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HER2 oncoprotein is overexpressed in 15–20% of breast carcinomas and is associated with poor outcome. The
2þ group is considered equivocal, since gene amplification is observed in some but not others. The aim of our
study is to ascertain if there is clinical significance to heterogeneity of HER2 immunohistologic expression in
breast core-needle biopsies vs surgical resection specimens. A total of 37 invasive breast carcinomas
diagnosed on core-needle biopsies and scored 2þ by HER2 immunohistochemical assay were selected from
our files. The results were obtained on these selected cases, of which 19 cases were nonamplified and 18 cases
were amplified. The follow-up resection specimens were reviewed and two additional tumor blocks were
selected in each case for HER2 immunostaining. The 74 tissue blocks were examined for HER2 using antibody
clone CB11 on the Benchmark XT and scored as negative (score 0 or 1þ ), weakly positive (2þ ) or strongly
positive (3þ ). Results within the amplified group, 56% (11/18) showed significant areas with 3þ score in both
blocks, 28% (5/18) remained as 2þ , 11% (2/18) showed score 0–1þ . In the nonamplified group, 42% (8/19) had
score 0–1þ , 37% (7/19) remained as 2þ , 0% (0/19) had score 3þ . Five (5) cases showed heterogeneous
staining in both the groups. In the amplified group, 56% of cases showed strong 3þ in both the blocks of which
half of these cases had areas of 2þ . Fluorescence in situ hybridization was performed on a representative
resection specimen block. In the amplified group 72% (13/18) cases were amplified, 22% (4/18) were
nonamplified. In the nonamplified group, no amplification is detected in a great majority of cases 89%
(17/19). HER2 immunohistochemistry on core-needle biopsies is usually predictive of tumor HER2 status.
However, performing fluorescence in situ hybridization on core-needle biopsies almost completely resolves the
issue of heterogeneous expression of HER2.
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HER2 is a proto-oncogene, located on chromosome
17 and is amplified in 15–20% of breast carcinomas,
which signifies a poor prognosis and predicts a poor
response to hormonal therapy.1,2 American Society
of Clinical Oncology and National Comprehensive
Cancer Network guidelines recommend HER2 test-
ing for all primary breast carcinomas.2,3 Assessment
of HER2 status of breast carcinomas is critical for the
management of advanced breast cancer. With the

recent focus on the targeted therapies and latest
introduction of Trastuzumab (Herceptins), a huma-
nized monoclonal antibody to the extracellular
domain of HER2, appears to be promising for the
patients with metastatic breast carcinoma. However,
due to the cardiotoxic effect of this drug, it becomes
important to evaluate the HER2 status accurately
and select patients who will benefit from the
therapy.

HER2 proto-oncogene amplification is usually
accompanied by protein overexpression. The ampli-
fication is generally determined by fluorescent
in-situ hybridization (FISH) method and the protein
expression is determined by immunohistochemis-
try. In a typical pathology laboratory, both assays
are performed on formalin-fixed paraffin-embedded
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tissue material. In FISH method, a labeled probe
is added to the denatured patient’s DNA,
which recognizes the target gene and enumerates
fluorescence signals, which are counted using a
fluorescence microscope to assess HER2 gene am-
plification. In contrast, immunohistochemistry is
performed using monoclonal or polyclonal standar-
dized antibody kits, which generates a colored
reaction that is evaluated by bright field micro-
scopy.4 American Society of Clinical Oncologists/
College of American Pathologists guideline recom-
mendations for HER2 testing have clearly defined
the categories of positive (immunohistochemistry
score 3þ ), equivocal (immunohistochemistry score
2þ ) and negative (immunohistochemistry score 0/1þ )
categories. Among these categories, the equivocal or
weakly positive (2þ ) category creates confusion
about trastuzumab treatment, therefore it requires an
additional FISH test as recommended by American
Society of Clinical Oncologists/College of American
Pathologists guidelines.2 Comparison of HER2 re-
sults by immunohistochemistry and FISH has been
addressed by few studies in literature. In these
studies, the greatest concordance rate is observed in
immunohistochemistry score 3þ cases in which
majority showed amplification by FISH. In the
equivocal 2þ cases results from various studies
show variable results with a high rate of false-
positive results is observed by follow-up negative
FISH results.5 In other studies, the amplification rate
of HER2 in the equivocal group is observed to be
approximately 25%,4,6 thereby emphasizing the
need for additional FISH testing. Core-needle biop-
sies have been shown to be a valid tissue sample for
evaluation of prognostic markers including testing
of HER2, particularly in patients undergoing neoad-
juvant chemotherapy. Some variability in immuno-
histochemistry results may be attributed to tissue
fixation, antigen retrieval and interpretation of the
stain result, rather than the biology of the tumor
itself. The variability bias is important in the
equivocal group (2þ ) particularly in terms of
treatment decision making. The objective of our
study is to evaluate the heterogeneity in the
expression of HER2 protein expression by immuno-
histochemistry for 2þ immunohistochemistry
cases in order to ascertain the extent of test result
variation based on the tissue being tested
(core-needle biopsies vs resection specimen (RS)).6

