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Multivariate

Menopausal status
Tumor size (>5 cm)
Histologic grade
Lymph node status

HR (95% CI) P
1.13 (0.71-1.79) 0.602
5.33 (1.76-13.4) 0.00S
1.63 (0.86-2.88) 0.130
1.01 (0.64-1.63) 0.964
1.21 (0.89-1.64) 0.226
0.72 (0.46-1.17) 0.182
0.66 (0.41-1.04) 0.072
2.00 (1.23-3.32) 0.005

HR (95% CI) P
4.37 (1.43-11.0) 0.013
1.89 (1.16-3.16) 0.011

Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence interval.

prognosis. The present study showed that CD55-high character
was a poor prognostic factor, even when the percentage of cells
with significant high CD55 expression was as low as 1%,

Presence of cells showing CD55 strong expression, irrespective

of percentage of such cells among tumor cells, is a sign for

aggressiveness of tumors.
Taken together, the presence of a small

expressing CD55 was a poor prognostic factor in breast cancer.
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Determination of the specific activity of CDK1 and CDK2
as a novel prognostic indicator for early breast cancer
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Background: We recently established a novel assay for specific activity (SA) of cyclin-dependent kinases (CDKs)
using small tumor samples (28 mm?), The aim of this study was to investigate the prognostic significance of COK1SA
and CDK2SA in human breast cancer.

Methods: CDK13A and CDK2SA were determined in 284 breast cancer patients and their prognostic significance
was Investigated.

Results: Tumors with high CDK1SA and high CDK2SA showed significantly poorer 5-year relapse-free survival than
those with low CDK1SA and low CDK2SA, respectively (66.9% vs 84.2% for CDK18A; 43.6% vs 83.6% for CDK2SA).
Moreover, combined analysis of CDK1SA and COK2SA enabled the classification of breast tumors into high-risk and
low-risk groups, where tumors in the high-risk group were strongly associated with unfavorable prognosis (6-year
relapse-free survival 69.4% for the high-risk group and 91.5% for the low-risk group). Multivariate analysis showed that
the risk determined by combined analysis of CDK1SA and CDK2SA is a significant (hazard ratio 3.09, P < 0.001)
prognostic indicator for relapse, especially in node-negative patients (hazard ratio 6.73, P < 0.001).

Conclusion: Determination of COK1SA and CDK2SA may be useful in the prediction of outcomes in breast cancer
patients and has potential for use as a routine laboratory test.

Key words: breast cancer, cycline dependent kinase, prognosis

blotting, which does not seem to be suitable for routine
laboratory tests.

We have been focusing on CDKs (CDKI and 2) and
investigating their prognostic significance in breast cancers
because CDKs play a pivotal role in cell cycle regulation
|7, 8]. The CDK expression levels are almost constant but
their activities change markedly according to the cell cycle
phase, Thus, it is necessary to measure CDK activity itself
to accurately evaluate the role of CDKs in cell proliferation.
Recently, we succeeded in developing a system that can
assay the specific activity (SA) of CDKs using small tissue
samples [9]. The aim of this study was to clarify the
prognostic implications of CDKSA in breast cancers.

introduction

It is well established that systemic adjuvant therapy for early
breast cancer significantly reduces the risk of recurrence and
death regardless of nodal status [1, 2]. However, the fact
that approximately two-thirds of node-negative patients can
survive without recurrence even without adjuvant therapy
indicates that adjuvant therapy is administered to many
patients who actually do not need it. To avoid unnecessary
treatments, we need new and more powerful prognostic
indicators [3, 4].

Recently, molecules involved in cell cycle regulation such as
cyclins, cyclin-dependent kinases (CDKs) and CDK inhibitors
have been attracting considerable attention as potential
prognostic indicators [4-6]. Cyclin E appears to be the most
promising of these molecules. High cyclin E expression

detected by western blotiing has been shown to be strongly F ents and me ds

associated with unfavorable prognosis, independent of nodal
status [5]. However, it is not easy to reproducibly assay total
cyclin E or low molecular weight cyclin E expression by western

patients

For this study, 284 patients with primary invasive breast cancer who
had undergone mastectomy or breast-conserving surgery between
1996 and December 2002 were recruited. Of these 284

n, 1.
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patients, 162 patients were given hormonal therapy (tamoxifen alone,
124; ifen plus luteinizing hormo ing hormone analog, 31;
other modalities, 7}, 37 patients underwent chemotherapy
(cyclophosphamide, methotrexate and 5-flusrouracil [CMF], 16,

cyclophosphamide plus epirubicin [CE|, 19; other modalities, 2) and 61
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patients received chemohormonal therapy (CMF plus tamoxifen, 17; CE
plus tamoxifen, 25; other modalities, 19).

The median follow-up period was 56.6 (8-89) months, and the
relapse-free survival rate at 5 years after surgery (SyRFS) was 80,9%,
Forty-nine patients developed recurrence (liver, 6; lung, 9; bone, 11; soft
tissue, 23). Ipsilateral breast recurrences after breast-conserving surgery
were not counted as recurrences,

assay for CDKSA

The assay of CDKSA consists of analyses of protein expression and

kinase activity, as previously described [9). In brief, lysates of frozen
tissues were prepared with a homogenizer and stored at —80 °C until use.
For expression analysis, the lysate was applied to an ImmobiChip
(Sysmex, Kobe, Japan). The target protein was detected by sequential
reactions with primary antibodies (anti-CDK1, anti-CDK2 or
glyceraldehyde-3-phosphate dehydrogenase (GAPDH); Sysmex, Kobe,
Japan), biotinylated secondary antibodies (Santa Cruz Biotechnology,
Santa Cruz, CA) and fluorescein-labeled streptavidin (Vector, Burlingame,
CA). For kinase activity analysis, the CDK1 or CDK2 molecules in the lysate
were first captured in a mini-column coupled with anti-CDK1 or
anti-CDK2 antibody. Then an in-column kinase reaction and a fluorescein
labeling reaction were performed sequentially, and the final reaction
mixture was applied to the ImmobiChip, For quantification of both

CDK expression and activity, catalytically active recombinant CDK1 or
CDK2 (Upstate Biotechnology, Lake Placid, NY) was used as a standard.
The CDKSAs were then calculated as kinase activity (U/pL lysate, where 1 U
is equivalent to the activity of 1 ng of standard) divided by its
corresponding expression (ng/pl lysate), The cut-off values for CDK15A,
CDK25A and CDK2SA/CDKI1SA ratio were defined as the points that
gave the best discrimination in RFS. The optimal cut-off points were

100 Ufng for CDKI1SA, 800 U/ng for CDK2SA and 5.6 for CDK2SA/
CDKISA. The distribution of breast tumors according to CDK1SA and
CDK25A is shown in Figure 1.

assay for human epidermal growth factor receptor

type 2 expression

HER2 expression was examined by HercepTest (DakoCytomation,
Carpinteria, CA) in 195 patients and by western blotting in 87 patients
whose primary tissues were not available for HercepTest. The insoluble
membrane fraction of the lysate for CDKSA assay was solubilized by RIPA
buffer-supplemented protease inhibitor cocktail (SIGMA-Aldrich, St Louis,
MO). The resultant supernatant was electrophoresed followed by fi
to PVDF membrane. After blocking, the membrane was treated with
palyclonal anti-HER2 antibody (Upstate Biotechnology, Lake Placid, NY},
biotinylated anti-rabbit antibody (Santa Cruz Biotechnology, Santa Cruz,
CA) and Alexa-Fluor488-streptavidin (Molecular Probes, Eugene, OR).
Fluorescent signal intensities of HER2 were measured and normalized

to GAPDH expression. HER2 expression was classified as negative, 1+ or
2+. A high concordance (82%) between score 3+ of HercepTest and 2+
of the western blotting was confirmed (data not shown), and both

were defined as HER2-positive.

