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Aim: To determine the concordance rates between results from immunohistochemistry (IHC) and fluorescence in situ
hybridization (FISH) assays for the HER-2/neu gene in cases of invasive ductal carcinoma. IHC and FISH are 2 of the
most frequently used methods to determine HER-2/neu gene status in invasive breast carcinomas.

Materials and methods: The present study includes 59 female patients with invasive ductal carcinoma. The mean age
was 57.8 years. Axillary lymph node status could be evaluated in 30 patients with axillary dissection. HER-2/neu gene
overexpression and amplification were analyzed in primary tumor tissues by IHC and FISH assays, respectively. The
evaluation of the IHC assay was performed using a score of 0, 1+, 2+, or 3+, while a HER-2/neu-to-CEP17 ratio greater
than 2 was accepted as positive for HER-2/neu gene amplification.

Results: The overall rate of HER-2/neu gene amplification was 28.8% (17 cases) among all members of the study
group, while this rate was 48% (12 cases) in the group with axillary lymph node metastasis. The rate of HER-2/neu
overexpression (score of 3+) was 11.9% (7 cases). HER-2/neu gene amplification was associated with tumor grade (P <
0.05). There was a significant relationship between the results of the IHC and FISH assays (P < 0.001). All of the cases
with a score of 3+ were FISH-positive, while 97% of cases with a score of 0 and 44% of cases with a score of 1+ were
FISH-negative. HER-2/neu gene amplification was determined in 80% of the cases with a score of 2+. Among cases with
positive lymph node status, the concordance rates were 100% in cases with scores of 0, 2+, and 3+, while this rate was
found to be 29% in cases with a score of 1+.

Conclusion: Our found rate (11.9%) of HER-2/neu overexpression was lower than the rates reported in the
literature, while our HER-2/neu gene amplification rate (28.8%) was compatible with the reported rates. HER-2/neu
gene amplification was associated with tumor grade. Although high rates of concordance between HER-2/neu gene
overexpression and amplification in cases with scores of 2+ and 3+ were obtained, the discordance rate in cases with a
score of 1+ was higher than those of other studies. The discordance rate in cases with a score of 1+ and positive lymph
node status was higher than that of the total study group. According to our results, a score of 1+ indicated less conclusive
immunostaining for the HER-2/neu gene, and cases with scores of 1+ in the metastatic group had a higher rate of HER-
2/neu gene amplification than that of the total study group. Our results show that FISH analysis for HER-2/neu gene
status should be performed in cases with an immunostaining score of 1+, especially in those cases with positive axillary
lymph node results.
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HER-2/neu gene status in invasive ductal carcinomas

Invaziv duktal karsinomalarda immiinohistokimya ve floresan in situ hibridizasyonu
ile HER-2/neu gen analizi

Amag: Invaziv meme karsinomalarinda HER-2/neu gen durumunu belirlemek i¢in immiinohistokimya (IHK) ve
fluoresan in situ hibridizasyon (FISH) en sik olarak kullanilan 2 metotdur. Galismamizdaki amacimiz invaziv duktal
karsinoma olgularimizda HER-2/neu geni i¢in IHK ve FISH ile elde edilen sonuglar arasindaki uyumu analiz etmekti.

Yontem ve gereg: Caligmaya invaziv duktal karsinoma tanis1 konmus 59 kadin hasta dahil edildi. Ortalama yas 57,8
idi. Aksiller lenf diigiimii durumu, aksiller disseksiyon uygulanmis 30 hastada degerlendirilebildi. HER-2/neu gen
ekspresyonu ve amplifikasyonu primer timér dokularinda ITHK ve FISH metotlar: ile analiz edildi. THK analizini
yorumlamak igin skor 0, 1+, 2+ ve 3+ seklinde skorlama uygulanirken HER-2/neu : CEP17 oran1 2 ve iizerinde olan
olgular HER-2/neu gene amplifikasyonu i¢in pozitif kabul edildi.