Materials and methods

Thirty-seven invasive breast carcinomas diagnosed
on breast core-needle biopsies with HER2 scored as
weakly positive (immunohistochemistry score 2þ ),
were selected from our pathology files from January
to December 2005. The corresponding FISH results
were obtained from our cytogenetics laboratory.
FISH was performed at the time of initial diagnosis
using PathVysion dual color probe (Vysis Inc.,

Downers Grove, IL, USA). FISH was scored as
amplified, if the HER2 signals to chromosome 17
centromere signals were greater than 2.2 (Figure 1a)
and nonamplified if the ratio is less than 1.8 (Figure
1b). The follow-up RS were reviewed and two
additional tumor blocks were selected for retesting
for HER2 by immunohistochemistry. Seventy-four
tissue (74) blocks were examined for HER2 protein
expression, by Ventana Pathway HER-2 (clone
CB-11) antibody, cat number; 760–2694, using a
protocol set by the manufacturer on the Benchmark
XT; Ventana Medical System, Tucson AZ.7 FISH was
repeated on a representative tumor resection block.

Specimen Processing

At our institution, core-needle biopsies are exposed
to 10% neutral-buffered formalin for a minimum
of 6h prior to immunohistochemistry testing.
The resection specimens are similarly exposed to
formalin for a minimum of 6 h. In addition, the

Figure 1 (a) HER2 amplified. (b) HER2 non-amplified.
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tissue blocks from RS are exposed to a 10%
formalin-ethanol fixative (PENFIXs, Richard Allan
Scientific, MI, USA) for 2 h before they are exposed
to 10% neutral-buffered formalin.8

HER2 scoring: The scoring was performed using
the same guidelines as HercepTestt.

� 0—negative (no staining is observed or membrane
staining is observed in less than 10% of tumor
cells);

� 1þ—negative (A faint/barely perceptible mem-
brane staining is detected in more than 10% of the
tumor cells);

� 2þ—positive (A weak to moderate complete
membrane staining is observed in more than
10% of the tumor cells);

� 3þ—positive (A strong complete membrane
staining is observed in more than 10% of the
tumor cells).

Heterogeneous staining is defined in our study
when two different blocks showed different HER2
staining scores.

Results

HER2 Results on Resection Blocks

Amplified group
Strong protein expression was seen in 56% (11/18)
as evidenced by areas of 3þ (Figure 2a) in both the
blocks. Small areas of 2þ were noticed within the
same block in up to half of the cases (Figure 2b).
28% (5/18) remained 2þ . Two cases 11% (2/18)
in this group showed negative staining (0 or 1þ ).
5.6% (1/18) showed heterogeneous staining pattern.
In one case (case-9), there was no tumor left in one
block, the other block showed immunohistochem-
ical score 2þ staining. There was focal area of ‘no
staining’ or ‘immunohistochemical score 0’ among
the strong positivity (case15) areas (Figure 2c). The
immunohistochemical staining of resection blocks
are shown in Table 1.

Nonamplified group
The most significant finding in this group is
that none of the cases showed strong 3þ staining

Figure 2 (a and b) Patterns of staining (pattern 1): IHC 3þ predominantly with focal areas of IHC 2þ (inset). (c) Patterns of
heterogeneous staining IHC 3þ areas with IHC ‘0’ areas within the same tumor.
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0% (0/19). In all 42% (8/19) had score 0–1þ , 37%
(7/19) remained as 2þ by immunohistochemistry.
The immunohistochemical staining of resection
blocks are shown in Table 2.

Heterogeneous staining cases
Heterogeneous staining was observed in five cases
in both the groups. The immunohistochemistry
scores were 1þ (block 1), 2þ (block 2) respectively

in the nonamp group. In the amplified group, the
immunohistochemistry scores were 2þ (block 1),
3þ (block 2). A comparison of immunohistochem-
istry staining of RS in the amp group and nonamp
group are shown in Table 3.

