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A b s t r a c t
We evaluated HER-2/neu status in 100 consecutive 

ductal breast carcinomas by using the Food and Drug 
Administration (FDA) and American Society of Clinical 
Oncology/College of American Pathologists (ASCO/
CAP) scoring systems. With the FDA system, scores 
were 3+ in 23.0%, 2+ in 25.0%, and 0 or 1+ in 52.0% 
of cases. With the ASCO/CAP system, scores were 3+ 
in 16.0%, 2+ in 34.0%, and 0 or 1+ in 50.0%. With 
the FDA and ASCO/CAP systems, respectively, 3+ 
cases (n = 23 and 16, respectively) showed high-grade, 
granular HER-2/neu amplification in 15 (65%) and 14 
(88%); low-grade, borderline amplification in 7 (30%) 
and 1 (6%); and chromosome 17 polysomy without 
amplification in 1 (4%) and 1 (6%).

Concordance between schemes was higher for cases 
with high-grade, granular HER-2/neu amplification 
(concordance coefficient, 0.74). Cases with low-grade, 
borderline HER-2/neu amplification showed poor 
concordance (concordance coefficient, 0.20).

The FDA and ASCO/CAP schemes for HER-2/neu 
evaluation select patients differently for trastuzumab 
therapy. Major discordance is present for low-grade, 
borderline HER-2/neu amplification. FDA low-grade, 
borderline tumors would be reclassified as without 
HER-2/neu amplification or as polysomic. The ASCO/
CAP scheme has a great concordance coefficient 
between strong 3+ immunohistochemical cases 
and cases with high-grade, granular HER-2/neu 
amplification.

HER-2/neu overexpression in immunohistochemical 
analysis and/or gene amplification by fluorescence in situ 
hybridization (FISH) have been found to be prognostic and 
predictive in patients with breast cancer, and positive results 
select patients for treatment with trastuzumab (Herceptin) 
immunotherapy, which has been shown to inhibit the pro-
liferation of human breast cancer cells.1-4 The US Food and 
Drug Administration (FDA) approved the immunotherapy 
only for patients whose breast cancer cells show strong 3+ 
immunohistochemical staining, defined as uniform, intense 
membrane staining of more than 10% of invasive tumor 
cells, and for cases with 2+ staining (partial or basolateral 
membrane staining of >10% of invasive tumor cells) show-
ing gene amplification by FISH, expressed as a ratio of more 
than 2 when comparing HER-2/neu gene and chromosome 17 
fluorescent signals.5,6

Recently, the American Society of Clinical Oncology and 
the College of American Pathologists (ASCO/CAP) convened 
an expert panel that developed recommendations for optimal 
HER-2 testing performance.1 A positive 3+ HER-2 result was 
considered as uniform, intense membrane staining of more 
than 30% of invasive tumor cells, and HER-2/neu gene ampli-
fication was considered as a ratio of more than 2.2. Moreover, 
major molecular issues regarding HER-2/neu status pose 
significance to 3 cytogenetic abnormalities, such as chromo-
some 17 polysomy and low-grade, borderline vs high-grade, 
granular HER-2/neu amplification.7

Accurate assignment of the HER-2 status of invasive 
breast cancer is essential to clinical decision making in 
the treatment of breast cancer in adjuvant and metastatic 
settings. We selected a series of consecutive ductal breast 
carcinomas and evaluated the clinical impact of selecting 
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patients for trastuzumab treatment with different HER-2/neu 
cutoff values as defined by the original FDA system and the 
new ASCO/CAP guideline recommendations.

Materials and Methods

Samples

We selected 100 formalin-fixed, paraffin-embedded, 
consecutive samples of invasive ductal breast carcinoma.

Immunohistochemical Analysis
According to the recommendations from the manufac-

turer of the HercepTest kit (DAKO, Glostrup, Denmark), tissue 
sections mounted on slides and stored at room temperature 
were stained within 4 to 6 weeks from sectioning to maintain 
antigenicity. The guidelines for FDA scoring were as follows: 
3+, strong, complete membrane staining in more than 10% of 
the malignant cells; 2+, weak to moderate complete membrane 
staining in more than 10% of the malignant cells; 0 or 1+, no 
or fewer than 10% of cells staining, respectively. These cases 
were regraded according to the ASCO/CAP guideline recom-
mendations.1 In this system, a positive 3+ HER-2 result was 
considered as uniform, intense membrane staining of more than 
30% of invasive tumor cells. Interpretations by the FDA and 
ASCO/CAP systems were done independently and in a masked 
manner, one relative to the other, and separated by time.

