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Nuclei were visualized by 4,6-diamidino-2-phenylindole
counterstaining.

Patients and tumor tissues

This study was carried out after obtaining approval from
the internal review board. Frozen samples of invasive
breast carcinoma tissue were obtained from a case series of
52 patients who had undergone surgery at the National
Defense Medical College Hospital, Tokorozawa, Japan,
between 2005 and 2007. These frozen tumor samples were
used to evaluate levels of SDF-1 mRNA by quantitative
RT-PCR. From formalin-fixed, paraffin-embedded samples
of the corresponding 52 tumors, 4-pm-thick sections were
prepared and subjected to immunohistochemistry for SDF-
1 protein expression.

From among 247 consecutive patients who had under-
gone mastectomy or breast-conserving surgery for unilat-
eral invasive breast carcinoma at the National Defense
Medical College Hospital between 1995 and 1999, com-
plete medical records and appropriate tissue samples for
constructing tissue microarrays were available for 223
patients. The tumors resected from these 223 patients were
included in another retrospective immunohistochemical
study of SDF-1 expression.

The 223 patients had been followed up for a median
period of 74 months (range, 1-151 months), during which
there were 58 relapses and 30 deaths. After surgical ther-
apy, the patients with ER- and/or PR-positive breast cancer
had received endocrine therapy for 2 years or more, and the
patients with large tumors and/or nodal metastasis had
received adjuvant chemotherapy. Fifteen patients with
locally advanced breast cancer had received preoperative
chemotherapy, for example, two or more courses of the
cyclophosphamide-epirubicin-5-fluorouracil (CEF) regi-
men. Two-hundred and twenty-one patients were females
and two were males. Additional patient characteristics are
summarized in Table 1. For these 223 tumors, histological
types and nuclear grade were re-examined for the present
study by two observers (T. K. and H. T.). Other clinico-
pathological data were collected from the medical records
and pathology reports.

Tissue microarray construction

We constructed tissue microarray blocks as described
previously [11]. Briefly, double tissue cores 2 mm in
diameter were taken from each donor block, and these core
specimens were transferred to a recipient block using a
Tissue Microarrayer (Beecher Instruments, Silver Spring,
MD, USA). One Tissue microarray (TMA) block contained
a maximum of 26 tumor samples, and 13 TMA sets were
prepared for the present study.
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Immunohistochemistry

Immunohistochemistry was performed on whole tissue sec-
tions from the 52 tumors, which were also subjected to
quantitative RT-PCR, and on the TMA sections from the 223
tumors. Antibodies used were mouse monoclonal anti-human
SDF-1 (R&D Systems), mouse monoclonal anti-human
CXCR4 (MAB173, R&D systems), mouse monoclonal anti-
human ER (clone 1D5, Dako, Glostrup, Denmark), rabbit
polyclonal anti-HER2 antibody included in a HercepTest kit
(Dako), and murine IgG isotype control antibody (R&D
Systems). After deparaffinization of 4-pm-thick tissue sec-
tions, antigens were retrieved by microwaving in 10 mM
sodium citrate (pH 6.0) for SDF-1, CXCR4, and murine
isotype antibody, or by autoclaving in 10 mM Tris-HCI (pH
9.0) for ER. Non-specific binding was blocked by incubation
in 1% normal swine serum (Dako) in PBS. The slides were
incubated with the primary antibodies at 4°C overnight and
then reacted with a dextran polymer reagent combined with
secondary antibodies and peroxidase (Envision Plus; Dako)
for 1 h at room temperature. Specific antigen-antibody
reactions were visualized with 0.2% diaminobenzidine tetr-
ahydrochloride and hydrogen peroxide. Counterstaining was
performed using Mayer’s hematoxylin.

The expression of SDF-1 was assessed according to the
proportion of the stained area (<10% as negative, >10% as
positive). Positive staining was further classified into two
patterns according to the localization of SDF-1 immuno-
reactivity: cytoplasmic-dominant staining (C-pattern), and
membrane-dominant staining (M-pattern). For CXCR4,
nuclear staining in >10% and <10% of carcinoma cells was
defined as positive and negative expression, respectively. A
HER2 score was assigned according to the standard pro-
cedure, and a score of 3+ was classified as positive. ER was
defined as positive if nuclear staining was seen in >10% of
carcinoma cells. The results of immunohistochemistry were
evaluated by two observers (T.K. and H.T.) independently,
and cases with discrepant judg were re-evaluated by
discussion until consensus was obtained.

Statistical analysis

Comparisons between groups were evaluated using chi-
squared test, Fisher’s exact test, or Mann-Whitney U-test.
Multiple comparisons (post hoc test) were carried out by
the Bonferroni method. Survival curves of patients were
drawn using the Kaplan-Meier method. Cox’s univariate
and multivariate proportional hazards models were used to
explore the association of variables with disease-free and
overall survival. For all the tests, differences at P < 0.05
were considered to be statistically significant. All analyzes
were performed using the JMP 6.0 software package for
Windows (SAS Institute Inc., Cary, NC, USA).
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Table 1 Clinicopathological
implication of SDF-1
expression in surgically resected
breast cancers

Abbreviation: IDC invasive
ductal carcinoma, /LC invasive
lobular carcinoma

# Mucinous carcinoma (6),
Medullary carcinoma (3),
Spindle cell carcinoma (1),
Apocrine carcinoma (2),
Tubular carcinoma (5),
Micropapillary (1), Endocrine
carcinoma (1)

Results

Total (n = 223) SDF-1
“High expression™ “Low expression” P value
(n = 158) [n (%)) (n = 65) [n (%)]

Age

Median y (range) 52 (30 ~ 82y)

<52 111 87 (79) 24 (37)

>52 112 71 (45) 41 (63) 0.018
ER status

Negative 90 49 (31) 41 (63)

Positive 133 109 (69) 24 (37) <0.0001
HER? status

Score 0-2+ 202 148 (94) 54 (83)

Score 3+ 21 10 (6) 1117 0.021
Nuclear grade

1 45 38 (24) 7(11)

2 95 78 (49) 17 (26)

3 83 42 (27) 41 (63) <0.0001
Tumor size

<5.0 cm 176 128 (81) 48 (74)

>5.0 cm 42 25 (16) 17 (26) 0.13

Unknown 5 5(3) 0(0)
Lymph node metastasis

(=) 117 86 (55) 31 (48)

(+) 101 67 (42) 34 (52) 0.29

Unknown 4 4(3) 0(0)
Distant metastasis

(=) 211 151 (96) 60 (92)

+) 8 3(2 5(8) 0.052

Unknown 4 4(2) 0(0)
Stage

lor2 181 131 (83) 50 (77)

3or4 37 22 (14) 15 (23) 0.16

Unknown 5 5(@3) 0 (0)
Tumor histology

IDC 194 136 (86) 58 (89)

ILC 10 10 (6) 0(0)

Special® 19 12 (8) 7(11) 0.095
CXCR4

Negative 62 35 (22) 27 (42)

Positive 161 123 (78) 38 (58) 0.0033

SDF-1 expression is induced by estradiol
in ER-positive breast cancer cell lines

To determine whether breast cancer cells produce SDF-1,
we subjected breast cancer cell lines to quantitative RT-
PCR, ELISA, and immunofluorescence analysis. Quanti-
tative RT-PCR detected a low level of SDF-1 mRNA in the
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ER-positive cell lines MCF-7 and T47D (clear columns in
Fig. 1a), but the mRNA level increased about 7-fold and
21-fold, respectively, in response to estradiol treatment
(filled columns in Fig. 1a). In contrast, the level of SDF-1
mRNA was very low in the ER-negative cell lines MDA-
MB-231, MDA-MB435, and MDA-MB-436, and did not
change after estradiol treatment (Fig. l1a).