statistical methods

RFS was alculated with the Kaplan-Meier method, and the differences
were assessed with the log-rank test. The Cox proportional hazards model
was used for both iate and multi e analyses. Test results were
considered significant for P < 0.05,

results

relationship of various clinicopathologic
parameters or CDK1/2SA with prognosis

The relationship of various clinicopathologic parameters

with 5yRFS is shown in Table 1. Lymph node metastases,
high histologic grade, estrogen receptor (ER) negativity,
progesterone receptor (PR) negativity and HER2 positivity
were significantly associated with poor SyRFS. With respect to

407
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Figure 1. Distribution of breast tumors according to CDK1SA and CDK2SA. Tumors (n = 284) are pl

1 in two di

(logarithmic scales)

according to CDKISA and CDK25A. Area A includes tumors with high CDKISA (>100 U/ng) and/or high CDK2SA (>800 U/ng) (n = 37). Area C includes
tumors where both CDKISA and CDK2SA are less than lower measurement limits (1t = 33). The remaining tumors are divided into two groups (Bl

[n = 85] and B2 [n = 129]) according to the CDK2SA to CDKISA ratio, with a cut-off at 5.6, Tumors in arcas A and Bl are considered to be high-risk
for relapse (CDK-based high-risk group) and those in areas B2 and C 1o be low-risk (CDK-based low-risk group). Tumor without relapse; @, tumor

with relapse; ®.
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Table 1. Association b and S-year RFS in all

patients (n = 284)

tumor p

Age <50 years 113 841 0546
Tumar size <2.0 am 118 855 0.082
. >20em 166 77
Lymph node Negative 178 877 0.0006
status. ;
_ Positive 103 70.7 ot
Histologic grade = 1 76 893 0.018
: 2+3 206 786
ER* Positive 167 857 0,009
Negative 111 76.2
PR* Positive 163 86.0 0.007
Negative 113 75.7
HER2 Negative 247 82.4 0.028
Positive R 627
CDK1SA Low 351 \ 842 0.004
High 13 66.9
CDK2SA Low 273 836 <0.0001
High 1 436
CDK2SA/CDEISA Low 187 488 0.0001
ratio
_ High 97 68.7
CDK-based risk®  Low 162 915 <0.0001
High 122 69.4

*P value was evaluated by the log-rank test and was considered significant
for P < 0.05.
*Estrogen receptor (ER) and progesterone receptor (PR) levels in tumors
were measured with an enzyme immunoassay. The respective cut-off values
for ER and PR were 13 and 10 fmol/mg protein.
YCDK-based risk was determined by the combination of CDKISA and
CDK2SA. CDK-based low-risk group was composed of patients with
tumors showing both CDK1SA and CDK25A less than lower measurement
limits (area C in Figure 1) and those with a low ratio of CKD2SA/CDKISA
tam B2 in Figure 1). The CDI( based high-risk group was composed of
ts with b g high CDK15A and/or high CDK2SA (area A
in Figun 1) and those with a high ratio of CKD2SA/CDKISA (area Bl in
Figure 1).
HER2, Human Epidermal Growth Factor Receptor Type 2.

CDKSAs, patients with high CDK1SA and high-CDK2SA
tumors showed a significantly lower 5yRFS than those with low
CDKISA and low-CDK2SA tumors, respectively. Moreover,
patients with tumors with a high CDK2SA/CDKI1SA ratio
showed a significantly lower S5yRFS than those with tumors
with a low CDK2SA/CDKISA ratio.

Next, we studied the relationship of the combination of
CDKI1SA and CDK2SA with prognosis. Patients with high
CDKISA and/or high-CDK2SA tumors (area A in Figure 1)
showed a poor prognosis (5yRFS rate 60%), whereas patients
with tumors where both CDKI1SA and CDK25A were less
than lower measurement limits (area C in Figure 1) were
unlikely to develop recurrent diseases (5yRFS rate 96%). The
remaining patients were able to be divided into the high- and
low-risk groups according to the CKD2SA/CDKISA ratio;

70 | Kim et al.
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that is, patients with tumors with a high CKD2SA/CDKI15A
ratio (area Bl in Figure 1) were at high risk of relapse
(5yRFS rate 73%) and those with a low CKD2SA/CDKISA
ratio (area B2 in Figure 1) were at low risk of relapse (5yRFS
rate 91%). Accordingly, using the combination of CDKISA
and CDK2SA, all patients could be classified into a CDK-based
low-risk group (area B2 and C in Figure 1) and a CDK-based
high-risk group (area A and Bl in Figure 1). Patients in the
CDK-based high-risk group showed a significantly lower
5yRFS than those in the CDK-based low-risk group (Table 1
and Figure 2A).

The prognostic impacts of various markers were evaluated
by univariate and multivariate analyses (Table 2). In the
univariate analysis, lymph node status, histologic grade, ER,
PR, HER2 and CDK-based risk were significantly associated
with relapse. In the multivariate analysis, however, only
lymph node status and CDK-based risk had a significant
correlation with relapse (hazard ratio 2.22 and 3.09,
respectively).

CDK1/2SA and climicopathologic par s. The relationship
of CDK-based risk with clinicopathologic parameters was
evaluated with the chi-square test. CDK-based high risk
showed a significant association with large tumor size

(P = 0.035), lymph node involvement (P = 0.046), high
histologic grade (P = 0.0008) and PR negativity (P = 0.004),
but no significant association with ER (P = 0.362) and HER2
status (P =0,118).

CDK1/25A and prognosis according to nodal status. In both
node-negative and node-positive subsets, patients in the
CDK-based high-risk group showed a significantly lower
5yRFS than those in the CDK-based low-risk group
(node-negative, 72.6% vs 97.8%; node-positive, 61.0% vs
79.0%) (Figure 2B and 2C).

In the node-positive group, univariate analysis showed
that the number of metastatic lymph nodes, ER status and
CDK-based risk were significantly associated with relapse,
whereas multivariate analysis showed only that the number
of metastatic lymph nodes and ER status were significant
prognostic indicators for relapse (data not shown). In the
node-negative group, univariate analysis showed that the
CDK-based risk had a significant association with relapse,
and that the histologic grade and PR status had a tendency
to be associated with relapse. The multivariate analysis
demonstrated that only CDK-based risk is a significant
independent prognostic indicator (hazard ratio 6.73).

prognostic factors for node-negative patients
receiving hormonal therapy alone

Of 178 node-negative patients, 139 (78%) patients received
hormone therapy alone as adjuvant therapy, and 14 of
these 139 patients developed recurrences. Neither histologic
grade nor the St Gallen’s criteria [10], widely used as the
risk classification especially for node-negative patients,
showed a significant association with relapse in these

139 patients (Figure 2D and 2E). However, patients in the
CDK-based high-risk group showed a significantly lower

Volume 19 | No, 1 |January 2008
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a) all patients c) node-negative
DFS (%)
100
80
40 p < 0.0001 40 p=0034 40 P < 0.0001
20 4 — High (38/122 events) 20 | — High (18/53 events) 20 { — High (17/69 avents)
04 o Low (14/162 events) 04 = Low (10/52 events) 04 - Low (4/109 avents)
01234587 01234567 012234567
Time (years) Time (years) Time (years)
d) St Gallen risk category €)  Histologic grade f) CDK-based risk
DFS (%) DFS (%) DFS (%)
100 100 100
80 80 80
60 p=0.760 60 p=0.074 60 p = 0.0001
40 40 40
20 { — Intermediale(13/122 events) 20 4 —— 2+3(12/84 events) 20 { — High (12/53 events)
od = Low (176 events) 04 ---- 10143 events) o4 Low (2/86 events)
01234667 012346567 01234587
Time (years) Time (years) Time (years)

Figure 2. Relapse-free survival (RFS) rates according to the CDK-based risk and St Gallen's risk categorization. In (A) all, (B) node-positive and (C) node-
negative patients, CDK-based high risk was strongly associated with poor prognosis compared to CDK-based low risk. In node-negative patients receiving
hormone therapy alone as systemic adjuvant therapy, risk classification according to (D) St. Gallen risk category (2005 version) and (E) histologic grade
failed to show a significant difference in RFS. (F) CDK-based risk was able to classify these patients into the high- and the low-risk groups, and their 5-year
RFS rates were 74.9% vs 98.4%, respectively (P = 0.0001).

