Moritani et al

Am | Surg Pathol » Volume 35, Number 6, June 2011

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.®! 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.1.) 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(n=1) 1(100%) O 0
Tub(n=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
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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=5) 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.

It 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."!” 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.?>?3 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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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 glandular 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 mum
or more, tungsten/rhodium had the highest CNRs of the targets/filters such as molybdenum/molybdenum and
molybdenum/rhodium. For visualizing microcalcifications and masses on breast specimens of thicknesses of
35 mm and below, molybdenum/molybdenum was the best. Nevertheless, to obtain better image guality,
molybdenum/rhodium was superior for 35-55 mm thickness, and tungsten/rhodiaom 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.
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FUZHT LT recall rate ERBE) PR T T 25057
ENTWBY,

FFDM (I3 RHIL T, MR EEER)
REFDH5H. MBERFREIIBEBRICAFLAX
MK ER IR BEAEEL2BLFATH
B, HIREETAEESD L0, BEERFTRT
HEEBENRL R DT A Ay v5h 5. BVESE
RRAOILE, BNEOEARZLETIUT IS,
XBORINEEFTITL2 Lo b0, BEHES
PR nERs v —F, EEBERFAIL, B

BEHEHIE L DQELBWY., EEEEFATH
515 P €T 7 A+t L ¥ (amorphous selenium; a-Se)
i, MR LESE BIUDQENHW
TENERTH B,

PLEoiEE% L0 FEDM TH LA, — 57 T signal-
to-noise ratioc(SNR) DBEECRREE® FIF 52 L H
BECHS HEEITLOFT—FIE, A thin film
transistor (TET) & HWCEAH SN LY, BELEE
BALT AR EER /A AFER AT 5. S0 ESHS
BIZEEEMCRAT 00, EEY A XD 28
BT 5. S viol /A XAOBERRBELIYEL
7o0Fs, EEEBRE 7Sy PAFUVEBRBETERL
FrE 7 AN AHE AMULET T 5. ZOEEIR
TET Db i, BERKAL vy F 7 HFRATES®
BRAWABDT, #ROTFT HR LV LE W SNR T
F—FREBTLIENTESL, RO, ZOFL
W FFDM B 238 L L Tn57
TANFIIZX o THREBINGHMEIZL-TELRY, &
HEBO X SRIUERIIZTOMEICE>TE LS. 37
IBEBEINI-FTAIIITr eI 7 EBOFEH
EBEL T, BB oRIFEEEIE L, #EE0
BEACELT-HEETBRRCEPULETHL HES
ERFELLT, PEHEMS 77~ N ATOBEES
HEHVLIHEF—BNTHE oD Fkidhr
YOG HIEELISNTEY, HERECILIBE
DLWEBREOBVERFBELNE. LAL, #E
HIZ77 b ATHY, EROBFHELIIELRD

¥, WHEFMe T 7 v FARMCHRELSBESY
PEHGOILFEREICH L THLEL T EhDKE
BYBETHDH, TNEFTHHICRE S fdse
ot AR, WEFE»OEELRESEE
FiEm Lo bT ABFHBLHmEL, TOERLHY
HTHEHELINETALOTHE. 3FETLEHT
FLEMGTwmEL FhooEgEETLET
wmESAEETML BREGICESHLRES
HoEBELFTE L. RETFRIL, HRfTbhTaR
PR E 7 7 v P AEEFHEICIL, FLEMBRICE
LEMEVHIH L NWFETRETLLOTCHS. F
7z, WpHEFMBIC R SERELLBEFEELDLD
P, HOTRETHIETL2L0THS. 862, 20
FHLWFEICL- T, FHICHESN - EEERE
75y SR OVHEHER (a-Se) I B AR B L U
AT AL RFEBE L.

1. ERESSEUEE

BHERT a-Se 2V, BFEHAL »F 7 HRUCLY
50 um OEES A XEEBL TWE7. REEEICE
WENTWEY—4 v M7 4 M7 T molybdenum/
molybdenum{(Mo/Mo), molybdenum/rhodium
(Mo/Rh), tungsten/rhodium{W/Rh)T&H5. Mo 74
NI DEHZII0um THY, Rh 7 4V FDEAI
Mo & —7 v b DBEEET25um, W~ v &
OMARET 50 pm TH 5.

noise ratio{CNR) ¥ w2 HiEfREINLTEY, <
YEY ST A EEROWRELES O HEEE
WEN TS, REFFEIIBWTS, CNR BZIBEE L
TEHMHEfro 7.