Bulgular: Calismamizda olgularin tamami dikkate alindiginda HER-2/neu gen amplifikasyon orani % 28,8 (17 olgu)
iken bu oran lenf diigiimii pozitif grupta % 48 (12 olgu) idi. Serimizde HER-2/neu asir1 ekspresyon (skor 3+) oran1 %
11,9 olarak saptand: (7 olgu). HER-2/neu gen amplifikasyonu tiimér derecesi ile iligkiliydi (P < 0,05). IHK ve FISH
sonuglart arasindaki iligki anlamliyd: (P < 0,001). Skore 3+ olan olgularin tiimii FISH pozitif iken skor 0 olanlarin %
97'si, skor 1+ olanlarin % 44’ii FISH negatif idi. Skore 2+ olgularin % 80’ inde HER-2/neu gen amplifikasyonu saptand.
Lenf diigiimii pozitif skor 0, 2+ ve 3+ olgularda IHK ve FISH sonuglari arasindaki uyum orani % 100 iken skor 1+
olgularda bu oran % 29 idi.

Sonug: Sonug olarak, kendi serimizdeki HER-2/neu asir1 ekspresyon orani (% 11,9) literatiirde rapor edilmis oranlardan
diisiik iken HER-2/neu gen amplifikasyon orani (% 28,8) literatiir ile uyumluydu. Calismamizda HER-2/neu gen
amplifikasyonu tiimor derecest ile iliskiliydi. Skor 2+ ve 3+ olgularda HER-2/neu asir1 ekspresyon ve gen amplifikasyon
sonuglar1 arasindaki uyum orani yiiksek iken skor 1+ olgulardaki uyumsuzluk orani diger rapor edilmis oranlara
gore daha yiiksekti. Pozitif lenf diigiimlii skor 1+ olgulardaki uyumsuzluk orani total ¢alisma grubununkinden daha
yuksekti. Sonuglarimiza gére, HER-2/neu i¢in skor 1+ immiinboyanma daha belirsiz bir sonugtu ve metastatik hasta
grubunda skor 1+ olgular ¢alisma grubunun tamamindan daha yiiksek HER-2/neu gen amplifikasyon oranina sahipti.
Sonuglarimiz, 6zellikle aksiller lenf digiimii pozitif olan skor 1+ olgularda HER-2/neu gen durumunun FISH analizi ile
degerlendirilmesi gerektigine isaret etmektedir.

Anahtar sozciikler: Invaziv meme karsinomu, HER-2/neu, FISH, IHK

Introduction

The oncogene HER-2/neu (c-erbB-2) is a
protooncogene located on chromosome 17q that
encodes a transmembrane tyrosine kinase growth
factor receptor that belongs to the epidermal
growth factor receptor (EGFR) or HER family (1,2).
Overexpression or amplification of HER-2/neu has
been reported in approximately 10%-30% of invasive
breast carcinomas (3). In particular, invasive ductal
carcinomas show a higher frequency of HER-2/neu
gene amplification than other histological types of
invasive breast carcinomas (4,5). Amplification of
the HER-2/neu gene causes amplified transcriptive
activity, tumorigenesis, and tumor metastasis
(2). Many studies have shown that HER-2/neu
overexpression or amplification is related to increased
disease recurrence, metastasis, and shortened
survival (6-9). According to the results of many
studies, high proliferative index, high histological
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grade, lack of estrogen and progesterone receptors,
p53 accumulation, and positive axillary lymph
nodes were clinicopathological parameters related
to HER-2/neu gene overexpression or amplification
(1,2,4,10-12). In addition to the prognostic value of
HER-2/neu, it is also important from the standpoint
of therapeutic strategy. HER-2/neu represents an
ideal therapeutic target because it is accessible as a
cell surface receptor and is expressed at high levels in
invasive breast cancers (2). A monoclonal antibody,
trastuzumab (Herceptin), has been shown to be
effective in patients with metastatic disease who are
strongly positive for HER-2/neu and fail to respond
to treatment with chemotherapy (1,13). Moreover,
chemotherapy combined with trastuzumab has
been shown to be more effective than chemotherapy
alone (14). However, trastuzumab treatment is
potentially toxic and has a high cost. For these
reasons, the accurate testing of HER-2/neu should be
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ensured by appropriate methods in order to prevent
the unnecessary administration of trastuzumab
treatment in patients with no amplification of HER-
2/neu (2).

