signal ratio (FISH score) >2.2.'% Histological grades were
assessed according to the criteria of Elston and Ellis. Y The
Ki-67 immunoreactivity was evaluated by examining hi%h-
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 20119 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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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).

Comparison of mammographic 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
for irregular masses, 38.82 % 13.10 for lobular masses,
36.22 + 15.75 for oval masses, and 37.85 = 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 x 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 x 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 ﬁndini%s and histopathological characteristics in
individual patients.®™2" A number of independent groups
demonstrated that masses with a spiculated periphery were
associated with a good outcome in patients.“g’ 0 Conversely,
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well-defined masses were associated with triple-negative breast
cancer.®?" 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 grac[ef233 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 lymphovascular 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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ORIGINAL ARTICLE

Intracytoplasmic Lipid Accumulation in Apocrine
Carcinoma of the Breast Evaluated With Adipophilin
Immunoreactivity: A Possible Link Between Apocrine

Carcinoma and Lipid-rich Carcinoma

Suzuko Moritani, MD,* Shu Ichihara, MD,* Masaki Hasegawa, MD,* Tokiko Endo, MD,+
Mikinao Oiwa, MD,} Misaki Shiraiwa, MD,+ Chikako Nishida, MD,+ Takako Morita, MD, 7t
Yasuyuki Sato, MD,| Takako Hayashi, MD,} and Aya Kato, MD }

Abstract: Although apocrine carcinoma is a distinct histologic
entity, there is no immunohistochemical marker to confirm
apocrine differentiation with high sensitivity and specificity, and
its differential cytologic characteristics are still not fully clarified.
Despite the foamy cytoplasm of some apocrine carcinomas and
the existence of lipid in the normal apocrine gland, intracyto-
plasmic lipid in apocrine carcinomas has not been fully ex-
plored. By using immunohistochemistry for adipophilin, which
is a specific marker of lipid accumulation that can be applied to
paraffin sections, we examined intracytoplasmic lipid in apocrine
carcinomas. Twenty-four of 26 (92%) apocrine carcinomas and
38 of 116 (33%) nonapocrine carcinomas contained intracyto-
plasmic lipid. The frequency of adipophilin-positive cases was
significantly higher in apocrine carcinomas compared with
nonapocrine carcinomas (P <0.01). The positive cell rate per
tumor ranged from 10% to 70% (mean, 29%) for apocrine
carcinomas. The staining density was heterogeneous from cell to
cell. There was no difference in the staining pattern of adipophilin
between apocrine ductal carcinoma in situ and invasive apocrine
carcinoma or between eosinophilic cells and foamy cells. Sporadic
or mosaic distribution of adipophilin-positive cells throughout the
tumor and microvesicular or fine granular cytoplasmic staining with
heterogeneous density were characteristic features of apocrine
carcinoma. Although intracytoplasmic lipid was identified in most
apocrine carcinomas, none of the apocrine carcinomas contained
prominent intracytoplasmic lipid in >90% of the tumor cells; thus,
the criteria for lipid-rich carcinoma was not fulfilled. However, the
immunohistochemical study suggests that lipid-rich carcinomas are
closely related to apocrine carcinomas.
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pocrine carcinoma of the breast is defined as a

carcinoma showing cytologic and immunohistochem-
ical features of apocrine cells in >90% of the tumor
cells.? The cytologic features of apocrine differentiation
are abundant eosinophilic granular or foamy cytoplasm
and a large nucleus with prominent nucleolus. Apocrine
carcinomas are immunohistochemically characterized as
estrogen receptor negative, progesterone receptor nega-
tive, bcl-2 negative, androgen receptor (AR) positive, and
gross cystic disease fluid protein 15 (GCDFP-15) posi-
tive.2>%10.12.19.20 The diagnosis of typical apocrine carci-
noma is usually straightforward; however, the histologic
recognition of sebocrine and histiocytoid variants of
apocrine carcinoma is occasionally subjective. There is no
commercially available and stable immunohistochemical
marker that is both sensitive and specific to apocrine dif-
ferentiation. The reported frequency of apocrine carcino-
ma is variable depending on the definition of apocrine
carcinoma that is used. On the basis of the findings of
hematoxylin and eosin (HE)-stained sections, the frequen-
cy is 0.3% to 4%.' On the basis of the GCDFP-15
staining pattern, the frequency is 12% to 72%.%!¢ This
variability reflects the discrepancy between apocrine carci-
noma defined by histologic criteria and apocrine carcinoma
defined by the apocrine markers that are present. Thus,
unique cytologic features of apocrine carcinoma that dif-
ferentiate it from other breast carcinomas with similar
cytologic features are still not fully characterized.

The histology of the normal apocrine gland is
characterized by luminal cells composed of eosinophilic
cytoplasm, which may contain lipid, iron, lipofuscin, gly-
cogen granules, and a large nucleus located near the base
of the cell.’> We focused on the relationships between
intracytoplasmic lipid in the normal apocrine gland and
in the foamy cytoplasm of some apocrine carcinomas.
Although the foamy cytoplasm reminds us of the presence
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of lipid, intracytoplasmic lipid in apocrine carcinoma has
not been extensively examined. The histochemical stain-
ing of intracytoplasmic lipid requires frozen sections,
which are not always available for routine surgical cases.
Recently, several immunohistochemical markers that re-
cognize lipid accumulation on paraffin sections became
commercially available.!> Of these markers, adipophilin
was identified in normal lactating breast lobules and
sebaceous carcinomas of the breast.®!4 In this study,
we used adipophilin immunohistochemistry to determine
whether intracytoplasmic lipid is a common feature of
apocrine carcinoma.

MATERIALS AND METHODS

Twenty-six apocrine carcinomas were retrieved
from the surgical pathology files of the Nagoya Medical
Center between 2003 and 2008. A total of 1058 breast
surgeries were performed during this period. We selected
only unequivocal cases of apocrine carcinoma by strictly
following the morphologic criteria of the 2003 World
Health Organization classification system.?? At least 2
pathologists who are subspecialists in breast pathology
(S.M. and S.I.) confirmed the diagnosis of apocrine carci-
noma. The control group consisted of 116 consecutive
nonapocrine breast cancers that were surgically resected
between March and December 2009. Cases in which
chemotherapy, hormonal therapy, or radiation was per-
formed before the surgery were excluded. We also
included 2 cases of lipid-rich carcinoma.

Of the 26 apocrine carcinomas, 15 were ductal
carcinoma in situ (DCIS) and 11 were invasive apocrine
carcinoma. Of the 15 apocrine DCIS, 12 were high grade
and 3 were intermediate grade. All 11 invasive apo-
crine carcinomas were grade 3 according to the modified
Scarff-Bloom-Richardson classification system.* The 116
nonapocrine controls consisted of 59 invasive ductal car-
cinomas, not otherwise specified (IDC, NOS); 25 DCIS;
10 invasive lobular carcinomas (ILCs); 6 invasive micro-
papillary carcinomas (IMPCs); 3 mixed IMPC and IDC,
NOS (IMPC and IDC); 3 mucinous carcinomas (Mucs); 2
mixed Mucs and IDC, NOS (Muc and IDC); 4 solid
neuroendocrine carcinomas (SNs); 2 solid papillary carci-
nomas; 1 adenoid cystic carcinoma; and 1 tubular carci-
noma. One of the 2 cases of lipid-rich carcinoma was
retrieved from the consultation files of S.I. The other
was an already published case of lipid-rich carcinoma that
was contributed to us by the researcher.?

