
Abstract. Aim: We examined an economical method for
evaluating the amplification of the human epidermal growth
factor receptor 2 (HER2) gene in breast cancer specimens.
Materials and Methods: We compared HER2 amplification
determined by fluorescence in situ hybridization (FISH) on
whole-tissue (WT) blocks used for diagnostic and on tissue
microarray (TMA) sections for a cohort of 521 consecutive
patients with breast cancer. In a subset of 116 patients, we
examined HER2 concordance from the WT section and a
TMA section from a randomly chosen additional block (a
proxy of the core biopsy). Results: Overall concordance for
HER2 amplification between WT and TMA sections was
98.2%, and between sections from WT and from the
additional block was 99.0%. Conclusion: The high
concordance rates support the use of TMA for the evaluation
of HER2 amplification in breast cancer and suggest that
FISH can be used to assess HER2 using core biopsies.

The human epidermal growth factor receptor 2 (HER2) gene
is located on chromosome 17 and encodes a transmembrane
tyrosine kinase receptor protein (1). HER2 gene
amplification and receptor overexpression, which occur in
15 to 20% of patients with breast cancer, are important

markers for poor prognosis, including a more aggressive
disease and a shorter survival (2). Moreover, HER2-positive
status is considered a predictive marker of response to anti-
HER2 therapies (3). Given its prognostic, predictive and
therefore therapeutic implications, accurate diagnostic
assessment of HER2 is essential for reliable identification of
patients eligible for HER2-targeted drugs.

Currently, there are several Food and Drug (FDA)-
approved methods for evaluating HER2 status, including
immunohistochemical (IHC) evaluation of HER2 protein
expression and assessment of HER2 gene amplification by
in situ hybridization (ISH), most commonly fluorescent ISH
(FISH) (4, 5). Since both IHC and FISH present advantages
and disadvantages, there is still no consensus on which
method is superior for assessing HER2 status in breast
cancer specimens (6). In 2013, the American Society of
Clinical Oncology/College of American Pathologists
(ASCO/CAP) updated the guidelines to clarify the
recommendations for HER2 testing in breast cancer
specimens published in 2007 (4). In addition to report new
scoring criteria, the updated guidelines recommend
performing an initial test of a core biopsy. If test results are
equivocal, reflex testing on tumor specimen section with an
alternative assay should be carried out. In addition, repeat
testing should be performed if there is an apparent
histopathological discordance with the test result. The 2007
ASCO/CAP guidelines recommended to perform HER2
testing on resection specimens and to retest when results
were equivocal (5). Although FISH is a reliable method for
evaluation of HER2 status in breast cancer for diagnostic
purposes or in the framework of quality control, it is a very
expensive technique (7).

Tissue microarray (TMA) allows for simultaneous
molecular analysis of large numbers of samples by means of
arranging tissue cores from multiple specimens into an empty
paraffin block (8, 9). A low degree of representativity
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compared to whole-tissue sections, however, represents the
major limitation of this technology. The purpose of this
project was to determine the most reliable and economical
method for evaluating HER2 status in breast cancer
specimens. In a cohort of 521 consecutive patients with breast
cancer, we aimed to evaluate if FISH analysis performed on
TMA section provides comparable results to those obtained
using whole-tissue sections used for diagnostic purposes (one
section per slide). Furthermore, we wanted to assess whether
FISH analysis carried out on a randomly chosen additional
block (a proxy of a random core biopsy) yielded similar
results. In a subset of 116 breast cancer specimens, we aimed
to analyze the concordance between HER2 gene amplification
status obtained from the same whole-tissue section used for
diagnostics and that obtained from the randomly chosen
additional block using TMA. 

Materials and Methods

Specimen collection and patient population. Specimens were
obtained from mastectomies and segmental resections that were
performed at the Centre des Maladies du Sein Deschênes-Fabia at
the Saint-Sacrement Hospital in Québec, Québec, Canada,
between February 2011 and April 2012. Samples were fixed with
10% neutral buffered formalin, embedded in paraffin, cut into 4-
μm tissue sections, stained with hematoxylin and eosin (H&E),
and used for routine pathological evaluation. The study population
consisted of 554 consecutive cases of invasive breast carcinoma,
with a tumor size on histological slides of at least 1 cm, which did
not receive chemotherapy prior to surgery. All eligible women
provided their written informed consent for use of their tissue.
Ethical approval of the study was obtained in 2010 from the
Research Ethics Committee of the Centre de Recherche du CHU
de Québec (#DR-002-1286).