Variousmethodsareused todetermine HER-2/neu
gene status in tumor tissues. Immunohistochemistry
(IHC) is the most frequently used method for
assessing gene overexpression. Fluorescence in situ
hybridization (FISH) is a more recent technique
that determines gene amplification in tumor tissues.
Both techniques are applied to formalin-fixed and
paraffin-embedded tissues. IHC evaluation of HER-
2/neu status is a simpler and more practical method
that can be performed at a low cost in all pathology
laboratories. However, IHC testing can present
some problems caused by different antibodies,
tissue processing, and various interpretations of
results. FISH is a highly accurate method with
excellent sensitivity and specificity for the detection
of HER-2/neu gene amplification. FISH has a low
interlaboratory variability thanks to a standardized
threshold that is used to determine HER-2/neu gene
amplification (9,10,15). The determination of HER-
2/neu gene amplification using FISH is considered
to be the best indicator for beginning trastuzumab
treatment in patients with invasive breast carcinoma
(16). FISH is costly and more technically difficult,
however, and for these reasons this technique cannot
be utilized in many pathology laboratories (1).

Our primary aim in this study was to compare
the values of expression and amplification of the
HER-2/neu gene as analyzed by IHC and FISH. In
addition, we analyzed whether or not there was any
relationship between HER-2/neu gene status and
clinicopathological parameters such as tumor grade,
tumor size, and axillary metastasis status.

Materials and methods

Fifty-nine female patients with invasive
ductal carcinoma were included in this study. Of
these, 31 cases were obtained from the archive
of Gaziosmanpasa University’s Department of
Pathology while 28 cases were obtained from the
Department of Pathology of Tokat State Hospital.
Modified radical mastectomy and axillary dissection
procedures had been performed in 30 cases, while

29 cases had undergone excisional biopsy without
axillary dissection. Clinicopathological data such
as age, tumor size, and axillary lymph node status
were obtained from pathology reports and patients’
medical files. The ages of the patients were not
categorized for statistical analysis and were analyzed
as a continuous variable. Tumor size was categorized
as <20 mm, 21-39 mm, and =40 mm. The numbers
of dissected lymph nodes in the axillary dissections
of 30 cases were between 6 and 52. After the paraffin
blocks and slides of the cases were obtained, the slides
were reviewed and the diagnoses were confirmed.
All cases were graded according to the histological
grading scheme of the Bloom-Richardson system.
Information on tumor size and axillary metastasis
status was noted from the pathology reports of
each case. IHC assays for the HER-2/neu gene
were performed in the Department of Pathology at
Gaziosmanpaga University, while FISH assays were
performed in the laboratories of Genetics Health
Services, Istanbul. The analyses of both IHC and
FISH were performed on the tissues of primary
breast carcinoma.

Immunohistochemistry

Ineach case, tumor tissue fragments extracted from
different areas of the tumors by punch extractor were
prepared as a single paraffin block. These paraffin-
embedded tissues were cut to a thickness of 4 um
and the sections were deparaffinized and rehydrated.
Antigen retrieval was performed by boiling the
sections in 0.01 M sodium citrate buffer, pH 6, for
10 min in a microwave oven. Endogenous peroxidase
activity was blocked with 3% hydrogen peroxide and
nonspecific antibody binding was inhibited using
normal goat serum. Sequentially, the sections were
incubated with c-erbB-2/HER-2/neu Ab-17 antibody
(clone, e2-4001+3B5, 1:400; Thermo Fisher Scientific,
Fremont, CA, USA) for 30 min. Biotinylated goat
antirabbit IgG and streptavidin-biotin peroxidase
complexes were then used. Immunoreactivity was
illustrated using aminoethylcarbazole and the slides
were counterstained with Mayer’s hematoxylin.

The staining results were scored as 0 (no staining
observed, or membrane staining in <10% of the
tumor cells), 1+ (faint or barely perceptible focal
membrane staining in >10% of tumor cells), 2+ (weak
to moderate staining of the complete cell membrane
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in >10% of the tumor cells) (Figure 1A), or 3+
(strong staining of the complete membrane in >10%
of the tumor cells) (Figure 1B). Scores of 0 and 1+
were considered negative for HER-2/neu expression,
scores of 3+ were considered positive, and scores of
2+ were accepted as weak/borderline positives or
inconclusive results. Positive and negative controls
were used to validate each run of the assay.

