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Abstract Tumor cell proliferation and progression of
breast cancer are influenced by female sex steroids.
However, not all breast cancer patients respond to aroma-
tase inhibitors (AI), and many patients become unrespon-
sive or relapse. Recent studies demonstrate that not only
estrogens but also androgens may serve as regulators of
estrogen-responsive as well as estrogen-unresponsive hu-
man breast cancers. However, the mechanism underlying
these androgenic actions has remained relatively unknown.
Therefore, in this study, we evaluated the effects of Al upon
the expression of enzymes involved in intratumoral androgen
production including 17f-hydroxysteroid dehydrogenase
type 5 (17pBHSDS), So-reductase types 1 and 2 (SoRedl
and 5aRed2) as well as androgen receptor (AR) levels and

correlated the findings with therapeutic responses including

Ki67 labeling index (Ki67). Eighty-two postmenopausal
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invasive ductal carcinoma patients were enrolled in CAAN
study from November 2001 to April 2004. Pre- and post-
treatment specimens of 29 cases were available for this study.
The status of 17BHSDS5, 5aRedl, SaRed2, and Ki67 in pre-
and post-treatment specimens were evaluated. The significant
increments of SaRed2 as well as AR were detected in
biological response group whose Ki67 LI decreased by more
than 40% of the pre-treatment level. This is the first study
demonstrating an increment of SeRed2 and AR in the group
of the patients associated with Ki67 decrement following Al
treatment. These results suggest that increased SxRed2 and
AR following Al treatment may partly contribute to reduce
the tumor cell proliferation through increasing intratumoral
androgen concentrations and its receptor.

Keywords Breast cancer- Androgen - Androgen
receptor - So-reductase - Aromatase inhibitor - Ki67

Introduction

Breast cancer is the most common malignancy among
women worldwide and the leading cause of cancer-related
death in many countries [1, 2]. Hormones, especially sex
steroid hormones, play a pivotal role in endocrine-mediated
tumorigenesis and have been demonstrated to influence
carcinoma cell growth and progression [3, 4]. Among these
sex steroids, estrogens, especially estradiol or E2, a
biologically potent estrogen, has been demonstrated to play
pivotal roles in cell proliferation, development, and inva-
sion of these hormone-dependent breast carcinoma cells
[4, 5]. Aromatase inhibitors (Al) have been demonstrated to
be more effective and to have fewer side effects in estrogen
receptor (ER)-positive breast cancer patients than the
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conventional anti-estrogen tamoxifen [6-8]. However,
some patients did not respond to this therapy or
developed clinical resistance during the course of this
therapy [9]. Therefore, it becomes very important to
evaluate the mechanisms of these clinical resistances to
Al therapy in estrogen receptor positive breast cancer
patients. Results of several previous studies demonstrated
that androgens exert opposing effects upon the growth and
development as well as upon an inhibition of the
proliferation of breast carcinoma cells [10, 11], although
some controversies existed [12]. In addition, estrogens and
androgens have been both reported to be locally produced
in breast carcinoma tissue in an intracrine manner [13, 14].
Androgen receptor (AR) is commonly expressed in human
breast carcinoma tissues [15]. These data of in situ
production of androgen and the presence of AR in breast
carcinoma suggest potentially important roles of andro-
gens in breast carcinomas. In particular, androgen producing
enzymes, such as 173-hydroxysteroid dehydrogenase type 5
(17BHSDS5; conversion from circulating androstenedione to
testosterone) and So-reductase types 1 and 2 (SRedl and
SoRed2, respectively; reduction of testosterone to So-
dihydrotestosterone (DHT)) have been reported to be abun-
dantly expressed in breast carcinoma tissues [16]. Especially,
in situ production of DHT has been reported in breast cancer
tissues [17]. This locally produced DHT then binds with the
highest affinity to AR and promotes AR transcriptional
activity [16].

We have previously demonstrated an association be-
tween the status of intratumoral androgenic enzymes,
5aRedl, and DHT concentration in the breast carcinoma
tissue and an inverse correlation between intratumoral DHT
concentration and aromatase expression in cell culture
experiments [17]. Results of our previous study above
indicated that aromatase, whose substrates include testos-
terone, may act as a negative regulator for in situ
production of DHT in breast carcinoma tissue. Therefore,
the alterations of these in situ androgen metabolisms
following Al treatment can provide very important infor-
mation toward a better understanding of the changes of
local endocrine environment associated with estrogen
depletion. Especially, the comparison of the specimens
between pre- and post-Al treatment in neoadjuvant therapy
may provide important information as to the changes of
intratumoral intracrine environment caused by Al. We have
recently reported significant increment of the enzymes;
estrogen sulfatase and 17f-hydroxysteroid dehydrogenase
type 1, the enzymes also involved in intratumoral estrogen
production, following Al therapy, which may represent the
compensatory response of breast carcinoma tissues to
estrogen deprivation state [18]. In addition, Takagi et al.
has also recently demonstrated the increment of intratumoral
DHT concentration and173-hydroxysteroid dehydrogenase

@_ Springer

type 2 (17pHSD2) expressions in breast carcinoma tissues
following exemestane treatment and further reported that
17BHSD2 expression was induced by both DHT and
exemestane in a dose dependent fashion in their in vitro
studies [19]. However, to the best of our knowledge, the
alterations of major androgen producing enzymes such as
17BHSDS, 5aRedl, and 5aRed2 before and after Al
treatment of breast cancer patients have not been reported
at all (Figs. 1 and 2).

Therefore, in this study, we evaluated the alterations of
these enzymes including 173HSDS5, 5aRed] and SxRed2,
and AR expression in breast carcinoma tissue before and
after the neoadjuvant Al treatment using the immunohisto-
chemistry (IHC). We then correlated the obtained findings
with the alteration of Ki67 of individual patients and the
changes of ER, progesterone receptor (PgR), and human
epidermal growth factor receptor type 2 (Her2) in breast
carcinoma tissues before and after the therapy in order to
further understand these changes of intratumoral androgen
producing pathways. In particular, we evaluated the clinical
and biological significance of intratumoral androgenic
enzymes, especially 5oRed2, in association with the
decreased Ki67 from estrogen depletion caused by Al
therapy.

Materials and Methods
Breast Carcinoma Cases

The specimens available for examinations in this study
were pre- and post-treatment samples obtained from
Celecoxib Anti-aromatase Neoadjuvant trial (CAAN ftrial).
This was a neoadjuvant clinical trial conducted, from
November 2001 to April 2004, at The University of Hong
Kong and Queen Mary Hospital, Hong Kong [20]. The
study design had been reported previously [20] but, in brief,
all 82 patients enrolled in this neoadjuvant study were
postmenopausal women with histological proof of invasive
ductal breast carcinoma and positive ER/PgR status
determined by the IHC analysis [20]. Informed consents
had been obtained from all the patients prior to their
enrollment into this trial, which had been approved by the
local ethics committee. In CAAN trial study, it was
conducted to investigate the efficacy and safety of neo-
adjuvant therapy combining AI with COX-2 inhibitor.
According to the protocol of CAAN ftrial, the patients were
randomly assigned to receive exemestane 25 mg daily and
celecoxib 400 mg twice daily (group A, n=30), exemestane
25 mg daily (group B, n=24) and letrozole 2.5 mg daily
(group C, n=28), respectively. Each patient was treated for
3 months and surgery was performed within 7 days after the
treatment. As reported previously, there were no significant
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Fig. 1 Representative illustra-
tions of immunohistochemistry:
17BHSD5 (a), 5xRed1 (b),
SaRed2 (c), and AR (d) in one
case of invasive ductal
carcinoma. Immunoreactivity of
17BHSDS, 5aRedl, and
SaRed2 were detected in the
cytoplasm of invasive ductal
carcinoma cells while those of
AR in the nucleus. Original
magnification, x200

differences in term of clinical and pathological responses
among these three different treatment groups {20]. There-
fore, the responses toward Al therapy were by no means
influenced by the concurrent use of celecoxib.