After histopathologic evaluation, representative
slides of the lesions were selected for immunohistochem-
ical examination of adipophilin, GCDFP-15, and AR.
The slides were heated in a citrate buffer (pH 6.0) at
121°C for 15 minutes, except in the case of GCDFP-15
immunohistochemistry. The following primary anti-
bodies were used: a 1:50 dilution of anti-adipophilin
(clone AP125; Acris Antibodies GmbH, Hiddenhausen,
Germany); a 1:50 dilution of anti-AR (clone AR441;
Dako Cytomation, Glostrup, Denmark); and prediluted
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anti-GCDFP-15 (clone D6; Signet, Dedham, MA).
Signals were detected by using the Dako REAL EnVision
detection system and Peroxidase/DAB+ (Dako Cytoma-
tion), according to the instructions of the manufacturer.

The percentage of tumor cells that were positive for
adipophilin, GCDFP-15, and AR was evaluated semi-
quantitatively by gross inspection. Tumor specimens were
considered positive for a marker if the marker expression
was found in >10% of the tumor cells. This cutoff level
was arbitrarily determined.

The y? test was used for statistical analyses, and
P values <0.01 were considered to be statistically
significant.

RESULTS

The results of immunohistochemistry are summar-
ized in Table 1. Twenty-four of 26 (92%) apocrine
carcinomas were adipophilin positive. These adipophilin-
positive tumors consisted of 14 of the 15 apocrine DCIS
and 10 of the 11 invasive apocrine carcinomas. The
signals were located in the cytoplasm and had a micro-
vesicular or fine granular pattern (Figs. 1A-D). The
positive cell rate within tumors ranged from 10% to 70%.
Eighteen of 24 (75%) adipophilin-positive apocrine
carcinomas had positive signals in < 50% of the tumor
cells, and the other 6 adipophilin-positive apocrine
carcinomas (25%) had positive signals in 50% or more
of the tumor cells. The average positive cell rate within
1 tumor was 29%. The staining density of each tumor cell
was variable from cell to cell. The distribution pattern in
positive cells was sporadic or diffuse throughout the
tumor, and a focal pattern was rare. Not only foamy cells
but also eosinophilic granular cells were positive for
adipophilin, and there was no visible difference in
the positive cell rate and staining density between

TABLE 1. Immunohistochemistry Results

GCDFP-
Adipophilin AR 15

Apocrine carcinoma (n = 26) 24 (92%) 25 (96%) 24 (92%)

DCIS (n = 15) 14 (93%) 14 (93%) 13 (87%)

Invasive (n = 11) 11 (91%) 11 (100%) 11 (100%)
Nonapocrine carcinoma 38 (33%) 71 (61%) 41 (35%)

(n=116)

DCIS (n = 25) 9 (36%) 19 (76%) 12 (48%)

IDC, NOS (n = 59) 23 (39%) 36 (61%) 22 (37%)

ILC (n = 10) 5(50%)  7(70%) 2 (20%)

IMPC (n = 6) 0 4(67%) 0

IMPC+IDC (n = 3) 0 1(33%) 0

Muc (n = 3) 0 2(67%)  2(67%)

Muc+IDC (n = 2) 0 1(50%) O

SN (n=4) 0 1 (25%) 1 (25%)

SPC (n=2) 0 0 2 (100%)

ACC(m=1) 1(100%) O 0

Tub (0= 1) 0 0 0
Lipid-rich carcinoma (n = 2) 2 (100%) O 2 (100%)

ACC indicates adenoid cystic carcinoma; IMPC+IDC, mixed invasive
micropapillary and invasive ductal carcinoma; Muc+IDC, mixed mucinous and
invasive ductal carcinoma; SPC, solid papillary carcinoma.
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FIGURE 1. Adipophilin expression in apocrine carcinomas and benign apocrine gland. The signals present in the cytoplasm with
a microvesicular or fine granular pattern. A and B, Apocrine DCIS. In addition to the tumor cells, clusters of foamy macrophages
at the center were diffusely positive. C and D, Invasive apocrine carcinoma. E and F, Benign apocrine gland.

eosinophilic granular cells and foamy cells. There was no
difference in the staining pattern and positive cell rate
between apocrine DCIS and invasive apocrine carcino-
mas. All 15 apocrine DCIS contained clusters of foamy
macrophages at the center of the ductal lumen that was

© 2011 Lippincott Williams & Wilkins

affected by cancer, and these foamy macrophages were
strongly positive for adipophilin. Great care was taken
not to confuse non-neoplastic adipophilin-positive cells
with adipophilin-positive tumor cells. For example,
clusters of adipophilin-positive foamy macrophages were
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also seen in areas in which tumor cells were negative for
adipophilin. Non-neoplastic apocrine cysts were also
present in the background in some cases, and the non-
neoplastic apocrine epithelia were also positive for
adipophilin with a microvesicular or fine granular pattern
(Figs. 1E, F).

Thirty-eight of the 116 (33%) nonapocrine carcino-
mas were adipophilin positive. The 38 cases consisted of
23 of the 59 (39%) IDCs, NOS, 9 of the 25 (36%) DCISs,
5 of the 10 (50%) ILCs, and 1 adenoid cystic carcinoma.
The positive cell rate within the tumors ranged from 10%
to 90%, and the average positive cell rate was 30%. The
frequency of adipophilin-positive cases was significantly
higher in apocrine carcinomas than in nonapocrine car-
cinomas (P < 0.01). However, there was no difference in
the average positive cell rate between adipophilin-positive
apocrine and nonapocrine carcinomas.

Among the 9 cases of adipophilin-positive nonapo-
crine DCISs, the histologic grade was high in 3 cases,
intermediate in 3 cases, and low in 3 cases. The positive
cell rate within each tumor was < 30% in 8 of the 9 cases.
However, 1 high-grade DCIS associated with Paget dis-
ease was diffusely positive for adipophilin in 80% of the
tumor. In 8 of 9 DCISs, adipophilin-positive tumor cells
tended to have foamy or eosinophilic granular cytoplasm,
and clusters of foamy macrophages were seen in 5 of these
cases (Figs. 2A, B).

Among the 23 cases of adipophilin-positive non-
apocrine IDC, NOS, the histologic grade was grade 3in 8
cases, grade 2 in 8 cases, and grade 1 in 7 cases. In 11 of
the 23 (48%) IDCs, NOS, the adipophilin-positive tumor
cells had abundant foamy or eosinophilic granular cyto-
plasm (Figs. 2C, D). The positive cell rate within each
tumor was >50% in 5 cases, and these 5 cases were
histologic grade 3. One of these cases had apocrine
differentiation in 50% of the tumor, and most adipophi-
lin-positive cells were located in the area of apocrine
differentiation. In 5 of the 23 IDCs, NOS, adipophilin-
positive tumor cells were preferentially located at the tip
of the tumor invasion facing the fatty tissue (Figs. 2E, F).
Four of these 5 cases were grade 1, and the remaining case
was grade 2.