Table 2. Univariate and multivariate analyses for relapse in all patients (n = 284)

Age < 50 vs = 50 years 0.84 0.47-1.50 0.546

Tumor size >2.0 vs 2.0 cm 1.70 0.93-3.13 0.086

Lymph node status Positive vs negative 259 1.47-4.56 0.001 222 1.24-3.95 0,007
Histologic grade 243vs1 2.69 L15-6.32 0.023 1.88 0.79—4.48 0.155
ER Negative vs positive 2.10 1.19-3.71 0.011

PR Negative vs positive 215 1.22-3.81 0.009 1.50 0.83-2.72 0.181
HER2 Positive vs negative 2.21 1.07-4.59 0.033 1.87 0.87-3.99 0.108
CDK-based risk High vs low 393 211-7.32 <0.0001 3.09 1:64-5.82 0.0005

*Cl, confidence interval; HER2, Human Epidermal Growth Factor Receptor Type 2.

5yREFS than those in the CDK-based low-risk group (74.9% vs
98.4%, P = 0.0001) (Figure 2F).

discussion

In this study, we applied our novel assay system to breast
cancers to find out whether determination of CDK1SA and
CDK2SA could be useful for the prediction of patient
outcomes. Although a high CDKI1SA, a high CDK2SA and
a high CDK2SA/CDKI1SA ratio were significantly associated
with a poor prognosis, the combination of these parameters
(the CDK-based risk) has been found to predict patients’
outcomes more accurately than each parameter alone.
Multivariate analysis demonstrated that CDK-based risk was

Volume 19 | No. 1| January 2008

a significant prognostic indicator. More importantly, CDK-
based risk was a highly significant and independent prognostic
indicator for node-negative breast cancers.

The strength of this new indicator, CDK-based risk, is that
it classified as many as 61% (109/178) of node-negative
patients into the low-risk group where the RFS is extremely
good, and the remaining 39% (69/178) into the high-risk group
where the RFS is so low as to be equivalent to that seen in
patients with one lymph node involvement [11]. This
excellent capability for differentiation of the CDK-based
risk sharply contrasts with that of St Gallen's risk classification
of node-negative breast cancers, The latter categorized only
5% (8/166) of our subjects into the low-risk group, where
recurrence was observed in 13% (1/8), and the remaining

doi:10,1093/annonc/mdmass | a



95% (158/166) into the intermediate risk group, where
recurrence was also observed in 13% (20/158).

We have focused on node-negative patients treated with
hormonal therapy alone as systemic adjuvant therapy because
this group represents the majority of node-negative cancers
and includes some patients with unfavorable prognosis. For
these patients, only the CDK-based risk was of significant use
for the prediction of their prognosis (SyRFS 74.9% vs 98.4%).
These findings seem to indicate that adjuvant hormonal
therapy alone is under-treatment for node-negative and
hormone receptor-positive patients with tumors belonging to
the CDK-based high-risk group, who need chemotherapy in
addition to hormonal therapy. By contrast, adjuvant
hormonal therapy alone is an appropriate treatment for
those in the CDK-based low-risk group. These preliminary
findings obtained with a limited number of patients need
to be confirmed in a future study including a larger number
of patients.

Both CDK1 and CDK2 are considered to play an
important role in cell proliferation and are expected to be
associated with tumor aggressiveness and a poor prognosis
[7, 8, 12, 13]. However, the prognostic impact of CDK1 in
breast cancers still remains controversial [13-15]. Interestingly,
some recent studies have shown that CDK1 may be required
for apoptosis that is independent of the regulation of the
cell cycle [16, 17]. Uncontrolled CDKI activation might
work as a brake for cancer cell growth in some tumors. Our
present study has shown that a high ratio of CDK2SA to
CDKISA is associated with a poor prognosis and a low
ratio is associated with a favorable prognosis. Although the
real biological meaning of this ratio is still unclear, implication
of CDK1 in apoptosis might partially explain why a low
ratio of CDK2SA to CDKISA is associated with
a favorable prognosis. Several in vitro studies to clarify the
biological meaning of this ratio are in progress in our
laboratory.

Our results have demonstrated that tumors in the CDK-
based high-risk group showed a significant association with
unfavorable clinicopathologic features, such as high histologic
grade, large tumor size, lymph node metastases and negative
PR. CDK-based risk has a particularly strong association with
histologic grade, suggesting that CDK-based risk may reflect
the cell proliferation. It is well established that rapidly
proliferating tumors are associated with a malignant potential
to metastasize [4]. In fact, various parameters associated with
cell growth have been identified as having the capability to serve
as prognostic indicators in breast cancers. These parameters
include mitotic index, DNA flow cytometry, *H-thymidine/
5-bromo-2'-deoxyuridine uptake and Ki-67 antigen
immunohistochemistry [18, 19]. The main problem inherent in
these methods is that they are of a subjective nature with
significant inter-observer or inter-assay variations, and are thus
too difficult to standardize for use in routine laboratory tests.
By contrast, determination of CDK1SA and CDK2SA can be
accomplished with a well-standardized method ready for use
in laboratory tests [9]. Another strength of CDK1SA and
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CDK2SA assay is that it needs only a very small sample
(minimum 8 mm").

In conclusion, we have shown that CDK-based risk
determined by evaluating CDK1SA and CDK2SA is strongly
associated with clinical outcome especially for node-negative
breast cancer patients. We consider that the CDK-based
risk has potential as a new prognostic factor independent of
the conventional risk factors, and as a routine laboratory test.
However, our results need to be validated in a study with
a larger number of patients on a multicenter basis.
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Abstract

We conducted a case-control study to examine the relationship between breast density (BD) on mammography and breast cancer risk
for postmenopausal Japanese women. The mammograms (205 cases and 223 controls) were classified by two doctors employing Wolfe's
classification and used to measure BD with original computer software. A weak relationship between breast cancer risk and the
parenchymal pattern of Wolfe's classification was found. The BD measured with the computer software, however, showed a significant
relationship with breast cancer risk. Analysis after adjustment for epidemiologic factors showed that women in the quintile with the
highest BD had a 3.02 times higher risk of breast cancer than those in the quintile with the lowest density. Since mammographic BD is
clearly associated with breast cancer risk for postmenopausal Japanese women, our software can be expected to become a useful tool for

objective risk assessment of breast cancer.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Breast cancer; Breast density; Mammography; Breast cancer risk

Introduction

Correlation of breast cancer risk and breast pattern on
mammograms was first reported by Wolfe in 1976, who
classified mammograms into four categories according o
their parenchymal patterns.' Since then, many other
studies of mammographic patterns and breast cancer risk
have been published, and most of them reported findings
similar to those by Wolfe.”® However, it has been
suggested that qualitative assessment of mammography
may involve interobserver variance.” To overcome this
problem, quantitative methods of measuring breast density
(BD) have come into use, and significant correlations
between mammographic density and breast cancer risk
have been reported.®” However, most of these reports

*Cormesponding author. Tel.: + 81668793772, fax: + 816687917790
E-mail address: noguchiGonsurg.med osaka-u.ac.jp (S. Noguchi),

0960-9776/8 - see front matter © 2007 Elsevier Ltd. All nghts reserved
doi: 10,1016/ breast 2007.06.002

concern breast cancer risks for women in Europe and
North America, with only a few reports dealing with Asian
women including Japanese.'™" Since recently the inci-
dence of breast cancer has been increasing in Japan too,"
identification of women at high risk of breast cancer has
become an important issue. However, mammographic
screening for breast cancer has come into wide use only
these past several years in Japan. It is therefore necessary to
confirm that mammographic density can be a risk factor
for breast cancer and to find the most suitable method for
estimating BD of Japanese women, who have generally
smaller breasts than their western counterparts.

In view of these considerations, we created a computer
program to measure the area occupied by the mammary
gland, which uses simple and objective adjustment of
individual mammograms by means of comparison with
the density of the pectoralis major muscle. With this
program, we performed a case-control study to examine
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the relationship between BD and breast cancer risk for
Japanese women.