The results of ELISA were similar to those of quanti-
tative RT-PCR. Mean levels of secreted SDF-1 protein in
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Fig. 1 SDF-1 expression in breast cancer cell lines. a Effect of
estradiol on SDF-1 transcriptional activity in the five cell lines
evaluated by quantitative RT-PCR. After treatment with 10 nM
estradiol (filled columns) or ethanol vehicle (clear columns) for 48 h,
total RNA was extracted. The relative SDF-1 mRNA values were
calculated by estimating the ratio of SDF-1 copies to 18s-rRNA

»
8

8
8

n
=3
=3

Secreted SDF-1 protein (pg / mL) @
8

o

with 10 nM estradiol (filled columns) or ethanol vehicle (clear
columns) for 72 h, the level of SDF-1 protein in the supernatant of
each cell line was measured. Columns, mean values of three samples;
bars, standard deviation; E2, estradiol; ND, not detectable.
¢ Expression of SDF-1 protein d d by i in
the ER-positive cell lines, MCF-7 and T47D. Upper: Cells were used

copies. Columns, mean values of three samples; bars, dard
deviation; E2, estradiol. b Effect of estradiol on SDF-1 protein
secretion by the five cell lines evaluated by ELISA. After treatment

the supernatant of MCF-7 and T47D cells after estradiol
treatment were 117 and 378 pg/ml, respectively (filled
columns in Fig. 1b). In contrast, SDF-1 protein was
undetectable in the supernatant of these two ER-positive
cell lines without estradiol treatment, or in the supernatant
of the three ER-negative cell lines, irrespective of estradiol
treatment (Fig. 1b).

Immunofluorescence analysis revealed diffuse and strong
cytoplasmic SDF-1 immunoreactivity in almost all cells of
the MCF-7 and T47D cell lines after estradiol treatment
(Fig. Ic), whereas no, or only faint SDF-1 immunoreactivity
was observed in the three ER-negative cell lines, regardless
of estradiol treatment (data not shown). Taken together,
these findings indicated that ER-positive breast cancer cell
lines expressed SDF-1 in response to estradiol, whereas ER-
negative breast cancer cell lines did not.
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after with diol for 72 h. SDF-1 immunoreactivity was
visualized in both cell lines. Lower: Immunofluorescence using
murine IgG isotype control antibody showed no immunoreaction

Correlation between protein expression pattern
and mRNA level of SDF-1 in surgically resected
breast cancers

Next, we conducted an immunohistochemical study to
compare the expression levels of SDF-1 mRNA and protein
in 52 samples of surgically resected invasive breast carci-
noma and 13 samples of normal mammary gland tissue
located adjacent to the tumors. Unremarkable mammary
duct epithelia were found to have strong cytoplasmic
immunoreactivity for SDF-1 (Fig. 2a). Among the 52
samples of breast cancer, 31 (60%), 18 (34%), and 3 (6%)
showed C-, M-, and negative SDF-1 immunoreaction pat-
terns, respectively (Fig. 2b—d). Cancer-associated fibro-
blasts (CAFs) sometimes showed weak SDF-1 staining
(arrows in Fig. 2b—d), but the intensity and area of the
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Fig. 2 SDF-1 expression in samples of human breast cancer. a-d
SDF-1 immunoreaction pattern in surgically resected breast cancer
tissues and normal mammary tissues. a Unremarkable mammary duct
epithelia show strong SDF-1 ivity.
b C-pattern. Strong c; i ivity is evi-
dent in all constituent cells. ¢ M-pattern. Moderate membrane-
dominant immunoreactivity is evident in almost all constituent cells.
d Negative immunoreaction pattern. e-h Immunohistochemistry
using murine IgG control antibody for a-d. Murine IgG isotype
control antibody showed no i ivity. i1, H ylin and
eosin (H&E) sections for a-d. H&E and IgG control images are
shown at x 100 magnification with boxed areas indicating the x400
magnification images shown for SDF-1 staining. Cancer-associated
fibroblasts showed a weak immunoreaction for SDF-1 (arrows in Fig.
b-d). m Correlation between results of immunohistochemistry and
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quantitative RT-PCR. The median expression levels of SDF-1 mRNA
in normal mammary gland tissues (n = 13), in the “high SDF-1
expression” group comprising tumors with the C-pattern (n = 31),
and in the “low SDF-1 expression™ group comprising tumors with the
M- and negative patterns (n = 21), were 25.0, 27.4 and 13.6,
respectively. Bonferroni-adjusted comparisons between groups
showed that mRNA levels differed significantly between the tumors
with “high™ and “low SDF-1 expression™ (P = 0.0017), and between
the normal mammary tissues and the tumors with “low SDF-1
expression” (P = 0.0019). The Y-axis represents the relative level of
SDF-1 mRNA expression normalized against 18s-rRNA, calculated
relative to the sample with the lowest expression, which was assigned
a value of 1.0. Boxes and whiskers, 25th to 75th and 10th to 90th
percentiles, respectively; the median is the central line in each box;
circles, outliers
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SDF-1 immunoreactivity on tumor cells were much
stronger and wider than on CAFs. Immunohistochemistry
using mouse IgG control antibody showed no immunore-
activity (Fig. 2e-h). RT-PCR showed that the median
levels of SDF-1 mRNA expression in the groups of tumors
with C-, M-, and negative patterns were 27.4 (interquartile
range, 18.2-39.8), 14.2 (interquartile range, 8.5-21.7), and
6.0 (interquartile range, 4.5-20.4), respectively. The med-
ian levels of SDF-1 mRNA differed significantly between
the C- and M-pattern groups and between the C- and
negative pattern groups (P = 0.0011 and 0.031, respec-
tively, Mann-Whitney U-test).

When the 52 tumor samples were classified into two
groups, i.e., “high SDF-1 expression” tumors comprising
the C-pattern group, and “low SDF-1 expression” tumors
comprising the negative plus M-pattern groups, the median
levels of SDF-1 mRNA were 27.4 (interquartile range,
18.2-39.8) and 13.6 (interquartile range, 6.5-20.5) in the
tumors showing “high” and “low SDF-1 expression”,
respectively. The median level of SDF-1 mRNA in samples
of normal mammary gland tissue was 25.0 (interquartile
range, 15.2-58.4). The levels of SDF-1 mRNA differed
significantly between the tumors showing “high” and “low
SDF-1 expression” (P = 0.0017), and between normal
mammary gland tissue and the tumors showing “low SDF-
1 expression” (P = 0.0019, post hoc Bonferroni test;
Fig. 2m). Taken together, the data indicated that the pattern
of immunoreactivity for SDF-1 protein was significantly
correlated with the level of its mRNA.

Clinicopathological and prognostic implications
of SDF-1 immunoreactivity for the entire patient cohort

We next evaluated the patterns of SDF-1 protein expression
using another large cohort of patients with invasive breast
cancer for whom long-term follow-up data were available,
in order to clarify the clinicopathological and prognostic
significance of tumor-derived SDF-1. One-hundred and
fifty-eight patients (71%) had tumors showing “high SDF-1
expression” and 65 (29%) had tumors showing “low SDF-1
expression”, the latter comprising 55 (24%) tumors with an
M-pattern and 10 (5%) with a negative pattern. “High SDF-
1 expression” showed a more significant association with
younger patient age (<52 years, P = 0.018), HER2 nega-
tivity (P = 0.021), and lower nuclear grade (P < 0.0001)
than “low SDF-1 expression”. In particular, positive ER
staining was detected more frequently in tumors with “high
SDF-1 expression” (109 of 158, 69%) than in those with
“low SDF-1 expression” (24 of 65, 37%) (P < 0.0001,
Table 1). Tumor size, lymph node status, or clinical stage
was not significantly correlated with SDF-1 status. Tumor
histology also showed no significant correlation with SDF-1
status, but all 10 invasive lobular carcinomas showed “high

253

SDF-1 expression”. Nuclear CXCR4 staining was positive
in 78% (123 of 158) of tumors with “high SDF-1 expres-
sion,” and this proportion was significantly higher than that
among tumors with “low SDF-1 expression” (58%, 38 of
65, P = 0.0033, Table 1).

