PR, with a modified cut-off
of positivity of IRS > 2. Quantitative variations between BC and mLN
were grouped as follows: minor (IRS 1-2), mean (IRS 3-4) and high (IRS
>5) changes of receptor positivity. Discordance was defined as either ab-
solute deviation between the BC and the mLN (positive /negative) or in
case of a difference of > 8 IRS points. Interpretation of HER2 was scored
on a scale of 0 to 3+ (Dako scoring) [21], and equivocal overexpression
was defined by 2+, overexpression by 3+ with complete membrane stain-
ing. As the vast majority of tumor samples had a focality staining score of
1 for Topo2a, the percentage of positive cells was evaluated in each sam-
ple and a cut-off value of >20% was identified for Topo2a positivity.

Fluorescence in situ Hybridization

In all cases with a HER2 score of 2+/3+, fluorescence in situ hybridization
(FISH) was performed to detect HER2 and Topo2a amplification [8, 22].
Slides were pretreated (30 min, 80 °C) and then incubated in protease
buffer (11 min, 37 °C), dehydrated in graded alcohol baths and dried in a
hybridization machine (3 min, 37 °C). Sections were hybridized with a
FISH probe combination containing SpectrumOrange LSI HER2 and
Topo-Ila and SpectrumGreen LSI CEP-17 using a HYbrite instrument
that performs codenaturation and hybridization. The Topo-Ila probe cov-
ers ~280 kb, including the entire TopoZ2a gene, and the LSI HER2 probe
covers ~190 kb, including the entire erbB2 gene. The CEP-17 probe con-
tains sequences homologous to the D17Z1 satellite repeat sequence.
After the probe hybridization mixture was applied, the slides were code-
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natured (3 min, 85 °C) and hybridized (18 h, 37 °C). After removal of
nonspecifically bound FISH probe, the slides were incubated (2 min,
74 °C) and then air-dried in the dark. 10 ul 4’,6-diamidino-2-phenylindole
(DAPI) was applied to the specimen to allow visualization of the nuclei
(FISH from Vysis Inc., IL, USA). Afterwards, the slides were evaluated
using a Zeiss Axioscope epifluorescence microscope; the signals were
visualized and counted using a DAPI single-band pass filter set to visual-
ize nuclei: orange for SpectrumOrange (LSI) HER2/Topo-Ila and green
to visualize SpectrumGreen CEP-17. Signals for each probe were counted
in at least 20 tumor cells. A calculated signal ratio LSI/CEP > 2 indicates
amplification, and to discriminate low/high amplification, the absolute
number of nuclei amplification signals was detected [23]. For low amplifi-
cation: > 10% of cell nuclei show 4 < x < 10 signals, ratio LSI/CEP > 2;
and for high amplification: > 10% of cell nuclei show > 10 signals.

Chromogenic in situ Hybridization

Chromogenic in situ hybridization (CISH) for HER2 and Topo2a was
performed according to the manufacturer’s instructions (ZytoVision,
Bremerhaven, Germany) restricted to cases with HER2 THC 2+/3+. After
deparaffinization, heat pretreatment was carried out (20 min, 92 °C) and
pretreatment enzymes were applied. Then, 15 ul SpotLight digoxigenin-
labeled HER2 or Topo2a probe (ZytoVision) was applied. The slides
were coverslipped and heated at 74 °C for 5 min, followed by overnight
incubation at 37 °C in a moisturized chamber. A posthybridization wash
in 0.5 x standard saline citrate (5 min, 75 °C) was performed, followed by
blocking endogenous peroxidases in 3% H,O, (10 min). Incubation with
mouse anti-digoxigenin and then polymerized horseradish peroxidase
(HRP)-conjugated anti-mouse antibodies was performed (each for
30 min). The HER2 and Topo2a probes were visualized using a DAB
solution (30 min) (ZytoDotCISH implementation kit for Topo2a and
ZytoDotSPEC HER?2 probe kit for HER2; ZytoVision). Sections were
slightly counterstained with hematoxylin, dehydrated in graded ethanol
and coverslipped. At least 60 cells were counted per tissue core with a
light microscope using a 20 x objective, visualizing gene copies as dark
brown or dark blue dots, scattered or in small clusters.