BRI, CNR OHISEIZ L > T CNR SR L2 5
MESHEL, ’IL, EEINEGHERLICNL
OHhOEHFERWTHEOWBREREEE L, HE
BPEEHIC Lo TR LBLBETBRE L
S 52, CNR EE EUBREAROHEEESEME 0D
OFEBTOERYBEHTAI vy VB LU CODMAM %

FERGR T, FLIBBEOWRERE ML TRE
FAFEREET B720, FRMEEESL Y ¥ — O
R ERRSIRIMLKRERL. £ B
BT 5 BE S AT E OB X )+
% {To729 2 THWIC K BRELE, AMECHa
BRI & TV At RER G L 72

o1l How
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FHBEREETRE T U aUY LT 57+ BEORE & BY R OR G - 1) § 1153

1-1 % 1:CNROBIEE CNR FBAL 5518
BoOREE

CNR DEI5E L 1BC 62220-1 2012 B SN TV BHF
#1219, polymethylmethacrylate(PMMA) % 10 mm
ATy S T~T0mm BT TENSET7 7 b A
Hvy, PMMA LiZ02mmEO7FVIHEZEEL
(Fig. 1), B U PMMA B & T IR E (average
glandular dose; AGD) " —E L L B & THESL
fro7e.

CNR {58 TR BB ORI 7 Esow T
T4, MEOTVEYSTABBOSE, BELOE
BESFIA SN EAOBEGEOAFHREEIN
BYUAT Ao TEY, MHEVPEELEOTGE
A EREEL . AR EODICHE - TiE, B
BB OBERHER LS A TR ED L0,
MEROBEGEFEmOSRE L. XBPESELT
BMEENLAZITORICIE, BHO/AXDPEECE
BANE S5, XBEBELBEBOZETLOE
BEOBNP, BETHORBREODE A ENPS,
BEILEH TR )P HLEZLNE.
JARELTOREFHNE LT, CNREIEIIZID,
B TR AN METOBBICS LTEH 7 £
PRIEE Y 2 —F A Y OHEER T o EE L B/
BEICHET - TR, BRESOLICALEI WM
T, XBHPFBHINLLWIREBOEEEELGEY
o FEE), METTOEE, S 72y FEEOHE
RMET LA T by MUEBARL ., SHICHRMEE
H~DOXEOFEHEN S~TOmR &5 L HIC
CNRESEBOBE S WESCHEZIE LS =~
FA4 Y TEE), B d Ty ML E S EE
PHEYI—FA OB RET S 2T
SHBIEERRE L7,

BIALB 247 - 7-E &I L, Fig. 1 OIUAWEHBO
BCHITAL D OoOHEBOE A C, BEE QL OF
BEEY, PUIEHOLOHEBOYIEE mpe, TIVI
MO 5HBIMTOFEE may, T3RO2. S5, F
NFNOFHIE CHEE oL OFEEMRE ops, oa TK
&, TOERXOIIH->TONR ZER LS.

- _ [P N TP
CNR = (¢ m%}/vczgmg-pgﬂz}/g ...... (1)

mag © 7V I AREESEIROFEISE

ose B RERE

mag D 7OV I AT EHIE O FIEE

o B BEEEBEE

CNR il THW/2, PMMA OE AR 5 H
Ty b TANTOEAREDE, BEE mAs
i, BAEYT A X, AGD DR E LM% Table 1 125K

011 %9 H

measuring region with

r
measuring region without
alumioum plate

aluminum plate

Fig. 1 Experimental setup of PMMA and alu-
minum piate for measuring CNR.

9. ¥l Mo/Mo, Mo/Rh, W/RhD ¥ — & v }/
TANE OMEET, 23~35kVOEEREOHFT
Fiofe. WLy FERWEEE T CIREL
BT {HEICPE L TiX European Reference Organisation
for Quality Assured Breast Screening and Diagnostic
Services(EUREF) 2208 L 72", EUREF (Zi3 PMMA
DEAZTE, AGDOHFBFHEEIICD S L A
acceptable level & LT, 72, AGDOE I L v
A% achievable level & LC, FHLFhOEHIHE S
NTnb, —EBLNVOEEEZERLZSS, #iE<
FRLAMALZONFET L vEE L, CNRIBEICEBLT
% AGD I2 EUREF @ achievable level(PMMA 20 mm
JET 0.6 mGy) IZRRSE L7

ZTNEND PMMA DEART, £ -5y bI174
Wy LEETOMATIIBITA CNR ZHIEL. CNR
AR L AMERRELL.