The pre- and post-treatment specimens of 29 patients
were available for this pathological response and IHC
evaluation study. According to the protocol of CAAN
trial, these 29 patients were randomly assigned to receive
the treatment as follows (group A, n=10; group B, n=38;
and group C, n=11). Their mean age was 74.6 years
(range, 51-93 years).

Pathological Response

Tissue sections of the same tumors from pre-treatment core
needle biopsies and final surgical specimens were obtained
and assessed for the changes in cellularity and degree of
fibrosis in hematoxylin—eosin-stained slides. Pathological
response was categorized, using the modified criteria
described by Miller et al. [21] and assessed as follows:
complete when there was no evidence of carcinoma cell at
the original tumor site; partial response when histological
decrement in cellularity and/or increment in fibrosis was

Fig. 2 Demonstration of the
mean value of the intratumoral
androgenic enzymes before and
after the AT treatment grouped
by the Ki67 LI response.

Error bar represents *2 standard
error of measurement (SEM).
*P<0.05, significant difference
between pre- and post-treatment
values
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detected; or no change/nonresponse, by two of the authors
above (NC and MC).

Immunohistochemistry

All immunohistological investigations were performed on
the pre-treatment core needle biopsies and final surgical
specimens. One 4-pm section of each submitted paraffin
blocks of pre- and post-treatment specimens were stained
with hematoxylin—eosin to verify an adequate number of
invasive breast carcinoma cells and the quality of fixation
in order to determine the suitability of further IHC analysis.
In brief, serial tissue sections (4-pum) were prepared from
selected blocks and IHC was performed to immunolocalize
ER, PgR, Her2, Ki67, AR, 17BHSDS5, 5xRedl, and
5aRed2, as described previously [17, 22]. A Histofine Kit
(Nichirei, Tokyo, Japan), which employs the streptavidin-
biotin amplification method, was used for IHC staining.
The lists of primary antibodies used in our present study,
the working dilutions of individual antibodies, the details of
antigen retrieval methods, the sources of antibodies and the
details of positive and negative controls were all summa-
rized in Table 1. The antigen—antibody complex was
visualized with 3, 3'-diaminobenzidine (DAB) solution
(1 mM DAB, 50 mM Tris-HCl buffer (pH 7.6), and
0.006% H,0,), and counterstained with hematdxylin.

The immunostained slides were independently evaluated
by two of the authors (NC and TS), blinded to clinical
outcome of individual patients. 173HSDS, SaRedl and
5oRed2 immunoreactivity were evaluated using a semi-
quantitative method as follows: score 2, >50% positive
cells; score 1, 1-50% positive cells; and score 0, no
immunoreactivity, as previously described by Suzuki et al.
[23]. Evaluation of Ki67 was performed by counting of
1,000 carcinoma cells or more from each cases and the
percentage of immunoreactivity was subsequently deter-
mined as a labeling index (LI) [24].

In addition, the Ki67 LI was then subclassified, using the
criteria reported by Miller et al. [21], into three different groups
according to the percentage of Ki67 alterations after treatment
as follows: groupl; increased group, the Ki67 LI in this group
was associated with an increment afler therapy, group2; no
change group, the Ki67 LI demonstrated unchanged or
reduction for less than 40% of the pre-treatment level, group3;
decreased group, the Ki67 LI demonstrated the reduction for
more than 40% of the pre-treatment level. ER, PgR, and AR
immunoreactivity were scored by assigning proportion and
intensity scores, according to Allred’s procedure [25]. In brief,
a proportion score represented the estimated proportion of
immunopositive tumor cells as follows: 0 (none), 1 (<1/100),
2 (1/100 to 1/10), 3 (1/10-1/3), 4 (1/3 to 2/3), and 5 (>2/3).
An intensity score represented the average immunointensity of
the positive cells as follows: 0 (none), 1 (weak), 2 (interme-
diate), and 3 (strong). Any nuclear discerible immunoreac-
tivity in breast carcinoma cells were counted toward both
proportion and intensity scores. The proportion and intensity
scores were then added to obtain a total score that could range
from 0 to 8.The membrane staining pattern was estimated in
Her2 IHC and scored on a scale of 0 to 3 [26].

Statistical Analysis

The Kruskal-Wallis test was used to compare the pre-
treatment IHC scores of all biological markers according to
three groups of Al treatment in individual patients. The
Wilcoxon matched-pairs signed ranks test was employed in
order to determine the mean differences between pre- and
post-treatment IHC scores of individual biological markers
in relation to the pathological responses status and the
alterations of Ki67 LI. The correlations among intratumoral
androgenic enzymes (178HSDS5, SaRedl, and SxRed2)
before and after Al treatment were analyzed using Spear-
man’s rank nonparametric correlation test. Logistic regres-
sion analysis was conducted to determine whether the

Table 1 The list of antibodies employed for immunostaining in this study

Biological markers  Dilution Pre-treatment method for antigen retrieval Providers Positive and negative controls
AR 1:50 Autoclave in citrate buffer Dako, Denmark Prostate gland

17BHSDS 1:200 Not required Sigma Testis

5oRedl 1:2,000 Not required -2 Liver

SoRed2 1:1,000 Not required -2 Liver

Ki67 1:100 Autoclave in citrate buffer Dako, Denmark Breast cancer

ER Undiluted  Pre-treatment by heat in automated machine  Roche diagnostic, Germany  Breast cancer

PgR Undiluted  Pre-treatment by heat in automated machine  Roche diagnostic, Germany  Breast cancer

Her2 Undiluted  Pre-treatment by heat in automated machine = Roche diagnostic, Germany  Breast cancer

AR androgen receptor, 17GHSDS 17-hydroxysteroid dehydrogenase type 5, SaRed] Sareductase type 1, SaRed2 Sareductase type 2, Ki67 Ki67
protein, ER estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2

#Kindly provided by Dr. D.W. Russell (University of Texas Southwestern Medical Center, Dallas, Texas)
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Table 2 The alterations of biological markers before and after the aromatase inhibitors treatment

Biological markers Pre-treatment value (mean (SEM))  Post-treatment value (mean (SEM)) Mean difference (95% CI) p value
17BHSDS5 1.138 (0.128) 1.207 (0.135) —0.06879 (-0.3165, 0.1786)  0.6221
SoRedl 1.552 (0.106) 1.689 (0.087) —0.1379 (-0.3811, 0.1052) 0.3394
SaRed2 1.552 (0.106) 1.655 (0.114) —0.1034 (~0.3971, 0.1902) 0.5771
AR 6.103 (0.295) 6.862 (0.242) —0.7586 (-1.3210, —0.1959)  0.0127*
ER 7.034 (0.202) 7.586 (0.105) —0.5517 (-0.9780, —0.1255)  0.015%
PgR 6.965 (0.195) 5.862 (0.321) 1.103 (0.3967, 1.810) 0.0017*
Her 2 1.758 (0.146) 1.586 (0.168) 0.1724 (-0.1163, 0.4661) 0.2958
Ki67 16.352 (1.902) 12.162 (1.754) 4.19 (0.1332, 8.246) 0.0439%

Data showed by mean (standard error of measurement (SEM) of the IHC score of the pre- and post-treatment values; mean difference (pre- and
post-treatment values) with 95% confidence interval (lower and upper values) p value calculated by Wilcoxon’s matched-pairs signed-rank test

17BHSDS5 17B3-hydroxysteroid dehydrogenase type 5, SaRed] Sareductase type 1, SaRed2 Sareductase type 2, AR androgen receptor, ER
estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2, Ki67 Ki67 protein

*p value<0.05

changes in androgenic enzymes, especially SaRed2, pre-
dicted for decreased Ki67 LI or response group. The
statistically significance was considered the p value<0.05.