Statistical Methods

Findings were analyzed by using IBM SPSS for Windows, version 20
(SPSS, Chicago, USA). Discordance of hormone receptor status, HER2
status and Topo2a expression between BC and mLN was evaluated using
Cohen’s kappa (k). A p value of less than 0.05 was defined as statistically
significant.

Results

Discordance for ER

Out of 117 evaluable patients for ER status, positivity was
seen in 89 BCs and 92 mLNs. 26 patients (22.3%) had a higher
IRS score in the primary tumor than in the mLN. Of these,
10 patients (8.6%) had a difference of <2, 15 (12.8%) of 3-4
and 1 (0.9%) of > 6 IRS points. A lower IRS score in the BC
than in the mLN was obtained in 21 (18.0%) patients, with
a difference of <2 IRS points in 13 patients (11.1%), 3—4 in
7 (6.0%) patients and > 6 in 1 (0.9%) patient. 70 patients
(59.8%) had the same IRS score in BC and mLN. These cases
are considered as concordant. The majority of the patients
(113/117, 97.4%) showed concordant ER expression between
BC and mLN. In 3 patients (2.6%), the ER status was discord-
ant. When ER-positive tumors in the mLN were examined, all
3 were negative in the BC (fig. 2).

Expression/Amplification in Primary Breast
Cancer and Metastatic Axillary Lymph Node

PT/mLN No.patients (%)
ER-status n=117

++ 89 (76.1)
Fig. 2. Comparison -/- 25(21.4)
of hormonal receptor, -/+ 3(2.6) } = 0.925
HER?2 and Topo2a +/- 0(0.0)
status in 117/116 cases
of primary BC and PR-status n=116
mLN by IHC. PT, +/+ 82 (70.7)
primary tumor; mLN, -/- 30 (25.9)
metastatic l}fmph -+ 1(0.9) } <= 0.895
node; IHC, immuno- +/- 3(2.6)
histochemistry; ER,
estrogen receptor; Her2/neu n=117
PR, progesterone +/+ 26(22.2)
receptor; HER2, /- 87 (74.4)
ErbB2 status; Topo2a, -/+ 3(2.6) } = 0.906
topoisomerase 2a sta- +- 1(0.8)
tus; +, positive
receptor status; —, Topo2a n=116
negative receptor +/+ 6(5.2)
status; }, discordant -/- 106 (91.4)
cases; kK, Cohen’s -/+ 2(1.7) } x=0.731
kappa. +/- 2(1.7)

Discordance for PR

The PR status was evaluated in 116 patients. Positivity in BC
was seen in 85 patients and positivity in mLN in 83 patients.
A higher IRS score in the BC compared to the mLN was
obtained in 25 patients (21.5%), 10 (8.6%) had <2, 14 (12.0%)
had 4 IRS points of difference, and a difference of > 6 IRS
points was seen in 1 patient (0.9%). Of the 10 patients (8.6%)
with lower IRS scoring in the BC than in the mLN, 5 patients
(4.3%) had a difference in IRS score of <2, 4 patients (3.4%)
had a difference of 4, and 1 patient (0.9%) of 6. 81 patients
(69.8%) had the same IRS score in the BC and the mLN;
analogously to the ER evaluation, these cases are considered
as concordant (112 patients, 96.6%). Discordance was shown
in 4 patients (3.4%), whereas 3 patients had a PR-positive BC
and 1 patient (0.9%) a PR-negative BC, each with discordant
mLN (fig. 2).