The histologic grades of the 5 adipophilin-positive
ILCs were grade 3 in 3 cases and grade 2 in 2 cases. One
of the grade 3 ILC cases had abundant eosinophilic
cytoplasm.

Adipophilin was positive in 90% of the tumor cells
in both cases of lipid-rich carcinoma. The signals were
present in the cytoplasm with a microvesicular or fine
granular pattern (Figs. 2G, H). The signal intensity in
individual tumor cells was heterogeneous.

Twenty-five of the 26 (96%) apocrine carcinomas
and 71 of the 116 (61%) nonapocrine carcinomas were
AR positive. Both lipid-rich carcinomas were AR negative.
The frequency of AR-positive cases was significantly higher
in apocrine carcinomas than in nonapocrine carcinomas
(P <0.01). The average AR-positive cell rate within each
tumor was 43% for apocrine carcinomas and 62% for
nonapocrine carcinomas. GCDFP-15 was positive in
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24 of the 26 (92%) apocrine carcinomas and 41 of the
116 (35%) nonapocrine carcinomas. The frequency of
GCDFP-15-positive cases was significantly higher in
apocrine carcinomas than in nonapocrine carcinomas
(P <0.01). The average GCDFP-15 positive cell rate per
tumor was 51% in apocrine carcinomas and 32% in
nonapocrine carcinomas. Both lipid-rich carcinomas were
positive for GCDFP-15 with a positive cell rate of 20% or
30%. The expression of AR and GCDFP-15 in adipo-
philin-positive carcinomas is summarized in Table 2.
Twenty-one of 26 (81%) apocrine carcinomas were
positive for all 3 markers (adipophilin, AR, and
GCDFP-15), whereas only 12 of 116 (10.3%) nonapo-
crine carcinomas were positive’ for all 3 markers. The
sensitivities of adipophilin, AR, and GCDFP-15 as a
marker of apocrine carcinoma were 92%, 96%, and 92%,
respectively. The specificities of adipophilin, AR, and
GCDFP-15 as a marker of apocrine carcinoma were
68%, 40%, and 65%, respectively. If the 3 markers were
used in combination, and apocrine differentiation was
defined as positivity of all 3 markers, the sensitivity was
88% and the specificity was 90%.

DISCUSSION

Various amounts of intracytoplasmic lipid were
seen in 75% of breast carcinomas, as determined by
histochemical staining of frozen sections.® However, there
are limited data on this issue, probably due to the
technical difficulty of lipid staining in routine surgical
specimens. The detailed histologic features of lipid-
containing breast carcinomas were not previously known,
with the exceptions of lipid-rich carcinomas and sebac-
eous carcinomas. Although intracytoplasmic lipid is
identified in the normal apocrine gland, and there is
some histologic resemblance of apocrine carcinoma to
lipid-rich carcinoma,?® intracytoplasmic lipid has not
previously been examined in a large number of apocrine
carcinomas. Adipophilin has been recently recognized
and validated as a marker of lipid accumulation that can
be used on the paraffin sections.® It is an adipose
differentiation-related protein that is located on the
surface of lipid droplets and contacts between lipid
droplets and intermediate filaments. Adipophilin is
present in the cytoplasm of lactating mammary epithelial
cells and sebaceous carcinomas of the breast, and also in
the zona fasciculate of the adrenal gland, alcoholic fatty
liver, and Sertoli and Leydig cells.®'* We used adipophi-
lin as a marker to examine intracytoplasmic lipid
accumulation in 26 apocrine carcinomas, 116 nonapo-
crine control carcinomas, and 2 lipid-rich carcinomas.
This is the first report of the intracytoplasmic lipid status
of a large number of breast carcinomas evaluated by
paraffin sections.

With an arbitrarily determined cutoff index of 10%,
there was a significant difference in adipophilin expression
between apocrine and nonapocrine carcinomas. The
tumor cells of apocrine carcinomas contained various
amounts of intracytoplasmic lipid significantly more
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FIGURE 2. Adipophilin expression in nonapocrine carcinomas. A and B, DCIS. The adipophilin-positive tumor cells tended to
have abundant eosinophilic or foamy cytoplasm. Clusters of foamy macrophages were also positive. C and D, IDC, NOS, grade 3.
E and F, IDC, NOS, grade 1. In this case, adipophilin-positive tumor cells were preferentially located at the tip of the tumor
invasion facing the fatty tissue. G and H, Lipid-rich carcinoma. Most of the tumor cells were positive with heterogeneous signal
intensity.
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TABLE 2. Expression of AR and GCDFP-15 in Adipophilin-
Positive Carcinomas

AR GCDFP-15 Both

Apocrine carcinoma (n = 24) 23 (96%) 23 (96%) 21 (88%)

Nonapocrine carcinoma (n = 38) 23 (61%) 17 (45%) 12 (32%)
DCIS (n=9) 6 (67%) 4 (44%) 4 (44%)
IDC, NOS (n = 23) 14 (61%) 11 (48%) 7 (30%)
ILC(n=35) 3(60%) 2 (40%) 1(20%)
ACC(n=1) 0 0 0

Lipid-rich carcinoma (n = 2) 0 2(100%) 0

ACC indicates adenoid cystic carcinoma; Both, adipophilin-positive carcino-
ma that was positive for both AR and GCDFP-15.

frequently than nonapocrine carcinomas. Our results
suggest that intracytoplasmic lipid is one of the common
cytologic characteristics of apocrine carcinomas. The
presence of intracytoplasmic lipid may reflect the func-
tional differentiation of lipid secretion just like normal
apocrine gland epithelial cells. The presence of adipophi-
lin-positive luminal foam cells in all 15 cases of apocrine
DCIS also supports this hypothesis. Damiani et al® re-
ported that luminal foam cells could be either histiocytic
or foamy apocrine cells. The presence of lipid in these
foam cells reflects lipid secretion from the neoplastic
apocrine epithelial cells and the phagocytosis of lipid
by histiocytes. On the basis of the distribution pattern of
adipophilin-positive tumor cells, it is unlikely that the
intracytoplasmic lipid would be present due to the de-
generation phenomenon. If the intracytoplasmic lipid in
apocrine carcinomas accumulated as a result of cellular
damage caused by ischemia, it should be distributed pre-
ferentially near the necrotic foci or the areas remote to the
blood vessels.

1t should be noted that 20 of 38 (53%) adipophilin-
positive nonapocrine carcinomas had foamy and/or eosi-
nophilic cytoplasm at least focally, and such cells tended to
be adipophilin positive. In addition, 12 of 38 (32%)
adipophilin-positive nonapocrine carcinomas were posi-
tive for both AR and GCDFP-15. We selected the
apocrine carcinomas with strict morphologic criteria. We
required the presence of typical apocrine features in both
the cytoplasm and nuclei, and we did not refer to the
results of immunohistochemistry to make our determina-
tion. It is possible that adipophilin-positive areas of some
nonapocrine carcinomas might reflect focal apocrine dif-
ferentiation or incomplete apocrine differentiation.

