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Accurate determination of HER-2 status is important in the management of patients with breast cancer,
especially in determining their eligibility for trastuzumab therapy. Fluorescence in situ hybridization (FISH) has
been regarded as the gold standard method for detecting HER-2 gene amplification. Recently, chromogenic in
situ hybridization (CISH), in which HER-2 is detected by a peroxidase reaction and the gene copies are
determined by regular bright-field microscopy, has emerged as a potential alternative to FISH. However, this
method requires validation before it can be adopted into clinical practice. In this study, we evaluated 80 cases of
invasive breast carcinoma by CISH, compared the results with those obtained by FISH, and assessed
interobserver reproducibility among three observers. We found that agreement among the three pathologists
on the CISH-determined HER-2 status was achieved in 73 cases (91%), all of which had results matching the
corresponding FISH results: 54 nonamplified and 19 amplified. Of the 19 amplified cases, 13 were scored
unanimously as high-level amplification; six had a minor scoring discrepancy (ie, low-level vs high-level
amplification). A major scoring discrepancy (ie, nonamplification vs amplification) was found in the remaining
seven cases, three of which were amplified and four of which were nonamplified by FISH. Two of the latter cases
had a polysomy of chromosome 17. The cases that caused scoring difficulty were those with an equivocal or
borderline signal number against a high background. Overall, there was nearly perfect agreement between the
CISH and corresponding FISH results, and interpretation of CISH results were highly reproducible among the
three pathologists. We conclude that, in general, HER-2 status can be reliably assessed by CISH. Confirmatory
FISH is recommended in cases with equivocal or borderline CISH copy numbers.
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The HER-2 oncogene, located on chromosome
17q21, encodes a transmembrane tyrosine kinase
receptor with extensive homology to the epidermal
growth factor receptor.1 Amplification of the HER-2
gene or overexpression of the HER-2 protein has

been identified in 10–30% of breast cancers. HER-2
is currently considered not only as a marker of poor
prognosis in node-positive patients, but also as a
useful determinant of susceptibility to chemother-
apy.2–7 With the availability of trastuzumab (Her-
ceptin), a humanized monoclonal antibody against
the extracellular portion of the HER-2 receptor
protein, there has been a growing clinical demand
for accurate determination of HER-2 status, as the
presence of gene amplification or protein over-
expression is by far the major criterion for trastuzu-
mab eligibility.

Various methods are available to determine the
HER-2 status in patients with breast cancer, includ-
ing assays to evaluate gene amplification, mRNA
level and protein expression.8,9 Fluorescence in situ
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hybridization (FISH) and immunohistochemical
study are the two assays currently used to determine
the HER-2 status in routine practice with FISH to be
more specific and reproducible than immunohisto-
chemical analysis. Clinicopathologic correlations
have shown a strong association between the HER-
2 gene amplification detected by FISH and the
clinical response to trastuzumab therapy.8,10 How-
ever, the main obstacle to the popularization of FISH
is the need of additional equipment for analysis
such as dark-field fluorescence microscopy and
multiband fluorescence filters, which are not widely
available in pathology laboratories.

Recently, chromogenic in situ hybridization
(CISH) has emerged as a potential alternative to
FISH. In CISH, the HER-2 gene is detected by a
peroxidase reaction that allows concomitant histo-
pathological evaluation of tissues with a standard
bright-field microscope. So far, a number of studies
have shown generally good concordance between
CISH and FISH results,11–18 but studies on inter-
observer reproducibility in interpreting the results
of CISH are lacking. Whether CISH is equally
reliable as FISH in HER-2 assessment is still
a matter of debate, given certain limitations of
CISH.8

To prove the reliability of this new method, we
evaluated the accuracy of CISH in detecting HER-2
gene amplification by comparing CISH results with
corresponding FISH results in 80 cases of invasive
breast carcinoma and by assessing interobserver
reproducibility.