FISH Analysis
FISH was performed on all cases using the PathVysion 

HER-2/neu DNA probe kit from Vysis/Abbott, Downers 
Grove, IL.

From each tumor, 5-µm sections were cut from paraffin-
embedded blocks. The paraffin was removed from the sec-
tions with two 10-minute washes in xylene. After hydrating in 
100%, 85%, and 70% ethanol solutions (10 minutes) and rins-
ing in distilled water (10 minutes) and twice in phosphate buf-
fer solution (pH 7; 10 minutes each), the slides were fixed in 
methanol-acetic acid, 3:1, for 10 minutes and air dried. Next, 
the sections were treated in a 2× standard saline citrate (SSC) 
solution for 15 minutes at 37°C; dehydrated in consecutive 
70%, 85%, and 100% ethanol solutions for 1 minute each; and 
dried. Next, the sections were bathed in 0.1 mmol/L of citric 
acid (pH 6) solution at 85°C for 1 hour. Then they were again 
dehydrated in a series of ethanol solutions and dried. The tis-
sue was digested by applying 0.75 mL of pepsin (Sigma, St 
Louis, MO) solution (4 mg/mL in 0.9% sodium chloride, pH 
1.5) to each slide and incubating them in a humidified box for 
30 minutes at 37°C. Next, the slides were rinsed with distilled 
water for a few seconds, dehydrated again in graded ethanol 
solutions, and dried. Centromeric probes for chromosomes 17 
and locus-specific HER-2/neu gene were used (Abbott kit).

Next, 10 µL of diluted probe was applied to each slide, 
and coverslips were placed over the slides. Denaturation was 
achieved by incubating the slides at 80°C for 10 minutes in 
a humidified box; then hybridization was done at 37°C for 3 
hours. The coverslips were removed and the slides immersed 
at room temperature in 0.5× SSC for 2 minutes, in 50% 
formamide/1× SSC for 5 minutes, and in 2× SSC for 2 min-
utes. The slides were air dried and counterstained with 10 µL 
of 4’,6-diamidino-2-phenylindole (DAPI in Fluorguard, 0.5 
µg/mL, Insitus, Albuquerque, NM).

The slides were examined by using an Axioplan 
(Zeiss, Oberkochen, Germany) with appropriate filters for 
SpectrumOrange (locus-specific probe HER-2, Abbott), 
SpectrumGreen (centromeric probe 17, Abbott), and the UV 
filter for the DAPI nuclear counterstain. The signals were 
recorded with a CCD camera (Axiocam HRm, Zeiss). From 
100 to 200 neoplastic nuclei were counted and scored accord-
ing to different cutoff values.

Specimens were determined to be amplified if the ratio 
of HER-2/neu signals to chromosome 17 centromere signals 
was higher than 2.0 according to the FDA score. Gene ampli-
fication was reevaluated according to the ASCO/CAP guide-
line recommendations using the ratio of 2.2. Polysomy for 
chromosome 17 was defined when the ratio was 1 in tumors 
having 3 or more locus-specific HER-2/neu and centromeric 
17 signals. High-grade, granular HER-2/neu amplification 
was scored when locus-specific signals were 4 or more per 
neoplastic nucleus.7 The FDA and ASCO/CAP interpretations 
were done independently and in a masked manner, one rela-
tive to the other, and separated by time.

Statistical Analysis
The κ statistic, which is a measure of agreement between 

observers that corrects for chance agreement, was used to eval-
uate intraobserver and interobserver concordance between the 
FDA and ASCO/CAP systems. Concordance was considered 
fair when κ values ranged from 0.00 to 0.20, moderate with a 
range from 0.21 to 0.45, substantial with a range from 0.46 to 
0.75, and almost perfect with a range from 0.76 to 0.99.

Results

The immunohistochemical results according to 2 cutoff 
values are summarized in zTable 1z. With the FDA system, 
scores were 3+ in 23.0%, 2+ in 25.0%, and 0 or 1+ in 52.0% 
of cases. With the ASCO/CAP grading scheme, scores were 
3+ in 16.0%, 2+ in 34.0%, and 0 or 1+ in 50.0% of cases.

The 23 breast carcinomas scored as 3+ immunohis-
tochemically zImage 1z showed high-grade, granular HER-2/
neu amplification in 15 cases (65%); low-grade, borderline 
amplification in 7 (30%); and polysomy of chromosome 17 
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without HER-2/neu gene amplification in 1 (4%) when scor-
ing was performed according to the FDA scheme zTable 2z. 
In contrast, 16 cases scored as 3+ immunohistochemically 
showed high-grade, granular HER-2/neu amplification zIm-
age 2z in 14 cases (88%); low-grade, borderline amplification 
in 1 (6%); and polysomy of chromosome 17 without HER-2/
neu gene amplification in 1 (6%) when scoring was performed 
according to the ASCO/CAP scheme (Table 2).