1-2 HE2: YERERBREIC L 3RETBRENRE
BB O L ICHSE~OBINCR B 5 Nz a8
FHEOUBREAY ISR E LT, Mo/Mo, Mo/Rh, W/Rh
DE—y b T AN OMEE T, 26~34kV OEE

FEO#IFT AGD D' —E L 2 2WELRGCHE L
50 FEFIOUBREA TR L, BAREARD 20~70 mm
OEFT 10 mm FEZTLIC, TELLTEBBOE
RERY, £6EAD 46 HEEFFML, el oy
FHEL. AR TR, AGD R —EEL, HEE
BRZTHEER T/ FEERICOWTE, ER10O
MRS CNR P KE L AEBEDEECHREL
BMADEAZ IR L2EH CRRELA. AGD é;t
EUREF Lﬁ%&‘@:ﬁeﬁﬁ:ﬁﬁi L7z, AGD @ﬁtﬁ@
FRiEA % PMMA ?}i_t{m[_ab“fiﬁ%z%ﬁﬁ 7z, %ﬁiﬁzy
FEHIIUTOIHICLTEE L. BEUREFILIIILE
HEAE PMMA EA L OBBRIRINTHEY, &
DIEFITIE PMMA 1.0 em EAZ X O L i
ENTWnhnid, FOBROEARATIIHEEMET
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Table 1 Exposure conditions for CNR measuremenis
Thickness .o Tube voltage (kV) Focal E'Q?;ZF
of PMMA /0 28 24 25 26 27 28 20 30 31 32 33 34 35 sizew . able
(mm) mAs (mm) level (mGy)
20 Mo/Mo 32 24 18 15 12 10 9 7 8 - - - b 0.3 4.8
Mo/Rh 28 20 15 12 10 g 8 7 & - - e - 0.3
W/Rh 42 32 26 24 20 18 18 16 15 14 - - - 0.8
30 Mo/Mo  — 85 406 32 26 20 18 14 14 i2 - - b 0.3 1.0
Mo/Rh 60 40 30 24 20 i8 16 14 14 12 et b - 0.3
W/BRh 80 80 50 44 36 32 30 28 28 24 24 24 - 0.3
40 Mo/Mo — - - 85 50 40 34 30 28 28 24 - - 0.3 1.8
Mo/Rh  — 80 80 48 40 34 30 26 20 24 22 - b G.3
W/Rh - 110 80 8 70 80 60 55 46 48 42 38 - 0.3
50 Mo/Mo  — - - - 100 80 76 65 55 55 50 50 - 0.3 2.4
Mo/Rh e - 110 80 75 65 60 55 50 50 46 44 42 0.3
W/Rh - -~ 156 130 110 100 90 80 85 80 75 70 70 0.3
80 Mo/Mo  — e - - - 146 180 120 110 110 95 80 90 0.3 3.6
Mo/Rh — - - 180 130 120 110 100 95 80 85 85 80 6.3
W/Rh - - b - 180 170 i50 140 140 130 126 120 110 0.3
70 Mo/Mo  — - - - - 280 260 220 220 180 180 170 170 0.3 5.1
Mo/Rh  — - - - — 200 180 170 150 140 140 130 130 6.3
W/Rh - - - - - - 260 240 220 220 190 190 190 0.3
Table 2 Data of the half value laver used for this experiment
(Unit: mm)
Tube voltage (kV)
23 24 26 28 30 32 34 35
Target/Filter  Mo/Mo .29 0.30 0.32 0.34 0.36 0.38 0.39 .40
Mo/Rh 0.35 0.87 0.40 0.42 0.44 0.45 0.46 0.46
W/Rh 0.48 0.50 0.53 G.56 0.58 0.59 .59 0.58

Vv, FLEBEAE PMMA OEAICIRE L, YBER
OFKE AL ERTHIE L2 PMMA OFME
HIBEL, FOPMMASMEAK, Ehl
PMMA M OE S 2L 72, +F— LD AGD A
EUREF @ achievable level L2 2 X FICHE T LIC
mAs JEERSE L. FOBO mAs I CNR 0B
WCHWBEEHLL, Table LIRTHETH 5.
MERE CTHWZEBICL, O CNRBIEOR
EEEED, A7y P HEEY T4y HIEBL
ClogZBMOFLE L. £/, BCAGD T
BEENELATHE LSS, NEF OBE{EIC
1, ERE ZUFTAM, KRNE BSELEOE
WATE LB EEZ OGNDL, BB EFET 2 CIRE
s IR I c R D, BAEEICIEUTOL
S RBMEEMA . A—OFEREE AGD TY —
A h1T 4% % Mo/Mo, Mo/Rh, W/Rh &K %

T, HAYRERSRE LS ESOWLBEOEED
75 Mo/Rh, W/Rh EHUEAE B0 C, &8
R ENLOEEME QLA LR L, 72, Fig. 2a
EHITRT IITPHEBIRT L 0505, F
EEI VI WIS ki, BRA NS AICBITAES