Another interesting observation was the tendency of
adipophilin-positive cells in 5 nonapocrine carcinomas to
be located at the tips of tumors invading fatty tissue. All
5 tumors showing such a staining pattern were nonhigh-
grade IDC, NOS without notable histologic features. The
significance of this localization is unclear, but there is
a possibility of passive lipid accumulation due to the
interaction between tumor cells and surrounding fat cells.

We also evaluated the usefulness of adipophilin,
compared with AR and GCDFP-15, as a marker of
apocrine carcinomas. The sensitivity and specificity of
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adipophilin were almost the same as those of GCDFP-15.
With respect to specificity, adipophilin seems to be a
better marker of apocrine carcinoma than AR. However,
in 75% of adipophilin-positive apocrine carcinomas, the
positive cell rate per tumor was < 50%, and the average
positive cell rate was 29%. The density of positive signals
in individual tumor cells was variable, and the positive
signals were rarely diffusely and strongly positive. We
consider adipophilin to be a useful marker of apocrine
carcinoma; however, its usefulness for small needle biopsy
specimens might be limited. When AR, DCDFP-15, and
adipophilin were used in combination, and positivity for
all 3 markers was used as an apocrine marker, the specificity
increased to 90%. Adipophilin is a useful marker of apocrine
carcinoma when it is used in combination with AR and
GCDFP-15.

An important differential diagnosis of apocrine
carcinoma is lipid-rich carcinoma, a very rare histologic
type of breast carcinoma in which approximately 90% of
tumor cells contain abundant cytoplasmic neutral lipid.
Conventional HE sections of lipid-rich carcinomas contain
tumor cells with vacuolated, foamy, or clear cytoplasm.!”
Ultrastructurally, the cytoplasm is rich in rough endoplas-
mic reticulum with prominent Golgi apparatus, and lipid
vesicles are located near the Golgi apparatus.!” These
ultrastructural findings and the homogenous distribution
of lipid-containing tumor cells with mitosis indicate that
the intracytoplasmic lipid accumulation is not a degen-
erative change; rather, the lipids are a secretory product
of the tumor cells.’!7 As the morphology on HE sections
resembles glycogen-rich clear cell carcinoma and apocrine
carcinoma, the definitive diagnosis of lipid-rich carcino-
ma is difficult without histochemical staining or ultra-
structural study. Glycogen-rich clear cell carcinoma can
be differentiated from lipid-rich carcinoma with periodic
acid-Schiff staining with diastase treatment.” The differ-
ential diagnosis between apocrine carcinoma and lipid-
rich carcinoma has not been extensively evaluated,
although 1 study commented on the lack of intracyto-
plasmic lipid in apocrine carcinoma.'® In this study, we
found that intracytoplasmic lipid is common in apocrine
carcinomas; however, the positive cell rate per tumor
ranged from 10% to 70%, and the average positive cell
rate per 1 tumor was only 29%. Furthermore, the staining
density in individual tumor cells was not homogenously
strong. In contrast, the 2 lipid-rich carcinomas showed
diffuse positivity for adipophilin in approximately 90% of
tumor cells with heterogeneous signal density. Although it
is a very limited number of cases, the positive cell rate
was apparently higher in lipid-rich carcinomas than in
apocrine carcinomas. We consider sporadic and hetero-
geneous staining patterns to be a characteristic feature of
apocrine carcinoma that distinguishes it from lipid-rich
carcinoma. The difference between apocrine carcinomas
and lipid-rich carcinomas might only be the difference in
the percentage of lipid-containing tumor cells. It is
notable that the 2 lipid-rich carcinomas in this study
showed focal positivity for GCDFP-15. In addition, the
relatively high nuclear grade and hormone receptor
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negativity of lipid-rich carcinomas shown by a limited
number of studies partly support the close resemblance of
the 2 entities.?’?? Lipid-rich carcinoma might not be a
distinct histologic entity, but at least some lipid-rich car-
cinomas might be a subtype of apocrine carcinomas that
are extremely rich in cytoplasmic lipid. An immunohis-
tochemical study of intracytoplasmic lipid accumulation
in paraffin sections from a large number of lipid-rich car-
cinomas and a comparison of the immunohistochemical
profile (including adipophilin, hormone receptors,
GCDFP-15, and bcl-2) with apocrine carcinomas would
be necessary to confirm this hypothesis.

The clinical significance of intracytoplasmic lipid in
breast cancer has been hardly addressed, with the exception
of one study by Fisher et al® more than 3 decades ago. They
examined intracytoplasmic lipid in 87 consecutive surgical
cases of breast cancer by using oil red O, and they found
a positive correlation between lipid content with high
histologic grade and short-term treatment failure. Spora-
dic case reports and clinicopathologic analyses of a small
number of lipid-rich carcinomas, many of which were
from before the era of modern chemotherapy, suggest
aggressive clinical behavior."'-!7 In contrast, the prog-
nosis of apocrine carcinoma is considered to be not
significantly different from that of nonapocrine carcino-
ma.?>?* However, the number of lipid-rich carcinoma
cases reported to date is extremely small compared with
apocrine carcinoma. The rarity of lipid-rich carcinoma
might be at least partly due to the technical difficulty of
identifying lipid on routine histologic sections. The ability
to perform immunohistocmehistry for adipophilin with
paraffin sections made it easier for us to identify intracy-
toplasmic lipid in large number of cases and will enable us
to identify more cases of lipid-rich carcinomas. This new
method will allow for a reappraisal of lipid-rich carcinomas
that will clarify the clinical significance of intracytoplas-
mic lipid in breast cancer.
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ommary

A new direct-conversion detector for DR mammography has improved the detectability of microcalcifi-
cations and masses. Each optimized exposure condition (target/filter combination and tube voltage) was
defined through comparison of physical values and visual evaluation on breast specimens using the innova-
tive DR mammography. The contrast-to-noise-ratios (CNRs) of PMMA phantoms of various thicknesses
were obtained under a variety of exposure conditions whose average glandalar doses (AGDs) were made
consistent. Fifty breast specimens were irradiated under these combinations. Visual evaluation was conducted
on the images, whose histograms were controlled for consistency. In the phantoms with thicknesses of 20 mm
or more, tungsten/rhodium had the highest CNRs of the targets/filters such as molybdenum/molybdenum and
molybdenum/rhodium. For visaalizing microcalcifications and masses on breast specimens of thicknesses of
35 mm and below, molybdenum/molybdenum was the best. Nevertheless, to obtain better image quality,
molybdenum/rhodium was superior for 35-55 mm thickness, and tungsten/rhodium was superior for 55 mm
and above under the same AGD, enabling accurate and efficient diagnosis. The study showed that the expo-
sure conditions differ for obtaining the highest CNR using phantoms and those under which breast specimen
images allow the most accurate and efficient diagnosis. In addition, image evaluations of the breast speci-
mens allowed optimization of exposure conditions that are closer to those of the actual diagnosis using
mammography.

