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ABSTRACT

Objective: In the current work, we compared HER2 by fluorescence in situ hybridization and estrogen and progesterone receptors by
immunohistochemistry in matched primary breast carcinomas and their lymph node metastases.

Material and Method: Thirty-nine cases of primary and lymph node metastases were assessed for HER2. Primary tumors of the cases selected
were known to be HER2 negative. Also, immunohistochemistry for estrogen and progesterone receptors was performed on 36 cases from the
same cohort to assess any discrepancy between the primary tumor and the lymph node metastases.

Results: Out of 39 cases, one case was HER2 amplified in lymph node metastasis compared to non-amplified primary tumor. Approximately
eight percent of cases (3/36) were estrogen receptor-negative in LN metastasis and 5.55% (2/36) were less strongly positive compared to the
positive primary tumors. Nineteen percent (7/36) were progesterone receptor-negative in lymph node metastasis in contrast to the matched
positive primary tumors, and 5.55% (2/36) were progesterone receptor-positive in lymph node as compared to their corresponding negative
primary tumors.

Conclusion: While most matched primary breast tumors and lymph node metastases show concordance in HER?2, estrogen and progesterone
receptor status, we confirmed the multiple reports that identified discordant results in a subset of cases. These results support the newly adopted

guidelines that require testing for HER2 on metastatic lesions.
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INTRODUCTION

Estrogen (ER) and progesterone receptors (PR) are
considered to be predictive markers for the patient
response to hormonal therapy in breast cancer (1). In
addition to its prognostic value, Human epidermal
growth factor receptor (HER2) is an important predictive
marker to predict the patients response to Trastuzumab
in mammary carcinomas. Trastuzumab is a humanized
monoclonal antibody used, in combination with other
drugs, in the treatment of HER2 positive breast carcinomas
(2, 3). The American Society of Clinical Oncology (ASCO)
and the College of American Pathologists (CAP) outlined
guidelines for testing of HER2, ER and PR with continuous
review and updates (1, 4, 5). Currently these guidelines
require HER2 testing on metastatic and recurrent breast
carcinomas (6, 7).

It has been published that approximately 20% of breast
cancers are HER2 positive for gene amplification or
show protein overexpression by immunohistochemistry

(IHC) (8, 9). Therefore, determination of HER2 status is
critical for patient care and for prediction of response to
Trastuzumab. IHC and Fluorescence in situ hybridization
(FISH) are the most commonly used methods for testing
the HER2 status (5).

FISH analysis may be considered by some superior to that
of IHC in predicting response to trastuzumab in patients
with mammary carcinoma. This may be related to the strict
criteria used as cut off in FISH analysis compared to the
subjective analysis with personal variations in evaluating
IHC results (10). However, others have reported that IHC is
as effective as FISH in predicting the response to treatment
(11). The concordance has been found to be high among
IHC and FISH in negative (0 and 1+) and positive (3+) cases.

Steroid hormone receptors (ER and PR) are prognostic
markers that determine to great extent the response to
adjuvant hormonal therapy. It is the standard of care to test
ER and PR in all cases of invasive breast carcinomas and to
test ER in ductal carcinoma in situ (DCIS) (5, 12).
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The data show that the expression of ER and PR is highly
correlated between the primary tumors and their matched
lymph node (LN) metastasis (13-16). Different scoring
systems exist for evaluation of hormone receptor status
(17). ASCO/CAP guidelines recommended a cut off as low
as 1% to be considered positive for both markers by IHC (1).

The introduction of tamoxifen and trastuzumab has
significantly altered the clinical outcomes of mammary
carcinoma. Phenotypic inconsistency in ER, PR, and HER2
expression between the primary and metastatic site exists
which leads to multiple clinical considerations. Testing the
markers in the nodal or distant metastatic site in addition
to testing in the primary tumor remains elusive. A meta-
analysis addressing ER, PR, and HER2 expression in LN and
distant metastases and in local recurrence showed multiple
combination of inconsistency (18). These findings support
the guidelines of evaluating the markers in metastasis and
local recurrence.