Results

Biopsies from 29 patients who had been treated with
exemestane and celecoxib (group A, n=10), exemestane
(group B, n=8), or letrozole (group C, n=11), were available
for evaluation of pathological response assessment and IHC
studies. Pathological responders and nonresponders were 7
(24.1%) and 22 cases (75.9%), respectively.

Immunohistochemistry

The median of pre-treatment individual biological markers
were compared but demonstrated no statistical significance

(Nonparametric ANOVAs; Data not shown). We then
analyzed the changes of IHC scores of all biological markers
after the treatment. The statistically significant reduction in
PgR expression and Ki67 LI were detected (p=0.0017 and
p=0.0439, respectively), as previously reported in letrozole
[21], anastrozole [27], and exemestane [22] neoadjuvant
treatment but the expression levels of both ER and AR were
increased (p=0.015 and p=0.0127, respectively). In addi-
tion, the expressions of intratumoral androgenic enzymes
were increased but theses increments did not reach statistical
significance (Table 2).

An Association of Alterations of Intratumoral Androgenic
Enzymes and Ki67 LI

Differences of the individual enzymes and other biological
markers between pre- and post-treatment were evaluated
according to those categories of Ki67 LI described above.

Table 3 The changes in biological markers after the aromatase inhibitors treatment grouped by the changes of Ki67 labeling index

Biological Ki67 increased (n=11)

Ki67 unchanged (n=6)

Ki67 decreased (n=12)

markers

Mean difference (95% CI) pvalue  Mean difference (95% CI) pvalue  Mean difference (95% CI) p value
173HSD5 0.0909 (—0.3798, 0.5616) 0.655 —0.1667 (—0.9568, 0.6234) 0.564 —0.1667 (—=0.5335, 0.2002) 0.317
SaRedl 0.0909 (-0.2714, 0.4532) 0.564 —-0.1667 (—0.9568, 0.6234) 0.564 —0.3333 (-0.7472, 0.08051) 0.102
SaRed2 0.2727 (—0.3349, 0.8804) 0.276 —0.1667 (—0.9568, 0.6234) 0.564 —0.4167 (—0.7438, —0.08949)  0.025*
AR —-0.8182 (—1.935, 0.2986) 0.164 —0.3333 (~1.604, 0.9378) 0.625 —-0.9167 (-1.8730, 0.0396) 0.039%
ER -0.6364 (—1.257, —0.01537) 0.053 —1.000 (-2.878, 0.8776) 0.197 —0.250 (—0.8003, 0.3003) 0.317
PgR 0.000 (-0.6008, 0.6008) 1.000 1.000 (—0.3277, 2.328) 0.098 2.167 (0.7633, 3.570) 0.005%
Her 2 0.000 (-0.5203, 0.5203) 1.000 0.3333 (—0.2087, 0.8753) 0.157 0.250 (—0.3003, 0.8003) 0.317

Data demonstrated by mean difference (pre- and post-treatment values) with 95% confidence interval (lower and upper values); p value calculated
by Wilcoxon’s matched-pairs signed-rank test

n sample in each group, /7BHSDS 173-hydroxysteroid dehydrogenase type 5, SaRed] Sareductase type 1, 5aRed2 Sareductase type 2, AR
androgen receptor, ER estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2. Ki67 Ki67 protein

*p value<0.05
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Immunoreactivity of ER, PgR, Her2, AR, 17pHSDS,
50Redl, and 50Red2 in pre-treatment specimens were
not significantly different among these three different
groups of Ki67 LI changes (nonparametric ANOVAs; data
not shown). In group 1 or whose Ki67 LI increased after the
therapy and group 2 or whose Ki67 LI unchanged or
decreased with less than 40% of the pre-treatment level, no
statistically significant difference was detected among any
of intratumoral enzymes and biomarkers examined between
the specimens before and after the treatment. In group 3 or
whose Ki67 LI decreased with more than 40% of the pre-
treatment level, the significant increment of SaRed2 and
AR and decrement of PgR expression were demonstrated in
this study (p=0.025, p=0.039, and p=0.005, respectively),
whereas the expression of other biological markers did not
show any statistically significances (Table 3).

12)
SoRed2
0.477 (0.117)
0.522 (0.082)

Ki67 decreased (n
0.243 (0.446)

SocRedl

=6)
SoRed2
0.316 (0.541)
1.000 (0.000)*

Correlation Among Intratumoral Androgenic Enzymes
Before and After Al Treatment

We then examined the correlation between IHC scores of
intratumoral enzymes in tumors before and after the
treatment according to the categories of Ki67 LI. In pre-
treatment group of the patients, androgenic enzymes
including 17RHSDS, 5aRedl and 5xRed2, were signifi-
cantly correlated with each other (Table 4). Those correla-
tions were, however, changed following Al treatment. In
group 1 or whose Ki67 LI increased after the therapy,
17BHSDS was still correlated with SxRed2 (p=0.009) as
well as SoRedl with SaRed2 (p=0.001) but loss of
correlation between 17BHSDS and 5oRed]l was detected
(p=0.067). In group 2 or whose Ki67 LI unchanged or
decreased with less than 40% of the pre-treatment level,
only the correlation between SaxRedl and SoRed2
remained significant. The level of statistical significance
was not reached in group 3 or those Xi67 LI decreased by
more than 40% of the pre-treatment level (Table 4).

Ki67 unchanged (n
0.316 (0.541)

SaRedl

11

50Red2

0.743 (0.009)*
0.859 (0.001)*

Post-treatment
Ki67 increased (n
0.57 (0.067)

SxRedl

0.695 (0.00)*
0.87 (0.00)*

SaRed2

The Relative Importance of Androgenic Enzymes on Ki67
LI Decrement by Al Treatment

We further evaluated the effects of alterations of androgenic
enzymes to determine whether these alterations, especially
those of 5aRed2, were correlated with the status of response
or nonresponse to the Al treatment determined by Ki67 LI
changes. The status of each androgenic enzymes in post-
treatment was further subclassified into three different groups
according to the level of their changes after the treatment as
follows: group 1; increased group, the status of the enzymes in
this group was associated with an increment compared to the
pre-treatment level. Group 2; no change group, the status of
the enzymes was the same as that in the pre-treatment level.
Group3; decreased group, the status of enzymes was

Before treatment (1=29)

SoRedl
0.59 (0.001)*

Table 4 The correlation between biological markers involve in androgen production before and after the treatment with aromatase inhibitors grouped by the changes in Ki 67 labeling index

n samples in each group, 17BHSDS 17B-hydroxysteroid dehydrogenase type 5, SaRed! Soreductase type 1, 5aRed2 Soreductase type 2, Ki67 Ki67 protein

Data demonstrated by the correlation coefficient with (p value) calculated by Spearman’s rank correlation
*p value<0.05

Biological markers

178HSDS
5aRedl
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decreased following the therapy. We could not find any
significance among these groups in the logistic regression
analysis (Table 5).

Discussion

Numerous studies have been reported on the possible roles
of androgens in human breast cancer but it is also true that
controversies exist as to clinical or biological significance
of androgens, especially in estrogen dependent breast
cancer [10-14, 17, 19, 22]. Previously, Sonne~Hansen
and Lykkesfeldt reported the presence of a significant
aromatase activity in the MCF-7 cells and this activity was
also reported to be sufficient for the breast carcinoma cells
to aromatize testosterone to estrogen, which resulted in
significant cell growth stimulation [14]. In addition, both
the steroidal and nonsteroidal aromatase inhibitors were
reported to be able to completely abolish the growth-
stimulatory effects of testosterone [14]. However, Macedo
et al. reported that androgens, such as androstenedione and
50-DHT, inhibited MCF-7 cell proliferation in a low-
estrogen milieu and letrozole treatment did inhibit breast
carcinoma cell proliferation by inhibiting the conversion of
androgens to estrogen, and subsequently making androgens
available to exert their anti-proliferative effects possibly
through up-regulation of AR [10].