Materials and methods
Case-control study

To examine the relationship between BD and breast
cancer risk for Japanese women, we conducted a case-
control study of 325 consecutive postmenopausal female
subjects, who underwent surgery for pathologically con-
firmed primary breast cancer at Osaka University Hospital
between January 1999 and December 2003. Menopausal
status was reviewed with clinical records confirmed by
interview before surgery. We restricted the subjects to
postmenopausal women who had experienced no men-
struation for more than one year. Women who had
undergone hysterectomy and/or oophorectomy were ex-
cluded from the study, because we could not confirm that
bilateral oophorectomy was completed in all of them.
Women whose mammograms were not suitable for analysis
because they did not include the pectoralis major muscle,
and those who showed bilateral breast cancer were also
excluded, as were those who had received hormone
replacement therapy (HRT) because their number was
very small. Eventually, 205 women aged 50 years and over
were sclected as study subjects.

In addition, 250 healthy postmenopausal women aged 50
years and over who had received mammographic breast
cancer screening at least twice in the preceding 2 years at
the Teikoku Hotel Clinic in Osaka City during the same
period were enrolled as controls. Women who had under-
gone any breast or ovarian surgery were excluded. All the
women stated on the consultation questionnaire that they
had not received estrogen replacement therapy. The final
number of controls was 223,

The medio-lateral-oblique (MLO) view of the mammo-
grams was used for this study because this view was
recommended for breast cancer screening in Japan. A
preoperative mammogram of the breast contralateral to
the operated one was used for the cases, while a
mammogram of the right or left breast was chosen at
random for the controls, Epidemiologic risk factors for
breast cancer, such as age at menopause, family history of
breast cancer among first- and second-degree relatives,
history of parity and body mass index (BMI), were
obtained from clinical records for review.

Qualitative evaluation of mammograms

All mammograms were evaluated and classified into four
groups, NI, PI, P2 and DY, according to Wolfe's
classification’ by two doctors, who were certified for breast
cancer screening with mammography by the Central
Committee for Quality Control of Mammographic Screen-
ing of Japan. The mammograms were arranged randomly
and reviewed without access to the information about any

of the women. Several months after the review, all the
mammograms were reevaluated by the same observer
without reference to the first reading.

Quantitative assessment of mammographic BD

All mammograms were digitized with a scanner using an
8-bit gray scale with a resolution of 200 DPI, and the data
were stored in a workstation. Although the BD of two
women may be assessed with the naked eye as almost
equal, the actual density in one can be higher than in the
other when the intensity of part of the pectoralis major
muscle in the former is lower than that in the latter. To
overcome this problem, an original computer program to
measure BD was newly created by T.S. and M.T. using the
method shown in Fig. 1. First, the areas of the breast and
pectoralis major muscle were manually identified on the
monitor. A histogram showing pixel intensity (X-axis) and
frequency (Y-axis) was created for each area. The pixel
intensity was graded from 0 to 255, and the mean intensity
(MI) of each area was obtained from the histogram. The
average MI of the pectoralis major muscle (MIP) was
calculated for a total of 60 mammograms, consisting of 30
mammograms each randomly selected from cases and
controls. Since the average MI was 100, the area of the
mammary gland on a representative mammogram with an
MIP of 100 was determined by controlling the cutoff level
of the intensity of the breast area for a comparison of the
findings on the mammogram and on the monitor. The
standard cutoff level of the intensity in the breast area was
determined as 70, and the ratio of the area of the mammary
gland to that of the entire breast was calculated as BD.
However, cutofT levels differ among mammograms because
of different conditions under which mammography is
performed, so that we determined the cutoff level for
calculation of BD according to the MIP of each individual
mammogram. For example, when the MIP was 80, which is
20 less than the average MIP of 100, the cutofT level was set
at 50, 20 less than the standard cutofT level of 70 (Fig. 1).

Clinicopathological features of breast cancer

For the cases, clinicopathological factors of breast
cancer, such as tumor size, histological grade, HER2
overexpression, hormone receptor status and lymph node
status, were obtained from clinical records for review.

Stratistical analysis

The Mann-Whitney U test was used for statistical
analysis to compare age distribution, and the student’s
T-test was used for a comparative analysis of the period
after menopause and BMI of cases and controls. The Chi-
square test was used for analysis of other epidemiologic
factors. The relationships between parenchymal patterns
and breast cancer nisk, and between BD and breast cancer
nisk were analyzed with a logistic regression to obtain odds
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Fig. 1. The method for measurement of breast density. The areas of the breast (BR) and pectoralis major muscle (PM) were manually dentified, and a
histogram of pixel intensity (X-axis) and pixel frequency ( ¥-axis) was created for each area. In the standard case, the mean pixel intensity of the PM area
was 100, and the standard cutofT level of the pixel intensity of the BR. area was determined as 70 (a). In a case with the mean pixel intensity of the PM area
at 80, the cutofT level was determined as 50 (b). In a case with the mean pixel intensity of the PM area at 125, the cutofT level was determined as 95 (c). The
breast density calculated was 23.1% in the case &, 26.8% in b and 8.3% in c, while they were classified as P2 according 1o Wolle's classification with the

naked eve by the doctors

ratios (OR) and 95% confidential intervals (CI). For the
former analysis, the kappa statistic was used to determine
interobserver and intraobserver agreement. For the latter
analysis, controls were divided into five groups in order of
BD, with almost equal numbers in each group. Next, the
cases were divided into five groups according to BD
corresponding to that of the five control groups. The
relationship between BD and epidemiologic factors was
then analyzed with the Mann—Whitney U test. Controls
and cases were further divided into two groups each
according to mean age, mean period after menopause and
mean BMI of the study population, as well as the presence
of childbirth and family history of breast cancer among
first- and second-degree relatives. Subset analyses of breast
cancer risk were performed for BD in groups stratified

according to epidemiologic factors. The relationship
between pathological factors and BD was analyzed with
the Mann-Whitney U test. SPSS software (SPSS Japan
Inc., Tokyo) was used for all statistical calculations.

Results

The background for epidemiologic risk factors of the
study population is shown in Table 1. The mean age of the
cases was 58.1 years, which was younger than that of
controls (61.3 years; P<0.01), while the period after
menopause was longer (P<0.01). There were no differ-
ences between the two groups as to BMI, history of parity
and family history of breast cancer.
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Table |
Charactenistics of study population.
Cases (N = 205), number (%) Controls (N = 223), number (%) P
Age (mean + SE, vears) 50-93 (58.1+52) 50-83 (61.3+74) =0.01
Period afler menopause (mean + SE, years) 1-52 (10.8 £-0.57) 131 (8 840.42) <0.0]
BMI (mean +SE, kgm?) 16.0-33.8 (22940.22) 16.6-35.2 (22.440.18) 0.06
Parity
None 28 (13.7) 37(16.6) 0.40
== 177 (86.3) 186 (83.4)
Family history®
No 170 (82.9) 192 (86.1) 0.21
Yes 35 (17.1) 28 (12.6)
Unknown 0(0) 3(L3)
“Family history of breast cancer among first- and second-degree relatives.
Table 2
Relationship b qualitative eval using Wolle's classification and breast cancer nisk
Wolfe's classification Cases Controls OR [95% CIJ OR [95% CIJ"
No. (%) No. (%)
Dr. 4
N1 33 (14.8) 28 (13.7) 1.00 1.00
PI 72(32.3) 85 (41.5) 1.41 (0.76-2.61] 170 [0.89-3.24]
P2 110 (49.3) 79 (38.5) 1.03 [0.56-1.90] 1.31 [0.69-2.50]
DY 8 (3.6) 13 (6.3) 2.64 [0.93-7.49] 424 [1.51-15.3)
Dr. B
NI 12 (5.4) 22(10.7) 1.00 1.00
Pl 85 (38.1) 76 (37.1) 0.49 [0.22-1.10) 0.55 [0.24-1.23]
P2 122 (54.7) 96 (46.8) 0.53 [0.24-1.17] 0.66 [0.29-1.49]
DY 4 (1.8) 11 (5.4) 2.24[0.57-8.85] 274 [0.67-11.2)

“Odds ratio adjusted for age [95% confidential interval].
*Odds ratio adjusted for age, period after menopause, BMI, family history

Relationship between evaluation of mammography with
Walfe's classification and breast cancer risk

Table 2 shows the relationship between breast cancer
risk and mammographic breast pattern determined by two
doctors using Wolfe's classification. According to the
grouping by doctor A, analysis after adjustment for age
and epidemiologic factors as listed in Table 1 (OR = 4.24,
95% CI = 1.51-15.3) showed that women classified as DY
had a higher nisk of breast cancer than did those classified
as N1. The groups classified by Dr. B, however, showed no
significant relationship between breast patterns and breast
cancer risk, while the OR of breast cancer risk for the DY
group was more than twice that for the N1 group. The re-
analysis based on the reevaluation of the mammograms
performed several months after the first analysis by the
same observers showed similar result (data not shown).