Materials and methods

Patients and Specimen Collection

A total of 80 consecutive cases of invasive breast
carcinoma with a known HER-2 gene status accord-
ing to a previous FISH, performed as part of the
prognostic/predictive panel for breast carcinoma,
were retrieved from the surgical pathology archives
at The University of Texas MD Anderson Cancer
Center. The age of the patients at diagnosis ranged
from 24 to 80 years (median, 52 years). There were
75 invasive ductal carcinomas, two invasive lobular
carcinomas and three mixed ductal and lobular
carcinomas. The nuclear grade of tumors, according
to the modified Black’s nuclear grading system, was
1 (low) in three cases, 2 (intermediate) in 41 cases
and 3 (high) in 36 cases. CISH was performed on
tissue sections using the same formalin-fixed,
paraffin-embedded blocks that had been used for
FISH.

FISH

Routinely processed paraffin-embedded tissue sec-
tions (4-mm) had been analyzed using FISH protocol
(Vysis, Downers Grove, IL, USA). Tissue sections

were deparaffinized in three changes of fresh xylene
for 3min each, dehydrated in two changes of 100%
ethanol for 3min each and then allowed to air dry.
Slides were then placed in a preheated 801C
pretreatment reagent (1M sodium isothiocyanate;
Vysis) for 13min, rinsed in distilled water for 3min
and allowed to air dry. Protease digestion was
accomplished by placing the slides in a prewarmed
371C protease solution (Vysis) for 13min. Samples
were then rinsed in distilled water for 3min and air
dried.

The HER-2 DNA probe kit (PathVysion; Vysis) we
used contains two DNA probes directly labeled with
different fluorescent dyes: the SpectrumOrange
fluorophore-labeled HER-2 (190 kb) specific for the
HER-2 gene locus on chromosome 17q11.2–q12, and
the SpectrumGreen fluorophore-labeled chromo-
some enumerator probe (5.4 kb) targeted to the alpha
satellite DNA sequence located at the centromeric
region of chromosome 17 (CEP17; 17p11.1–q11.1).
All slides were hybridized under identical condi-
tions and with appropriate control tissue.

An aliquot of prediluted LSI HER-2 SpectrumOr-
ange/CEP17 SpectrumGreen (Vysis) was applied to
the region of interest on the slide. A coverslip was
placed and sealed at the periphery with rubber
cement. The slides were placed on a prepro-
grammed, humidified slide warmer (Hybrite; Vysis)
with the following settings: denaturation at 731C for
5min, and hybridization at 371C for 16h. After
hybridization, the rubber cement was removed, and
the coverslip was floated off by soaking the slides in
2� standard saline citrate buffer with 0.3% Nonidet
P-40 (2� SSC/0.3% NP-40) at ambient temperature.
The slides were incubated in prewarmed 2� SSC/
0.3% NP-40 at 731C for 2min, immersed in 2� SSC/
0.3% NP-40 at ambient temperature for 1min, air
dried in the dark, counterstained with 7 ml of 4,6-
diamidino-2-phenylindole dihydrochloride (DAPI;
Vysis) and coverslipped.

The signals were enumerated using an epifluore-
scence microscope (Olympus AX70; Melville, NY,
USA) fitted with a SpectrumOrange, Spectrum-
Green, and DAPI triple-filter set. At least 60 cells
were scored in each preparation, and the copy
numbers of HER-2 and CEP17 for each cell were
recorded. HER-2 was quantified using the ratio of
HER-2 to CEP17 signal counts. HER-2 gene ampli-
fication was defined as an HER-2 to CEP17 signal
ratio Z2.0. Polysomy of chromosome 17 was
defined as the presence of three or more CEP17
signals in 46% of the tumor cells evaluated.