ords: radiology, mammagraphy, direct conversion, exposure condition, breast cancer
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(Mo/Rh), tungsten/rhodium(W/Rh) TdHh%. Mo 7 1
WEOERLI0Oum THY, Rh 740 & DOE LI
Mo #—4" v NEDHAEET25um, WH¥—4 vk
DM EE TS50 um THo.

o S B OB H AR EATEIE & LT contrast-to-
noise ratio(CNR) & W2 HEAMRES L TEY,
YET ST A EEMOMEBE Y EEEICH
WHEILTWD, RIFEIZBWTY, CNR 248EL L
TEHlE 1T -7

AN, CNROEIEIZE > TCONR A AL e b
METZREL, R, szt Esdiion
OhDESEHCTIMOUBRBEREREL, H
PR IC L - CEHBTICE LB L U E R i L
S 512, CONR HZE S UBEAR ORI ME 0=
DRBTOREZEHT LT v VB LU CDMAM %
R E R MR Bm L 7.

ARUFE T, FUEEEOWBREARL A L TR
SRS A0, WIEEEEE2 L2 ¥ — O
IRIFREAETRSICRBURER2E2. $72, Wige
WKBMTA2BHSACEORECHICIV 948
Bz To72) A TXBI L BEES1E MNEIT45
TEEEZ TR A SR L7
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1-1 HE1:CNROBEIEE CNR V&KX E L B
BHOREE

CNR Oil5E1 IBC 62220-1 20 ST b F
LD, polymethylmethacrylate(PMMA) % 10 mm
AF v T T20~T0 mm EEFTCERSEL TP A
RV, PMMA BElZ02mmEO7 AV IREEEL
(Fig. 1), [ L PMMA B 3 TG & (average
glandular dose; AGD) DS —E L 25 &M THREL
Fro7z.

CNR 58 TV /2B H OB LE T T 0w THEH
G5, WEOVIESI 7L EROES, BE{OH
BLEIIIA SN/ ALEBFEAOEBEOAPRIFE SN
BYAF L RoTEY, HHEFEGLEOREE
HIAZ LY., ST EDLIINT-TIE,
B ORESHE L2 A THIRz ED L7720,
MR OB G LRSS L L. XSESEELLT
MHENLTTOMICIE BHO/ A XHFEEICE
BEND 2356 XBELIRBBOEETLEOE
BBV, ZETFEORBIRIEOBNR EDRS,
BRI — TS (A5)05B A EEZ NS,
JARXEASOBETEBE LT, CNREIEIIZE,
BHB TR SATABTTOEZRICH LT 72y
FHIEL Y 2 —FA Y FHIEER T o B BT He7
BISEICHE - T, |MEBAO RIS EPRWES
T, XESBEE SN LWIREBEOEGEFELG T
v FES), RENOEE>SF Ty MEBROHE
AREB T LA Ty MLERBL. SHITEEEE
EAAOXBOHEHRENFS5~T0mR 25 LI
CNR I EBOMEEVEGTEHEBEZIBEL (O =—
F= oy ), Elod Ty MBI TS
WMoY —FA Y TEEOEYRE TSV 2T
FRIEER L.

BIALEE AT o 72 BB ICxT L, Fig. | QAW HHO
BCHEENALTOOMEBKOE AT, HEEQLDF
BELY, TNIWOLRVEHIBROTIEE mes, T3
WMDBDLBEHBTOFEHE my 2RO E612, €
n%ﬂ@%ﬁﬁ@@ﬁ%{ﬁ OL @*ﬁf%ﬁ% Ore, OaL =R
D, FOESRQICH-TCONR *EH LA

CNR = (ngg — My )/N[?&;Gz +0 4, M2 e (1)

mug ¢ TV ARSI O FIME

ose - B EREBEHEE

ma - 7OV IAREEIBOFIHE

oa B EEREE

CNR 58 THW/, PMMA OE AT 5 HHE
Y= w ;T AN OMAEDYE, BEE, mAs
i, A A4 X, AGD O E L% Table 1 IR

201149 A

l

measuring region without
aluinum plate

measuring region with
alumyinum plate

Fig. 1 Experimental setup of PMMA and alu-
rainum plate for measuring CNR.

9. #Eid, Mo/Mo, Mo/Rh, WRhD ¥ — 7 v b/
TANY DHMEETT, 23~35kVOEELOHHET
otz wInL 7y FERVEEETCREL
BE < AT L T3 Buropean Reference Organisation
for Quality Assured Breast Screening and Diagnostic
Services(EUREF) #2887, BEUREF IZId PMMA
DERTEI, AGDDEFFHEICH B LN
acceptable level X LT, %72, AGDOEFT L v~
7S achievable level & LT, FIL-FNOEHNHES
NTwE, —ELVOBEEEBRLLSS, BiE]
EEJAZONFET L WEE L, CNREEILSBT
Z AGD i3 EUREF @ achievable level (PMMA 20 mm
JET 0.6 mGy) IZ3E L7z

FNFND PMMA DERT, £5—7 v vi74
Wy LEBROMEEIIBITAS CNR Z#lE L, CNR
PR E L AME T RE L.

1-2 FHE2 UIRERERC L3RR AREORE
BHRO X 5 I~ OB EEZ BN FEA
FBOYBEERENSE L LT, Mo/Mo, Mo/Rh, W/Rh
DF—2y T4 NFOHEET, 26-34kV OEE
FED#FT AGD 95— L e 2B LB CHRE L
SOFEFOWIREARBEL, BAREARSD 20~70 mm
OEFHETIOnm BBIEIC, TELETEHEBOE
AR, Z6EAD 6 EBZFFML, SudME
BIRE L7z AR TIE, AGDE—EEL, MEx
EZTHRE{To2 FEEICDVWTE, FB10
FERDPS CNR PSR L 2 EEREORETREL,
BARAOHEMTLICE 28T CEE L. AGD I
EUREF IZEE RO FETEHHL 2. AGD OEHEO
FeRIHB LR MBOT — % Table 21773, W
BERA PMMAR LB WTHREZITo/2. BE
SZMIDTO LI L THRE L7z, EUREF ICIZFLE
A2 PMMA EA L ORBEEIREINTVEY, =
DIBEFIE PMMA 1.0 cm EAZE O L 250
ENTWirnizd, EOROERTITMBERLE LT
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Table 1 Exposure conditions for CNR measurements
Thickness Target/ Tube voltage (k) chal Eﬁ(;‘EDEF
of PMMA  “cifer 28 24 25 26 27 28 29 30 31 82 33 34 g5 sizew oo
{(mm) mm) - ovel {mGy)
mAs
20 MofMo 32 24 18 15 12 10 9 7 8 - - - - 0.3 0.6
Mo/Rh 28 20 15 12 10 g 8 7 8 - - - - 0.3
W/Rh 42 32 26 24 20 18 18 16 15 14 - - - 0.3
30 Mo/Mo  — 56 40 32 26 20 16 14 14 12 - - - 0.3 1.0
Mo/Bh 60 40 30 24 20 18 16 14 14 12 - - - 0.2
W/Rh 80 60 50 44 36 32 30 28 28 24 24 24 - 0.3
40 Mo/Mo  — - = 65 50 40 34 30 28 26 24— - 0.3 1.8
Mo/Rh  — 80 60 46 40 34 30 26 20 24 22 - - 0.3
W/Rh — 110 80 80 70 60 60 58 46 46 42 38 - 0.3
50 Mo/Mo  — - — - 100 80 70 65 55 55 50 50 - 0.3 2.4
Mo/Rh  — —- 110 80 75 65 60 58 50 50 46 44 42 0.3
W/Rh  — —~ 150 130 110 100 90 80 85 80 75 70 70 0.3
60 Mo/Mo  — - - — 140 130 120 110 110 95 90 90 0.3 3.6
Mo/Fh  — - - 160 130 120 110 1060 95 80 85 85 80 0.3
W/MHh o - - — — 180 170 150 140 140 130 120 120 110 0.3
70 Mo/Mo  — - - 280 280 220 220 190 180 170 170 0.3 5.1
Mo/Bh  — - - = — 200 180 170 150 140 140 130 130 0.3
W/Rh  — - - = - - 260 240 220 220 190 180 180 0.3