Discordance for HER2

Of the patients, 117 were included for HER2 IHC evaluation.
The percentage of HER2-equivocal and -positive BC was
23.1% (11 patients with 2+, 16 patients with 3+). With regard
to the mLNs, the HER?2 status was equivocal or positive in
29 patients (24.8%). Of the total of 117 patients, 113 (96.6%)
revealed a concordance between the BC and the correspond-
ing mLN. Only in 4 cases (3.4%) the HER2 receptor status
did not match. Within the subgroup of HER2-equivocal/-pos-
itive BC, 1 patient (0.9%) was negative in the mLN. 3 tumors
(2.6%) that were HER2 negative in BC showed HER?2 equiv-
ocality (n = 2, 2+) or HER?2 positivity (n = 1, 3+) in the mLN
(fig. 3). All patients who had a discordant result when BC and
mLN were compared had a difference in the range of only
1 unit on the intensity scale. All 27 (23.1%) patients with
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Fig. 3. Primary breast carcinoma (A, x 40) with negative (1+) HER2
status and matched mLN that was positive (3+) for HER2 immunohisto-
chemical analysis (B, x 40).

PT/mLN FISH No.patients (%) CISH  No.patients (%)

Her2/neu n=30 n=30

afa 26 (86.7) 26 (86.7)

na/n.a 3(10.0) 3(10.0)

na/ 0(0) x=0.935 (o) k=0.463
a/n.a 1(3.3) 1(3.3)

Topo2a n=30 n=30

a/a 3(10.0) 13 (43.3)

n.a/n.a 27 (90.0) 17 (56.7)

n.4/a 0{0) k= 0.839 0(0) k=0.933
a/n.a 0(0) 0(0)

Fig. 4. Comparison of HER2 and Topo2a status in 117/116 cases of pri-
mary BC and mLN by FISH and CISH. PT, primary tumor; mLN, meta-
static lymph node; FISH, fluorescence in situ hybridization; CISH, chro-
mogenic in situ hybridization; HER2, ErbB2 status; Topo2a, topoisomer-
ase 2a status; a, amplification; n.a, no amplification; }, discordant cases; K,
Cohen’s kappa.

HER2-equivocal or -positive BC and 3 (2.6%) discordant
cases with HER2-equivocal or -positive mLN were included
in the FISH and CISH examinations. In most of the 30 cases
(26 patients, 22.2%), the results were concordant with the
THC score evaluation (p < 0.001); only 1 patient (0.9%) with
a HER2-equivocal primary tumor with a score of 2+ was
negative in the mLN by FISH and CISH (figs. 2 and 4).

Discordance for Topo2a

Topo2a evaluation was possible in 116 patients with THC.
8 (6.9%) patients were Topo2a positive in the BC and
8 (6.9%) patients were also Topo2a positive in the mLN,
whereas the main part of the patients (108 patients, 93.1%)
was negative for Topo2a in the primary tumor and 108 pa-
tients (93.1%) were Topo2a negative in the mLN. Overall, for
112 patients (96.6%), the Topo2a status matched in the BC
and the mLN. The subgroup of patients with Topo2a-positive
BC showed a percentage of discordance of 1.7% (2 patients).
Regarding Topo2a positivity in the mLN, 2 patients (1.7%)
were negative in the BC. So, 4 discordant cases (3.4%) were
recorded in all 116 patients. The previously mentioned collec-
tive of 30 patients with IHC HER2 2+ or 3+ scoring (27 BC,
3 mLN) were examined by FISH and CISH. Concordant cases
showed FISH amplification in 2 patients (1.7%) and positive
CISH in 12 patients (10.5%), whereas 1 FISH (0.9%) and
1 CISH amplification (0.9%) were registered for the discord-
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ant cases. The amplification rate in FISH and CISH showed a
percentage of concordance of 100% between the BC and the
matched mLN (p < 0.001; figs. 2 and 4).

Discussion

In this retrospective study, we used paraffin-embedded BC
tissue from 119 patients (primary diagnosed) with at least 1
ipsilateral axillary mLN. IHC was used to analyze ER, PR,
HER?2 and Topo2a in every BC and mLN. In addition, HER2
and Topo2a amplification was evaluated by FISH and CISH
in all samples with a HER?2 score of 2+/3+ by IHC.

Discordant results were seen in 2.6% (ER), 3.5% (PR),
3.4% (HER2), and 3.5% (Topo2a) by IHC, but this was not
significant.