Tissue microarray construction and processing. TMAs were
constructed as previously described (10). For the 554 consecutive
breast cancer specimens, the most representative tissue block
from each case was chosen by the pathologist for HER2
evaluation by IHC and FISH. Subsequently, two tumoral regions
showing the strongest IHC staining were delineated on the IHC
slide by the pathologist. Within each delimited tumor zone,
pathologists indicated where two 0.6 mm tissue cylinders were to
be punched. The four tissue cylinders were punched using a
manual arraying instrument (Beecher Instruments, Silver Spring,
MD, USA) and were inserted into empty recipient paraffin blocks.
We call these TMA blocks ‘diagnostic TMA’. Among the 554
cases present on the diagnostic TMA, we identified 279 cases that
had at least two additional paraffin blocks presenting the same
histological type as the paraffin block that was used for the
construction of the diagnostic TMA and having enough tumor
tissue to extract four tissue cylinders. Among these 279 cases,
100 cases were randomly chosen. For each of these randomly
selected cases, one paraffin block was randomly chosen among
all eligible paraffin blocks. Suitable blocks were identified using
H&E section and two tumoral regions were identified without
previous IHC staining on the H&E section by two trained

technologists and verified by a pathologist. Four 0.6 mm tissue
cylinders were then punched from these regions. Moreover, we
performed an oversampling of HER2-positive cases: 16 cases that
were scored as HER2-positive on diagnostic TMA section but that
had not been selected at random were added to the 100 cases.
Therefore, a total of 116 cases were inserted into empty recipient
paraffin blocks. We call these TMA blocks ‘random TMA’ in
order to differentiate it from the diagnostic TMA. On each array
block, breast cancer cell lines (MCF-7, MDA-231 and SKBR-3)
were included in duplicate and served as negative and positive
controls. Four-micrometer TMA sections were processed by FISH
following the same protocol as for the whole-tissue section used
for diagnostics. One section from each TMA block was stained
with H&E for reference histology. 

Fluorescence in situ hybridization. HER2 gene copy number was
evaluated using the FDA-approved PathVysion™ HER2 DNA Probe
kit (Abbott Molecular, Des Plaines, IL, USA/Inter Medico, Markham,
Canada). Fluorescent signals were analyzed with an epifluorescence
microscope Axio Imager M1 (Zeiss, Göttingen, Germany), equipped
with a triple-band filter [4’,6-diamidino-2-phenylindole
(DAPI)/green/orange]. Automated analysis of fluorescence signals
was performed using the FDA-approved MetaSystems™ image
analysis system, equipped with Metafer software with extended
focus/tile sampling (MetaSystems, Altussheim, Germany) (11). After
selection of 5 to 10 non-overlapping fields of infiltrating carcinoma,
field images were automatically captured and analyzed by the
software. HER2 gene amplification was reported according to the
2007 and 2013 ASCO/CAP guidelines for the evaluation of HER2
status in breast cancer specimens (Table I) (4, 5). For equivocal cases,
manual counting was performed from at least 60 nonoverlapping
tumor cells from two distinct tumor areas. Equivocal cases were
counted by two independent technologists and reviewed by the
pathologist of the study. In addition, manual counting was performed
in 40 nonoverlapping tumor cells when the average HER2 copy
number per tile was ≥4.0 and ≤6.0 at the automated image analysis.
Normal breast epithelial cells, lymphocytes and fibroblasts were used
as internal control. Slides were analyzed by trained technologists, and
all results were validated by breast pathologists with experience in
FISH interpretation.

HER2 evaluation on TMA. A core was considered unsatisfactory for
analysis if it was absent, it contained no tumor tissue, or if tumor
tissue occupied less than 10% of the total core area. Fluorescent
signals on TMA slides were evaluated in the same way as for the
whole-tissue section. Fluorescent signals were first analyzed using
an FDA-approved automated image analysis system (MetaSystems)
(11). Slides were scanned at low magnification (×5) to generate a
position list corresponding to each core in order to link the core
location to subsequent high-resolution (×40) FISH images.
Automated image analysis was followed by manual counting or
visual verification using the same criteria as for whole-tissue
sections. Each informative core was scored separately in a blind
fashion. Average FISH results of informative cores were considered.
All results were validated by breast pathologists. HER2 FISH results
were reported using the same scoring guidelines as for whole-tissue
section analysis (4, 5). 