Among the 223 patients examined, there was a significant
difference in the disease-free and overall survival curves
between the “high” and “low SDF-1 expression” groups
(P = 0.0058 and 0.017, respectively; Fig. 3a, b). Univariate
analysis also showed that clinical stage, nuclear grade, ER
status, and HER?2 status were significant or almost significant
indicators of clinical outcome (Table 2). Multivariate anal-
ysis using the Cox proportional hazard model including these
indicators showed that SDF-1 status was a factor signifi-
cantly predictive of disease-free survival (P = 0.036), along
with clinical stage (P < 0.0001) and nuclear grade
(P = 0.0012). However, only clinical stage was selected as a
significant prognostic factor for overall survival
(P < 0.0001), and the impact of SDF-1 status was marginal
(P = 0.099, Table 2). Univariate analysis showed that
CXCR4 was of no prognostic significance (data not shown).

Clinicopathological and prognostic implications
of SDF-1 immunoreactivity among ER-positive
patients

As our data clearly indicated a marked correlation between
the expressions of ER and SDF-1 in vitro and in vivo, we
carried out further analysis to clarify the significance of
SDF-1 expression in the subgroup of patients with ER-
positive tumors. Among the 133 cases of ER-positive breast
cancer, 109 (82%) showed “high SDF-1 expression.” SDF-
1 status was not significantly correlated with nuclear grade,
tumor size, lymph node status, stage, histological type, or
nuclear CXCR4 expression, but “high SDF-1 expression”
was correlated with younger patient age (P = 0.0025;
Table 3). A HER2 score of 3+ was detected in only two
cases, both of which showed “low SDF-1 expression”.
Additionally, among only five cases that had distant
metastasis at the time of diagnosis, two showed “high SDF-
1 expression” and three showed “low SDF-1 expression”.

In the 133 ER-positive patients, there was a significant
difference in the disease-free and overall survival curves
between the groups showing “high” and “low SDEF-1
expression” (P = 0.0047 and 0.036, respectively; Fig. 3c,
d). Furthermore, in these cases, multivariate analysis
showed that SDF-1 status was an independent prognostic
factor not only for disease-free survival, but also for overall
survival (P = 0.015 and 0.046, respectively; Table 4).
Nuclear grade and clinical stage also had a significant
impact on overall survival (Table 4). Among ER-negative
cases, there was no significant difference in the survival
curves between the two groups (Fig. 3e, f).
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Fig. 3 Prognostic impact of SDF-1 status detected by immunohisto-
chemistry in the patients with primary breast cancer. a-b all 223
patients; c-d 133 patients with ER-positive tumors; e-f 90 patients
with ER-negative tumors. a Disease-free survival curves for the 158
patients whose tumors showed “high SDF-1 expression” and the 65
patients whose tumors showed “low SDF-1 expression.” The two
curves differ significantly (P = 0.0058). b Overall survival curves for
the 158 patients whose tumors showed “high SDF-1 expression™ and
the 65 patients whose tumors showed “low SDF-1 expression.” The
two curves differ significantly (P = 0.017). ¢ Disease-free survival
curves for the 109 patients whose tumors showed “high SDF-1
expression” and the 24 patients whose tumors showed “low SDF-1

Discussion

In the present study, we showed that the expression of
SDF-1 was regulated by estradiol in the ER-positive cell
lines, MCF-7, and T47D, and found that SDF-1 status was
significantly correlated with several clinically important
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expression”. The two curves differ significantly (P = 0.0047).
d Overall survival curves for the 109 patients whose tumors showed
“high SDF-1 expression” and the 24 patients whose tumors showed
“low SDF-1 expression”. The two curves differ significantly
(P = 0.036). e Disease-free survival curves for the 49 patients whose
tumors showed “high SDF-1 expression” and the 41 patients whose
tumors showed “low SDF-1 expression”. The two curves do not
differ significantly (P = 0.53) f Overall survival curves for the 49
patients whose tumors showed “high SDF-1 expression” and the 41
patients whose tumors showed “low SDF-1 expression.” The two
curves do not differ significantly (P = 0.48). All P values were
calculated using the Cox proportional hazards model

factors, especially ER status, in samples of human breast
cancer. In addition, we revealed that SDF-1 status was a
statistically significant prognostic factor among cases of
ER-positive breast cancer. To our knowledge, this is the
first study to have demonstrated the importance of tumor-
derived SDF-1 in ER-positive breast cancers.
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Table 2 Prognostic indicators detected by Cox’s univariate and multivariate analyses in patients with primary breast cancer
Variable Univariate Multivariate
HR (95%CT) P value HR (95%CT) P value
Disease-free survival
SDF-1
“High expression” 1 0.0058 1 0.036
“Low expression” 1.45 (1.11-1.89) 1.38 (1.02-1.86)
Clinical stage
lor2 1 <0.0001 1 <0.0001
3or4 2.83 (2.16-3.72) 2.67 (2.01-3.54)
Nuclear grade
1 1 <0.0001 1 0.0012
2 1.30 (0.78-2.52) 1.51 (0.90-2.93)
3 3.10 (1.93-5.90) 2.34 (1.40-4.55)
ER
Positive 1 0.10 1 0.39
Negative 1.24 (0.96-1.61) 0.88 (0.65-1.19)
HER2
Negative 1 0.025 1 0.21
Positive 1.57 (1.06-2.19) 1.29 (0.86-1.86)
Overall survival
SDF-1
“High expression” 1 0.017 1 0.099
“Low expression” 1.56 (1.09-2.21) 1.39 (0.94-2.07)
Clinical stage
lor2 1 <0.0001 1 <0.0001
3ord 3.34 (2.34-4.88) 323 (2.23-4.78)
Nuclear grade
1 1 0.0002 1 0.16
2 1.22 (0.60-3.38) 1.32 (0.65-3.68)
3 3.36 (1.79-9.13) 1.96 (0.96-5.49)
ER
Positive 1 0.047 1 0.58
Negative 1.42 (1.00-2.03) 1.23 (0.74-1.73)
HER2
Negative 1 0.0068 1 0.11
Positive 1.94 (1.22-2.87) 1.49 (0.90-2.35)

Abbreviation: 95%CI 95% confidence interval

Many researchers have investigated the role of the
CXCR4/SDF-1 axis in tumor biology, and demonstrated
the importance of CXCR4 expression for tumor progres-
sion in vitro [12-20] and in vivo [21-26]. In addition, some
types of cancer cell lines have been shown to produce both
SDF-1 and its receptor, CXCR4, and to use this signaling
system in an autocrine manner [6, 27-29]. A number of
clinical studies of glioma [30], colorectal cancer [31],
gastric cancer [32], and oral squamous cell carcinoma [33]
have concluded that higher SDF-1 expression is correlated

with lymph node and/or distant metastasis and poorer
clinical outcome.

In contrast, using a mouse model, Wendt et al. [34, 35]
showed that breast and colon cancer cell lines with forced
expression of SDF-1 established fewer secondary tumors
than those with null SDF-1 expression. In patients with
testicular germ cell tumors, high SDF-1 expression was
correlated with longer relapse-free survival [36]. These
differences in the clinical impact of tumor-derived SDF-1
might depend on the type of cancer.
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Table 3 Clinicopathological

implication of SDF-1 Total (n = 133) SDF-1
expression in surgically resected “High expression” “Low expression” P value
ER-positive breast cancers (n = 109) [n (%)] (n=24) [n (%)]
Age
<52 67 60 (55) 729
>52 66 49 (45) 17 (1) 0.025
Nuclear grade
1 38 32 (29) 6 (24)
2 65 56 (51) 9 (38)
3 30 21 (20) 9 (38) 0.15
Tumor size
<5.0 cm 109 90 (82) 19 (79)
>5.0 cm 20 15 (14) 521 0.53
Unknown 4 44) 0(0)
Lymph node metastasis
(=) 72 60 (55) 12 (50)
(+) 57 45 (41) 12 (50) 0.65
Unknown 4 4(4) 0 (0)
Stage
lor2 109 91 (83) 18 (75)
Jord 20 14 (13) 6 (25) 0.21
Unknown 4 44 0(0)
Tumor histology
IDC 116 94 (86) 22 (92)
Abbreviation: IDC invasive ILC 6 6 0O
ductal carcinoma, /LC invasive Special® 11 9(® 28 0.49
lobular carcinoma CXCR4
* Mucinous carcinoma (5), Negative 32 24 (22) 8 (33)
Tubular carcinoma (5), Positive 101 85 (78) 16 (67) 029

Micropapillary (1)

Several previous reports and our results have indicated
that SDF-1 is one of the ERGs [6, 37-39]. Hall and Korach
[6] showed that SDF-1 induced proliferation of ER-positive
breast and ovarian cancer cell lines, and proposed that
SDF-1 might be a strong mediator of estrogen-induced cell
proliferation. However, our clinical data demonstrated that
tumors with high SDF-1 expression showed more indolent
characteristics, i.e., ER positivity, a lower tumor grade, and
lack of HER2 overexpression. At present, the function of
SDF-1 as an ERG in ER-positive tumors in vivo remains
unclear.