We also demonstrated statistically significant AR incre-
ment following the Al treatment, which is consistent with
the results of previous reported studies above, but it is also
true that Yamashita et al. did not detect this change during

Table 5 Odds ratio of each androgenic enzymes related to the Ki67
labeling index alterations following the aromatase inhibitors treatment

Biological Post-treatment Odds ratio (95% CI) p value
markers IHC status
17BHSDS5 Increased 0.368 (0.028, 4.746) 0.443
Unchanged Reference
Decreased 0.696 (0.045, 10.766) 0.795
SoRedl Increased 1.644 (0.156, 17.359) 0.679
Unchanged Reference
Decreased Cannot be calculated 1.000
5xRed2 Increased 3.739 (0.177, 79.081) 0.397
Unchanged Reference
Decreased 0.000 (0.000, -) 0.999

Data showed the odds ratio of the Ki67 response with (95%
confidence interval) and p value calculated by logistic regression
analysis; post-treatment IHC status means the change in the IHC
scores after the treatment; the unchanged of IHC scores after treatment
were used as reference for the comparison

17BHSDS5 173-hydroxysteroid dehydrogenase type 5, SaRedl Sore-
ductase type 1, SaRed2 Sareductase type 2, Ki67 Ki67 protein

the exemestane treatment [22]. In addition, Suzuki et al.
recently reported that intratumoral DHT of human breast
carcinoma tissues was mainly determined by the status of
SaxRedl and aromatase [28]. In our present study, we
demonstrated the correlation between the effects of Al
treatment and the changes of androgenic enzymes expres-
sion. The significant correlation was also detected between
the decrement in Ki67 LI or biological response of the Al
treatment and the increment of 5aRed2 following Al
administration in breast carcinoma patients.

Locally produced estrogens play a major role in
proliferation of estrogen dependent breast cancer and
androgens are considered to predominantly exert anti-
proliferative effects via AR [15]. Intratumoral estrogens
can be produced from circulating androgens, especially
those derived from the zona reticularis of an adrenal cortex,
catalyzed by the aromatase enzyme in which the neo-
adjuvant Al treatment blocks this enzyme with immense
potency and exquisite specificity [6]. We previously
demonstrated an increment of the intratumoral enzymes
following Al therapy in the compensatory direction toward
increasing intratumoral estrogen production [18]. However,
the alteration of androgen metabolizing enzymes as a result
of the neoadjuvant hormonal breast cancer therapy has not
been examined at all.

Local androgen concentration has been well known to be
significantly increased in breast cancer by Al treatment, as
previously reported in various in vitro studies [10-12, 17,
29]. Takagi et al. recently demonstrated an increment of
DHT concentration in breast carcinoma tissue following the
exemestane therapy as well as the inhibitory effects of DHT
on estradiol-mediated T-47D cells proliferation [19]. These
findings all suggested that Al not only suppress aromatase
enzyme and cause estrogen depletion in consequence, but
also provide additional effects through increasing local
DHT concentration, which may result in decreased cell
proliferation of tumor cells. These findings were consistent
with results of our present study that the statistically
significant increment of 5xRed2 enzyme was detected only
in the group associated with reduction of Ki67 LI with more
than 40% of the pre-treatment level or group 3 (p=0.025)
(Table 3). Following Al treatment, an accumulation of in situ
androgens in breast cancer tissues may occur and the
enzyme SxRed?2 can serve as an important regulator of local
actions of androgens because this enzyme converts testos-
terone into the biologically more active and nonaromatizable
DHT [4, 11, 17]. However, further studies such as the
analysis of much larger number of neoadjuvant treated
patients are required for confirmation of this interesting
hypothesis.

The potent and direct inhibitory effects of DHT on
human breast cancer cell proliferation were first demon-
strated by Poulin et al. in 1988 [30]. Two isoforms of
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50Red have been known to exist, encoded by different
genes: SRD5A1 (chromosome 5pl15) and SRD5A2 (chro-
mosome 2p23) [31, 32]. The two types of SaRed share
50% amino acid sequence identity and possess similar
substrate specific but have different optimal pH and
sensitivity to inhibitors [32]. SaRed?2 is the major form of
the enzyme expressed in the human prostate [32] but rarely
detected in human breast carcinoma [28]. Both Wiebe et al.
[33] and Suzuki et al. [17, 28] demonstrated the expression

of 5«Redl in several types of human breast cancer cell

lines using semi-quantitative RT-PCR and in human breast
carcinoma tissues using IHC and RT-PCR, respectively. In
addition, significant increment of SoRed]l and 5xRed2
genes expression of human breast carcinoma as compared
to normal breast tissue has been illustrated in the semi-
quantitative RT-PCR study [34]. However, the regulatory
mechanisms of 5xRed2 in human breast carcinoma have
remained largely unknown and it awaits further investiga-
tions for clarification.

In our present study, we did not, however, detect the
significant alterations in the enzymes involved in androgen
metabolism in non response groups (groups 1 and 2)
(Table 3). This finding suggests that androgen metabolism
is not influenced by the Al treatment in these groups of
patients with breast cancer or nonresponders. The loss of
correlation of intratumoral androgenic enzymes in breast
carcinoma tissue; 17RHSDS5, 5aRedl, and 5aRed2, after
Al treatment (Table 4) as well as the alterations of 5xRed!
and SaRed2 enzymes (Table 2) were detected, but these
changes did not reach statistical significance. This may be
due to the relatively small size of the patients examined,
especially the rather limited number of available specimens
in our present study. In addition, the breast carcinoma cases
associated with greater reduction of Ki67 LI tended to be
associated with an increased 5aRed2, but this correlation
did not reach statistical significance (Table 5).

After menopause, most of the biologically active
androgens (as well as estrogens) are synthesized in
peripheral intracrine tissues, for example in the breast, from
precursors of adrenal origin without release of active
androgens in the extracellular space and the circulation
[4, 11]. In addition, DHT concentrations were demonstrated
to be significantly higher in breast cancer tissues than in
plasma [35]. In addition, both 17f-hydrosteroid dehydro-
genase and So-reductases have been considered to act to
increase DHT production by competing with aromatase for
substrates in hormone-dependent breast carcinoma [19, 28].
As mentioned above, 5xRedl is the predominant form of
So-reductases at least in human breast cancer [17, 28, 32],
but the results of our present study clearly demonstrate the
importance of 5axRed2, which is rarely expressed in breast
cancer but was increased in response group or those
associated with more Ki67 decrement. We therefore
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hypothesized that this rather de novo 5aRed2 increment
may be related to the effects of Al other than depleting in
situ estrogens, i.e., the potential increment of the endoge-
nous androgens which may exert their anti-proliferative
effects via the AR, especially in a low-estrogen milieu, as
demonstrated in the breast cancer cell lines study [10] and
possibly to an induction in apoptosis signaling pathways.
Androgens, androstenedione, and DHT, were reported to
have a proapoptotic effect by strongly reducing Bcl-2
expression in MCF-7 cells, and this androgenic inhibitory
effect was mediated via the AR [10, 36].