Since breast cancer is a heterogeneous disease, it may be
important to determine HER2, ER and PR status in LN
metastases (19). Therefore, in this study, we compared
HER2, ER and PR status between paired primary breast
tumors and axillary LN metastases at our institution.

MATERIALS and METHODS

Breast Specimens: Specimens were obtained from 39
archived, formalin fixed, paraffin embedded tissue sections
of LN metastasis from the Pathology Department at the
Medical University of South Carolina, Charleston, SC.
Selection was based on cases with known un-amplified
HER2 on the primary tumor. This study was approved by
the Medical University of South Carolina Internal Review
Board.

Fluorescence in situ Hybridization: FISH was performed
on the 39 blocks for the assessment of HER2 status. Slides
were placed in xylene for 3x5 min, and dehydrated twice in
two separate 100% ethanol baths for 5 minutes. Slides were
then placed in a solution of 2 M HCl at room temperature
for 20 minutes, rinsed for 1 minute in distilled water, and
placed in the pre-treatment reagent (1M NaSCN) at 80°C
for 30 minutes, and rinsed with distilled water for 3 minutes.
After pre-treatment, slides were placed in a 37°C solution
of 0.2M HCl/4 mg/ml protease (Paraffin pre-treatment Kkit:
Vysis, Inc.) for 10-20 minutes, and rinsed with distilled
water for 3 minutes. After controlling digestion, slides were
placed in 10% neutral buffered formalin for 10 minutes and
rinsed with distilled water. Dehydration was performed
through graded alcohol (70% ethanol, 85% ethanol, and
100% ethanol). Slides were then heated to 73°C on a hot
plate with a 10pl probe for 5 minutes (Vysis multicolor-
probe Topo Ila Spectrum Green, HER2 Spectrum Orange
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and CEP17 Spectrum Aqua). Slides were cover-slipped,
sealed with rubber cement, and placed in a humid
environment at 37°C for 16 hours. Coverslips were then
removed by immersing slides in SSC/0.3% Nonidet P-40
at 23°C for 2 minutes. Slides were then placed in another
change of SSC/0.3% Nonidet P-40 at 73°C for 2 minutes,
dried without light, and counterstained with 10ul of
0.2uM 4,6-diamidino-2-phenylindole (DAPI) in anti-fade
solution (Vectashield: Vector Laboratories, Inc). Scoring
is performed according to the CAP/ASCO 2010 guidelines
(5) which were the guidelines at the time of performing the
assay and before the new guidelines (4) have been released.
In summary, amplified HER2 by FISH is considered with a
ratio of HER2 to CEP17 of > 2.2 or average HER2 gene copy
number of > 6 signals/nucleus, equivocal result is defined
as HER2/CEP17 ratio of 1.8-2.2 or average HER2 gene copy
number of 4-6 HER2 signals/nucleus and non-amplified is
defined as HER2/CEP17 ratio of < 1.8 or average HER2 gene
copy number of < 4 (no Indeterminate case is encountered
in the current cohort) (5). The same guidelines were
followed at the time of assay for interpreting Her2 results
by IHC in which positive results (3+) is defined as uniform
intense membrane staining in > 30% of cells, equivocal (2+)
is defined as circumferential incomplete or weak staining
in > 10% of cells or complete, circumferential staining in
< 10% of the cells and negative result if no staining (0) or
weak incomplete membrane staining in any proportion of
cells or weak, complete membrane staining in < 10% (5).