Interobserver and intraobserver agreement of breast patterns

The rates of agreement between Lthe reviewers were 0.733
(kappa coefficient = 0.572) for the first review and 0.806

and parity [95% confidential interval].

(kappa cocfficient = 0.624) for the second. The rate of
intraobserver agreement for Dr. A was 0.679 (kappa
coefficient = 0.477) and 0.742 (kappa coefficient = (),547)
for Dr. B. These results indicate moderate inter- and
intraobserver agreement.

Relationship between BD measured by computer and breast
cancer risk

The results of the case-control study for breast cancer
nsk and BD measured with the computer software are
summarized in Tables 3A and B. Women grouped in the
quintile with the highest BD were found to have
significantly higher risk of breast cancer than those in the
quintile with the lowest density after adjustment for age
and other epidemiologic factors (OR = 3.02, 95% CI
= 1.58-5.77) (Table 3A). Comparison of the women in
the quintile with the highest density (High) and those in all
other quintiles (Low) vielded a risk ratio for breast cancer
of 2.81 (95% CI = 1.72-4.59) for the “High™ group after
adjustment for age and other epidemiologic parameters
(Table 3B).
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Table 3

Relationship between breast density measured with computer and breast cancer sk comparing (A) each quintile to that with the lowest density (B) the

quintile with the highest density to others.

Breast density (%) Controls, no. (%) Cases, no. (%) OR [95% CI1)* OR [95% CI°
(A)
<34 45 (20.2) 42 (20.6) 1.00 1.00
34-8.8 44(197) 32(15.6) 0.89 (0.47-1.72) 0.98 [0.51-1.91)
£9-165 45 (20.2) 30 (14.6) 0.84 [0.43-1.61) 0.94 [0.48-1.84]
16.6-28.7 45 (20.2) 37 (18.0) 1.04 [0.55-1.98) 1.36 [0.70-2.65]
288« 40197 64 (31.2) 2.36 1.28-4.37] 3.02 [1.58-5.77)
(B)
Low (0-28.7) 179 (80.3) 141 (68.8) 1.00 1.00
High (28.7<) 44(19.7) 64 (31.2) 251 [1.56-4.02) 281 [1.72-4.59)

*Odds ratio adjusted for age [95% confidential interval]

®Odds ratio adjusted for age, period after menopause, BMI. family history and parity [95% confidential interval).

Table 4
Relationship ¢ pid I factors and breast density measured with computer
Controls, % density (mean) P Cases, % density (mean) P
Age (years)
50-59 0.0-77.4 (13.8) 0.35 0.0-86.0 (26.8) <00
> =60 0.0-65.8 (11.6) 0.0-65.0 (11.8)
Period after menopause (years)
<9 0.0-77.4 (18.1) 0.09 0.0-76.7 (27.6) <0.01
=9 0.0-658 (14.7) 0.0-86.0 (17.9)
BMI (kg/m™
<223 0.0-77.4 (19.5) <0.01 0.2-75.7 (26.6) <0.01
=>213 0.0-56.8 (12.6) 0.0-86.0 (18.6)
Parity
Mone 0.0-77.4(224) <0.01 0.0-519 (23.2) 0.55
> 0.0-65.8 (15.7) 0.0-86.0 (22.7)
Family history
No 04-774(16.7) 0.63 0.0-86.0 (22.8) 0.80
Yes 0.0-65.8 (17.7) 0.0-647 (22.3)

Relationship between BD and epidemiologic factors is
shown in Table 4. BD was significantly higher in younger
postmenopausal cases, while no age difference was
observed in controls, BD was also higher in cases with a
short period after menopause, in both cases and controls
with low BMI, and in nulliparous controls.

Table 5 shows the relationship between breast cancer
risk and BD when the subjects were stratified according to
epidemiologic factors. This analysis showed that BD can be
a risk factor of breast cancer for women from 50 to 59
years old who have become amenorrheic within the
previous 9 years, whose BMI is 22.3kg/m* or higher,
who have given birth to at least one child and who have no
family history of breast cancer among first- and second-
degree relatives.

Relationship between BD measured with computer and
clinicopathological factors of breast cancer

The relationship between BD and clinicopathological
factors of breast cancer for the cases examined is shown in

Table 6. No relationship was detected between BD and
expression of hormone receptors, histological grade of the
tumor or status of axillary lymph nodes, but BD was
significantly higher in patients with HER2-positive than in
those with HER2-negative tumors (£ <0.05).

Discussion

Identification of women at high risk for breast cancer is
important for efficient screening and effective prevention.
Since Wolfe reported on the relationship between BD
measured on mammograms and breast cancer risk for
women,'** many papers confirming this finding have been
published > *%'%'% [n North America and Europe, mam-
mographic screening for breast cancer is widely used, so
that BD observed on mammograms is a suitable tool for
assessment of breast cancer risk. In Japan, the use of
mammography for public screening was started only
recently at numerous clinics and hospitals in response to
recommendations by the government because of an
increase in the incidence of breast cancer.'* The breasts
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Table 5

Relationship between breast density measured with computer and breast cancer risk stratified with epidemiologic factors.

Age (years) Density Controls, no. (%) Cases, no. (%) OR [95% CI* OR [95% C1)°
(1) Age
50-39 Low 116 (78.4) 52 (53.6) 1.00 1.00
High 32 (21.6) 45 (46.4) 3.23 [1.84-5.69] 3,53 [1.96-6.35)
60-69 Low 55(83.3) 69 (73.4) 1.00 1,00
High 1167 15 (26.6) 1.35 [0.56-3.29) 1.46 [0.61-3.47]
Period Density Controls, no. (%) Cases, no. (%) OR. [95% CI)* OR [95% CIT
(2) Period after menopause
<9 Low 107 (76.4) 60 (58.8) 1.00 1.00
High 33 (23.6) 42(412) 2.64 |1.48-4.70] 2.86 [1.58-5.19]
=59 Low 72 (86.7) B1 (78.6) 1.00 1.00
High 11 (133) 22 (214) 2.30 [0.99-5.28] 2.62[1.11-6.18]
BMI Density Controls, no. (%) Cases, no. (%) OR [95% CII* OR [95% CIJ*
(3) BMI
<223 Low 105 (76.6) 66 (62.3) 1.00 1.00
High 32(234) 40 (37.7) 2.49 [1.38-4.49] 250 [1.38-4.54]
=>223 Low 74 (86.0) 75 (75.8) 1.00 1.00
High 12 (14.0) 24(24.2) 2.97 [1.31-6.31] 3.27 [1.40-7.62]
Parity Density Controls, no. (%) Cases, no. (%) OR [95% CIJ* OR [95% CIf
(4) Parity
Yes Low 153 (82.3) 33 (38.4) 1.00 1.00
High 30177 33 (61.6) 2.71 [1.63-4.61] 2.90 [1.69-5.00]
No Low 26 (70.3) 17 (60.7) 1.00 1.00
High 11 {29.7) 11 (39.3) 1.97 (0.66-5.88] 2.28 [0.68-7.62]
Family history Density Controls, no. (%) Cases, no. (%) OR [95% CI)* OR [95% CIJ°
(5) Family history of breast cancer among first- and second-degree relatives
Yes Low 22 (78.6) 24 (68.6) 1.00 1.00
High 6{21.4) 11 (31.4) 2.26 [0.65-7.82] 2.24 [0.60-8.29)
No Low 155 (80.7) 37 (a1.1) 1.00 1.00
High 37 (19.3) 53 (58.9) 2.58 [1.544.33] 2.88 [1.70-4.91]

“Odds ratio adjusted for age [95% confidential interval).