Fluorescence in situ hybridization

The same paraffin blocks used in IHC assays
were also used in FISH assays. FISH, in 2 colors,
was carried out on tissue sections 4 pm thick. After
the tissue sections were deparaffinized, the sections
were treated with 0.2 N HCI for 20 min and then
washed in distilled water for 2 min. The slides were
incubated in a pretreatment solution at 80 °C for 30

min and washed in distilled water for 2 min. The
slides were then immersed in a protease solution at
37 °C for 30 min and rinsed with distilled water for
2 min. Next, the slides were fixed in a postfixative
solution for 2 min at room temperature. After the
sections were washed in distilled water, a serial
dehydration procedure was performed in 70%, 85%,
and 100% ethanol at 45-50 °C. For hybridization, 10
uL of the PathVysion HER-2 DNA Probe Kit (Probes,
Vysis LSI HER-2/neu and Vysis CEP17; Abbott
Laboratories, Abbott Park, IL, USA) was applied to
the slides. After overnight hybridization at 37 °C in
a hybridization device, the slides were washed with
a posthybridization wash buffer at 72 °C for 2 min.
The tissue sections were counterstained with 10 pL of
4,6-diamino-2-phenylindole.

Figure 1. A) Weak, moderately complete membranous HER-2/neu immunostaining (score of 2+) in invasive ductal carcinoma cells
(AEC, x30); B) strong, complete membranous immunostaining (score of 3+) with HER-2/neu antibody in more than 10%
of invasive ductal carcinoma cells (AEC, x10); C) invasive ductal carcinoma cells showing HER-2/neu amplification by FISH

assay.
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Each tissue section was scanned initially at
low power to assess heterogeneity and to identify
appropriate areas of tumor tissue with clearly
defined, nonoverlapping nuclei. The x60 objective
was then used to score signals in 60 nonoverlapping
tumor cell nuclei in order to determine the average
number of HER-2/neu and CEP17 copies per cell for
each tissue specimen. The ratio of these averages was
used to determine the presence of HER-2/neu gene
amplification. Specimens with an HER-2/neu-to-
CEP17 ratio greater than 2 were scored as positive
for HER-2/neu gene amplification (Figure 1C).

Data analysis

Each of the parameters, such as age, nuclear
grade, tumor size, axillary lymph node status, and
the staining results of c-erbB2/HER-2/neu analysis,
was compared with the others in this study. The chi-
square test was used to compare categorical variables,
while continuous variables were compared using
1-way ANOVA and the independent 2-sample t-test.
Cramer’s coefficient was used for the evaluation
of concordance among variables and P < 0.05 was
accepted as significant.

Results

Patients’ ages ranged from 35 to 88 years. The
mean age was 57.8 years. The sizes of tumors were
between 10 and 100 mm, and 2 cases were excluded
from analysis because the sizes of the tumors could
not been determined from pathology reports.
Histological grade 1 accounted for 9 cases (15.3%),
while grades 2 and 3 accounted for 39 cases (66.1%)
and 11 cases (18.6%), respectively. Lymph node
metastasis was found in 25 (83.3%) out of 30 cases in
which mastectomy and axillary dissection had been
performed. The other 5 cases were free of axillary
lymph node metastasis. Immunohistochemical HER-
2/neu expression was not seen in 38 cases (64.4%).
The immunostaining score of 7 cases (11.8%) was
3+, while scores of 1 + and 2+ were determined in 9
(15.3%) and 5 (8.5%) of the cases, respectively. When
analyzed using FISH assay, 17 cases (28.8%) were
determined to show HER-2/neu gene amplification
(Table 1).

Age and tumor size were not related to HER-2/
neu status (P > 0.05). The relationship between tumor

grade and HER-2/neu expression was not significant.
All cases of grade 1 were negative for HER-2/neu
expression (7 cases, score of 0; 2 cases, score of 1+).
Most grade 2 tumors were also found to be negative
for HER-2/neu expression. In grade 2 tumors, 24
cases (61.5%) had a score of 0, while only 4 cases
(10.3%) had scores of 3+. The rate of cases with a
score of 3+ among grade 3 tumors (3 cases, 27.2%)
was higher than those of grade 1 and 2 cases without
a statistically significant relationship (x* = 8.826,P =
0.184) (Table 1).