Immunohistochemistry (IHC): ER and PR IHC analysis
was performed on serial tissue sections for only 36 of the
cases from the same case cohort (the paraffin blocks were
exhausted with no residual tissue left for the other 3 cases),
the results of which were compared to that of the primary
tumors. Paraffin slides were deparaftinized in two changes
of xylene for 10 minutes each, and hydrated through
graded alcohol and distilled water (2 changes of 100%
ethanol, 2 changes of 95% ethanol, 2 changes of distilled
water). Heat induced epitope retrieval with citrate buffer
was performed. Slides were then cooled and rinsed with
distilled water, rinsed in tris buffered saline with tween
for 5 minutes. Slides were then rinsed with 3% hydrogen
peroxide, followed by rinse with wash buffer. Slides were
then rinsed with wash buffer and covered with 300pl of
protein block for 5 minutes. Following protein block,
slides were treated with monoclonal anti-rabbit ER and PR
Abs (NeoMarkers, Fremont, CA) used in 1:100 and 1:200
dilutions, respectively. Slides were then rinsed with wash
buffer, and the secondary reagent Dako Envision labeled
polymer HRP anti-Rabbit was applied. After the secondary
reagent, DAB was applied for 10 minutes, and the slides
were rinsed with distilled water. Counterstaining was done
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with hematoxylin for 3 minutes, and slides were washed in
tap water. Slides were then blued in ammonia water, rinsed
in tap water, dehydrated in graded alcohol (95% ethanol,
100% ethanol), cleared in xylene (two changes), and cover-
slipped for microscopic examination.

With appropriate internal and external controls, positive
ER or PR is considered if > 1% of tumor cell nuclei are
immunoreactive according to the guidelines (1). Allred
scoring system is used in the current study. The score
is assigned based on the summation of the proportion
of positive cells (0: no positive cells; 1=1/100; 2=1/10;
3; 1/3; 4=2/3 and 5=~all cells) and intensity of staining
(O=negative; 1=weak; 2= intermediate and 3=strong) (17).

RESULTS

HER2 status in primary breast cancer compared to
metastatic lymph node: One of the 39 cases was HER2
amplified in a nodal metastasis compared to the negative
status in the primary tumor by FISH (Figure 1A-F). IHC
was negative (1+) in both primary tumor and the nodal
metastasis (Figure 1A-F) (Table I).
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ERstatusin primarybreast cancer compared to metastatic
lymph node: Most cases, 31 of 36, show concordant ER
status detected by IHC in LN metastasis as well as primary
tumors, respectively (Figure 2A-F) (Table I). Three of 36
cases were ER negative in LN metastasis in contrast to the
matched positive primary tumors (Figure 3A-F). Two of 36
the cases were positive in primary breast tumors (Allred
score of >2) while the matched LN metastasis were ER-less
strongly positive (Allred score of 1) (Figure 4A-F) (Table I).

PR status in primary breast cancer compared to metastatic
lymph node: Most cases, 27 out of 36, show concordant PR
status detected by IHC in LN metastasis as well as primary
tumors, respectively (Figure 2A-F) (Table I).

Seven of the 36 cases were PR negative in LN metastasis in
contrast to the matched positive primary tumors (Figure
3A-F) (Table I). Two of the 36 cases were PR-negative in
primary breast tumors while the matched LN metastasis
were positive (Figure 4A-F) (Table I).

Figure 1: Case with amplified HER2 in lymph node metastasis compared to the primary tumor. Upper panel is the primary tumor and
the lower panel is lymph node metastasis. A,D) (H&E; x100), B,E) (IHC; x HER2) and C,F) (FISH; x HER2).
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Figure 2: Case with concordant ER&PR IHC in both primary tumor and lymph node metastasis. Upper panel is the primary tumor and
the lower panel is LN metastasis. A,D) (H&E; x100), B,E) (IHC; xER) and C,F) (IHC; xPR).

Table I: ER, PR and HER?2 status in primary tumors and matched lymph node metastasis

Primary tumor
ERIHC PRIHC HER2 FISH
LN MET Positive Negative Positive Negative | Amplified | Non amplified
ERIHC Positive 25 0
Negative 3 6
Weak Positive 2 0
PRIHC Positive 15 2
Negative 7 12
HER2 FISH amplified 0 1
Non amplified 0 38

IHC: Immunohistochemistry, ER: Estrogen receptor, PR: Progesterone receptor, LN: Lymph node, Met: Metastasis, FISH: Fluorescence in situ
hybridization
DISCUSSION