"0dds ratio adjusted for age, period after menopause, BMI and parity [95% confidential interval)

“0dds ratio adjusted for age, BMI, family history and parity [95% confidential interval].

“0dds ratio adjusted for age, period after menopause, family history and parity [95% confidential interval).
“0Odds ratio adjusted for age, period after menopause, BMI and family history [95% confidential interval].

of most Japanese women are comparatively small, while
the incidence of breast cancer in Japan is still lower than
that in the Western countries,'® It therefore seems to be
interesting as well as timely to determine whether BD can
be a risk factor of breast cancer for Japanese women,
prompting us to conduct a case-control study for this
purpose. To date, only a [ew reports have been published
about the relationship between BD and breast cancer risk
of Japanese women.'"'* Nagao et al. reported on a
matched case-control study evaluating mammographic
density with both visual and computer-assisted methods.
They reported that a group classified as DY based on
Wolfe’s classification showed a 2.2 fold higher risk of
breast cancer compared to the N1 group, while P1 and P2
showed no such differences. These results were similar to

ours, which were evaluated by two doctors using the same
classification. The DY group showed a 2.74-4.24 fold
higher risk of breast cancer compared to the NI group.
However, statistical significance was observed in the
evaluation of only one doctor, while the P1 and P2 groups
as evaluated by either doctor showed no significant
difference in breast cancer risk. The kappa coefficient for
the two doctors was 0.572, which indicates moderate
agreement. This can be explained by the fact that
assessment of mammographic pattern was difficult in some
cases especially those with small breasts, Moreover, inter-
and intraobserver variability may influence subjective
classification.”'” A meta-analysis by McCormack et al.
disclosed that relative risk of breast cancer in Caucasian
women tended to increase with an increase in Wolfe's
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Table 6
Relationship between breast density d with comy and
chmicopathological factors of breast cancer.

Clinicopathological Number of Breast density  P-
factors patients (%) value
Estrogen receplor 0.90
Positive 123 n3
Negative 6l 42
Progesterone receptor 0.45
Positive 68 20,1
Megative 116 246
Tumor size 0.82
< =2cm 68 23
>2cm 98 21.6
Histological grade 0.80
| 48 i
1 87 21
m 35 21.0
Lymph node metastasis 0.39
Positive 54 246
Negative 122 214
HER2 overcxpression <0,05
Positive 15 328
Negative 95 20.1

grade, and was generally higher than that of Japanese
women.'® Carmen et al. reported that BD appears to be
higher in Asian than in Caucasian women even when
controlling for BMI and age.'” Diversity of ethnicity
associated with breast size and body fat may also affect the
subjective assessment of mammographic patterns.

On the other hand, quantitative assessment of BD on a
mammogram, which can evaluate the amount of fibro-
grandular tissue more objectively, is a promising method
for breast cancer risk assessment. Boyd et al. used a
method to trace the radiologically dense area,” and Byng
et al. developed a technique based on an interactive
thresholding method.'™ In addition, there have been
several reports of original techniques for measuring BD on
digitized mammograms.”'~> However, radiographic con-
ditions may affect selection of mammographically dense
arcas when an interactive method is used. When a breast
contains extensive dense fibroglandular tissues, recently
developed radiocameras can control the conditions auto-
matically to show the internal structure of the dense tissue,
so that the margin of the dense tissue, which is thinner than
the central area, often becomes faint. In such cases, BD
may be underestimated. Furthermore, most of these
techniques use cranio-caudal views of mammograms,
which often fail to show the whole breast area in women
with small breasts, such as Japanese women.

For these reasons, we developed computer software for
more objective assessment of mammogaraphic BD in terms
of the ratio of the dense area to that of a whole breast. To
this purpose, we used a MLO view, because it includes the
pectoralis major muscle, which we used as a reference for
adjusting the conditions of the mammograms. On the basis
of the findings of a preliminary study, we used histograms

for controlling the intensity of digitized mammograms by
adjusting the MI of the pectoralis major muscle, and
determined the threshold to select dense areas. This method
is quite simple and objective, because the threshold is
automatically calculated according to the MI of the
pectoralis major muscle without any interaction by an
observer. This density was found to represent a significant
breast cancer risk factor for the women in the quintile with
the highest BD (>28.7%) in the current study. The risk
ratio was 3.02 compared to that for women with the lowest
density (<3.4%) and 2.81 compared to women with a BD
lower than 28.7% after adjustment for age and other
epidemiologic factors. Nagata et al. reported that the risk
ratio of breast cancer increased for breast densities of
25-50% (risk ratio = 3.0) and 50-100% (risk ratio = 4.2)
in postmenopausal women." They used their onginal
computer software to divide a given breast arca into four
categories of density and calculate the density as a
percentage.” The number of postmenopausal cases in
their study was 75, which is considerably smaller than ours,
although the controls comprised 289 women. These
differences in conditions may account for the small
differences between our and their results. In spite of the
differences, BD measured objectively by computer software
is generally considered a significant nisk factor of breast
cancer in Japancse women.

The BD measured with our method may theoretically
not be accurale but only approximate because of individual
differences in the thickness of the pectoralis major muscle.
Furthermore, a whole breast area, which we selected for
evaluation, contains retromammary fat tissue as well as the
skin and subcutancous fat tissue. Breast densities, that is,
the ratios of the dense area to that of a whole breast,
determined in our study became therefore smaller than
those previously reported by other investigators'’*
Nevertheless, our simple method could identify Japancse
women at high risk by using an MLO view for
mammography, while the volume metric method may be
useful for more accurate estimation of BD.*

As for factors influencing BD, BMI, history of parity
and family history were significant for the controls, while
age, period after menopause and BMI were significant for
the cases in our study. Our subset analysis showed that BD
can be a risk factor of breast cancer for women from 50-59
years old, who have experienced childbirth at least once
and who have no family history of breast cancer among
first- or second-degree relatives. Japanese women who have
given birth to at least one child, and who have no family
history are considered to be at lower risk for breast cancer
than those who are nulliparous and have some family
history of breast cancer.”” Especially for such women, BD
can thus be a useful tool for breast cancer risk assessment.
On the other hand, BMI is considered to be a significant
risk factor for breast cancer in postmenopausal women,
that is, the higher the BMI, the higher the risk for breast
cancer.””™* Interestingly, BD decreased with an increase in
BMI in our study, as was also reported previously.**
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Thus, a woman with high BMI whose BD remains high
may run an additional risk for breast cancer. The relative
risk of breast cancer for women with higher BMI tended to
be higher than that for women with lower BMI in our
study when adjusted for other epidemiologic factors.

Since BD may reflect the hormonal status of the
mammary gland, it is of interest whether breast cancer
related to high BD may have some special features in terms
of receptors for estrogen and growth hormones. Several
reports have dealt with this issue concerning Caucasian but
not Japanese women. Ziv et al. reported that women with
high BD had an increased risk of both estrogen-receptor
positive and negative breast cancer.’' Our data show the
same relationship. On the other hand, Roubidoux et al.
and Aicllo et al. reported that tumor size significantly
correlated with BD,**** while our data do not show such a
relationship. Porter et al. reported that tumor size did not
vary significantly in cases of ‘interval cancers’, while screen-
detected tumors were significantly smaller in fatty
breasts.”® The cases in our study included patients who
found a lump by themselves and are considered ‘interval
cancers’, and this may account for the difference. Other
prognostic factors, such as lymph node status and
histological grade, did not relate to BD as previously
reported,™ while BD was significantly higher in patients
with HER2-positive cancer. HER2-positive breast cancer
often occurs in young patients,”*® and our data showed
that BD was higher in younger cases, so that this may be a
cause of this finding. However, the number of samples was
limited and the background of the cases varied widely.
Further analysis of a greater number of patients is thus
needed to determine the association of BD and clinico-
pathological factors with hormonal features of the
mammary gland such as serum and tissue estrogen levels.