A significant relationship was observed between
tumor grade and HER-2/neu gene amplification. All
9 of the cases with grade 1 tumors were negative for
HER-2/neu gene amplification. However, 33.3% (13
cases) of the cases with grade 2 tumors and 36.4%
(4 cases) of the cases with grade 3 tumors showed
HER-2/neu gene amplification. No cases with grade 1
tumors demonstrated HER-2/neu gene amplification.
Most of the HER-2/neu-amplified tumors (13 cases,
76.5%) were grade 2, while only 4 cases (23.5%) with
HER-2/neu amplification were grade 3. While 61.9%
of the cases without HER-2/neu gene amplification
were grade 2, only 7 cases (16.7%) without HER-2/
neu gene amplification were grade 3. Tumor grade
was therefore associated with HER-2/neu gene
amplification (x? = 6.787, P = 0.034) (Table 1).

The relationship between the results of IHC and
FISH assays performed for HER-2/neu gene status
was statistically significant (x* = 44.238, P < 0.001).
This can be seen by the fact that 7 (41.2%) of the
FISH-positive cases (i.e. cases with HER-2/neu gene
amplification) had a score of 3+ for HER-2/neu
expression. The rate of FISH-positive cases with an
immunostaining score of 2+ was 23.5%. Only 1 case
(5.9%) with HER-2/neu gene amplification did not
show any immunohistochemical staining for HER-
2/neu. The majority (88.1%) of FISH-negative cases
(i.e. cases without HER-2/neu gene amplification)
were found to have a score of 0 for HER-2/neu
immunostaining. Immunostaining scores of 3+
for HER-2/neu were not determined in the FISH-
negative group; only 1 FISH-negative case (2.4%)
had a score of 2+, while 4 cases (9.5%) had scores
of 1+. All of the cases (100%) with immunostaining
scores of 3+ and 80% of cases with scores of 2+ were
FISH-positive. The majority (37 cases, 97.4%) of
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Table 1. Association between HER-2/neu gene status and other pathological characteristics.

Her-2/neu expression n (%)

Her-2/neu gene amplification n (%)

Grade 0 1+ 2+ 3+ Tt X*™P psHe) msHO)  Tow XMP
values values
1 7(77.8) 2(22.2) 0 0 9(15.3) )5: 3’?;: 0 9 (100) 9 (15.3) )i,z: (i gfj
2 24(61.5)  6(154)  5(12.8)  4(103)  39(66.1) 13 (33.3) 26(66.7) 39 (66.1)
3 7(636)  10.1) 0 3(27.3)  11(186) 4(364)  7(636)  11(186)
Total 38(64.4) 9(152)  5(85)  7(1L9)  59(100) 17(28.8)  42(71.2) 59 (100)
Size (mm)
<20 10 (76.9) 2(15.4) 0 1(7.7) 13 (22.8) ’g:ggg 1(7.7) 12 (92.3) 13 (22.8) )}(:53653
21-39 19 (54.3) 7 (20) 4(114)  5(143)  35(61.4) 14 (40) 21 (60) 35 (61.4)
>40 7(77.8) 0 1(1L1)  1(1L1)  9(158) 2(222) 7(77.8) 9 (15.8)
Total 36(63.1) 9(158) 5(8.8)  7(123)  57(100) 17 (100) 40 (100) 57 (100)
Metastasis
= 2=
Positive 11 (44) 7 (28) 3(12) 4(16)  25(83.3) ’I(, _ ;7171; 12 (48) 13 (52) 25 (83.3) );(> _ ;;‘5353
Negative 1(20) 2 (40) 1(20) 1200 5(16.7) 1(20) 4(80) 5(16.7)
Total 12 (40) 9(30)  4(13.3) 5(16.7)  30(100) 13(433)  17(56.7)  30(100)

the cases with immunostaining scores of 1+ were
FISH-negative. Only 1 (2.6%) case showed HER-
2/neu gene amplification. Among the cases with
immunostaining scores of 1+, 5 cases (55.6%) were
FISH-positive while 4 cases (44.4%) did not show
HER-2/neu gene amplification (Table 2).