We conducted subset analysis of the prognostic signifi-
cance of SDF-1 immunoreactivity in groups of patients
with ER-positive and ER-negative tumors. In a subset of
133 ER-positive tumors, multivariate analysis showed that
“high SDF-1 expression,” as well as lower nuclear grade
and earlier clinical stage, were independent indicators of
better prognosis. On the other hand, in a subset of 90 ER-
negative tumors, the “high” and “low SDF-1 expression”
groups had similar clinical outcomes. In general, ERG
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expression has been thought to reflect the activity of ER
signaling pathways in breast cancers, and it has been
proved that several ERGs, e.g., PR, are indicators of
responsiveness to endocrine therapy [4, 40]. Therefore, it is
possible that SDF-1 immunoreactivity might be a new and
powerful predictor of endocrine responsiveness in breast
cancer cells.

In our present study, 54% (49 of 90) of ER-negative
breast cancers had “high SDF-1 expression.” It has been
shown that SDF-1 expression can be induced by hypoxia-
induced factor-1 (HIF-1) in endothelial cells [41], by
fibroblast growth factor-2 (FGF-2) in stromal cells [42],
and by bone morphogenetic protein (BMP) in cancer-
associated fibroblasts (CAFs) [43]. Thus, multiple alter-
native pathways mediated by these molecules may be
involved in the upregulation of SDF-1 in ER-negative
breast cancers.

Interestingly, the intracellular distribution pattern of
SDF-1 immunoreactivity in surgically resected breast
cancers was a distinctive characteristic, and significantly
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Table 4 Prognostic indicators detected by Cox’s univariate and multivariate analyses in patients with ER-positive primary breast cancer

Variable Univariate Multivariate
HR (95%CT) P value HR (95%CTI) P value
Disease-free survival
SDF-1
“High expression” 1 0.0047 1 0.015
“Low expression” 1.87 (1.22-2.67) 1.70 (1.12-2.52)
Clinical stage
lor2 1 <0.0001 1 <0.0001
3or4 2.87 (1.96-4.19) 253 (1.70-3.75)
Nuclear grade®
1,2 1 <0.0001 1 0.0041
3 228 (1.59-3.30) 1.77 (1.20-2.62)
Overall survival
SDF-1
“High expression” 1 0.036 1 0.046
“Low expression” 1.89 (1.05-3.21) 1.86 (1.01-3.26)
Clinical stage
lor2 1 0.0009 1 0.0040
3or4 2.57 (1.50-4.39) 2.28 (1.32-3.94)
Nuclear grade®
1,2 1 0.0008 1 0.019
3 242 (1.45-4.19) 1.92 (1.12-3.37)
Abbreviation: 95%CI 95% d interval

2 There was no relapse and death among the cases with ER-positive and nuclear grade 1, so we combined the category of “nuclear grade 1" with

+2" and performed subset analyses of ER-positive patients

correlated with the amount of SDF-1 mRNA. Tumors with
cytoplasmic-dominant immunoreactivity had a higher level
of SDF-1 mRNA than those with negative and membrane-
dominant immunoreactivity. Therefore, we evaluated SDF-
1 protein expression immunohistochemically in the present
cohort of 223 invasive breast cancers based on criteria
emphasizing its intracellular distribution. In previous
studies, SDF-1 immunoreactivity was detected on the cell
membrane of gastric and ovarian tumor cells [32, 44], and
in the cytoplasm of colorectal tumor cells [31]. No previ-
ous report has described both membranous and cytoplasmic
immunoreactivity in a single type of cancer. Further studies
are needed to validate the reproducibility of the present
criteria for judgment of immunohistochemical data.

We showed that “high SDF-1 expression” was signifi-
cantly correlated with nuclear expression of CXCR4 in all
223 breast cancers. This finding was concordant with pre-
viously reported results indicating that SDF-1 stimulation
induced rapid nuclear internalization of CXCR4 [45, 46],
and confirmed that the CXCR4/SDF-1 axis plays an
important role in the progression of breast cancer.

In summary, the present study revealed that breast
cancers showing “high SDF-1 expression” have a higher
frequency of ER positivity, HER2 negativity, lower nuclear

grade, and better patient outcome, not only overall, but also
in patients with ER-positive tumors. Examination of SDF-1
expression in ER-positive invasive breast cancers might be
useful for identification of patients with a potentially better
clinical outcome, and could help avoid the prescription of
unnecessary chemotherapy for them.
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Abstract

Background: Accurate evaluation of human epidermal growth factor receptor type-2 (HER2) status based on core
needle biopsy (CNB) specimens is mandatory for identification of patients with primary breast cancer who will
benefit from primary systemic therapy with trastuzumab. The aim of the present study was to validate the
application of HER2 testing with CNB specimens from primary breast cancers in terms of interobserver
reproducibility and comparison with surgically resected specimens.

Methods: A total of 100 pairs of archival formalin-fixed paraffin-embedded CNB and surgically resected specimens
of invasive breast carcinomas were cut into sections. All 100 paired sections were subjected to HER2 testing by
immunohistochemistry (IHC) and 27 paired sections were subjected to that by fluorescence in situ hybridization
(FISH), the results being evaluated by three and two observers, respectively. Interobserver agreement levels in
terms of judgment and the concordance of consensus scores between CNB samples and the corresponding
surgically resected specimens were estimated as the percentage agreement and & statistic.

Results: In CNB specimens, the percentage interobserver agreement of HER2 scoring by IHC was 76% (x = 0.71)
for 3 x 3 categories (0-1+ versus 2+ versus 3+) and 90% (x = 0.80) for 2 X 2 categories (0-2+ versus 3+). These
levels were close to the corresponding ones for the surgically resected specimens: 80% (x = 0.77) for 3 x 3
categories and 92% (k = 0.88) for 2 x 2 categories. Concordance of consensus for HER2 scores determined by IHC
between CNB and the corresponding surgical specimens was 87% (k = 0.77) for 3 X 3 categories, and 94%

(x = 0.83) for 2 x 2 categories. Among the 13 tumors showing discordance in the mean IHC scores between the
CNB and surgical specimens, the results of consensus for FISH results were concordant in 11. The rate of successful
FISH analysis and the FISH positivity rate in cases with a HER2 IHC score of 2+ differed among specimens
processed at different institutions.

Conclusion: It is mandatory to study HER2 on breast cancers, and either CNB or surgical specimen can be used.

Background

The human epidermal growth factor receptor type-2
(HER?) proto-oncogene (c-erbB-2) is amplified in 15-30%
of human breast cancers, causing overexpression of
its protein. HER2 gene amplification and/or protein
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overexpression is an indicator of clinical tumor aggres-
siveness [1-3]. The efficacy of trastuzumab, a humanized
anti-HER2 monoclonal antibody, against breast cancers
with HER2 gene amplification and/or protein overexpres-
sion has been established in clinical trials for patients
with metastatic breast cancer or those with operable pri-
mary breast cancer as adjuvant systemic therapies [4-7].
Furthermore, as neoadjuvant therapy for patients with
breast cancers showing HER2 amplification and/or

© 2010 Tsuda et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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overexpression, therapies involving a combination of
trastuzumab and chemotherapy have been shown to be
effective in achieving a complete pathological tumor
response [8,9].