In conclusion, our results show that BD is a significant
risk factor of breast cancer for Japanese women, and that
our method for measuring BD can be a useful tool for the
selection of women with a high risk of breast cancer for
intensive screening and some preventive programs. The
technique can be easily used with a digital mammography
system, which is recently becoming popular as a useful
alternative to conventional screen/film mammography
system. However, further studies of a larger population,
multiethnic if possible, need 1o be performed to determine
whether our method is universally applicable for breast
cancer risk assessment.
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Abstract

Epirubicin exerts its anti-tumor effect through binding to topoisomerase Ialpha (TOP2A) and inducing DNA double-
strand breaks. BRCAI is involved in the repair of these breaks. We investigated the relationship between TOP2A or BRCAI
immunohistochemical expression and pathological response in 108 primary breast cancers treated with epirubicin-based
regimens. The pCR (pathological complete response) rate for TOP2A-positive (17%) was significantly (P < 0.005) higher
than for TOP2A-negative (2%), while the pCR rate for BRCAl-negative (11%) was non-significantly higher than for
BRCA-positive (5%). The pCR rate of TOP2A-positive and BRCA I-negative (30%) was significantly higher than for
TOP2A-negative and BRCA1-positive (3%; P < 0.05), or TOP2A-negative and BRCAl-negative (0%; P <0.005). The
TOP2A-positive and BRCA-negative phenotype associates with a favorable response to epirubicin-based regimens.
© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Epirubicin, which belongs to the anthracycline
family, is one of the most aggressive drugs against
breast cancer and epirubicin-based regimens such
as 5-FU plus epirubicin pulse cyclophosphamide
(FEC) and epirubicin plus cyclophosphamide (EC)
are widely used in adjuvant and neoadjuvant as well
as in metastatic settings. These epirubicin-based
regimes, however, although very active, are not nec-
essarily effective for all patients. In fact, response
rates of metastatic breast cancers to epirubucin-
based regimens reportedly range from 50% to 60%
[1,2]. On the other hand, adverse events such as leu-
copenia and alopecia are observed in virtually all
patients treated with these regimens although their
severity differs from patient to patient. In addition,
a small but significant proportion of patients
develop serious adverse events such as cardiac fail-
ure and myeloproliferative diseases. In order to
increase the efficiency of chemotherapy and avoid
unnecessary adverse events, it is therefore very
important to administer chemotherapy to those
patients who are likely to respond and not to those
who are unlikely to respond. For purpose, reliable
predictive factors for response to chemotherapy
need to be developed. Until now, various biological
parameters, including HER-2 [3], p-glycoprotein [4],
p53 [5], estrogen receptor (ER) [6], S-phase fraction
[7], Ki-67 [7], have been proposed as candidate pre-
dictive factors for response to epirubicin-based and
doxorubicin-based regimens (doxorubicin is another
anthracycline) but their clinical value remains con-
troversial so that they have not yet been integrated
in daily practice.

Among the predictive factors so far studied,
HER-2 gene amplification and HER-2 overexpres-
sion have been attracting a great deal of attention,
and a significant association between HER-2 gene
amplification or HER-2 overexpression and a favor-
able response to epirubicin-based regimens has been
reported [3,8,9]. However, recent studies have
shown that such an association between response
and HER-2 is indirect and that the direct associa-
tion occurs between response and the expression
of topoisomerase Ilalpha (TOP2A), which is a tar-
get molecule of epirubicin [10,11]. The TOP2A gene
is localized close to the HER-2 gene and is often
coamplified with the HER-2 gene [12]. TOP2A plays
a pivotal role in DNA replication and catalyzes the
transport of one DNA double helix through another
by the transient introduction of DNA double-strand

breaks [13]. Anthracyclines including epirubicin and
doxorubicin bind to TOP2A and stabilize the DNA
double-strand breaks, resulting in cell cycle arrest
and apoptosis [13,14]. In fact, an in vitro study
has shown that breast cancer cells with TOP2A
overexpression are more sensitive to doxorubicin
[12]). It has also been reported that TOP2A expres-
sion is observed in 20-62% [11,15-19] and TOP2A
gene amplification in 12-24% of human breast can-
cers [11,16,18,20,21]. Several lines of evidence have
suggested that anti-tumor activity of the epirubi-
cin-based regimens is associated with TOP2A
expression or TOP2A gene amplification, although
the contradictory results have also been reported
[21-24].

In addition to TOP2A, BRCA| has recently been
gaining attention as a predictive factor for response
to epirubicin-based regimens. BRCAI plays an
important role in double-strand DNA repair [25],
and because epirubicin induces DNA double-strand
breaks. it is possible that BRCA1 may modulate the
response to epirubicin. In this connection, it has
been reported that a mouse cell line deficient in
BRCAI displayed an increased sensitivity to the
agents, including doxorubicin, which cause double-
strand DNA breaks, and that induction of wild-type
BRCAI resulted in a reduced level of apoptotic cell
death after treatment with DNA-damaging agents
[26]. It has also been found that overexpression of
BRCAI in murine ovarian cancer cells increased
the resistance to doxorubicin [27]. Furthermore,
Delaloge et al. reported that 53% of locally
advanced breast cancers carrying a BRCAI muta-
tion showed complete response to the anthracy-
cline-based regimens while only 14% of sporadic
breast cancers did, indicating that breast cancers
lacking a BRCAI function due to its mutation are
more sensitive to anthracycline-based regimens
[28]. Although BRCA1 mutation is rare, a signifi-
cant proportion of sporadic breast cancers lack
BRCAI expression due to hypermethylation of the
promoter region of the BRCAI gene [29], overex-
pression of HMGAI1 [30], or overexpression of
ID4 [31]. Thus, it is possible that BRCA1 expression
may influence the sensitivity of sporadic breast can-
cers to epirubicin-based regimens. However, this
possibility has hardly been investigated.

As mentioned earlier, it has been speculated that
TOP2A and BRCAI1 may be associated with sensi-
tivity to epirubicin-based regimens, and thus are
potentially useful as predictive factors for these
regimens. Nevertheless, the association between
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BRCAI and response o epirubicin-based regimens
in sporadic breast cancers has yet Lo be reported.
This prompted us to immunohistochemically inves-
tigate TOP2A and BRCAI expression simulta-
neously in breast cancer tissues obtained before
the administration of epirubicin-based regimens
(preoperative setting), and to study the relationship
between the expression of these two markers and
pathological response.

2. Materials and methods
2.1, Patients and tumor samples

For this study, 108 pnmary breast cancer patients at
stage I (n=73), Il (n = 22), and IV (n = 13) were con-
secutively recruited. They were treated with epribucin-
based regimens in the preoperative setting during the
period between September 1999 and April 2004 at
Osaka University Hospital, Osaka Medical Center for
Cancer and Cardiovascular Diseases, and Kyushu
University Hospital. Treatment with EC was used for
97 and with FEC for 11 patients and all of them were
subsequently treated with breast conserving surgery or
mastectomy. The epirubicin-based regimens were admin-
istered every 3 weeks for 3-6 cycles (3 cycles for 47
patients, 4 cycles for 45 patients, 5 cycles for one
patient, and 6 cycles for seven patients). The remaining
cight patients were treated with only 2 cycles of EC
(n=235) or FEC (n=3) because of disease progression,
and were switched to other chemotherapy (paclitaxel
or docetaxel) before surgery. The dose of epirubicin
for both the EC and FEC regimens was 60 mg/m’ epi-
rubicin for 107 patients and 100 mg/m’ for one patient.
Tumor tissue samples were obtained from primary
tumors by means of vacuum-assisted core needle biopsy
prior to preoperative chemotherapy. The samples were
subjected to pathological diagnosis for determination
of ER, PR, and HER-2 status as well as immunochisto-
chemical study of TOP2ZA and BRCAL. This study was
approved by the IRB of Osaka University Graduate
School of Medicine.