Statistical analysis. Only cases with at least one informative core
were included in the analysis. FISH results on both whole-tissue and
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TMA sections were available for 521 cases out of the 554 total
cases (94.0%). FISH results on both whole-tissue and random TMA
sections were available for 103 cases out of the 116 selected cases
(88.8%). In order to evaluate the agreement between FISH results
obtained by the different methods (whole-tissue section vs.
diagnostic TMA section and whole-tissue section vs. random TMA
section), positive, negative and overall concordance were calculated.
Positive concordance (sensitivity) was calculated as the number of
samples positive for both methods divided by the number of
samples positive by the reference FISH assay. Negative agreement
(specificity) was calculated similarly. Overall concordance was
defined as the combination of sensitivity and specificity, as
recommended by the ASCO/CAP guidelines (4, 5). In addition, the
level of concordance was measured using Cohen’s kappa test. All
analyses were performed using SAS software (version 9.1.3; SAS
Institute Inc., Cary, NC, USA).

Results

Concordance of the FISH HER2 results between whole-
tissue and diagnostic TMA sections are summarized in Table
II. Using the 2013 ASCO⁄CAP scoring system, the overall
agreement was 98.2% (kappa value=0.81). The positive
agreement and the negative agreements were 95.5%, and
98.6%, respectively. The one case that was evaluated as non-
amplified on the whole-tissue section but amplified on
diagnostic TMA section showed borderline amplification
(mean HER2/CEP17 ratio 2.27 on diagnostic TMA section
and HER2/CEP17 ratio of 1.80 on whole-tissue section).
Similarly, the three cases that were scored as amplified on
whole-tissue sections but non-amplified on diagnostic TMA
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Table I. Interpretation criteria for fluorescence in situ hybridization according to the 2007 (5) and the 2013 (4) American Society of Clinical
Oncology/College of American Pathologists scoring systems.

Scoring system                        Result category                                                                      Interpretation criteria

2007                                          Non-amplified                                                                    HER2/CEP17 ratio <1.8
                                                      Equivocal                                                                      HER2/CEP17 ratio 1.8-2.2
                                                     Amplified                                                                        HER2/CEP17 ratio >2.2
2013                                         Non-amplified                       Average HER2 gene copy number <4 signals/nucleus or HER2/CEP17 ratio of 
                                                                                                           <2.0 with an average HER2 gene copy number <4 signals/nucleus
                                                      Equivocal                            Average HER2 gene copy number ≥4 and < 6 signals/nucleus or a ratio <2.0 
                                                                                                         with an average HER2 gene copy number ≥4 and <6 signals/nucleus
                                                     Amplified                               Average HER2 gene copy number ≥6 signals/nucleus or a ratio <2.0 with 
                                                                                                       an average HER2 gene copy number ≥6 signals/nucleus or a ratio ≥2.0

HER2/CEP17: Human epidermal growth factor receptor 2/chromosome 17 centromere.

Table II. Concordance of human epidermal growth factor receptor 2
(HER2) gene amplification status between fluorescence in situ
hybridization performed on whole tissue sections (reference method)
and on diagnostic tissue microarray (TMA) sections according to the
2013 American Society of Clinical Oncology/College of American
Pathologists scoring system (4).

                                         Whole-tissue section (reference), n           
Diagnostic TMA 
section                           Non-amplified   Equivocal   Amplified    Total

Non-amplified, n                    424                  19                3             446
Equivocal, n                             5                      5                  0              10
Amplified, n                             1                      0                 64             65
Total                                        430                  24               67            521
Overall agreement                                                                           98.2%
Positive agreement 
(sensitivity)                                                                                    95.5%

Negative agreement 
(specificity)                                                                                    98.6%
k Value                                                                                              0.81*

*When equivocal cases were excluded: k value=0.96.

Table III. Concordance of human epidermal growth factor receptor 2
(HER2) gene amplification status between fluorescence in situ
hybridization performed on whole tissue sections (reference method)
and on diagnostic tissue microarray (TMA) sections according to the
2007 American Society of Clinical Oncology/College of American
Pathologists scoring system (5).