In summary, this is the first study which demonstrates an
alteration of the androgen producing enzymes following the
Al treatment, especially a de novo increment of 5aRed?2 as
well as of AR may be considered at least one of the
mechanisms to account for the decreased breast carcinoma
cell proliferation after Al therapy through an increment of
local concentrations of androgens and their actions.
However, the regulatory mechanisms of SaRed2 in human
breast carcinoma have remained largely unknown.
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The present study retrospectively evaluated the mammographic
findings of 606 Japanese women with breast cancer (median age
50 years; range 27-89 years) and correlated them with histopatho-
logical characteristics. Mammographic findings were evaluated
with an emphasis on mass shape, margin, density, calcification,
and the presence of architectural distortion; these findings were
correlated with histopathological characteristics such as intrinsic
subtype, histological grade, lymphovascular invasion, and the Ki-
67 labeling index. An irregular mass shape and masses with a spi-
culated margin were significantly higher in the group of patients
with luminal A breast cancer than in patients with masses that
were lobular or round, or in tumors with an indistinct or microlo-
bulated periphery (P = 0.017, P = 0.024, P < 0.001, and P = 0.001,
respectively). Irregular mass shape and spiculated periphery were
significantly lower in patients with Grade 3 cancer (P < 0.001 for
both). In terms of lymphovascular invasion, there were significant
differences between oval and irregular or round mass shape
(P =0.008 and P = 0.034), between tumors with a microlobulated
and indistinct periphery (P = 0.014), between tumors with a punc-
tate and amorphous or pleomorphic calcification shape (P = 0.030
and 0.038), and between the presence and absence of architectural
distortion (P = 0.027). Equivalent or low-density masses were also
higher in Grade 1 breast cancers (P = 0.007). There were significant
differences in the Ki-67 labeling index between irregular and lobu-
lar or round tumors (P < 0.001 and P = 0.014), as well as between
spiculated and indistinct or microlobulated tumors (P < 0.001 for
both). Significant differences were noted in the mammographic
features of different primary breast cancer subtypes. These
proposed mammographic diagnostic criteria based on biological
characteristics may contribute to a more accurate prediction of
biological behavior of breast malignancies. (Cancer Sci 2011; 102:
2179-2185)

The incidence of breast cancer has increased worldwide,
which is considered due, in part, to mass screening pro-
grams. resulting in the discovery of clinically occult breast
lesions. Mammmographic screening has been demonstrated to
reduce breast cancer mortality in both Western and Oriental
populatlons ) This moﬂahty may be as great as 63% in women
attending for screening.*” Therefore, million of mammographic
examinations are being performed yearly worldwide, and mam-
mography has become the gold standard for detecting breast dis-
orders. Strict attention to high-quality interpretation is required
for successful of a mammographic diagnosis. Thus, it is impor-
tant to establish an accurate diagnostic system for mammo-
graphy.

Traditionally, prognostic determinations are made mainly on
the basis of pathological information, including histological
) . . (3=5) cos . .
grade and lymphovascular invasion. In addition to histologi-
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cal information, the status of molecular markers that have prog-
nostic and predictive value can contribute to the selection of an
optimal treatment strategy. These markers include estrogen
receptor (ER), progesterone receptor (PgR), and human epider-
mal growth factor receptor 2 (HER2) and determining the status
of these markers has become standard practice in the manage-
ment of breast cancer because ER and HER?2 positivity can pre-
dict a patient’s response to endocrine thexapy or far geted
therapy with monoclonal antibodies directed against HER2.® In
addition, the St Gallen international expert consensus meeting
on the primary treatment of early breast cancer reported that fea-
tures indicative of increased risk of recurrence, thus indirectly
supporting the addition of chemotherapy to endocrine therapy,
include lower expression of steroid hormone receptors, Grade 3
tumors, high proliferation (as measured by conventional or mul-
tigene assays), and extensive peritumoral vascular invasion.(”
However these therapeutic determinations have been derived
mainly from pathological information. ;

The appearance of tumors on mammograms has a generally
good correlation with subsequent histological characteristics.
For example, mcrocalcxﬁcanon is the hallmark of ductal carci-
noma in sztu( spiculation is significantly correlated with low
histologic grade; and ill-defined masses and microcalcifications
are features of high-grade tumors.® Accurate correlation of
mammographlc findings with corresponding histopathologic fea-
tures is considered one of the most important aspects of mam-
mographic evaluation. Full - histopathological information,
including histological grades and intrinsic subtypes, is deter-
mined correctly after surgery.”” Therefore, the purpose of the
present .study was to retrospectively evaluate mammographic
findings and to compare the histopathological characteristics of
the different tumors (i.e. intrinsic subtype, histological grade,
lymphovascular invasion, and Ki-67 labeling index) in Japanese
patients.

Materials and Methods

Patients. The mammographic and histopathologic features of
606 Japanese breast cancer patients who had undergone surgery
at Tohoku University Hospital, Sendai, between January 2005
and June 2010 were reviewed retrospectively. All patients pro-
vided informed consent and the study protocol was approved by
the Ethics Committee at Tohoku University Graduate School of
Medicine. The median age of the patients was 50 years (range
27-89 years).

Imaging devices and breast tissue specimens. All mammo-
graphic examinations were performed with dedicated machines.
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Analog mammographic examinations were performed with one
unit MAMMOMAT 3000 Nova; Siemens, Erlangen, Germany)
using a screen—film technique (Min-R 2000 Min-R EV; Kodak
Health Imaging, Rochester, NY, USA). Digital mammograms
were acquired by using a system with an amorphous selenium
DirectRay digital detector (LOARD Selenia; Hologic, Walthar,
MA, USA). The system was connected to a viewing monitor
(MammoRead; TOYO, Tokyo, Japan).

Samples were stained vsing H&E. Histochemical and immu-
nohistochemical analyses for ER, HER2, and Ki-67 were per-
formed at the Department of Pathology, Tohoku University
Hospital. Surgical specimens were fixed in 10% formaldehyde
solution and cut into serial 5-mm slices, embedded in paraffin,
cut into 4-um sections, and placed on the glue-coated glass
slides. We used the avidin-streptavidin immunoperoxidase
method using the clone 6F11 antibody (Ventana, Tucson, AZ,
USA) in an automated immunostainer (Benchmark System;
Ventana). A standardized immunohistochemistry kit (Hercep-
Test for Immunoenzymatic Staining; Dako, Copenhagen, Den-
mark) was used for HER2 staining. The Ki-67 labeling index
was determined using an MIB-1 monoclonal antibody (code
M7240; Dako). Both H&E and immunohistochemical staining
were performed by a single experienced technician. Positive
controls for ER and HER2 were breast carcinoma, whereas
negative controls for immunostaining were hepatocellular
carcinoma.

Imaging and histopathological analyses. Two experienced
breast surgeons independently evaluated the mammographic

findings. These two investigators were blinded as to the histo-
pathological diagnosis and the clinical outcome of the patients.
If there were discrepancies in the interpretation of the mammo-
grams, a final decision was reached using consensus evaluations
from eight experienced breast surgeons and radiologists. Mam-
mographic findings were subsequently analyzed according to the
American College of Radiology Breast Imaging Reporting and
Data System (BI-RADS).(]'O) The presence of a mass, calcifica-
tions, focal asymmetric density (FAD), and architectural distor-
tion were each recorded. Figure 1 shows representative
mammographic findings. Mass shape was tentatively classified
into round, oval, lobular, and irregular. Margins were classified
as microlobulated, indistinct, spiculated, and ‘‘other’’. Density
was classified into high, equivalent, or low. Calcification shape
was tentatively classified into punctate, amorphous, pleomor-
phic, and linear. Finally, FAD was classified as with or without
architectural distortion.

Two experienced pathologists independently evaluated surgi-
cal specimens. Histopathological evaluations were based on the
World Health Organization (WHO) histological classification of
tumors of breast and Rosen’s Breast Pathology.(”'m The pres-
ence of ER was determined by nuclear staining and was graded
from O to 8 using the Allred score, with positivity defined as a
score of >3.% With regard to HER2 evaluation, membranous
staining was graded as 0-1+, 2+, and 3+ % Samples scored as
2+ were subjected to FISH to calculate the gene copy ratio of
HER2 to CEPI7 (PathVysion HER2 DNA Probe kit; Abbott,
Chicago, IL, USA). Positivity was defined as a HER2:CEPI7

Fig. 1.