2.2. Assessment of tumor grade and pathological response

Nuclear grade, mitotic score, and tubular formation
were determined according to the criteria specified by
Elston and Ellis [32]. Since the association between path-
ological response and patient prognosis is much stronger
than that between clinical response and patient prognosis
[33-35], we adopted pathological response, but not clini-
cal response, to evaluate the effect of epirubicin-based reg-
imens in the present study. Pathological response of breast
tumors was evaluated in 100 patients who were treated
with three or more cycles of the epirubicin-based regimens

alone. Multiple slides prepared from primary breast
tumors after preoperative chemotherapy were examined
and chemotherapeutic effect was determined as for the
breast tumors according to the criteria specified in the
General Rules for Clinical and Pathological Recording
of Breast Cancer 2005 [36]. These criteria define Grade 0
as no response (almost no change in cancer cells), Grade
1 as slight response (la: mild changes in cancer cells
regardless of the area; 1b: marked changes in one-third
or more but less than two-thirds of tumor cells), Grade
2 as marked response (marked changes in two-thirds or
more of tumor cells), and Grade 3 as complete response
(necrosis or disappearance of all tumor cells). The eight
patients who showed a progressive disease after 2 cycles
of the epirubicin-based regimens and were switched to
other types of chemotherapy were classified as pathologi-
cal non-responders.

2.3. Immmunohistochemistry of HER-2, TOP2A, and
BRCAI expression

The expression of HER-2, TOP2A, and BRCA] was
evaluated immunohistochemically by using the tumor
specimens obtained as described under patients and tumor
samples. Sections prepared from the formalin-fixed paraf-
fin-embedded tumor specimens were deparaffinised and
rehydrated in graded alcohol. Antigens were retrieved
by incubating the sections in 10 mmol/l citrate buffer
(pH 6.0) at 95 °C for 50 min for TOP2A or by boiling
for 15min in a microwave oven for BRCAl. After
quenching endogenous peroxidase with 3% H;O; in meth-
anol for 20 min, the resultant slides were treated with
Block Ace (Dainippon Sumitomo Pharmaceutical, Osaka,
Japan) for 30 min at room temperature. The samples were
then incubated overnight at 4 °C with a polyclonal rabbit
anti-c-erbB2 antibody (1:100 dilution; Nichirei Biosci-
ences Inc., Tokyo, Japan) for HER-2, with a mouse
monoclonal anti-TOPOIla antibody (1:70 dilution;
KiS1, DakoCytomation Inc, Carpintena, CA) for
TOP2A, or with a mouse monoclonal anti-BRCAI anti-
body (1:70 dilution; Ab-1, Oncogene Science, Cambridge,
MA) for BRCAI. They were subsequently incubated at
room temperature for 30 min with the ABC Kit (Vector
Laboratories, Burlingame, CA) using biotinylated anti-
rabbit immunoglobulin G antibody for HER-2 or biotin-
ylated anti-mouse immunoglobulin G (IgG) antibody for
BRCAL. For TOP2A, incubation was performed with
EnVision+ System Peroxidase (DakoCytomation)
according to the manufacturer’s instructions. Finally,
the antibody complex was visualized with 3,3'-diam-
inobenzidine tetrahydrochloride (Merck, Darmstadt, Ger-
many) and the sections were counter-stained with
hematoxylin.

Positive reactions for HER-2 were scored as four
grades, as previously reported [37], according to the inten-
sity and pattern of the staining. The four grades were: 0
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(no or less than 10% membrane staining in tumor cells);
I+ (faint membrane staining in more than 10% of tumor
cells, partial staining of the membrane); 2+ (weak-to-
moderate but complete membrane staining in more than
10% of tumor cells); 3+ (strong and complete membrane
staining in more than 10% of tumor cells) Grade 2+ and
3+ tumors were considered to be HER-2 positive. The
most actively stained lesions were selected microscopically
and nuclear staining was counted in 1000 cancer cells
without knowledge of patients outcome, and 5% and
10% were used as the respective cut-off values for TOP2ZA
and BRCAI1 according to the method described previ-
ously [17,38].

2.4. ER and PR assay

ER and progesterone receptor (PR) protein levels in
the tumor specimens obtained before preoperative
chemotherapy were determined in 83 cases with immuno-
histochemistry (cut-off value was 10% for both ER and
PR) or in 21 cases with an enzyme immunoassay using
kit from Abbott Research Laboratories (Chicago, IL)
according to the manufacturer's instructions (cut-off
values for ER and PR were 13 and 10 fmol/mg,
respectively).

2.5. Statistical methods

The relationship between clinicopathological or bio-
logical parameters and pathological response was evalu-
ated with the Fisher's exact test. Multivariate analysis of
the relationship of TOP2A and BRCAI expression with
pCR was determined using a logistic regression method
to obtain the odds ratio and 95% confidence interval,
being adjusted for menopausal status, tumor size, lymph
node metastasis, distant metastasis, nuclear grade, ER,
PR, and HER-2 status. Statistical significance was
assumed for P < 0.05.

3. Results

Table |
Relationship between clinicopathological factors and patholog-
ical response to epirubicin-based regimens

Pathological response® Non-pCR pCR P-value
Menopausal status
Pre- 62 (94)" 4 (6) 0.30
Post- 37 (88) 5(12)
Tumor size
<5cm 58 (87) 9(13) <{.05
=5¢m 41 (100) 0(0
Lymph node metastasis
Negative 31(91) 39 0.99
Positive 68 (92) 6(8)
Distant metastases
Negative B6 (91) 9(9) 0.59
Positive 13 (100) 0o
Nuclear grade
I+1I 45 (94) 3(6) 0.71
i 435 (90) 5(10)
Unknown 9 (90) 1(10)
Mitotic score
1411 56 (95) 35 0.25
m 34 (87) 5(13)
Unknown 9 (90) 1 (10)
Tubular formation
1+11 19 (90) 2(10) 0.67
1] 71 (92) 6(8)
Unknown 9 (90) 1(10)

* Pathological response was classified as described in Section 2.
® % of patients.

The pathological response was further studied in terms
of its relationship with biological parameters including
ER, PR, and HER-2, but no significant association with
any of these parameters was detected (Table 2).

Table 2
Relationship between biological parameters and pathological
response to epirubicin-based regimens

3.1. Relationship between clinicopathological or biological
parameters and pathological response to epirubicin-based
regimens

Pathological response was divided into two catego-
ries, i.c., pathological complete response (pCR, Grade
3) and non-pCR (Grades 0, la, 1b, and 2) for
evaluation of its relationship with clinicopathological
parameters (Table 1). The pCR rate (13%) of small
tumors (<5 cm) was significantly (P < 0,05) higher than
that (0%) of large tumors (>5cm). No statistically sig-
nificant association was observed between pCR rate
and menopausal status, lymph node status, distant dis-
casc status, nuclear grade, mitotic score, or tubular
formation.

s Pathological response® Non-pCR pCR P-value

Estrogen receptor
Positive 28 (90)° 3 (10) 0.99
Negative 67 (92) 6(8)
Unknown 4 (100) 0(0)

Progesterone receptor
Positive 28 (90) 3(10) 0.99
Negative 51 (89) 6(11)
Unknown 20 (100) 0(0)

HER-2 status
Positive 24 (89) 3(11) 0.43
Negative 70 (93) 5(7)
Unknown 5(83) 1(17)

* Pathological response was classified as described in Section 2.
" % of patients.
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3.2 TOP2A and BRCAI expression and their relationship
with elinicopathological and biological parameters or
pathological response

Expression of TOP2A and BRCAl was examined
immunohistochemically in 108 tumor samples obtained
before preoperative chemotherapy. Representative immu-

Fig. 1. Immunohistochemical staining of TOP2A and BRCA1. Representative results of immunohistochemical
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nohistochemical results are shown in Fig. 1. Tumors with
a high mitotic score (IIT) were significantly more likely to
show a higher TOP2A positivity than tumors with a low
mitotic score (1 + II) (67% vs. 29%, P < 0.001). Tumors
with positive HER-2 were significantly more likely 10
show a higher TOP2A positivity than those with negative
HER-2 (59% vs. 35%, P <0.05) (Table 3). Tumors with

of TOP2ZA and

BRCAI (400x). Nuclear staining of TOP2A-positive (A), TOP2A-negative (B), BRCAI-positive (C), and BRCA l-negative (D) is seen in

tumor cells.