CISH

Unstained 4-mm-thick, archival, formalin-fixed and
paraffin-embedded tissue sections were deparaffi-
nized in three changes of fresh xylene for 4min
each, dehydrated in two changes of 100% ethanol
for 4min each and then allowed to air dry. The
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slides were then incubated in pretreatment buffer
(1M sodium isothiocyanate; Vysis) in a water bath at
801C for 13min, washed with distilled water and
digested with protease (Vysis). The slides were then
washed with distilled water and dehydrated with a
graded series of ethanol. An aliquot of the ready-to-
use, digoxigenin-labeled HER-2 probe (Zymed,
South San Francisco, CA, USA) was applied onto
the sections; the sections were then coverslipped
and sealed with rubber cement. The sample and
probe were codenatured in a Hybrite (Vysis) at 741C
for 5min. After overnight hybridization at 371C, the
rubber cement and the coverslip were removed, and
the slides were washed in 2� SSC/0.3% NP-40
(Vysis) at 731C for 2min, followed by three washes
in distilled water; the slides were then immersed in
absolute methanol with 3% H2O2 and incubated
with a blocking reagent for 10min at an ambient
temperature. The hybridization signals were de-
tected after sequential incubations with mouse
antidigoxigenin, polymerized horseradish peroxi-
dase anti-mouse antibody and diaminobenzidine,
according to the manufacturer’s instructions (Zymed).
Slides were counterstained with hematoxylin.

Controls were included in each staining run.
Positive controls were tissue samples of breast
carcinoma shown by FISH to have high levels of
HER-2 amplification. Negative controls were tissue
samples of breast carcinoma and normal breast
tissue shown by FISH to be negative for HER-2
amplification.

CISH results were independently evaluated by the
pathologists (YG, MG, and NS) using light micro-
scope under a 40� dry objective. Based on previous
studies,12,17 tumors with no HER-2 amplification
typically had one to two brown intranuclear spots
per nucleus when diploid, or three to five spots
when chromosomally polyploid. Thus, nonamplifi-
cation was defined as one to five brown intranuclear
signals per nucleus, low-level amplification as six to
10 signals per nucleus in more than 50% of the
tumor cells and high-level amplification as more
than 10 signals or as large signal clusters in more
than 50% of the tumor cells.

Statistical Analysis

CISH results were compared with FISH results for
the same tumors. Interobserver reproducibility of
CISH results was evaluated by a pairwise compar-
ison. Concordance and the Cohen kappa coefficient
were calculated using statistical software StatXact-4
Version 4.0.1. The relationship between the kappa
value and the level of agreement was suggested by
Landis and Koch:19 a kappa value of 0.00–0.20
indicates slight agreement; 0.21–0.40, fair agree-
ment; 0.41–0.60, moderate agreement; 0.61–0.80,
substantial agreement; and 0.81–1.00, almost perfect
agreement.

Results

Of the 80 cases of invasive breast carcinoma, FISH
detected HER-2 amplification in 22 cases and
nonamplification in 58 cases. Agreement among
the three pathologists on the CISH-determined HER-
2 status was achieved in 73 cases (91%), all of which
had HER-2 status matching with the corresponding
FISH results: 19 amplified and 54 nonamplified
(Figure 1a and b). Among the 19 amplified cases, 13
were scored unanimously as high-level amplifica-
tion; while, six cases had minor interobserver
disagreement. The differences in these six cases
were between low-level and high-level amplifica-
tion; therefore overall HER-2 status was not changed
(Table 1). A major interobserver scoring discrepancy
(ie, between nonamplification and amplification)
was found in the remaining seven cases (9%), three
shown by FISH to be amplified and four shown to be
nonamplified. Two of the nonamplified cases dis-
played polysomy of chromosome 17, with average
CEP17 copy numbers of 4.08 and 3.23, respectively
(Table 1).

When the interpretation of CISH results made by
each pathologist was compared with the corre-
sponding FISH results, a major discrepancy in
HER-2 status was found in two (2.5%), three
(3.8%) and four (5.0%) cases, respectively. None-
theless, statistical analysis showed that the CISH
results as interpreted by each pathologist agreed
near perfectly with the corresponding FISH results
and that CISH scoring was highly reproducible
among the three pathologists (Tables 2 and 3).

Enumeration of the CISH signal was usually
straightforward when the signal intensity was high
with a low background or in cases with high-level
amplification with clusters of multiple gene copies.
The difficult cases were those with a signal number
that was borderline between nonamplification and
low-level amplification (mostly 4–8 signals per
nucleus), and cases with equivocal signals of low
contrast against a high background. These difficul-
ties were encountered in six of the seven cases
(86%) with a major scoring discrepancy (Table 1 and
Figure 1c and d). Intratumoral variation in the CISH
signal distribution was found in two cases in which
tumor cells without HER-2 amplification focally
abutted tumor cells with amplification (low-level
and/or high-level) (Table 1 and Figure 2a–c).
The corresponding FISH in both cases showed
amplification, but without detecting significant
heterogeneity.