Table 2 Data of the half value layer used for this experiment

(Unit: mm)

Tube voltage (kV)

23 24 26 28 30 32 34 85
Target/Filter  Mo/Mo 029  0.30 082 084 036 038 039  0.40
Mo/Rh  0.85 037 040 042 044 045 046  0.46
W/Rh 048 050 053 056 058 059 059 059
v, FLEE AT PMMA OEMRE L. YIEREAR T, HLUBREFRE|RB LGS OB HROEERD

DK IE &z ER THE L2 PMMA OFFHE
AR E L, TOPMMASEME AL, EhL
PMMAB OE S & IMA 728, +—% VO AGD D
EUREF ¢ achievable level I A L HIIHME T & 12
mAs fHERRE L7, FOEO mAs 13 CNR 52 OB
WCHW/EEEE L, Table 1 IR ETH S,
HWEMEF CHOWAEZICL, 5O CNRBIEOR
EREERIL, A7y bEEE Y2 —F 1 S HIER L
PLog ZOFME A LA £ FLAGD T
AN EPEICHELLS S, LEOES#IC
& EFEME, a3 bT AN, R SHELCOE
WHE LB EER 6N A BTEF T /AT CIEE
B S IEE IS A Ao, EAREERIIEM T X
D RBMEB AN/, B-OEEEE AGD TS —
v BT AN E Mo/Mo, Mo/Rh, W/Rh & 7 %

2w FTOEA ST L% Fig. 2a /R 7. Mo/Mo
5 Mo/Rh, W/Rh E#UVEPTH 21208~ C, #8
P LV L-OEEME LA AL, £/, Fig 2a
WREHITTRT LS ICREEIET 22 200 b, 4
IR GEVAZ L, AR F 2B A E
DEFOE 7B L e2RLTHY, BHED
IYFFAMPBEVIERLTWS, Thbh, B
DL AR EEEGEOI Y I AMEL LA R
RLTWA, Iy T AMDRLRLIRECHEHE Lkt
THDOEEHBETH 2700, DIWEFKIIHLTES
NIREBEVCOEGOBHESIZE-ET 551,
E#{E oL O EE T2 5 A R &R A 5 G AL
% e L 72 (Fig. 2b). BRI, IR AR ORTLER
BOEZRIIH L, WERIERSE - Tuv 5% L
e L, MO TOFEEBEE QL. &0 o %

o1 BoE
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Frequency,
2

s o M <
806 1700 1800 1800 2000 2100 2200 2500

2300

QL a
1406 - b
W/RR
12004 Fig. 2 Image processing and adjustment applied to the breast specimen
., 10009 /mw’?{ﬂ images.
2 0 - (a} Unadjusted histogram.
:gj“am 4 L MoMo This reveals that the harder the beam quality, the higher the
& 4 center value {{ransmission dose increases) and the smaller the
4000 4 distribution value under the consistient AGD (contrast
2000 4 j decreases).
o & . — (b} Adjusted histogram.
1206 16 B0 BB 1600 1700 18K Aligning the distribution and the center values allows the
QL images to have almost exaclly the same distribution patterns.
B L7 BLEEOEGRICH L, TR o0 FEBL) CERF L C & 722 b 7 8 B (multi-objec-
EMATz. tive frequency processing; MFP) & il W\ 2%, = @

OL =a (QL~QLuwe) I0+0
oL BEiTHEROBEE
a ' EERR
o BRI BT AE
QL BiEE
QL -
O FEEEE

HHEOTE

CIT, EERELEREREE QI oL D

BRSBTS EREOFY

MFP T EEEEBEAL A F I v 2 Ly VERI D
YRE—LERT A, SEEBEERERSIIS LT,
N ALHENEZMA, S6IBESTRETS
I 2o — P EEHIT BRIR D .

BB LB IERICEETLDT, E@ﬁﬁ%%
WCEHFMA T hOBRIGIEFICEEL R
ex%f%?@@%ﬁfﬁﬁﬁmﬁﬁiﬁﬁﬁg,
N AP, AN T AN, BT A
b, BRI, BSE, V—F T2 b THENY, 4

EEGIICET I T RBELIY FIRAMEES
o LB ERE T v, RER TRk
BAEHGT 2y b THoo, EEO LI

4005 TH L. YEEKOEFEICHL, Fig.20 X5
ﬂazﬁﬁvAxméb$@%QLw FORENE

., B oL BOEESERWEEICD 52, PE
1500 £ RO IZRkE L7 i?’:, alIDWTIEEE
oL 0% TFHo/Y, ERE405EEBLI VL
SIHEL, SBEVUBREROSBEOEZIZBY
THE O a=270, O=1500 % 7z, (2 oaLs
BT o2tk MEGREVOBEEG OB R o722
EERUCAPTT AT L. M BB
Lo THEORIEROFEHBELFEERMASLZ

EFTE, BFBELICFIA F@%bﬁ%fﬁﬁtf
BEALBETEL L) Ro72 WIC, REFFETE

REE TR cHVW A EFOE @a%ﬁ@ﬁ@%%
DEZFOECEFFMT L2012, BEs#M 2
%, SEEGIE LE--OBEERE S ENT 2 BE
B2 %4 BEO FCR PROFECT-CS(E-+H7 M v 4