FISH results on resection blocks
Amplified group In the amplified group, 22%
(4/18) did not show amplification. One FISH test
failed. Amplification was detected in 72% (13/18)
cases (Table 1).

Nonamplified group In the nonamplified group,
amplification was not detected in majority of the
cases 89% (17/19). One case showed amplification.
FISH test failed in one case (Table 2).

Discussion

HER2 is a member of the epidermal growth factor
receptor family of protein RTKs that is important in
initiating signal transduction pathways in normal
and abnormal cells.3 HER2 is overexpressed in
15–20% of the invasive breast carcinomas.1,2,4–6 HER2
expression is an individual prognostic factor in
predicting the aggressive behavior of the tumor as
well as predicting the benefit from adjuvant therapy.
Trastuzumab suppresses HER2 activity, thereby
facilitating apoptotic cell death. Clinical trials have
shown that relative risk of recurrence is decreased
by 50% when trastuzumab is added to the adjuvant
chemotherapy regimen in HER2 positive group of
women.3 Therefore, it is important to assess the
HER2 status accurately for patients who can benefit
from targeted therapy. To detect HER2 status
following methods was used—immunohistochemis-
try to evaluate the level of HER2 protein in invasive
carcinomas and FISH to assess gene amplification.
The immunohistochemistry methods use polyclonal
or monoclonal antibodies including CB11, AO485,
HercepTestt and TAB320. The FDA approved
PathVysion FISH method uses dual color fluores-
cent probes that are complimentary to HER2 gene
and the centromere of Chromosome 17, on which it
is present. The number of each type of signals per
cell determines if amplification has occurred. The
amplification is defined by PathVysion as the ratio

Table 1 IHC results on RS blocks in the AMP group

Case
number

FISH
result
on CNB

IHC result on
RS blocks

FISH result
on RS block

Block-1 Block-2 Comments

1 Amp 3+ 3+ Focal 2+areas 46.74
2 Amp 1+ 1+ 1.17
3 Amp 3+ 3+ Focal 2+areas 4.40
4 Amp 2+ 2+ 2.43
5 Amp 3+ 3+ Focal 2+areas 1.35
6 Amp 3+ 3+ 45.18
7 Amp 3+ 3+ Focal 2+areas 6.76
8 Amp 3+ 3+ 46.25
9a Amp — 2+ 1.18
10 Amp 3+ 3+ 5.40
11 Amp 3+ 3+ 1.95
12 Amp 2+ 2+ 2.99
13 Amp 2+ 2+ FAILED
14 Amp 0 0 2.75
15 Amp 3+ 3+ Focal’ 0’areas 1.51
16b Amp 2+ 3+ 5.42
17 Amp 3+ 3+ 46.4
18 Amp 2+ 2+ Focal 2+areas 2.89

a
There is no tumor left in Block 1.

b
Cases with ‘heterogeneous’ staining.

Table 2 IHC results on RS blocks in the Nonamp group

Case
number

FISH
result

IHC result
on RS blocks

FISH result
on RS block

Block-1 Block-2

1 Nonamp 0 0 1.05
2a Nonamp 2+ 1+ 1.00
3 Nonamp 2+ 2+ 1.45
4 Nonamp 2+ 2+ 1.04
5 Nonamp 2+ 2+ 1.04
6 Nonamp 2+ 2+ 0.99
7 Nonamp 1+ 1+ 0.80
8 Nonamp 0+ 1+ 1.13
9 Nonmp 1+ 1+ 1.11
10 Nonamp 0 0 1.04
11 Nonamp 1+ 1+ 1.00
12 Nonamp 2+ 2+ 1.20
13a Nonamp 2+ 1+ 1.10
14 Nonamp 2+ 2+ 2.04
15 Nonamp 2+ 2+ 1.15
16 Nonamp 0 0 1.39
17 Nonamp 2+ 1+ 1.37
18a Nonamp 1+ 2+ 1.33
19 Nonamp 0+ 0+ FAILED

a
Cases with heterogeneous staining.