Representative mammographic findings in breast carcinoma cases. (a) Round mass shape, microlobulated margin and intermediate

density mass. (b) Lobular mass shape, indistinct margin, and high density mass. () Irregular mass shape, spiculated margin, and high-density
mass. (d) Amorphous calcifications. (e) Pleomorphic or linear calcifications. (f) The presence of architectural distortion.
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signal ratio (FISH score) >2.2.%* Histological grades were
assessed according to the criteria of Elston and Ellis. The
Ki-67 immunoreactivity was evaluated by examining high-
power fields and counting 1000 tumor cells in the hot spots.ﬁs)
In addition, the presence or absence of lymphovascular invasion
was determined according to Rosen’s Breast Pathology.(m
Intrinsic subtypes were classified according to the St Gallen
international expert consensus on the primary therapy of early
breast cancer 201199 as follows: luminal A was ER and/or
PgR positive, HER2 negative, and Ki-67 low (<14%); luminal B
was either ER and/or PgR positive, HER2 negative and Ki-67
high, or ER and/or PgR positive, any Ki-67, and HER2 over-
expressed or amplified; the HER type was HER2 overexpressed
or amplified and ER and PgR absent; and triple negative was
ER, PgR and HER2 negative.

We compared mammographic findings, including mass shape,
margin, density, calcification, FAD, and architectural distortion,
with the histopathological characteristics of the tumors, includ-
ing intrinsic subtype, histological grade, lymphovascular inva-
sion, and the Ki-67 labeling index.

Statistical analysis. To compare mammographic findings with
histopathological findings, multivariate analysis was used. All

analyses were performed using SPSS version 10.0 (SPSS Inc.,
Chicago, IL, USA), with P < 0.05 taken to indicate significant
differences.

Results

Comparison of mammographic findings with intrinsic
subtype. Figure 2 summarizes the results of the numbers and
ratios of each mammographic finding according to intrinsic sub-
type. In the luminal A group, significant differences were identi-
fied between masses that were irregular and lobular or round
(P =0.017 and P = 0.024), between those that had speculated
and indistinct or microlobulated margins (P < 0.001 and
P = 0.001), between those showing amorphous and pleomorphic
calcification (P = 0.044), and between the presence and absence
of architectural distortion (P = 0.002). In the HER group, signif-
icant differences were identified between masses that were irreg-
ular and oval or round (P = 0.009 and P < 0.001), between
masses that were lobular and round (P = 0.021), and between
those that had spiculated and microlobulated marging
(P = 0.005). In the triple negative group, significant differences
were identified between masses that had spiculated and

(a) (b) (c)

10055 100% 1005

505 S — — s | L 20%

0% - 205 |— - 20% |— —— S
70% |— . — 0% 1— - 70%

605 Sanemam — 0% &0% S—

50% 0% . 50%

0% 405 0%

305 30% 30%

20% 2056 209

10% ] 0% 10%

i Imaguiar Lobular ol Raourd o Indistinct Wicrotobuleted Spicubeted Gtherz i High

DHER ¢ 4 3 5 DHER a ) 2 1 OER 15 1
om E 2 2 2 arx g Py s 1 am P23 [
Boeme a = M hd BB % 13 12 2 Mium 8 d ¢
QiumA &5 2 € & GLuma 17 24 55 3 oLum A 82 -3
(d) (e)

10055 10056

9055 / [ 905 ——t- I

703 7056 —o

80% — 056 S

0% 50% -} -t —

0% e —— 205 I _

30% — S S 0%

20%

20%
10%
10%
Amomphous Punctate Pleomorphic Linear 171 oY L

THER 8 1 8 3 prmmeny 3 3z
aTH [3 o ] 1 [ = =
B Lum E| 20 3 21 3 BT E n b
Elum 4 43 7 2 3 BLum A b &

Fig. 2. Correlation between mammographic findings and intrinsic subtype: (a) mass shape, (b) margin, () density, (d) calcification shape, and
(e) focal asymmetric density (FAD) and architectural distortion. HER, human epidermal growth factor receptor; TN, triple negative; Lum A,

luminal A; Lum B, luminal B.
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indistinct margins (P = 0.027), as well as between those identi-
fied as having high and equivalent or low density (P = 0.027).

Comparison of mammographic findings with histological
grade. Figure 3 summarizes the results of the numbers and
ratios of each mammographic finding according to histological
grade. There were significant differences between irregular and
lobular or oval mass shape in Grade 3 (P < 0.001 for all). Fur-
thermore, in Grade 1 tumors, significant differences were found
between with an indistinct and microlobulated or spiculated
periphery (P = 0.030 and P = 0.003), between those with spicu-
lated and indistinct or microlobulated margins (P < 0.001,
respectively), between those identified as high and equivalent or
low density (P = 0.047), and between those with a linear and
amorphous calcification shape (P = 0.027).

Comparison of mammographic findings with lymphovascular
invasion. Figure 4 summarizes the results for the numbers and
ratios of each mammographic finding according to lymphovas-
cular invasion. There were significant differences between oval
and irregular or round mass shape (P = 0.008 and P = 0.034),
between microlobulated and indistinct periphery (P = 0.014),
between punctate and amorphous or pleomorphic calcification
shape (P = 0.030 and 0.038), and between presence and absence
of architectural distortion (P = 0.027).

" for irregular masses,

Comparison of mammeographic findings with the Ki-67 labeling
index. Figure 5 summarizes the results of correlations between
mammographic findings and the Ki-67 labeling index. The
Ki-67 labeling index according to mass shape was 15.74 + 6.21
38.82 £ 13.10 for lobular masses,
36.22 + 15.75 for oval masses, and 37.85 x 14.95 for round
masses. According to mass periphery, the Ki-67 labeling index
was 35.80 + 28.51, 34.56 + 29.76, 11.73 = 10.86, and 27.50 =
24.75 for tumors with indistinct, microlobulated, spiculated, and
‘“‘other’” margins, respectively. For tumors with a high and
equivalent or low mass density, Ki-67 labeling index was
27.68 +26.75 and 13.14 =+ 14.10, respectively. Tumors that
showed amorphous, punctate, pleomorphic, and linear calcifica-
tion had a Ki-67 labeling index of 24.55 + 7.58, 26.00 + 18.27,
24.68 + 9.43, and 16.00 = 17.23, respectively. In tumors with-
out and with architectural distortion, the Ki-67 labeling index
was 22.27 + 8.64 and 25.02 + 7.43, respectively. There were
significant differences between irregular and lobular or round
(P <0.001 and P = 0.014), spiculated and indistinct or micro-
lobulated (P < 0.001 for all), and high and equivalent or low
density (P =0.018) groups. A trend for a positive correlation
was detected between irregular and oval mass shape, but the
difference did not reach statistical significance (P = 0.062).
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Fig. 3. Correlation between mammographic findings and histological grade: (a) mass shape, (b) margin, (c) density, (d) calcification shape, and

(e) focal asymmetric density (FAD) and architectural distortion.
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There were no significant differences according to calcification
shape and the presence of architectural distortion.

Discussion

Histological grade is well known to have a strong correlation
with clinical outcome in patients with breast cancer.> Accumu-
lating clinical evidence suggests that prognostic factors influenc-
ing breast cancer extend beyond the traditional tumor
histological grade.”’” Several factors, including ER expression,
HER?2 status, and lymphovascular invasion, have been clearly
demonstrated in recent years to contribute significantly to the
management and subsequent prognosis of patients with breast
cancer."'® Therefore, an accurate correlation between mammo-
graphic findings and their corresponding histopathological
features is considered most important in mammographic evalua-

Tamaki et al.

tion. Mammographic findings may provide insights into patho-
logical and biological features, including tumor cell
characteristics, histological grade, and cell proliferation. We
attempted to determine which finding is more relevant with
regard to the newly defined subtype of breast carcinoma cells.
Therefore, the purpose of the present study was to evaluate the
correlation between mammographic findings (e.g. mass shape,
margin, density, calcification shape, FAD, and the presence of
architectural distortion) with intrinsic subtype, histological
grade, lymphovascular invasion, and the Ki-67 labeling index in
breast cancer patients.