Concordance between the grading schemes was higher for 
cases with high-grade, granular HER-2/neu amplification (con-
cordance coefficient, 0.74). Cases with low-grade, borderline 
HER-2/neu amplification showed poor concordance (concor-
dance coefficient, 0.20). Polysomy of chromosome 17 showed 
intermediate concordance (concordance coefficient, 0.63).

Immunohistochemical evaluation revealed fair intraob-
server concordance (κ = 0.15) for 3+ immunohistochemical 
cases with the FDA system and substantial concordance (κ 
= 0.50) with the ASCO/CAP systems. Intraobserver concor-
dance was fair (κ = 0.20) for amplification by FISH with the 
FDA system and almost perfect (κ = 0.80) with the ASCO/
CAP system.

Interobserver concordance was fair (κ = 0.16) for 3+ 
immunohistochemical cases with the FDA scoring system and 
moderate (κ = 0.40) for amplification by FISH with the FDA 
scoring system. Interobserver concordance was substantial (κ 
= 0.71) for amplification by FISH with the ASCO/CAP sys-
tem when scoring low-grade amplification and almost perfect 
(κ = 0.80) when scoring high-grade amplification.

zTable 1z
HER-2/neu Immunohistochemical Expression Values 
According to the Original FDA and New ASCO/CAP Grading 
Schemes*

         Immunohistochemical Value

Grading Scheme 0/1+ 2+ 3+

FDA 52 25 23
ASCO/CAP 50 34 16

ASCO, American Society of Clinical Oncology; CAP, College of American 
Pathologists; FDA, US Food and Drug Administration.

* Data are given as number of cases.

zTable 2z
Three Major Chromosomal Abnormalities of HER-2/neu Status Among Breast Carcinomas With 3+ Immunohistochemical 
Expression*

 HER-2/neu Amplification 

 Polysomy of Chromosome 17 Low Grade, Borderline High Grade, Granular

FDA (n = 23) 1 (4) 7 (30) 15 (65)
ASCO/CAP (n = 16) 1 (6) 1 (6) 14 (88)

ASCO, American Society of Clinical Oncology; CAP, College of American Pathologists; FDA, US Food and Drug Administration.
* Data are given as number (percentage).

zImage 1z Breast carcinoma showing strong 3+ HER-2 
immunohistochemical expression according to the American 
Society of Clinical Oncology/College of American Pathologists 
grading scheme (×10).

zImage 2z High-grade, granular HER-2/neu gene amplification 
showing clusters of SpectrumOrange fluorescent signals 
(×63).
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Discussion

Our findings indicate the following: (1) The FDA and 
ASCO/CAP grading schemes for HER-2/neu evaluation dif-
ferently select patients for trastuzumab therapy. (2) Major 
discordance is present in the group with low-grade, borderline 
HER-2/neu amplification, and tumors classified in the FDA 
system as low-grade, borderline would be reclassified as with-
out HER-2/neu amplification or as polysomic. (3) Polysomy 
of chromosome 17 and high-grade and low-grade, borderline 
HER-2/neu gene amplification are 3 major molecular patterns 
still significantly present in the group graded by the ASCO/
CAP scheme; however, major concordance is present between 
strong 3+ immunohistochemical cases and high-grade, granu-
lar HER-2/neu amplification.

The FDA approved immunotherapy only for patients 
whose breast cancer cells show strong 3+ immunohistochemi-
cal staining.1 Recently, ASCO and CAP convened an expert 
panel that developed recommendations for optimal HER-2 
testing performance.1 Major changes were as follows: a 
positive 3+ HER-2 result was considered as uniform, intense 
membrane staining of more than 30% of invasive tumor cells 
(previous FDA cutoff, 10% of tumor cells), and HER-2/neu 
gene amplification was considered as a ratio of more than 2.2 
(previous FDA cutoff, ≥2).