In this study, only 30 out of 59 cases underwent
axillary dissection and we therefore had knowledge
about the axillary lymph node status of only
these 30 cases. As a distinct group, these 30 cases
were statistically evaluated for HER-2/neu gene
amplification and expression according to lymph
node status (Table 1). The findings of this evaluation
showed that 11 (44%) of 25 cases with axillary lymph
node metastasis did not show any immunostaining
for HER-2/neu. A total of 14 cases (56%) showed
HER-2/neu expression; 28% (7 cases) of these had a
score of 1+, while 3 cases (12%) were found to have
a score of 2+ and 4 cases (16%) had a score of 3+
for HER-2/neu expression. The distribution of the
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5 cases without metastasis was about equal with
regard to the categories of scores for HER-2/neu
expression. A majority of the cases in all categories
of HER-2/neu immunostaining scores showed
lymph node metastasis. A significant relationship
between axillary lymph node status and HER-2/
neu expression was not determined (x? = 1.112, P =
0.774). Similarly, HER-2/neu amplification was also
not associated with axillary lymph node status (x
= 1.433, P = 0.355). In the group subject to axillary
dissection, 12 (92.3%) of the cases with HER-2/
neu gene amplification and 13 (76.5%) of the FISH-
negative cases had axillary lymph node metastasis.
While 12 of 25 cases (48%) with axillary lymph node
metastasis were FISH-positive, this rate was 20% in
the cases without axillary lymph node metastasis and
the difference was not statistically significant.

A statistically significant association was found
between the results of FISH and IHC assays in 25
cases with axillary lymph node metastasis (x* =
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Table 2. Association between the results of FISH and IHC for HER-2/neu gene status.

Her-2/neu expression n (%)

Her-2/neu gene x*and P
amplification 0 1+ 2+ 3+ Total values
FISH (+) 1(5.9) 5(29.4) 4(23.5) 7 (41.2) 17 (28.8)
) X = 44.238
FISH (-) 37 (88.1) 4(9.5) 1(2.4) 0 42(712) AT
Total 38(64.4)  9(15.2) 5 (8.5) 7(11.9) 59 (100)
26.242, P < 0.001). Meanwhile, 4 (33.3%) of 12 cases Discussion

with HER-2/neu gene amplification had a score of 3+,
while 3 cases (25%) had a score of 2+ for HER-2/neu
expression. The remaining 5 cases had a score of 1+.
There was no case with a score of 0 among the FISH-
positive cases with axillary lymph node metastasis.
None of the 13 FISH-negative cases with axillary
lymph node metastasis showed immunostaining
scores of 2+ or 3+ for HER-2/neu. Among the
FISH-negative cases, 11 cases (84.6%) had a score
of 0, while only 2 cases (15.4%) had a score of 1+
for HER-2/neu expression. All of the cases showing
immunostaining scores of 2+ or 3+ for HER-2/neu
were FISH-positive, while all cases with scores of 0
were FISH-negative. In the group with scores of 1+
for HER-2/neu immunostaining, 71.4% (5 cases)
of the cases showed HER-2/neu gene amplification
(Table 3).

The analyses that are performed to detect HER-2/
neu amplification and/or overexpression in cases of
invasive breast carcinoma, especially invasive ductal
carcinoma, have considerable importance in the
determination of prognosis and sensitivity/resistance
for chemotherapy and hormone therapy. Detection
of HER-2/neu status also serves to select patients
for treatment with a monoclonal antibody targeting
the HER-2/neu protein. Because of the toxicity and
high cost of this monoclonal antibody treatment,
the accurate assessment of patients selected for this
treatment is very important (1,2). HER-2/neu gene
status can be determined by using different analysis
methods, such as the Southern blot technique, the
western blot, the dot blot, quantitative polymerase
chain reaction, IHC, and FISH (17,18). Of these
methods, the 2 most frequently employed are THC

Table 3. Association between the results of FISH and IHC in cases with metastatic axillary lymph node.