HER? testing comprises immunohistochemistry (IHC)
to examine protein overexpression and fluorescence
in situ hybridization (FISH) to examine gene amplifica-
tion. These tests are performed on tissue sections of rou-
tinely-processed formalin-fixed, paraffin-embedded
tumors. High accuracy is required for these HER2 tests
in order to identify patients who would benefit from tras-
tuzumab therapy. For the test algorithm, it is generally
recommended that [HC is performed first, and that FISH
is added if the result of IHC is equivocal [10-12]. Studies
of quality assessment have demonstrated that interobser-
ver agreement levels are high for tumors with an IHC
score of 0 or 1+, or those with a score of 3+, but that the
level is generally low for those with a score of 2+ [13-16].
A higher interobserver agreement level can be achieved
with FISH than with IHC, especially for tumors with an
IHC score of 2+ [13,14,16]. It has also been shown that
the quality of both tests is higher at institutions that per-
form a larger number of HER2 tests than at those where
a smaller number of such tests are performed [17-19].

In recent years, core needle biopsies (CNBs) have been
used for the qualitative diagnosis of breast tumors.
Because of the prevalence of primary systemic therapies
as a standard treatment for primary breast cancers, not
only hormone receptor status but also HER2 status are
generally assayed from CNB specimens to test the elig-
ibility of patients for primary systemic therapy with tras-
tuzumab [20]. However, it would be expected that
examination of CNB specimens alone might result in a
proportion of false-positive and/or false-negative results,
because CNB samples represent only part of the tumor,
notwithstanding the possible presence of intratumor
heterogeneity [21-25]. Furthermore, because of the small
volume of CNB specimens, the interobserver agreement
rate of HER?2 tests for CNB specimens might be lower
than for surgically resected specimens.

Therefore, we examined the levels of interobserver
agreement for HER2 status determination in both CNB
specimens and corresponding surgically resected speci-
mens from 100 patients with primary breast cancer who
had not received primary systemic therapy. We com-
pared the HER2 protein status determined by IHC
between the CNB specimens and surgically resected spe-
cimens of the same tumor. We also compared the HER2
protein status determined by IHC, with the HER2 gene
status determined by FISH, in CNB specimens and in
the corresponding surgically resected specimens. On the
basis of these results, we evaluated the utility and chal-
lenges of HER2 testing within CNB specimens.

Page 2 of 11

Methods

Tissue samples

We examined 100 paired samples of invasive breast car-
cinoma obtained by CNB and surgical resection from
patients treated at Saitama Cancer Center, Ina, Saitama
(50 cases), Tokai University Hospital, Isehara, Kanagawa
(25 cases), and the National Defense Medical College
Hospital, Tokorozawa, Saitama (25 cases), Japan. At all
three institutions, HER2 testing is performed very fre-
quently for routine diagnostics and/or for studies of
quality assessment. Collaborating pathologists in the
three institutes were assigned to submit almost equal
number of CNB cases of each score (score 0 or 1+, 2+,
and 3+), for the purpose that almost equal number of
HER2-negative, equivocal and positive cases were exam-
ined in the study. However, these institutional scores
were not informed to the pathologists on the central
review. Therefore, the cases were not consecutive and
there was some selection bias.

None of the patients with these tumors had received
neoadjuvant therapy before CNB and surgical resection.
At each institution, 4-pum-thick sections cut from routi-
nely processed formalin-fixed, paraffin-embedded tissue
blocks were subjected to immunohistochemistry and
FISH. IHC and FISH assays were performed on parallel
slides of the same CNB/surgically resected specimens.
The present study was conducted with approval from
the internal review board for ethical issues of the
National Defense Medical College. Informed consent
had been acquired from each patient for the purpose of
general research use of surgically resected tissues, and
the requirement for informed consent for the present
study was waived by the internal review board according
to the guideline of ethical issues for epidemiologic stu-
dies by the Ministry of Health, Labor and Welfare and
the Ministry of Education, Culture, Sports, Science and
Technology, Japan.

Immunohistochemistry
Expression of HER2 oncoprotein was examined using
HercepTest II (Dako, Glostrup, Denmark) in the Dako
Japan Central Laboratory, Tokyo, Japan. Deparaffiniza-
tion, antigen retrieval, and immunohistochemistry were
performed to 100 CNB and 100 paired surgically resected
tumor sections in accordance with the manufacturer’s
instructions using an Autostainer Plus (Dako) [16].
Three experienced (for >25 years) pathologists (M.K.,
S.U,, H.T.), being blinded from institutional IHC results
or the present FISH results, independently evaluated the
results of IHC, and assigned a score of 0 (no staining), 1
+ (weak, incomplete membrane staining in any propor-
tion of tumor cells), 2+ (complete membrane staining
that is either nonuniform or weak in intensity but with
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obvious circumferential distribution in at least 10% of
tumor cells, or invasive tumors show intense, complete
membrane staining of 30% or fewer tumor cells), or 3+
(uniform, intense membrane staining of >30% of inva-
sive tumor cells) in accordance with the guidelines
of the American Society of Clinical Oncology (ASCO)/
College of American Pathologists (CAP) [10]. Scores of
0 and 1+ were categorized as IHC-negative, a score of
2+ was categorized as equivocal, and a score of 3+ was
categorized as overexpression (positive). If the score
assigned by three observers differed among the three
categorles, the majority scores were acquired as consen-
sus j ts. When the judg s of the three obser-
vers dlffered from each other, the median value was
acquired as the representative score.

FISH
FISH was performed on all 100 CNB specimens and on
27 surgically resected specimens for which the consen-
sus judgment of the IHC result differed from that of the
CNB result and/or was discordant among the three
observers.

FISH was performed manually using a PathVysion
HER-2 DNA probe kit (Abbott Molecular, Wi

Page 3 of 11

The level of agreement was categorized as almost per-
fect, substantial, moderate, fair, and slight when the x
value was >0.80, >0.60-0.80, >0.40-0.60, >0.20-0.40, and
0-0.20, respectively [26,27].

Results

Interobserver agreement for IHC and FISH

For CNB specimens, the percentage interobserver agree-
ment for HER2 scores determined by IHC was 76% for
3 x 3 categories (0-1+ vs 2+ vs 3+) and 90% for 2 x 2
categories (0, 1+ or 2+ vs 3+). In terms of the « statistic,
the interobserver agreement levels were substantial for
the 3 x 3 categories (k = 0.71, o = 0.065) and the 2 x 2
categories (k = 0.80, ¢ = 0.075). The 24 tumors for
which judgment discordance arose for 3 x 3 categories
are shown in Table 1. All of these tumors showed dis-
cordance in one score, and none showed a difference in
2 scores.

Table 1 Core needle biopsy tumor specimens for which

Germany) in accordance with the manufacturer’s instruc-
tions [13] at the Department of Basic Pathology, National
Defense Medical College, Tokorozawa, Saitama, Japan.
The slides were visualized using a Leica DMR fluores-
cence microscope (Leica, Cambridge, UK). Two obser-
vers (S.Y. or T.K. and H.T.), being blinded from IHC
results and FISH results of the corresponding CNB or
surgical resection specimen, counted the signals for
HER?2 and CEP17 on a total of 40 cancer cell nuclei. The
total number of HER2 signals was divided by the total
number of CEP17 signals on 40 nuclei, and the HER2/
CEP17 ratio was calculated. HER2 gene amplification was
judged as positive, equivocal, and negative if the HER2/
CEP17 ratio was more than 2.2, 1.8 to 2.2, and less than
1.8, respectively [10]. When a tumor was judged as equi-
vocal, 40 additional nuclei in another tumor area on inva-
sion were counted again by two observers. If the HER2/
CEP17 ratio was 2.0 or higher in the re-test, the tumor
was finally judged as having HER2 amplification.