Table 3 Expression of HER2 in RS based on the FISH results of
the corresponding CNB

HER2 score Amplified (Amp)
group (n�18)

Nonamplified (Nonamp)
group (n�19)

Negative (0 or 1+) 11% (2/18) 42% (8/19)
Equivocal (2+) 28% (5/18) 37% (7/19)
Strongly positive
(3+)

56% (11/18) 0% (0/19)

Heterogeneous
(1+, 2+, 3+)

5.6% (1/18) 11% (4/19)
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of HER2 gene copies to chromosome 17 equal to or
greater than 2.0 per cell.3,9 The two methods have
their own advantages and disadvantages. The
immunohistochemistry method is less expensive,
less cumbersome, with a shorter assay time. How-
ever the results may be affected by the processing
and fixation methods. There is variability in the
HER2 expression using different monoclonal and
polyclonal antibodies, ranging from 26 to 42%.
The discrepancies in the published literature
regarding increased expression levels of these
different antibodies are attributed to the possibility
of variations in tissue preparation and scoring
criteria rather than the nature of these antibodies.6

FISH methods on the other hand are semiquanti-
tative assays which are less subjective but are
expensive.3,6

The comparison of the immunohistochemistry
and FISH assays are extensively addressed in the
literature. These studies have shown an excellent
correlation with immunohistochemistry staining of
3þ in which almost all showed gene amplification
ranging from 89 to 100%.3,4,10–12 FISH nonamplified
tumors with immunohistochemistry score of 3þ is
1.2%.9 Retrospective comparison of FISH amplifica-
tion to the 2þ score in studies have shown that
8–25% cases show amplification1,4,13 which ex-
plains that it is reasonable to subject the 2þ cases
to FISH assays to identify this small subset of
patients who can benefit from trastuzumab therapy.

In clinical trials that have examined the benefit of
trastuzumab monotherapy, a retrospective FISH
analysis was performed on the tumor samples that
were scored 2þ or 3þ on immunohistochemistry.
A response of 35% was seen in the patients with
FISH amplified group in comparison to a low 3%
response in patients with FISH nonamplified group,
which indicate that tumors that show HER2 posi-
tivity by immunohistochemistry and FISH assays
respond to trastuzumab therapy in up to 50%
cases.3,9,14 Similar results were seen in randomized
phase III study to evaluate the efficacy of trastuzu-
mab combined with chemotherapy by Slamon et al,
found substantial increase in response rate in group
with immunohistochemistry 2þ or 3þ with FISH
amplified group than the immunohistochemistry
2þ or 3þ with FISH nonamplified group.15

In summary, all the clinical trials address the
importance of HER2 biomarker status in clinical
decision making.

The important question to be addressed which
will be of great relevance for the clinicians and
pathologists are the selection of the ideal archival
tissue to perform the HER2 staining. Core-needle
biopsies have been demonstrated by few studies to
accurately show the expression of the prognostic
markers including HER28,11,16 and are far more
superior presumably because small biopsies fix
more rapidly and uniformly than resection speci-
mens. In an attempt to select the ideal specimen, we
compared the expression of HER2 in core-needle

biopsies and resection specimens in equivocal cases
rather than all the cases. In our study, in the
amplified group, a significant number of cases
showed positive staining with immunohistochem-
istry score 3þ . Among these cases more than half of
the cases showed areas of immunohistochemistry
2þ within the same block. In our opinion the
finding of positive 3þ areas in the resection speci-
mens might not be truly discordant with the core-
needle biopsies results. As compared to a small
surface area of tumor within a core-needle biopsies,
the resection specimens have a larger surface area of
tumor with larger field of staining which might have
revealed the immunohistochemistry 3þ areas. On
the other hand, due to the larger surface area of
tumor, the intensity of staining is variable as noticed
in one of the cases with areas of negative staining
within strongly staining areas. In the nonamplified
group, core-needle biopsies with 2þ immunohisto-
chemistry had no appreciable HER2 immunohisto-
chemistry heterogeneity in the resection specimens
that would have altered the patient treatment, which
is confirmed by our cases showing no strong
3þ staining. Heterogeneous staining is observed in
both the groups, predominantly in the nonamplified
group. However, the heterogeneity of staining in
both the groups may not be of significant impact on
clinical decision making. The heterogeneity and the
variability of staining within the same block or in
two different blocks is most likely due to biologic
variation, although variable fixation may be a
contributing factor.

To summarize, the core-needle biopsies sample is
an excellent specimen for both immunohistochem-
istry and FISH testing. Amplification of HER2 in
core-needle biopsies is associated with a substantial
probability of finding strong staining in resection
specimens, while no HER2 amplification of equivo-
cal immunohistochemistry on core-needle biopsies
is associated with 3þ HER2 immunostaining on
resection specimens.
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