In the literature, discordance rates for hormone receptors
between 18-54% have been reported [11-13]. Sari et al. [24]
described a discordance of 36% for ER and 54.2% for PR in a
cohort of 78 patients between BC and paired recurrent and/or
metastatic lesions. They found more changes from negative to
positive (50%; n = 8) than from positive to negative (27.9%; n
= 17). In our cohort, we saw the same phenomenon for the
ER (all 3 discrepant cases were negative in the BC and posi-
tive in the mLN), but this was not seen for the PR; the shift
from negative to positive was only seen in 1 case (0.9%), but
the shift from positive to negative was detected in 3 (2.6%)
cases.

Discordance rates between 0-34% have been reported for
HER?2 expression between invasive BC and its paired re-
current tumor [11, 13-17, 19]. Some studies have shown that
discordance in the HER2 status occurs more frequently in
distant metastases than in locoregional metastases [18, 25].
Santinelli et al. [18] observed HER?2 discordance in 6.7%
of synchronous LNs, 13.3% of local recurrences and 28.6% of
metachronous distant metastases, compared with the primary
breast carcinomas. In our study, we detected a discordance
rate of 2.6% in synchronous mLNss.

Due to the recent discussion regarding coamplification of
the Topo2a gene in HER2-amplified BCs, we examined the
Topo2a expression with IHC, FISH and CISH in the BC and
the ipsilateral mLN. In approximately 7% of all cases, Topo2a
positivity was found for the BC and the mLN tissue by THC.
The discordance rate was 3.4% of all 116 cases. However,
using FISH and CISH, we found a complete concordance
(100%) of the Topo2a and HER?2 status between the BC and
the corresponding axillary LN. Comparing FISH and CISH,
our results show a higher sensitivity with CISH in detecting
amplification of Topo2a. A possible explanation for this might
be intratumoral heterogeneity of the Topo2a alteration in
BCs and/or different lengths of the DNA probes hybridizing
to the Topo2a region, as recently described [26]. Press et al.
[8] demonstrated in their study that women whose cancers
have HER2 and Topo2a coamplification experience equiva-

Ataseven/Gologan/Gunesch/
Kehl/Hoegel/Beer/Eiermann



lent disease-free, recurrence-free and overall survival out-
comes, regardless of treatment with a trastuzumab-containing
regime or an anthracycline-based regimen without trastuzu-
mab. They postulate that BCs containing both alterations
benefit equally when treated with either trastuzumab or an-
thracyclines; however, they appear to receive no additional
benefit from combining trastuzumab with anthracyclines. So
they conclude that the incremental benefit from anthracy-
clines reported for BC is restricted to HER2-positive patients
and demand that anthracycline-based adjuvant therapies, with
their attendant short- and long-term risks, should only be con-
sidered for the approximately 8% of human BC cases with
HER?2 and Topo2a coamplification, and only in patients who
do not receive a HER2-targeted therapy.

Treatment-induced selection was presumed by Kunitomo
et al. [27] in their report demonstrating an outgrowth of
HER?2-negative cells in metastatic sites following the oblitera-
tion of HER2-positive tumor cells by trastuzumab. Xiao et al.
[28] examined in their retrospective study the stability of the
HER?2-positive status during disease progression and the im-
pact of trastuzumab treatment on the loss of the HER2-posi-
tive status, by comparing the HER2 status between primary
and paired metastatic tumors in patients with and without
intervening trastuzumab treatment. They found that positive-
to-negative HER?2 status conversion does occur during dis-
ease progression. Based on their findings, however, trastuzu-
mab treatment does not seem responsible for the loss of the
HER2-positive status in metastatic breast carcinomas. They
also revealed no evidence that an ER status change was
related to trastuzumab treatment. In our study, treatment
effects could not have been an issue because of the fact that
BC and mLN tissues were collected during the same opera-
tion procedure, without any therapy influence.

Our analysis has the following strengths: Firstly, for all pro-
cedures, we produced new hybrid blocks with representative
tumor areas from the original tumor and the mLN tissue. This
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