Interobserver agreement
With regard to IHC and FISH, interobserver agreement
of judgments and the concordance of consensus scores
between the CNB and corresponding surgically resected
specimens were estimated in terms of percentage agree-
ment and the « statistic. The percentage of agreement
was calculated as follows:

(Number of tumors to which the three observers
assigned an identical score/total number of tumors) x
100

263

ver arose ding the results
M of HER2 Immunohlsmchemlstry

Code Final IHC score FISH (HER2/

score CEP17)

Observer Observer Observer
A B C

B45 1+ 1+ 1+ 2+ - (0.96)
B78 1+ 1+ 1+ 2+ -(099)
B24 1+ 2+ 1+ 1+ -(1.01)
B82 1+ 2+ 1+ 1+ -(1.02)
B79 1+ 2+ 1+ 1+ -(1.05)
B9 1+ 1+ 1+ 2+ -(1.07)
B3 1+ 1+ 1+ 2+ - ()
B22 2+ 2+ 1+ 2+ -(097)
B69 2+ 2+ 1+ 2+ - (1.04)
B43 2+ 2+ + 2+ - (1.09)
B8 2+ 2+ 1+ 2+ -(1.39)
B29 2+ 2+ 2+ 1+ -(142)
B100 2+ 2+ 1+ 2+ +(239)
B16 2+ 3+ 2+ 2+ + (2.56)
B97 2+ 2+ 1+ 2+ + (4.56)
B52 2+ 3+ 2+ 2+ + (5.44)
B9 2+ 2+ 2+ 3+ + (6.80)
B9 2+ 3+ 2+ 2+ +(1038)
B102 2+ 3+ 2+ 2+ +(1262)
BS0 3+ 3+ 3+ 2+ +(5.11)
B7 3+ 3+ 2+ 3+ + (883)
B% 3+ 3+ 2+ 3+ +(9.02)
B95 3+ 3+ 2+ 3+ +(1092)
B27 3+ 3+ 3+ 2+ +(1250)

The HER2 score was assigned according to the 2007 ASCO/CAP guideline [10].
The majority score was assigned as the final score for the tumor.
FISH, in situ HC,
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For surgically resected specimens, the percentage
interobserver agreement for HER2 scores determined by
IHC was 80% for the 3 x 3 categories and 92% for the
2 x 2 categories. In terms of the x statistic, the interob-
server agreement level was substantial for the 3 x 3
categories (k = 0.77, o = 0.060) and almost perfect for
the 2 x 2 categories (x = 0.88, o = 0.051). The 20
tumors for which judgment discordance arose for 3 x 3
categories are shown in Table 2. All of these tumors
showed discordance in one score, and none showed a
difference in 2 scores.

The consensus score for HER2 expression determined
by IHC was 0 or 1+, 2+, and 3+ in 60, 19, and 21
tumors, respectively, in CNB specimens, and in 60, 15,
and 25 tumors, respectively, in surgically resected
specimens.

FISH was successful in 99 of the 100 CNB specimens.
By the first examinations, 96 tumors (97%) were judged
to have the same score by two observers. Because three
other tumors were judged differently by two observers
and the average of the two judgments was within the
range of equivocal, they were subjected to a re-count:

Tahle 2 Surglcally resected tumor specimens for which

ver arose regarding the results

of HER2 Immunohlstochemlstry
Code Final IHC score FISH (HER2/

score CEP17)

Observer Observer Observer
A B C

S54 0+ 0 2+ 0 -(092)
S17 1+ 1+ 1+ 2+ NA
S26 1+ 1+ 1+ 2+ - (068)
S78 1+ 1+ 1+ 2+ -(082)
S79 1+ 2+ 1+ 1+ -(0.89)
S76 1+ 2+ 1+ 1+ - (0.95)
S82 1+ 2+ 1+ 1+ -(097)
S77 1+ 2+ 1+ 1+ -(147)
S23 2+ 2+ 1+ 2+ - (047)
S22 2+ 2+ 1+ 2+ -(092)
S16 2+ 3+ 2+ 2+ -(1.03)
S84 2+ 2+ 1+ 2+ -(1.13)
S67 2+ 2+ 1+ 2+ +(224)
S97 2+ 3+ 2+ 2+ +(389)
S103 2+ 3+ 2+ 2+ +(7.75)
91 2+ 3+ 2+ 2+ +(7.77)
94 3+ 3+ 3+ 2+ +(361)
S52 3+ 3+ 3+ 2+ +(5.09)
S42 3+ 3+ 3+ 2+ +(9.24)
S18 3+ 3+ 3+ 2+ + (1240
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for two tumors, the second judgments also differed
between two observers, being positive and equivocal
respectively, but the average of the judgments of HER2/
CEP17 ratio exceeded 2.20, so they were finally judged
positive. For the other, the second judgments were com-
monly positive (Table 3). By FISH, HER2 gene amplifi-
cation was finally judged positive in 33 CNB specimens
(33%) but negative in 66 (67%).

A total of 27 surgically resected tumors were subjected
to FISH. Among the 25 surgical specimens for which
FISH was successful, only one (no. 67) was judged dif-
ferently by two observers, being positive and equivocal
respectively. However, the average of the two judgments
was within the range of positive (HER2/CEP17 ratio =
2.236), the case was judged as positive without re-eva-
luation (Table 3). In total, HER2 gene amplification in
surgically resected specimens was positive in 12 (48%)
and negative in 13 (52%).

FISH was not successful in three specimens: one CNB
and two surgically resected specimens. All three of these
specimens were processed in institution A.

Comparison of IHC and FISH test results between CNB
and surgically resected specimens

Concordance in consensus HER2 THC scores between
CNB and the corresponding surgically resected speci-
mens was 87% for 3 x 3 categories, and 94% for 2 x 2
categories (Table 4). The & statistic indicated that their
concordance was substantial for the 3 x 3 categories
(k = 0.77, 6 = 0.045) and almost perfect for the 2 x 2
categories (x = 0.83, o = 0.038). Representative concor-
dant cases are presented in Figure 1.

Table 3 Tumor specimens for which interobserver
disag arose reg: g the results of fluorescence
in situ hybridizati

CNB specimens

Code Final
judgment

HER2/CEP17 by 1st
counts

HER2/CEP17 by 2nd
counts

Obs. Obs. Average Obs.
A B A

B61  Amplification 271 155 213 255 188 222
B62  Amplification 235 1.88 212 244 207 226
B87  Amplification 194 244 219 350 238 244
Surgically resected specimens

Obs. Average
B

Code Final HER2/CEP17 by 1st HER2/CEP17 by 2nd
judgment counts counts
Obs. Obs. Average Obs. Obs. Average
A B A B
S67  Amplification 267 181 224 ND ND -

The HER2 score was assigned according to the 2007 ASCO/CAP guideline [10].
The majority score was assigned as the final score for the tumor. NA, not
available because FISH was not successful.

FISH, in situ IHC,

HE was defined as positive, equivocal, and negative when the
HER2/CEP17 ratio was more than 2.2, between 1.8 and 2.2, and less than 1.8,
respectively. For the surgically resected specimen, the average of the HER2/
CEP17 ratio (2.24) between observers (2.67 and 1.82) was adopted, because
the second count was not done (ND). Obs., observer
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HER2 jud by
core needle hlopsy and

Table 4 C

9 9 Y

3 categories (0 or 1+ vs. 2+ vs. 3+)

[<

HER2 score for surgically resected specimens Number of tumors
HER2 score for CNB

specimens
Oor 1+ 2+ 3+
Oor 1+ 56 3 1
2+ 4 11 0
3+ 0 5 2

% agreement = 87%, & = 0.77, standard deviation (o) = 0.045
2 categories (0, 1+. or 2+ vs. 3+)

HER?2 score for surgically resected specimens Number of tumors

HER2 score for CNB

specimens
0, 1+ or 2+ 3+
0, 1+, or 2+ 74 1
3+ 5 20

% agreement = 94%, x = 0.83, ¢ = 0.038
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cancer cells showing strong membrane staining was
around 10%, and two observers gave a score of 0, and
the other gave one of 2+ (Figure 2A). In cases 23, 24,
and 84, there appeared to be intratumor heterogeneity
ranging between areas of moderate, and no or weak,
HER? staining (2+ vs 0 or 1+) (Figure 2B). In case 92,
the HER2 score for the predominant intraductal compo-
nent was uniformly 3+, but in the focus of invasive
the i ion was weaker (Figure 2C).
In this case, we performed FISH on the part including
both invasive carcinoma and non-invasive components.
In 4 cases (Nos. 52, 90, 94 and 102), the HER2 score
was 2+ for the CNB specimen but 3+ for the surgical
specimen (Figure 2D). In these cases, the membrane
HER2 i tion in CNB sp was weaker
and less continuous than that in surgically resected spe-
cimens. In 5 other cases (Nos. 10, 43, 52, 67 and 69),
the intensity of the HER2 immunoreaction differed
between the CNB and surgically resected specimens, but
the immunoreaction pattern in the surgically resected
was uniform. Therefore, suboptimal proces-

The judgments were performed according to the 2007 ASCO/CAP guideline.