In the present study, we evaluated the HER2, ER, and published studies have evaluated the HER2 status in
PR status of primary breast tumors with their matched  primary tumors only. However, others studied HER2 in
LN metastases using FISH and IHC techniques. Most  primary and metastatic sites with inconsistent data. This
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Figure 3: Case with positive ER and PR in primary tumor compared to negative LN metastasis. Upper panel is the primary tumor and
the lower panel is lymph node metastasis. A,D) (H&E; x100); B,E) (IHC; xER) and C,F) (IHC; xPR).

inconsistency may be attributed to tumor heterogeneity in
primary versus metastatic sites (20-23).

In the current study, only one of the 39 cases with HER2
non amplified primary breast carcinoma showed amplified
HER2 in the nodal metastasis. Likewise, a high concordance
rate between primary breast tumors and matched LN
metastasis have been reported by others (24, 25).

Niehans et al. compared HER2 expression in primary breast
tumors in comparison to metastatic sites in autopsy samples
from 30 decedents with known history of metastatic breast
disease (26). This study documented 8 of these decedents
was HER2 positive and, among those, there was a single
case of discordant results. The authors concluded that
HER2 expression is usually concordant between primary
and metastatic sites. In agreement with our findings in
the current report, Shimizu et al. evaluated HER2 protein,
by IHC, in primary and metastatic breast cancer from 21
patients. The authors found no significant differences in
the HER2 expression between the primary tumors and
the nodal metastases (20). Masood et al. evaluated HER2
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expression in 56 patients by IHC with 11 cases had distant
site metastases. The score of the HER2 expression is
identical in the primary tumors and the metastases with
heterogeneity present in only one case (23).

Tanner et al. analyzed HER2 amplification in 46 primary
mammary tumors and their matched metastases, using
IHC and FISH techniques (22). The authors documented
complete concordance regarding HER2 status between the
primary tumors and the metastases. Gancberg et al. studied
HER?2 status in the primary and corresponding metastatic
lesions and documented a high level of concordance (94%
and 93% when analyzed by IHC or FISH, respectively) (27).
All discordant cases showed an increase in the staining
intensity in the metastatic site. Among the discordant
cases by FISH assay, 3 had HER2 gene amplified in the
metastatic site, and the reverse (HER2 gene amplification
in the primary tumor) in 2 cases.

Numerous studies have been done to evaluate the ER
expression in both primary and metastatic carcinomas (28-
30). One study incorporated regional nodal and distant
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Figure 4: Case with positive ER and discordant PR by IHC in both primary tumor and LN metastasis. Upper panel is the primary tumor
and the lower panel is lymph node metastasis. A,D) (H&E; x100); B,E) (IHC; xER) and C,F) (IHC; xPR).

metastases as one group (28). In the present study, we found
most cases, 31 of 36, show concordant ER status detected by
IHC in LN metastasis as well as primary tumors. Three of
36 cases were ER negative in LN metastasis and two cases of
36 were less strongly positive for LN metastasis compared
to the positive primary tumors. Preceding discordance
rates for concurrent assays for ER diverge from 12% to
39%, and PR discordance rates also varied from 14% to
32% (27-29) depending on the study and the assay utilized
(30-33). Mobbs et al. reported 19% and 33% discordance
of ER and PR between the primary and the metastatic
tumors, respectively (34). Lower et al. established 30% ER
discordance and 19.5% PR discordance between primary
and metastatic tumors by IHC analysis (35). On the
other hand, Idirisinghe et al. (36) demonstrated 18% ER
discordance and 42% PR discordance in metastatic lesions
and 13% ER discordance (6/45) and 33% PR discordance
(15/45) in locally recurrent lesions (36).
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In conclusion, while most matched primary breast tumors
and LN metastases show concordance in HER2, ER, PR
status, we found discordance in a minority of cases. These
results support the newly adopted guidelines of ASCO/
CAP to do HER2 studies in metastatic and recurrent breast
tumors to guide further treatment options and predict
prognosis in breast cancer patients.
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