Her-2/neu expression n (%)

Her-2/neu gene

2
amplification 0 1+ 2 34 Total x> and P values
FISH (+) 0 5(41.7) 3(25)  4(33.3) 12 (48)
] X = 26.242
FISH (-) 11(84.6) 2 (15.4) 0 0 13 (52) > < 0001
Total 11(44)  7(28) 3(12) 4(16) 25 (100)
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and FISH. These methods are considered superior
to other techniques due to the fact that amplification
and overexpression of the gene is localized to tumor
cells and it is possible to prevent the distortion
of results arising from surrounding stromal cells.
Another superior feature of both techniques is that
they can be performed on archival material. In
addition to these benefits, however, both techniques
have some disadvantages and there may be
discrepancies between IHC and FISH results. Factors
that may possibly cause the discordance between the
2 techniques are usually related to IHC. These factors
include variable fixation methods, tissue processing,
immunostaining procedure, subjectivity in the
grading of expression, interpretation at low levels
of gene amplification, polysomy of chromosome
17, differences in the specificities/sensitivities
of commercially available antibodies, and the
identification of different c-erb-B-2 protein domains
by these antibodies (2,19). The rates of concordance
between IHC and FISH have varied in different studies
(11,18-21). The consecutive scores have been defined
in immunohistochemical evaluation of HER-2/neu.
Scores of 0 and 1+ are considered to be a negative
result for HER-2/neu expression, while a score of 3+
is accepted as a positive result. An immunostaining
score of 2+ is defined as an inconclusive result.
Although FISH analysis is especially suggested for
scores of 2+, there are also authors that recommend
the FISH assay as a supplement to all scores of
immunostaining (19). Because using FISH as a
screening test is expensive and time-consuming,
many studies have advocated the combined approach
of IHC as a primary screening modality followed
by FISH assay for IHC-inconclusive cases. In this
situation, the concordance between the results
of IHC and FISH is of major importance. In the
literature, this concordance rate was found to be
higher (49%-100%) for cases with scores of 3+,
while lower values (0%-42%) for scores of 2+ were
reported (2,11,19,20,22-24). The concordance rate
between FISH and IHC also had a high value (higher
than 89%) in cases with negative results for HER-
2/neu expression, i.e. cases with scores of 0 and 1+
(1,2,19-21). Data from the literature show that scores
of 2+ are inconclusive for HER-2/neu status and
that FISH analysis should be performed in order to
determine HER-2/neu gene status in these cases. In
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our study, the concordance rates between FISH and
IHC for scores of 3+ and 2+ were 100% and 80%,
respectively, while this rate was 87.2% for cases with
negative results. When compared with other studies,
our results showed some differences, except for cases
with scores of 3+. The concordance rate in cases with
scores of 2+ was higher than those of other studies.
However, this rate should be taken into consideration
cautiously because there were only 5 cases in this
group. The low number of cases with a score of 2+
was a limiting factor for interpretation. When the
concordance between FISH and IHC in the cases
with a score of 1+ was analyzed, however, the
concordance rate (44.4%) in our study was noticeably
lower than other rates reported in the literature. This
rate was higher than 90% in the studies by Prati et
al. (1) and McCormick (20). In our study, a low rate
of concordance in cases with a score of 1+ indicates
that these cases should be considered inconclusive
for HER-2/neu status as determined by IHC assay.
The concordance rate (87.2%) in cases with negative
HER-2/neu expression was slightly lower than those
(89%-96%) of other studies (1,2,19,20). In our study,
the concordance rates between FISH and IHC in
cases with positive and negative results for HER-2/
neu expression were similar to the rates reported in
the literature. On the other hand, the present study
revealed that discordances were present between
FISH and IHC in cases with scores of 2+ and 1+. The
association between IHC and FISH was statistically
meaningful in the present study (x* = 44.238, P <
0.001). All cases with scores of 3+ were positive for
HER-2/neu gene amplification, and 87.2% of cases
with negative results for HER-2/neu expression did
not show HER-2/neu gene amplification.

We analyzed concordance between the results
of IHC and FISH in the cases with axillary lymph
node metastasis as a separate group. There was also
a statistically significant association between the
results of IHC and FISH in this group (x* = 26.242,
P < 0.001). The concordance rates between results of
IHC and FISH in groups with immunostaining scores
of 0, 2+, and 3+ were 100%, while the concordance
in the group with scores of 1+ was 28.6%. This rate
was 72.2% in the cases with negative results for HER-
2/neu expression. These latter 2 percentages, which
refer only to the 30 cases in which patients underwent
axillary dissection, were lower than the rates for the
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entire group of 59 patients. Our study showed that in
cases with axillary lymph node metastasis, a score of
1+ was to be viewed as an inconclusive result for HER-
2/neu status analysis by IHC. Additionally, cases with
scores of 1+ in the metastatic group showed a higher
frequency (71.4%) of HER-2/neu gene amplification
than that (55.6%) of cases with a score of 1+ in the
analysis of all cases, including those with and without
axillary dissection. The discordance rate (71.4%)
between expression and amplification of HER-2/neu
in cases with a score of 1+ in the metastatic group
was higher than that (55.6%) of the total study group
including all cases; cases with scores of 1+ and axillary
lymph node metastasis showed a higher tendency to
be FISH-positive for the HER-2/neu gene.