Among the 60 tumors with a score of 0 or 1+ for
CNB specimens, 56 (93%) were also judged to have a
score of 0 or 1+ but the other four were scored 2+ for
the surgically resected specimens. Among the 21 tumors
with a score of 3+ for CNB specimens, 20 (95%) were
also judged to have a score of 3+ and only one (5%) was
scored 0 for the surgically resected specimens. In con-
trast, among the 19 tumors with a score of 2+ for CNB
specimens, only 11 (58%) were also scored 2+ for the
surgically resected specimens. In three and five of these
19 cases, scores of 0 or 1+ and 3+ were assigned,
respectively, for the surgically resected specimens.

Overall, consensus HER2 THC scores showed discor-
dance between CNB and surgically resected specimens
in 13 of 100 cases (Table 5). The discordance may have
been attributable to intratumor heterogeneity, subopti-
mal prc g of the sp 15, and/or the borderline
nature of the tumor. The borderline nature means that
the state of HER2 expression was borderline between 1+
and 2+ or between 2+ and 3+, namely, the conditions
that it was difficult to judge whether the entirely cir-
cumscribing membrane immunoreactivity of the HER2
was moderate (2+) or strong (3+), or whether the weak
membrane HER2 immunoreactivity was entirely (2+) or
incompletely (1+) circumscribing the membrane.

In at least five tumors (Nos. 23, 24, 54, 84, 92), the
discordance appeared to have been due to intratumor
heterogeneity. In case 54, to the surgically resected spe-
cimen, all three observers gave a score of 3+ because
>30% of cancer cells showed strong membrane staining.
In contrast, in the CNB specimen, the percentage of
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smg of CNB specimens or long-term fixation of surgi-
cally resected specimens might have been partly
responsible for the difference.

Interobserver disagreement regarding the HER2 score
arose for either CNB specimens or surgically resected
specimens in 11 of these 13 cases. Possible reasons for
this may have been the borderline nature of the tumors,
preanalytical factors, and/or inratumor heterogeneity
(e.g., No. 54) (Table 5).

In 23 (92%) of the 25 tumors for which HER2 FISH
was performed, consensus judgments regarding HER2
gene status were concordant between the CNB and the
surgically resected specimens, being amplified in 11 and
not amplified in 12 (Table 6). In the other two cases,
the consensus judgments were discordant between the
CNB and the surgically resected specimens: In one (no.
67), the CNB specimen showed an IHC score of 1+ with
a HER2/CEP17 ratio of 0.84, whereas the surgically
resected specimen showed an IHC score of 2+ with a
HER2/CEP17 ratio of 2.24. As mentioned above, the
case was judged differently by two observers, but the
average of the judgments made a score of positive
(Table 3). In the other, both the CNB and surgically
resected specimens showed an IHC score of 2+, and the
HER2/CEP17 ratio was 1.03 and 2.56, respectively (No.
16). For that case, there was no disagreement in HER2
score of CNB and surgically resected specimens by IHC.

Correlation between IHC and FISH results

Among the 100 CNB specimens, the percentage of
HER2 gene amplification was 95% (20 of 21), 58% (11 of
19), and 3% (2 of 60) for HER2 IHC scores of 3+, 2+,
and 0 or 1+, respectively (Table 7). With regard to
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Figure 1 Cases with concordant judgment of HER2 score CNB and d A-B. Case 3: HER2 score for
both the CNB specimen (A) and the surgically resected specimen (B) was 3+. C-D. Case 22: HER2 score for both the CNB specimen (C) and the
surgically resected specimen (D) was 2+. E-F. Case 2: HER2 score for both the CNB specimen (E) and the surgically resected specimen (F) was 0.

Immunoperoxidase reaction, original magnification x200.

tumors with an IHC score of 2+, the ratio of HER2 gene

For the 25 surgically resected specimens successfully

amplification differed between tumor speci from
different institutions. In tumor specimens from institu-
tions A and B, the rates of HER2 gene amplification
were 20% (1 of 5) and 33% (1 of 3), respectively, but in
specimens from institute C, the rate was as high as 82%
(9 of 11).
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bjected to FISH, the percentage of HER2 gene amplifi-
cation was 100% (10 of 10), 43% (3 of 7), and 0% (0 of
8) for HER2 IHC scores of 3+, 2+, and 0 or 1+, respec-
tively (Table 7). In tumor specimens from institution A,
the rate of HER2 gene amplification in IHC 2+ cases

was 0% (0 of 3), whereas in specimens from institution
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Table 5 13 tumors for which interobserver disagreement

arose regarding the results of i histoch Y.
Code No. Immunohistochemistry FISH
- CNB Surgery Interpretation CNB Surgery
84 0(0/0/0) 2+(2/1/2) Processing, hetero  Neg Neg
23 1+(1/1/1)  2+2/1/2) Heterogeneity Neg Neg
2% 14(2/1/1)  2+(2/2/2) Heterogeneity Neg NA
67 1+(/0/1) 2+(2/1/2) Processing, border Neg Pos
10 2+(2/2/2) 1H1/1/1) Processing Neg Neg
43 2+(2/1/2) 0(0/0/0) Processing Neg Neg
69 2+(2/1/2) 1+(1/171) Processing, border  Neg Neg
52 2+(3/2/2) 3+(3/3/2) Processing, border Pos  Pos
90 2+(3/2/2) 3+(3/3/3) Processing, border Pos  Pos
92 2+(2/2/2) 3+(3/3/3) Predominantly DCIS Pos Pos
94 2+(2/2/2) 3+(3/3/2) Processing, border Pos  Pos
102 2+(3/2/2) 3+(3/3/3) Processing, border Pos  Pos
54 3+(3/3/3) 0(0/2/0) Heterogeneity Neg Neg

FISH, fluorescence in situ hybridization; NA, Data were not available; neg,
negative; pos, positive; parenthesis, judgments of scores by three observers
(Underlines indicate interobserver disagreement.)

C, the rate was 80% (4 of 5). No cases with a score of
2+ were subjected to FISH at institution B.

For CNB specimens, 14 cases showed interobserver dis-
agreement in HER2 IHC scores of between 1+ and 2+,
and, of these, seven tumors each were finally scored as 1
+ and 2+. Among these tumors, HER2 gene amplification
was detected in 0 (0%) and 2 (29%), respectively. The
other 10 cases showed interobserver disagreement in
HER2 [HC scores of between 2+ and 3+, and, of these,
five tumors each were finally scored as 2+ and 3+. HER2
gene amplification was detected in all of these tumors
(Table 1).

For surgically resected specimens, 12 cases showed
interobserver disagreement between IHC scores of 0/1+
and 2+, and eight and four tumors were finally scored
as 0/1+ and 2+, respectively. Among these tumors,
HER?2 gene amplification was detected in 0 (0%) and 1
(25%), respectively. The other eight showed interobser-
ver discordance between IHC scores of 2+ and 3+, and
four tumors each were finally scored as 2+ and 3+.
Among these tumors, HER2 gene amplification was
detected in 3 (75%) and 4 (100%), respectively (Table 2).