An accurate assignment of HER-2/neu status of inva-
sive breast cancer is essential to clinical decision making 
in the treatment of breast cancer in adjuvant and metastatic 
settings.8,9 Occasional breast carcinomas with HER-2/neu 3+ 
immunostaining may be negative for gene amplification by 
FISH according to standard scoring criteria.10-13

The FISH method is technically more standardized and 
less affected by tissue variables than the immunohistochemical 
method and has emerged as the “gold standard” for assessment 
of HER-2/neu gene amplification status.14,15 The finding of 
immunohistochemical 3+ staining without gene amplification 
has been generally attributed to 3 major factors: false-positive 
immunostaining, protein overexpression without gene ampli-
fication, and chromosome 17 aneuploidy or polysomy.13 The 
standard FISH method not only analyzes whether the HER-2/
neu gene is amplified but also assesses the degree of ampli-
fication, thus providing a more quantitative measurement. 
Previous clinical studies have shown that a significant propor-
tion of tumors with even HER-2/neu immunohistochemical 
results of 3+ and gene amplification by FISH do not respond to 
trastuzumab therapy.16,17 The gene dosage phenomenon could 
have a significant role in the spectrum of therapeutic responses 
and warrants further clinical investigation.

The FDA and ASCO/CAP grading schemes for HER-2/
neu evaluation select patients differently for trastuzumab 
therapy, and major discordance is present in the group with 
low-grade, borderline HER-2/neu amplification in regard to 
cases with HER-2/neu gene amplification and a ratio of less 

than 4. Tumors classified as low-grade, borderline in the FDA 
system (ratio >2 but <4) would be reclassified as HER-2/neu 
not amplified or as polysomic cases by FISH. Patients who 
did not respond to immunotherapy may have cancerous cells 
with low-grade, borderline HER-2/neu amplification or chro-
mosome 17 polysomy. To date, there is no strong evidence for 
the efficacy of trastuzumab in this group of patients. Clinical 
trials must consider these molecular phenotypes to study the 
usefulness of trastuzumab in the management of patients 
with breast cancer. However, a high level of concordance 
has been found between 3+ immunohistochemical cases and 
high-grade, granular HER-2/neu amplification (ratio >4) 
when considering the ASCO/CAP grading scheme (concor-
dance coefficient, 0.71). These findings are similar to those 
described by Hameed et al.18

Polysomy of chromosome 17 has been found to be a third 
major cytogenetic abnormality in HER-2/neu testing,19 and we 
found it in 6% of 3+ immunohistochemical cases when using 
the ASCO/CAP grading scheme. Lal et al20 suggested that 
polysomy 17 in these tumors would have an additive effect with 
genuine HER-2/neu amplification and contribute to the overall 
increase of HER-2/neu gene copies in the tumor cells, and, sim-
ilarly, polysomy 17 in the absence of HER-2/neu gene ampli-
fication would result in a modest increase of HER-2/neu gene 
copies in the tumor cells. This modest increase in the HER-2/
neu gene copies may result, in some cases, in increased HER-2/
neu protein production to the level that could be demonstrated 
by immunohistochemical staining as strong as 3+. Among these 
issues there are, however, conflicting data. Downs-Kelly et al21 
suggested that chromosome 17 polysomy in the absence of 
HER-2/neu amplification does not have a significant biologic 
influence on HER-2 gene expression in breast carcinoma.

Low-grade, borderline HER-2/neu amplification tumors 
(ratio of HER-2 amplification <4) and those with chromo-
some 17 polysomy more often show intratumoral heterogene-
ity. This phenomenon may be due to nuclear truncation on 
tissue slides or in part to biologic reasons.22

Heterogeneity of HER-2/neu status in a tumor may be 
a rare event or underestimated.23,24 Extensive analysis using 
tissue microarray cores from different breast cancer samples 
may contribute to estimation of the heterogeneity and to a 
better understanding of the variation in therapeutic responses 
and the conflicting data in studies about the prognostic and 
predictive role of HER-2/neu status in this subset of patients 
with breast cancer.25

The present study does not permit a determination of 
which FISH assay is better for clinical testing. The clinical 
significance of polysomy of chromosome 17 and low-grade, 
borderline HER-2/neu amplification remains to be addressed.

We showed that the FDA and ASCO/CAP grading 
schemes for HER-2/neu evaluation select patients differently 
for trastuzumab therapy and that major discordance is present 
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in the group with low-grade, borderline HER-2/neu amplifica-
tion. Further analyses using different techniques such as reverse 
transcription–polymerase chain reaction and clinical trials 
including these uncertain cases may shed light on the molecu-
lar biology of HER-2/neu status and its value as a marker of 
immunoresponsiveness, chemoresponsivness, or prognosis.26,27 
Moreover, the ASCO/CAP grading scheme has a good con-
cordance coefficient between strong 3+ immunohistochemical 
cases and high-grade, granular HER-2/neu amplification.
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