In our study, the rate of HER-2/neu gene
amplification as determined by FISH assay was 28.8%
(17 cases) in total from the entire study group, while
this rate was 48% (12 cases) in the group with axillary
lymph node metastasis. The rate of HER-2/neu
overexpression (score of 3+) as determined by IHC
assay was 11.9% (7 cases). Although this rate was
lower than those reported in the literature (1,2,11,17-
21), our rate of HER-2/neu gene amplification was
compatible with those of other studies (1,2,4,11,17-
21,25). The ranges of HER-2/neu overexpression
and amplification rates according to the references
cited in the present study were 14.6%-44.1% and
15%-39.1%, respectively. The low rate of HER-2/neu
overexpression in the present study may have arisen
from various technical aspects of the procedure, such
as the immunohistochemical staining technique,
interpretation and scoring of immunostaining results,
or the antibody clone used. In fact, IHC analysis was
repeated in the cases showing discordance with the
results of the FISH analysis, and the IHC results
were not changed. For this reason, factors other than
the immunohistochemical staining technique itself
became the primary focus of our attempts to explain
the low rate of HER-2/neu overexpression. When
the overall results of the analysis were considered,
however, a concordance between the results of IHC
and FISH was found to be present in this study.

Tumor grade was correlated with FISH-determined
HER-2/neu gene status in a study by Prati et al (1).
Poorly differentiated infiltrating ductal carcinomas had

a higher frequency of HER-2/neu gene amplification
than moderately and well-differentiated tumors (4).
Many studies have showed strong correlations between
tumor grade and HER-2/neu status as determined by
either IHC alone (12,26-28) or by both IHC and FISH
(29). In the present study, the tumors of cases with
immunostaining scores of 2+ and 3+ were grades 2 or
3. Conversely, cases found to be negative for HER-2/
neu expression were also mostly grade 2 tumors. Our
study failed to show a significant association between
tumor grade and HER-2/neu expression (x* = 8.826,
P = 0.184). Although HER-2/neu amplified and
nonamplified tumors were also mostly grade 2, none of
the cases with HER-2/neu gene amplification presented
a grade 1 tumor. Grade 3 tumors made up 23.5% of the
cases in the group of HER-2/neu amplified tumors; this
rate was 16.7% in the FISH-negative group. The rate of
grade 1 tumors in the FISH-negative group was 21.4%.
A significant association was found between HER-2/
neu gene amplification and tumor grade (x? = 6.787,
P =0.034).

The present study did not reveal an association
among age, tumor size, or HER-2/neu expression
and amplification. Very limited data concerning
associations among age, size, and HER-2/neu status
are available in the literature. In studies by Lee et al.
(30) and Gong et al. (25), HER-2/neu overexpression
was shown to be associated with larger tumor size,
while a relationship was not determined between
age and HER-2/neu overexpression. Ariga et al. (4)
reported that HER-2/neu gene amplification did not
show a significant relationship with age or tumor size.

Our study included 30 cases with axillary
dissection; in these 30 cases, axillary metastasis status
was compared with HER-2/neu status. Although the
rate of HER-2/neu gene amplification in cases with
positive axillary lymph node status (48%) was higher
than that of nonmetastatic cases, HER-2/neu gene
amplification was not related with axillary lymph
node status in our study. Similarly, an association
between HER-2/neu expression and axillary lymph
node status was not also determined in the present
study. Although a meaningful relationship between
axillary lymph node metastasis and HER-2/neu
status has been suggested (10,25), there have also
been other studies (1,27,31,32), as well as our own
findings, that did not show a significant association.
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In conclusion, the present study showed a lower
HER-2/neu overexpression rate than those of other
studies in the literature, while our HER-2/neu gene
amplification rate was compatible with other reported
rates. A significant association between HER-2/neu
geneamplification and histological grade was observed.
According to our results, an immunostaining score of
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