2011469 H

BOUBREABEG CEBHAERMA TVL D, B
B, ar 2 AMER-TH A 3612, BHERA
TRIIE—OEBLELYEL TWAID, 7—F 77
7 POEBEHEOESEERIIG L TR—ICEL S,
L7z C, BHEFFMICLE L MM E TRIRE L
BHEEE L. RRELSSEEIIOWTIE, Bk
MAEOETHIZLoThL—FE7OBBRFHEZ L
WhiproTwad, FzIEBEENOBHEEEDLE
FRESEALT b YIC, SSEF N ETS L
Ao T, BEEBHEIC S IR L RS E O
BN A%ZFMHT A EPFEICEETH L
Ik L7z — OB G E L - & E RS A A
#A—3 % (DRYPIX 7000, Bt 74 NV a(t)icCr
ANVBIIZHBL, PP HARAF NS —F v TA
Wy EEBENER LPBEREG LB/ LB
DOBEELM ZBEPIE T 5 12 RORSHERFEPYE DS,
BB L RREEESHEOZOOBEEIZOWT
FNFI, Mo/Rh, 28kV COE G X IL#EQ L L,
+5 DEFOBEY ICFHMEET R AL, EEE TEHME
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Lz, WG IV A WE&Y + BEEGLIYLE
ik — s LA SRR, FhFNOELT LI
HHEH {5 (Mo/Rh, 28 kV) & &0 THE 5 &EiE DS

P BESHEOTNENOWE T LIIFEH 2T TH

BEIENE L% FMEEEALL BABFE
MR L v X9, SHlE B R 0

DWW X D, FMEE S EICEREE T 3612, 5
EEHOMAMTORF EMA. U EDFETHN
R AMEARE L. b, BEOELLED
72612, PMMA % 5 mm 7% 35 mm 800, 20 mm
P 70 mm & L7

1-3 FHE3: HEEINRMEOREBEHET S -
HOER

EEFEIEET 588 EBS L ORI L
T, EEEFEMERL 2. HESOE G I1IT 3L
F—E B EHNTAEAE L0920, (1)
BELMOFS 2 &0 - HEEI BT L BN 2T -
A7z, (2)CDMAM 77 > P A X B
SMIE R

(DOFEEETIE, FTRELEMO AGD 25—E L
BHEIESEEE Ty UEBP L, 1EC62220-1-27
WHE SN TWE Ty P2 1 Y modulation transfer
function(MTE) % l58 L /2. MTF 7 A& b 751 Al
08 mm EDAF 2 L AWEME L. Fig 3a l0R4
BL#E CHUOELAL O B AUTIZ R WIRIET O MTF %3l
L7z IZ, Fig. 3b IR ECHE T MTE 7 & b7
A AET 457 I 20 mm JE O PMMA % 38
L, BRELBROBH LR TO MTF %2, ¥—>v b 74
¥ % Mo/Mo, Mo/Rh, W/Rh &2 2, &ETIZ—
FED2EV ELTHE L MTFF A PT84 2 &
FA T YEOBEEY L T MTF 2l 55 F
—REENZIE T bt v Lo, ERCTrEss
TAEBETHEZHRET LIS, BEBIILEHE
EENLTHAEENE L, HEHE 10 mm B
MRS, SBEN/RIBICH B L BHTH D,
TR OB D LML &, TR EEE
HELEEZEREILE ST WA, 20 mm EO PMMA
IEFFHESE R T AL, COEBRTERELOE
BOITMIEFEI R A DS, Mo/Mo, Mo/Rh, W/Rh
DEFY A R ITNTHE D 03 mm THHEI L, =
i, B EF 4Ty Y OB 650 mm 2% LT,

e, RO BIETTNTOY 7y T AT
BIEEDbLRWEEZ LNL LT, MFE®D

PRIMA Honey

T U

A

Detecior Duteetorn

Fig. 3 MTF measurement configuration without b
PMMA plate (a) and with PMMA plate (b). @

BRI BEL O KD E T I BT g T h B L #
FR=Y (0%

WENTIT 272 () DEE T, CDMAM 77 > F A
Z 20 mm B PMMA O EICEE, 512 CDMAM
T 7 A FIZI0 mm O PMMA F B 42, PMMA
FHMEAZT OmmEL Y= b/ T4V E
Mo/Mo., Mo/Rh, W/Rh 8252, BEEEZ—5%ED 28kV
&L, AGD % EUREF O achievable level 1.6 mGy |
of L THED T 0.9 mGy &4 LW 1.8 mGy &7
HE I D0 AGD AT, FRFNLORE
T C 8 MOBEGRTRELITo7. F—#H T AGD
PG EELSELEE, v b A, EEEIED
59, RREZIPENLT LI L0 RS, Ldo
T, AGD O EEt v bA BTS2 LT, ik
HEABHICEYDREEL, BRELHEFEITT S
PG A ETFHEND, BB, B Log B
7otk WOIR L7CWUMLEE X BEIRALER, X0 0B
HEL72 3 BOBREEFEELy bOfrs 31K
TIEFEICHIH L, BBEEAT50 Ix DIFERNT, #ikE
JUSME 72, 2138 O F =% (55 45
RadiForceGS510) I CEF i % {T-72. 73, CDMAM
RIS B A BEEEIIFCRREE S 2 Tnwh
V. CDMAM SRl D #5300 & T 3U(3) 12 X 1) image
quality figure (IQF) %3k, EHOHEL &7 7217
BEEFELIEEIQF IS5,

IQF:iCExD

i min
i=1

Ci TFARIOES

Dimin - T A A2 EEE

ni A7 TE

IQF DFEETRYA BAEMEL ¢« 1858 (two-tailed paired
t-test) TITVY, p<0.0S EHEESHY & L7

2. 8 B

CNR #l7E# &R 4 (Fig. 4). CNRIZT~<ThE
STWRhODY —7 v M 74O EEIRLHE
o7z PMMA 20 mm Tl W FILd sy — 4 v by
TANFIIBEVTS CNR 13 BLE 14 DUF o dipEs
REY, IBIZFEETH - 7205 PMMA 70 mm Tl