Discussion

An unequivocal determination of HER-2 status is
crucial for appropriate management of patients with
breast cancer. Although FISH is currently regarded
as the gold standard method for detecting HER-2
amplification, CISH has recently been gaining in
popularity. Proponents of the CISH technique
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believe that CISH is technically simpler and more
straightforward, while it still adheres to the main
principles of FISH; CISH allows detection of HER-2

amplification with a conventional peroxidase reac-
tion, enumeration of gene copy number with
simultaneous histologic examination by regular
bright-field microscopy, and permanent storage of
slides.12 Previous studies have shown an overall
good agreement between CISH and FISH results

Figure 1 CISH detection of the HER-2 oncogene in invasive breast
carcinomas. (a) carcinoma with no amplification, (b) carcinoma
with high-level amplification showing clusters of multiple gene
copies. (c), carcinoma with borderline signal numbers (4–8
signals per nucleus). The corresponding FISH revealed no
HER-2 amplification, but with polysomy of chromosome 17.
(d) Carcinoma with equivocal signals of low contrast against a
high background. The corresponding FISH revealed no HER-2
amplification.

Table 1 Chromogenic in situ hybridization (CISH) scoring
discrepancies among the three observers and between CISH and
corresponding fluorescence in situ hybridization (FISH) results

Discrepancy Case CISH scores of the three observers Fish

A B C

Minora 1 6–10 6–10 410 7.08
2 410 6–10 6–10 5.63
3 410 6–10 410 9.17
4 410 6–10 6–10 3.31
5 6–10 410 410 11.76
6 6–10 6–10 410 3.08

Majorb 7 r5 6–10 r5 0.70
8 r5 r5 6–10 1.26
9 6–10 r5 6–10 1.81c

10 6–10 r5 6–10 1.34d

11 410 r5 410 2.95
12 V

(favor 6–10)
V

(favor r5)
V

(favor 6–10)
4.66

13 6–10 V
(favor r5)

V
(favor r5)

6.00

a
A minor discrepancy was defined as an interobserver discrepancy in
CISH scoring between low-level and high-level amplification of the
HER-2 gene without changing the overall amplification status.
b
A major discrepancy was defined as a CISH scoring discrepancy
between nonamplification and amplification.
c
Polysomy of chromosome 17 with a CEP17 copy number of 4.08.

d
Polysomy of chromosome 17 with a CEP17 copy number of 3.23.

V, intratumoral variation in scoring with nonamplified regions
abutting focal amplified areas.

Table 2 Agreement between chromogenic in situ hybridization
(CISH) results as interpreted by each observer and corresponding
fluorescence in situ hybridization (FISH) results

Observer Agreement between CISH and FISH

Concordance (CIa) Kappa value (CIa)

A 0.96 (0.90�0.99) 0.91 (0.80�1)
B 0.95 (0.85�0.98) 0.87 (0.75�0.99)
C 0.94 (0.86�0.97) 0.85 (0.71�0.98)

a
95% confidence interval.
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(84–100%).11–18 In this study, we found that the
three pathologists agreed on the CISH scoring in
91% of cases, and all of these cases showed
complete agreement between CISH and FISH re-
sults. Furthermore, our data showed near-perfect
agreement between the FISH and the CISH results
interpreted by each pathologist. The high interob-
server reproducibility validated the reliability of this
method for assessing HER-2 status. To date, only one
study that examined interobserver reproducibility in
interpretations of HER-2 status showed a high level
of agreement; however, the investigators used
bright-field, gold-based autometallographic in situ
hybridization,20 a method similar but not identical
to peroxidase-based CISH.