Several previous studies evaluated the correlation between
mammographic findings and histopathological characteristics in
individual patients.®™ =D A number of independent groups
demonstrated that masses with a spiculated geriphery were

. . . . (19;,20)
associated with a good outcome in patients. Conversely,
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Fig. 5. Correlation between mammographic findings and Ki-67 labeling index: (a) mass shape, (b) margin, (c) density, (d) calcification shape,

and (e) focal asymmetric density (FAD) and architectural distortion.

well-defined masses were associated with triple-negative breast
cancer.®2" The results of the present study demonstrate that is
a higher incidence of lower histological grade in masses with an
irregular shape and/or spiculated margins, although a higher his-
tological grade is not necessarily associated with irregular mass
shape or spiculated margins. In addition, correlation of mammo-
graphic findings with the intrinsic subtype demonstrated that
irregular mass shape and/or spiculated margin masses were sig-
nificantly more frequently detected in luminal A breast cancers
than in the other subtypes in this cohort of Japanese patients.
However, oval and round mass shape and/or indistinct and mi-
crolobulated margin masses were significantly more frequently
detected in triple-negative breast cancers or HER breast cancers.
As for architectural distortion, the ratio of architectural distor-
tion was significantly higher in luminal A cases and also tended
to be associated with histological Grade 1. Together, these
results suggest that poorly differentiated breast carcinoma cells
are associated with good histological grade and luminal A sub-
classification. However, well-differentiated carcinoma cells are
associated with adverse clinical grading and negative ER status.
Previous studies have demonstrated that these differentiations
were related somewhat with adhesion factors.?**® Loss of
adhesion factors in carcinoma cell is considered to play a role in
the characteristic histological appearance of invasive carcinoma
as loosely dispersed linear columns of cells and a typical dis-
crete mass.®® This more diffuse infiltrative pattern may explain
some of the typical imaging appearances of tumors, such as
spiculation and distortion.*” In addition, adhesion factors are
correlated with high histologic grade.(233 Therefore, adhesion
factors may be considered to be correlated with the results of the
present study in that spiculated breast cancers have a good-clini-
cal outcome and histological Grade 1. However, it is also true
that numerous biological mechanisms underlying the association
between the process of infiltration and histopathological charac-
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teristics remain unknown and that further investigations are
required to confirm interpretation of mammography in terms of
the biological and histopathologic characteristics of tumors.

To the best of our knowledge, this is the first study to com-
pare mammographic findings with the Ki-67 labeling index and
histopathological lymphovascular invasion. The results of the
present study demonstrated that there was a higher incidence of
a lower Ki-67 labeling index in tumors with an irregular mass
shape, spiculated periphery, and equivalent or low mass density.
Irregular mass shape and a spiculated periphery are well-known
predictors of malignancy, but the results of the present study
seem to suggest that findings of irregular shape and a spiculated
periphery are relatively good prognostic predictors in terms of
the Ki-67 labeling index. In addition, the results of the present
study demonstrate that Iymphovascular invasion was signifi-
cantly greater in cases in which there was architectural distor-
tion; however, the incidence of lymphovascular invasion was
not significantly higher in spiculated masses. These results all
suggest that the correlation between findings of radiological dist
ortion and the mechanisms of lymphovascular invasion remain
unknown and further investigations are required.

We also examined the correlation between mammographic
calcification shape and histopathological characteristics. Previ-
ous studies have reported that triple-negative breast cancers are
more likely to exhibit comedo calcifications.® In addition, the
high frequency of comedo calcification in triple-negative breast
cancers may represent a consequence of high histologic grade.®
The presence of mammographic comedo calcification has also
been reported to be associated with a poor prognosis in small
screening-detected invasive cancers."® The results of the pres-
ent study also demonstrate that non-necrotic calcifications,
including amorphous and punctate calcification, are associated
with a higher ratio of luminal A cases, whereas necrotic calcifi-
cations, including pleomorphic and linear calcification, were
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associated with a higher ratio of HER breast cancers. In addi-
tion, necrotic calcifications tended to be associated with a higher
histological grade than non-necrotic calcifications. Therefore,
the results suggest that the type of calcification may become a
prognostic factor for breast malignancies.

We noted significant differences in the mammographic fea-
tures of different primary breast cancer immunophenotypes in
the present study. Stratifying the mammographic features
according to immunophenotypes reveals distinct differences
among cancer subtypes. However, the limitations of the present
study include that fact that the study was retrospective in nature
and was performed in a single institute, namely Tohoku Univer-
sity Hospital. Therefore, further investigations are needed,
including analysis in several different institutions to further
refine the new mammographic criteria. Biological and histopath-
ological differences may result in imaging differences that may
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help us better understand the development of breast cancer.
These proposed mammographic diagnostic criteria based on bio-
logical characteristics may contribute to a more accurate predic-
tion of the biological behavior of breast malignancies.
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The present study retrospectively evaluated the mammographic
findings of 606 Japanese women with breast cancer (median age
50 years; range 27-89 years) and correlated them with histopatho-
logical characteristics. Mammographic findings were evaluated
with an emphasis on mass shape, margin, density, calcification,
and the presence of architectural distortion; these findings were
correlated with histopathological characteristics such as intrinsic
subtype, histological grade, lymphovascular invasion, and the Ki-
67 labeling index. An irregular mass shape and masses with a spi-
culated margin were significantly higher in the group of patients
with luminal A breast cancer than in patients with masses that
were lobular or round, or in tumors with an indistinct or microlo-
bulated periphery (P =0.017, P = 0.024, P < 0.001, and P = 0.001,
respectively). Irregular mass shape and spiculated periphery were
significantly lower in patients with Grade 3 cancer (P < 0.001 for
both). In terms of lymphovascular invasion, there were significant
differences between oval and irregular or round mass shape
(P = 0.008 and P = 0.034), between tumors with a microlobulated
and indistinct periphery (P = 0.014), between tumors with a punc-
tate and amorphous or pleomorphic calcification shape (P = 0.030
and 0.038), and between the presence and absence of architectural
distortion (P = 0.027). Equivalent or low-density masses were also
higher in Grade 1 breast cancers (P = 0.007). There were significant
differences in the Ki-67 labeling index between irregular and lobu-
lar or round tumors (P < 0.001 and P = 0.014), as well as between
spiculated and indistinct or microlobulated tumors (P < 0.001 for
both). Significant differences were noted in the mammographic
features of different primary breast cancer subtypes. These
proposed mammographic diagnostic criteria based on biological
characteristics may contribute to a more accurate prediction of
biological behavior of breast malignancies. {(Cancer Sci 2011; 102:
2179-2185)

The incidence of breast cancer has increased worldwide,
which is considered due, in part, to mass screening pro-
grams resulting in the discovery of clinically occult breast
lesions. Mammographic screening has been demonstrated to
reduce breast cancer mortality in both Western and Oriental
populations.” This mortality may be as great as 63% in women
attending for screening.® Therefore, million of mammographic
examinations are being performed yearly worldwide, and mam-
mography has become the gold standard for detecting breast dis-
orders. Strict attention to high-quality interpretation is required
for successful of a mammographic diagnosis. Thus, it is impor-
tant to establish an accurate diagnostic system for mammo-
graphy.

Traditionally, prognostic determinations are made mainly on
the basis of pathological information, including histological
grade and lymphovascular invasion.®™ In addition to histologi-
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cal information, the status of molecular markers that have prog-
nostic and predictive value can contribute to the selection of an
optimal treatment strategy. These markers include estrogen
receptor (ER), progesterone receptor (PgR), and human epider-
mal growth factor receptor 2 (HER2) and determining the status
of these markers has become standard practice in the manage-
ment of breast cancer because ER and HER2 positivity can pre-
dict a patient’s response to endocrine therapy or tar%eted
therapy with monoclonal antibodies directed against HER2.'® I
addition, the St Gallen international expert consensus meeting
on the primary treatment of early breast cancer reported that fea-
tures indicative of increased risk of recurrence, thus indirectly
supporting the addition of chemotherapy to endocrine therapy,
include lower expression of steroid hormone receptors, Grade 3
tumors, high proliferation (as measured by conventional or mul-
tigene assays), and extensive peritumoral vascular invasion.”
However, these therapeutic determinations have been derived
mainly from pathological information.