                                           Whole-tissue section (reference)             
Diagnostic TMA 
section                           Non-amplified   Equivocal   Amplified    Total

Non-amplified                        451                   3                  0             454
Equivocal                                 0                      2                  1               3
Amplified                                 0                      4                 60             64
Total                                        451                   9                 61            521
Overall agreement                                                                           99.8%
Positive agreement 
(sensitivity)                                                                                    98.4%

Negative agreement 
(specificity)                                                                                   100.0%
k Value                                                                                             0.93*

*When equivocal cases were excluded: k value=1.00.



sections showed borderline amplification (HER2/CEP17
ratios ranging from 2.11 to 2.31 on whole-tissue sections,
mean HER2/CEP17 ratios ranging from 1.37 to 1.85 on
diagnostic TMA sections). 

We also assessed the concordance rates between HER2
gene amplification status determined by FISH on whole-
tissue sections and on TMA sections according to the number
of informative cores per case (one or two vs. three or four
cores). The overall, positive, and negative agreements for
cases with one or two informative cores were 98.6%, 95.8%
and 99.2%, respectively. For cases with three or four
evaluable cores, the overall, positive and negative
agreements were 97.9%, 95.3% and 98.4%, respectively.

Similar concordance rates between the two methods were
observed when the 2007 ASCO/CAP guidelines were applied
(Tables III and IV). 

Concordance of HER2 status determined by FISH on
whole-tissue sections and random TMA sections is
summarized in Table V. The overall agreement was 99.0%
(kappa value=0.94). The positive agreement and the negative
agreements were 97.3%, and 100.0%, respectively. The case
that was considered amplified on the whole-tissue section
and equivocal on random TMA section had a HER2/CEP17
ratio of 2.50 on the whole-tissue section, while on random
TMA section it had a mean HER2/CEP17 ratio of 1.67 and
an average HER2 gene copy number of 4.53. 

Discussion

We observed a high concordance rate between the HER2
gene amplification status assessed by FISH on whole-tissue
sections and on diagnostic TMA section, independently form
the ASCO/CAP guideline used for the classification of cases.
Using the 2013 ASCO/CAP scoring criteria, 98.2% of cases
were correctly classified, whereas overall concordance was
99.8% when the oldest scoring criteria were applied. Similar
studies performed on breast cancer specimens reported
concordance rates ranging from 91% to 97% between the
HER2 gene amplification status obtained by FISH on whole-

tissue sections and TMA sections using 2007 ASCO/CAP
scoring criteria (12-15). In our hands, no case considered
amplified on whole-tissue section was evaluated as non-
amplified on diagnostic TMA section, when HER2 gene
amplification status was scored according to the 2007
ASCO/CAP scoring guidelines (4.5% using the newest
scoring guidelines). Gancberg and collaborators reported
similar results (12), whereas another study observed 13% of
non-amplified cases on TMA section among those
considered amplified on whole-tissue section (15). 

In analogy to others (14, 16, 17), we noticed that the
overall agreement rate between the two methods was higher
with three- or four-core analysis compared to one- or two-
core analysis when 2007 ASCO/CAP scoring criteria were
used (100.0% vs. 99.4%). However, when the 2013
ASCO/CAP guidelines were used, we obtained opposite
results (three or four cores: 98.0%, one or two cores: 98.6%). 
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Table IV. Concordance of human epidermal growth factor receptor 2 (HER2) gene amplification status between fluorescence in situ hybridization
performed on whole tissue sections (reference method) and on diagnostic tissue microarray (TMA) sections according to the number of informative
cores using the 2007 American Society of Clinical Oncology/College of American Pathologists scoring system (n=521) (5).

Number of assessable cores       Number of cases                 Overall agreement                      Positive agreement                     Negative agreement

                                                                                                 n/N                     %                      n/N                        %                      n/N                     %

1 or 2                                                     162                        156/157               99.4                  21/22                    95.4                 135/135               100.0
3 or 4                                                     359                        355/355              100.0                 39/39                   100.0                316/316               100.0

n/N: Number of cases on TMA section/number of cases on whole-tissue section.