Discrepancy in results between CISH and FISH
were encountered in few of our cases, most probably
because of the differences in scoring strategies used
for the two methods and the use of CEP17 as an
internal control in the FISH method. The cutoff
number for determining oncogene amplification by
CISH was empirically defined as six copies per cell
based on the observation that most cases with
polysomy of chromosome 17 fall into three to five
signals per nucleus.12,17 However, aneusomy of
chromosome 17 is common in breast cancer12,18,21–24

and polysomy with 45 copies of chromosome 17
per nucleus is not rare.17 These cases would be
scored erroneously as low amplification while there
is no actual amplification present.25 On the other
hand, using this cutoff could ignore the amplifica-
tion of four to five oncogene copies per cell when
monosomy copies of chromosome 17 is present.
These problems occur mainly because the current
CISH technique is based on single-color detection of
one probe without simultaneous centromere counts
and is thereby unable to evaluate numerical altera-
tions of chromosome 17. Indeed, studies have
shown that the majority of discrepant cases between
CISH and FISH results were due to polysomy of
chromosome 17.14,17 In the present study, we found
only two cases with polysomy of chromosome 17
that resulted in CISH scores of low-level amplifica-
tion, whereas the corresponding FISH results
showed no amplification (Table 1). Since polysomy
of chromosome 17 contributed to some of the
scoring discrepancies, it is important, prior to

therapy, to evaluate chromosome 17 copy number
in tumors with borderline CISH results. Two-color
FISH using probes detecting both HER-2 and CEP17
is ideal for this purpose. Alternatively, the use of a
reference probe for chromosome 17 on adjacent

Table 3 Pairwise comparison between observers’ interpretation
of CISH results

Observer Agreement between two observers

Concordance (CIa) Kappa value (CIa)

A–B 0.94 (0.86�0.97) 0.84 (0.71�0.98)
A–C 0.98 (0.91�0.99) 0.94 (0.86�1)
B–C 0.94 (0.86�0.97) 0.85 (0.71�0.98)

a
95% confidence interval.

Figure 2 Carcinoma with intratumoral variation in CISH signal
distribution with nonamplified regions (a), abutting foci of low-
level amplified (b), and high-level amplified areas (c).
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tissue sections for CISH analysis might achieve
similar results, as advocated by some authors.17,18

Although enumeration of CISH signals was in
most cases straightforward, scoring signals that were
borderline between nonamplification and low-level
amplification were more challenging. The difficulty
can be implicated by a low signal intensity and a
high background (Figure 1c and d). These technical
problems have been previously reported8,12,14,26 and
can cause misinterpretation or noninterpretable
CISH results.17,25,27 Preanalytical factors, including
variation in fixation or processing conditions, the
thickness of the tissue sections, and the level of
endogenous peroxidase are additional factors that
may affect the quality of CISH technique.13,15,18,27

Gold-facilitated autometallographic bright-field
in situ hybridization has been reported to enhance
signal detection,28 but this methodology is compli-
cated and not yet widely available. Heat pretreat-
ment and digestion with pepsin have also been
reported to improve signal detection.18,25 However,
we did not observe much signal enhancement when
we used these techniques. In contrast, when using
FISH, we found rather bright and distinct signals in
these cases.

Interobserver discrepancy in CISH scoring also
occurred in cases with intratumoral signal variation.
Using immunohistochemical staining, intratumoral
heterogeneity of HER-2 expression has been re-
ported in less than 5% of invasive breast carcino-
mas.29–32 Such heterogeneity is frequently observed
in cases with low-level HER-2 overexpression. In the
present study, two cases exhibited areas of no HER-2
amplification abutting foci of low-level and/or high-
level amplification (Table1 and Figure 2). Such field
variation has been seen in other studies with
CISH;17,28 presumably because larger areas of the
tumor may be examined with CISH, this technique
is able to detect subclones that might be missed
under high-power dark-field microscopy used in
FISH.33 However, in view of the corresponding FISH
results that showed HER-2 amplification but with-
out signal variation in both cases, technical pro-
blems that cause false negativity might be another
possibility.

In summary, our examination of 80 archival breast
cancer specimens confirmed that HER-2 status can
be reliably determined by CISH in most cases. Cases
with equivocal or borderline HER-2 gene copy
numbers may be encountered, although generally
they are few in number. Given the importance of an
accurate assessment of HER-2 status for selecting
therapy, confirmatory FISH using dual probes is
recommended in these cases.
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