In the 12 tumors showing discordance of the IHC
score for HER2 expression between the CNB and surgi-
cally resected specimens, and for which the FISH assay
was successful, judgments for the FISH results were
concordant in 11 (92%) (Table 5).

Discussion

From the viewpoint of interobserver agreement level, the
percentage agreement levels and x values among the
three observers with regard to the IHC test results were
similar between the data for CNB specimens and those
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for surgically resected specimens. Furthermore, the pre-
sent study also clarified that the results of IHC for
HER2 were mostly concordant between the CNB speci-
men and the surgically resected specimen from an iden-
tical invasive breast cancer. These results indicated that
the CNB sp were of adequate quality for the
evaluation of HER2 status by IHC, and that the IHC
scores obtained for the CNB specimens were mostly
representative of the HER2 IHC scores for the entire
tumor specimen. Therefore, HER2 testing using IHC for
CNB specimens appeared to be valid for a majority of
primary breast cancers. The present results were similar
to the very first studies done by Chivukula et al. that
stated as CNB a better sample [25].

Previous reports have indicated that concordance of
HER2 IHC scores between CNB and corresponding exci-
sional biopsy/surgically resected specimens was 87-98.8%
[21-23,28]. The introduction of FISH analysis has
improved the concordance rate for HER2 status [22,25].
In the study by Apple et al., the concordance rate of 87%
for IHC was improved to 92% by FISH [22]. Intratumor
heterogeneity for HER2 amplification was reported to be
present in 13% of tumors of an IHC score of 3+, and was
especially higher in those with low-grade amplification
(ratio >2.2 to <4.0) [24]. For tumors with an IHC score of
2+, the incidence of intratumor heterogeneity in HER2
scores was also relatively frequent (14%), but FISH analy-
sis of CNB specimens almost completely resolved the
issue of heterogeneous HER2 expression [25].

Some studies had suggested that the validity of IHC
score 3+ in core biopsies was limited, reporting high
rates of false positives (19.3%). However, Moelans et al,
showed that there was only a slightly higher percentage
of IHC 3+ positivity in biopsies compared to resections,
and that did not reach statistical difference [29]. Their
results are in line with those in the present study (25%
vs 21%). In the present study, it was confirmed that con-
cordance of the HER2 test results was higher for FISH
(98%) than for IHC (87%). Among the 13 tumors that
showed discordance of HER2 IHC scores between the
CNB and surgically resected specimens, 11 showed con-
cordance of the results obtained by FISH.

The disagreement in the results obtained with IHC
between CNB and surgical specimens appeared to be
derived from 1. intratumor h geneity, 2. pre-analytical
factors including variations in the duration of fixation and
suboptimal tissue processing, and/or 3. borderline tumor
properties. To overcome the problem of intratumor het-
erogeneity in HER2 expression, examination of a large
volume of tumor tissue appears to be necessary. To solve
the problem of borderline tumor properties in terms of
HER2 expression, the introduction of judgment by multi-
ple observers and/or DNA copy analyses might be of
value.
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Figure 2 Cases with discordant ]udgmem ol HER2 score k CNB and gl d A-B. Case 54: HER2 score was
3+ for the CNB specimen (A) but 0 for the surgically resected specimen (B). The tumor had heterogeneous HER2 expression, and >30% of the
area showed a strong membrane immunoreaction in the CNB specimen, whereas most of the area in the surgically resected specimen was
HER2-negative. C-D. Case 84: HER2 score was 0 for the CNB specimen (C) but 2+ for the surgically resected specimen (D). This difference might
have been due to suboptimal processing of CNB specimens or intratumor heterogeneity. E-F. Case 92: HER2 score was 2+ for the CNB specimen
(E) but 3+ for the surgically resected specimen (F). Because the CNB specimen contained only a small amount of invasive component, the
evaluation of HER2 was difficult. G-H. Case 94: HER2 score was 2+ for the CNB specimen (G) but 3+ for the surgically resected specimen (H).
Processing of the CNB specimen might have been suboptimal, or the tumor may have been borderline in nature. Immunoperoxidase reaction,
original magnification x200.
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Table 6 Concordance of consensus HER2 FISH results of between core needle biopsy and surgically resected

specimens

HER2/CEP17 ratio for surgically resected specimens

Number of tumors

HER2/CEP17 ratio for CNB specimens

>22 1.8 to 2.2 <1.8
Higher than 2.2 n 0 1
181022 0 0 0
<18 1 0 12

% agreement = 92%

The judgments were performed according to the 2007 ASCO/CAP guideline. For two tumors, data on CNB and/or surgically resected specimens were not

available.

From the present results, the rate of HER2 gene
amplification appeared to be low when interobserver
discordance was seen between IHC scores of 0/1+ and 2
+, whereas most tumors had gene amplification when
there was interobserver discordance between scores of 2
+ and 3+. These findings will be helpful for the decision
if subsequent FISH should be performed or not. For 2
+/3+ discrepancies FISH test should always be added
because the percentage of HER2 amplification is high.
Counting of HER2 gene copies by FISH, chromogenic in
situ hybridization (CISH), silver-enhanced in situ hybri-
dization (SISH), or dual-color dual-hapten in situ hybri-
dization (DDISH) would greatly improve the
concordance of HER2 status between CNB and surgi-
cally resected specimens [30-32].

Table 7 C lation b
immunohistochemistry and FISH results for core needle
biopsy and surgically resected specimens
Core needle biopsy specimens
Number of tumors (%)

Total HER2 gene amplification by FISH
Positive Equivocal* Negative
HER2 IHC score
3+ 21 20 (95) 0(0) 105
2+ 19 11 (58) 0(0) 8(42)
Oor 1+ 60 2(3) 0 (0) 58 (97)
Total 100 33 (33) 0(0) 67 (67)

Surgically resected specimens

Number of tumors (%)

Another important factor to be considered is the prea-
nalytical condition of the specimens. In the present
study, FISH analysis was sometimes unsuccessful for
specimens processed at institution A, whereas FISH was
always successful for specimens processed at institutions
B and C. Interview revealed that the suboptimal FISH
results obtained at institution A were attributable to
long-term (about 1 week) fixation of the specimens. It
was shown that a prolonged formalin fixation could lose
FISH amplification and/or yield to unsuccessful test
(Hiroi S, Tsuda H et al, manuscript in preparation) [33].

On the other hand, the localization of the HER2 immu-
noreaction on the cancer cell membrane was not uniform
in CNB specimens from HER2-positive tumors processed
at institution C, whereas this was not an evident feature
in specimens processed at other institutions or in surgi-
cally resected specimens. The reason for this unusual
immunoreaction is unclear. It has been shown that qual-
ity assessment of HER2 tests is very important for identi-
fying patients who are very likely to benefit from therapy
with trastuzumab [10,34,35]. For quality assessment, not
only improvement of the interobserver agreement level
but also standardization of pre-analytical specimen pre-
paration should be taken into consideration.

Conclusion

We have clarified that CNB specimens showed almost
equal reliability to surgically resected specimens for test-
ing of HER2 expression in terms of interobserver agree-
ment levels and concordance with FISH results. In most
of specimens with equivocal IHC results, accurate HER2
status was known determined by retesting with FISH.
To further improve the reliability of HER2 tests using

Total HER2 gene amplification by FISH
Positive Equivocal* Negative CNB sp
HER2 IHC score
3+ 10 10(100) 00 0(0)
2+ 7 3@3) 0(0) 4(57)
Oor 1+ 8 0 (0) 00 8 (100)
Total 25 13 (52) 0(0) 12 (48)

*For three tumors, FISH judgment was equivocal by the first counts, but by
the second counts, the judgments changed into positive (Table 3). FISH,
fluorescence in situ hybridization

269

ns, it might be useful to sample a larger
volume of tumor tissue, to conduct evaluation by multi-
ple observers, and to take measures to improve the pre-
analytical conditions of the specimens.

List of abbreviations used
CNB: core needle biopsy; FISH: fluorescence in situ hybridization; HER2:
human epidermal growth factor receptor type-2; IHC: immunohistochemistry