The appearance of tumors on mammograms has a generally
good correlation with subsequent histological characteristics.
For example, microcalcification is the hallmark of ductal carci-
noma in sin;® spiculation is significantly correlated with low
histologic grade; and ill-defined masses and microcalcifications
are features of high-grade tumors.'” Accurate correlation of
mammographic findings with corresponding histopathologic fea-
tures is considered one of the most important aspects of mam-
mographic evaluation. Full histopathological information,
including histological grades and intrinsic subtypes, is deter-
mined correctly after surgery.”” Therefore, the purpose of the
present study was to retrospectively evaluate mammographic
findings and to compare the histopathological characteristics of
the different tumors (i.e. intrinsic subtype, histological grade,
lymphovascular invasion, and Ki-67 labeling index) in Japanese
patients.

Materials and Methods

Patients. The mammographic and histopathologic features of
606 Japanese breast cancer patients who had undergone surgery
at Tohoku University Hospital, Sendai, between January 2005
and June 2010 were reviewed retrospectively. All patients pro-
vided informed consent and the study protocol was approved by
the Ethics Committee at Tohoku University Graduate School of
Medicine. The median age of the patients was 50 years (range
27-89 years). ,

Imaging devices and breast tissue specimens. All mammo-
graphic examinations were performed with dedicated machines.

“To whom correspondence should be addressed.
E-mail: nahanisikenta@yahoo.co.jp
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Analog mammographic examinations were performed with one
unit (MAMMOMAT 3000 Nova; Siemens, Erlangen, Germany)
using a screen—film technique (Min-R 2000 Min-R EV; Kodak
Health Imaging, Rochester, NY, USA). Digital mammograms
were acquired by using a system with an amorphous selenium
DirectRay digital detector (LOARD Selenia; Hologic, Waltham,
MA, USA). The system was connected to a viewing monitor
(MammoRead; TOYO, Tokyo, Japan).

Samples were stained using H&E. Histochemical and immu-
nohistochemical analyses for ER, HER2, and Ki-67 were per-
formed at the Department of Pathology, Tohoku University
Hospital. Surgical specimens were fixed in 10% formaldehyde
solution and cut into serial 5-mm slices, embedded in paraffin,
cut into 4-um sections, and placed on the glue-coated glass
slides. We used the avidin-streptavidin immunoperoxidase
method using the clone 6F11 antibody (Ventana, Tucson, AZ,
USA) in an automated immunostainer (Benchmark System;
Ventana). A standardized immunohistochemistry kit (Hercep-
Test for Immunoenzymatic Staining; Dako, Copenhagen, Den-
mark) was used for HER2 staining. The Ki-67 labeling index
was determined using an MIB-1 monoclonal antibody (code
M7240; Dako). Both H&E and immunohistochemical staining
were performed by a single experienced technician. Positive
controls for ER and HER2 were breast carcinoma, whereas
negative controls for immunostaining were hepatocellular
carcinoma.

Imaging and histopathological analyses. Two experienced
breast surgeons independently evaluated the mammographic

- findings. These two investigators were blinded as to the histo-

pathological diagnosis and the clinical outcome of the patients.
If there were discrepancies in the interpretation of the mammo-
grams, a final decision was reached using consensus evaluations
from eight experienced breast surgeons and radiologists. Mam-
mographic findings were subsequently analyzed according to the
American College of Radiology Breast Imaging Reporting and
Data System (BI-RADS)."? The presence of a mass, calcifica-
tions, focal asymmetric density (FAD), and architectural distor-
tion were each recorded. Figure 1 shows representative
mammographic findings. Mass shape was tentatively classified
into round, oval, lobular, and irregular. Margins were classified
as microlobulated, indistinct, spiculated, and ‘‘other’’. Density
was classified into high, equivalent, or low. Calcification shape
was tentatively classified into punctate, amorphous, pleomor-
phic, and linear. Finally, FAD was classified as with or without
architectural distortion.

Two experienced pathologists independently evaluated surgi-
cal specimens. Histopathological evaluations were based on the
World Health Organization (WHO) histological classification of
tumors of breast and Rosen’s Breast Pathology.m‘m The pres-
ence of ER was determined by nuclear staining and was graded
from O to 8 using the Allred score, with positivity defined as a
score of 23.%® With regard to HER2 evaluation, membranous
staining was graded as 0-1+, 2+, and 3+ ¥ Samples scored as
2+ were subjected to FISH to calculate the gene copy ratio of
HER2 to CEP17 (PathVysion HER2 DNA Probe kit; Abbott,
Chicago, IL, USA). Positivity was defined as a HER2:CEP17

Fig. 1.

Representative mammographic findings in breast carcinoma cases. (a) Round mass shape, microlobulated margin and intermediate

density mass. (b) Lobular mass shape, indistinct margin, and high density mass. (c) Irregular mass shape, spiculated margin, and high-density
mass. (d) Amorphous calcifications. (e) Pleomorphic or linear calcifications. (f) The presence of architectural distortion.
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signal ratio (FISH score) >2.2.9% Histological grades were
assessed according to the criteria of Elston and Ellis. The
Ki-67 immunoreactivity was evaluated by examining high-
power fields and counting 1000 tumor cells in the hot spots.?
In addition, the presence or absence of lymphovascular invasion
was determined according to Rosen’s Breast Pathology.*®
Intrinsic subtypes were classified according to the St Gallen
international expert consensus on the primary therapy of early
breast cancer 2011® as follows: luminal A was ER and/or
PgR positive, HER2 negative, and Ki-67 low (<14%); luminal B
was either ER and/or PgR positive, HER2 negative and Ki-67
high, or ER and/or PgR positive, any Ki-67, and HER2 over-
expressed or amplified; the HER type was HER2 overexpressed
or amplified and ER and PgR absent; and triple negative was
ER, PgR and HER2 negative.

We compared mammographic findings, including mass shape,
margin, density, calcification, FAD, and architectural distortion,
with the histopathological characteristics of the tumors, includ-
ing intrinsic subtype, histological grade, lymphovascular inva-
sion, and the Ki-67 labeling index.

Statistical analysis. To compare mammographic findings with
histopathological findings, multivariate analysis was used. All

analyses were performed using SPSS version 10.0 (SPSS Inc.,
Chicago, IL, USA), with P < 0.05 taken to indicate significant
differences.

Results

Comparison of mammographic findings with intrinsic
subtype. Figure 2 summarizes the results of the numbers and
ratios of each mammographic finding according to intrinsic sub-
type. In the luminal A group, significant differences were identi-
fied between masses that were irregular and lobular or round
(P =0.017 and P = 0.024), between those that had speculated
and indistinct or microlobulated margins (P < 0.001 and
P = 0.001), between those showing amorphous and pleomorphic
calcification (P = 0.044), and between the presence and absence
of architectural distortion (P = 0.002). In the HER group, signif-
icant differences were identified between masses that were irreg-
ular and oval or round (P = 0.009 and P < 0.001), between
masses that were lobular and round (P = 0.021), and between
those that had spiculated and microlobulated margins
(P = 0.005). In the triple negative group, significant differences
were identified between masses that had spiculated and
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Fig. 2. Correlation between mammographic findings and intrinsic subtype: (a) mass shape, (b) margin, (c) density, (d) calcification shape, and
(e) focal asymmetric density (FAD) and architectural distortion. HER, human epidermal growth factor receptor; TN, triple negative; Lum A,

luminal A; Lum B, luminal B.
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