o1 HEow
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PMMA20mm AGD 06mGy PMMASOmn: AGD 24mGy E' Moha
16 ! - [ 1 EM:\fl’(.\;«
LM Fh i ot iR
er | R iz
833 24 2% 26 2% 28 2% 30 31 32 3 29 025 26 7 28 2% O30 31 32 23 34 35
; ) L. dube Voltge [RV] Tube Voluge (V]
~' PMMA3Om® AGD LOmGy n»mMc{ PMMAGCMIM AGD 3.6mGy + MoMo
: # MoRh g . ® MoRh:
j ;z i A WRN :i . A WRR
gt e
1 T , " Pl o
533 2§ 25 2 27 2@ 29 3¢ 31 32 33 34 35 23 024 25 26 27 28 20 30 31 3 33 34 35
Tube Valiage [KV} i Tube Voltage [XV}
PMMAdOmE AGD LémGy 'M°M“j PMMATImm AGD S.1mGy
16 : SMaRL g
M S 2 :\’F’h gl
Zu R 3 Zn S
(TR s -t P ® 10 +
s : i Pd ; s ; S Py !
23 024 25 26 27 2 O OGO 32 33 3B 23 026 35 26 27 28 29 30 31 3R ON M 3‘.
e TubeValage V] ~ Tubo Valage [¥V] N
Fig. 4 (CNR lest resuils.
Table 3 The average image evaluation score
) ’ Score of Score of Total score
Thickness  Tube voitage sharpness graininess (Sharpness + Graininess) ~ High scored
(mm} {kV} Target/Filter
Mo/Mo  Mo/Rh W/Rh Moo Mo/Rh W/Rh Mo/Mo Mo/Rh W/Rh
20 26 1.35 0.75 -0.10 0.45 -0.50 0.20 1.807 0.25 010
28 ~(.40 0.00 0.60 0.20 .00 0.25 -0.20 0.00 2.85 Mo/Mo
31 (.40 - - 0.20 - - -0.20 - -
30 26 -0.35 —(3.10 -0.90 -0.15 -0.20 -0.25 -0.50 .30 -1.18
28 0.75 0.00 -0.20 -0.10 0.00 -0.85 0.65" 0.00 -0.75 Mo/Mo
30 - .20 ~-(.85 - ~3.10 -0.35 b .10 -1.20
40 28 —0.15 .00 ~1.00 -0.80 .00 -0.50 -1.05 0.00° -1.50
30 0.00 -0.65 -0.80 ~(.55 -1.15 -0.25 ~{.558 -1.80 -1.15 Mo/Rh
32 -0.10 -0.35 — -0.70 -0.40 - -0.80 .75 —
50 26 -0.45 ~-0.45 - -0.23 0.20 - -0.68 -0.25 e
28 -0.10 0.00 ~-0.08 0.00 0.00 0.15 ~-0.10 0.00° .10
30 ~ " 005 000 - ~0.20 0.00 - 025  gop Mo/RhorWRh
32 d G0 i - -0.12 - - .02 -
60 28 - .00 —0.30 - (.60 0.30 - 0.00 0.00
30 - 0.35 -0.18 - .30 0.40 — 0.65 0.25
32 - 005 o000 - 0.35 050 - 030  os50 Mo/Rhori/Rn
34 - -0.18 15 - 0.25 0.85 - 0.10 0.40
70 28 d 0.00 - - .60 - - .00 -
30 - ~{3.30 0.10 - .38 Q.55 - 0.05 0.85 W/Bh
32 - -0.35 0.50 — .50 0.45 - 3.8 0.95"
34 - —(.36 -0.05 - 0.55 0.40 - 0.25 0.35

W/Rh T CNR 2 R BT THER T 55—, Mo/Mo
TIZCNR PO UTFECIRTLTHED, CNRIZPMMA
BIEL GBI T~y M TA NI DENIILS
EDED o T EmPE LI Thdbh, W/Rh
OF A TIX, PMMA 7520 mm 5 70 mm (2B <
oTd, CNREFZFMUDPS1R2EFTCLAETLRZY
2%, 75, Mo/Mo @ &Y Tk, CNRIZ 13225 9
FTHETL, W/RE D E&SIE PMMA PFE 2T
{, CNR O TR N5 &0 hodz. Rl

20119 H

T, WENROF—F 9 b T4 YO ETIZBY
Th, BEFEEEISEO CNR DZE{LIZ/DSL,
b 24 L 7244 PMMA 60 mm T W/Rh 28 kV
e 32 kVICEAEETI8UB TH o7z, CNROD
FEECHTAEFEI ISV Do
BREROBEHIFMOEES Table 31T LD
A, BB L7 HECEELEICL > THREEVWOH
BOBHEEM A/ -0T, @y b AMIBEICE
55— ThH D, BEHEOFME & RDRIEO B mE



1158

BRSNS

Case 1: Reseated Specimen 22mm

Thickness: Specinen Tmm, PMMA Soum

AGL QemGy

Mo/Moloky RhaskV

Fig. 8 Images of a resected specimen (22 mm).

Because the image obtained using the Mo/Mo com-
bination at 26 kV forms the most distinctive image
compared 1o the other combinations, the density
can be differentiated without difficuity. The images
obtained using Mo/Rh and W/Rh seem somewhal

indistinet.

Case 2: Resceted Specimen 2num

Thickness: Specimen 28mum, PMMA Smar
AGD D.8mGy

Fig. 8 Images of a resected specimen (30 mm).

The best combination for demarcating the boundary
of tumors is Mo/Mo. It also makes a distinctive
boundary with a mass cverlapping a mammary
gland.

EDOFNTHET B, AR ADT 20~30 mm &8
e izid, Mo/Mo OFH A tf%fff:iy% <, BRARIE &Y
40 mm OHEI21E Mo/Rh O &8 T, EARE A
50~60 mm D IZIE Mo/Rh iﬁ:éi W/Rh T, &5
VOREARIEL AT 70 mm TlE W/Rh DA Tl Wl &
T

WIS, THEROR S FE OB EY Pig. 59 1R
9. CIBREEAR ORI, EROERS 20~
30 mm EEGHE (Fig. 5, 6)121d, Mo/Mo DA
DL RARME L BEETEL TV LD, EENE

DFHPFRARLT L BEEFDMY P h o
Mo/Rh & W/Rh TIZEES M E W, EEIGD
THEAGE A VE B TH -7, BAROE LD 40~
50 mm Tl (Fig. 7, 8), Mo/Mo TIIF RPN T VO
T, JURSSKCR A, 510, HwWRIRIEAARE 212
{ZpoTe7z, W/RE T, BLRMEIE s giEE s

u..,

Case 3 Resected Specimen 40mm

Thickness: Spechmen 30mm, PMMA Dum
AGD 13mGy

£

Fig. 7 Images of a resected specimen {40 mm).

The granularity of the Mo/Mo image is the worst in
this case. The mammary gland in the Mo/Mo image
is bolder than that in the images obtained under the
other exposure conditions. The amorphous calcifi-
cations under the W/Rh combination are less dis-
tinctive. The Mo/Rh image visualizes the amor-
phous calcifications most sharply.

Case 4 Resected Spechnen S0mun

Thickness: Specimen 3mm, FMMA 15mm
AGD

AEmGy

Fig. 8 Images of a resected specimen (50 mm).
The image under the Mo/Mo combination has high
granuiarity and seems lo lack information. The
image under the Mo/Rh combination delivers three-
dimensional information because of its lower gran-
ularity. In the W/Rh image, the level of granularily is
good for recognizing the distinct amorphous calcifi-
cations, but the whole image is blurry.
ARLTWHEDT, EaRILPIES IO KAt
B L T5 0072 Mo/Rh SRR L SR8 & 12
WMOARWNS Y RATHBHDT, BEITEL T,

60 mm ELEDEAOBEA TIE(Fig. 9), Mo/Mo TlL
FEIREATE L, £ Mo/Rh OFDRM S W/Rh 122
HERREDHOT, HIE HBEICIIR SR
W/Rh TR T Mo/Rh J D A EEIBICALO T,
B ARBEBELARIES L HEETE TV

VL E O AR i OB HFHD & R A RO M
FHEOME R E Table 4 ICF &0 5. 22T, HEH®
RAFTPERSBHZEG20O, RICBHF2EM
O, LB ABEOEEE <« ELTWED,

AL O BEEREET L 00T I EBR O 2
% Fig. 101RF. FEES LWIRE T, §-XTo

@}'f‘g

61 55