Table V. Concordance of human epidermal growth factor receptor 2
(HER2) status determined by fluorescence in situ hybridization on
whole-tissue section (reference method) and on random TMA section
according to the 2013 ASCO/CAP scoring system (4).

                                           Whole-tissue section (reference)             
Random 
TMA section                 Non-amplified   Equivocal   Amplified    Total

Non-amplified                         63                    2                  0              65
Equivocal                                 0                      1                  1               2
Amplified                                 0                      0                 36             36
Total                                         63                    3                 37            103
Overall agreement                                                                           99.0%
Positive agreement 
(sensitivity)                                                                                    97.3%

Negative agreement 
(specificity)                                                                                   100.0%
k Value                                                                                              0.94*

*When equivocal cases were excluded: k value=1.00.



The overall concordance between HER2 gene amplification
status between the two methods was also high when HER2
status determined on TMA section was considered the
reference method (95.6% using the newest guidelines and
98.6% using the 2007 ASCO/CAP scoring guidelines), further
confirming the reliability of this method in the determination
of HER2 gene amplification in breast cancer specimens.

The purpose of our project was also to compare HER2 gene
amplification status obtained from the same whole-tissue
section used for diagnostics to those obtained from the
randomly chosen additional block using TMA. The updated
ASCO/CAP guidelines recommend performing an initial test
(IHC or ISH) in core biopsy and to retest specimens using an
alternative assay when results are equivocal. Since FISH was
not routinely performed in core biopsy for the 554 consecutive
breast cancer specimens, we performed FISH for 116 selected
breast cancer specimens on an additional paraffin block,
randomly chosen among all paraffin blocks of the same
specimen that presented the same histological type as the
routine diagnostic paraffin block, i.e. the paraffin block that
was used to make the diagnosis. Since the additional block
and the additional cores were randomly chosen, we consider
this block a proxy of the core biopsy performed by the
radiologist under ultrasound examination. We observed an
excellent overall concordance (99.0%, kappa value of 0.94)
between the HER2 gene amplification status observed on
whole-tissue and on random TMA sections. These results
highlight that reliable HER2 gene amplification status can be
achieved even when the tumor area is randomly chosen. 

Similar studies have analyzed concordance of HER2 status
(determined on whole-tissue section) between different blocks
from different tumor foci (18, 19). Compared to our results,
two studies have reported slightly lower concordance rates in
HER2 gene amplification determined on different blocks,
ranging from 90.3% to 94%. These studies, however, analyzed
their results using the 2007 ASCO/CAP guidelines (19) or
other criteria for HER2 gene amplification (18). Analogous
studies that analyzed the concordance between HER2 gene
amplification determined on the needle core biopsy and
subsequent excisional biopsy (whole-tissue section) of the
same tumor observed comparatively to our study lower
agreement rates ranging between 86% and 92% (20, 21).

TMA technology has several advantages over the traditional
method. Variability between batches is considerably reduced,
since specimens can be simultaneously processed using
identical conditions (8, 9). Furthermore, the TMA technique
significantly reduces the reagents and technical time required
for staining (22, 23). This is particularly attractive for
expensive and time-consuming techniques such as FISH. The
amount of tissue needed is also reduced (23). 

Although TMA represents a useful tool for rapid and
efficient examination of large numbers of tumor tissues, this
technique presents some weaknesses, including the need for

training of highly qualified technicians and core losses (8,
24). Moreover, it has been criticized that TMA may not
accurately represent histopathological characteristics of the
whole-tissue section. Nonetheless, it has been shown that
punching of multiple cores from different representative
tumor regions reduces sampling error (15) and provides
reliable results even for heterogeneous tumors (25, 26). 

In conclusion, our results suggest that FISH is a robust
technique and that it can be used for the determination of
HER2 status in core biopsies. The high concordance rates
between HER2 gene amplification status determined on
whole-tissue and on random TMA sections (99.0%) suggest
that reliable results can be achieved even when tumor area is
randomly chosen. Moreover, the observed agreement rates
fulfill the ASCO/CAP recommendation of concordance greater
than 95% for clearly amplified and non-amplified cases (4, 5).
Furthermore, the high concordance rates between whole-tissue
and diagnostic TMA sections justify the implementation of
TMA for the determination of HER2 amplification on surgical
specimens in the framework of quality control. 
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