TVFIAPPBEOIERLTVA. Thbh, #E
DL ABIEEEEOI Y I AR LI EE
RLTWS, IY S AOELZ BIRETE R ILE ®
THOEINETH L0, HABEBHIILTES
NABEENOEBEOBHEIFZIIE-HT AL,
ERE oL ORI By P ANERIZAERLE
2L 7o (Fig. 2b). EMEMICIE, UBRERORILE
BOERICHL, UBREERNF - TV EBEEEHL
EiE L, BLEETOVFEEE QL. 9o %

Ee1R Bo®
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HHBEEETRIET « Ve Nv BT 5T+ RBORB LRSS (B - 1) g 1155

14004 & W llR h
- Mo/Mo _ MORI7

S VAR
z N
VA { \f

1660 1706 1860 1500 2008 2100 2200 2300 2400
QL a

WiRh

Fig. 2 Image processing and adjusiment applied to the breast specimen
images.
(a} Unadjusted histogram.
This reveals that the harder the beam guality, the higher the
center value (transmission dose increases) and the smaller the
distribution value under the consistent AGD {(contrast
decreases).
{b) Adjusted histogram.
Aligning the distribution and the center values allows the
QL images to have almost exactly the same distribution patierns.

Frequency

S EEEEEEE

1260 1360 1400 1500 ] 1700 18

B L giEGEOESICH L, FT(2) oMEE FED CHA LT & 2270 F E 3 BB (multi-objec-

IR 7z tive frequency processing; MFP) & W 729, = @
MFP T EBEERA L VAT 3 v 2 VDR
OF = QL7OLaa forQ s @ L lmensnTez. SEMEEERSCHLT,
oL EHREROBERE NG ALLBEEIA, SHINHNES TEETS
a: TEEARE AN a - P EHET SRR H S,

SO ?ééi R BT D ERE OB FRFABEIEACEETLOTC, YOHEELH
c EEE WTHEHSEZT ) »OBFRIIFEEICEE L2
mw-%uﬁmahﬁ& B RO VST 7 A OFRRREE M OHE HIZFLRIBEE,
O EEERME N AR, FLERND Y RS AN, BT RT A
T, BERN.EEEEEM QL. oL Ol b, RIRME, BESE P—F 77 TR, S
PEBRBRICE T2 T 2BEEI VP ATEES HOYBREAREE CIHIBEHEAMACVWI D, B
NABXIEWICERET UL L. KERTIZWE B, 2} 9AMNIFE—TH L. SH1, WREHA
EARBEHE L 2y PTH o0, EEO QLI PBIIE OB BB AL Cnbid, 7—F 77
4095 THSH. YIREAOERIZH L, Fig. 20 X9 7 ORISR BE OB ERIIN L CHE—IC&EL 5.

BEANT S AERD ERRPE QL TOEENE
<, & QL MIOBEEMMEBEIEIZH o /2720, HulfE
F 1500 EIEDIZFELL. T allonwTIdEE
fEQLP0%E TFTH-/2, ERAE 4095 282 v X
JFHEL, £ILFUEREROSHEOEFIIBY
TH O a=270, @=1500 % B 72, N oW
BT o7, MEHBEVOBEGORE R - 722
EHBRVCAMT T ACCHER L. Dl EoRSHLE
Lo THEDEHYEEOFEEELSEEMALZ
EHNTE, EHRBEELOVFIAMOEVERRLT
EEFHETEL L ko7 KIS, BAFZeClEER
IRELE TR AW A B OEG CRAE T 0 B
DRZFOEBCEFMT S0, BREExH AT
%, LB L0 BESLE L BN 2. Bk
B AL M BE O FCR PROFECT-CS(E L7 14 A A

2011469 5

L7z T, BRI L E 2RI E IR L
BEEL L, RORELESEEII OV T, B
MEBOBTHICE> T —FAT7OBBEPH L E
WhhoTnb FlAEEEENOBRFALEDLE
BORESEALT 2800 IS, BEESmEYTS L
72850 T, EEFMICBW TR RSSO
FORG5 s AT A EASERIIEETCH L.
BB LF—0OEGLELELEEY FSA A
A— v (DRYPIX 7000, B 7 A vuatstEHicTr
ANBIICHEHL, VYO RAF LAY~ T4
Wy EEBIEFRRLDBEEARE G JF
DE LGS L EIE 45 12 LORSTEREFED,
SEICHBA L R L BEEO ZDOHBEIIDWT
FIFI, Mo/Rh, 28 kV TOHE G o L 1,
5 OEFEOBBEY ICFMRE R AL, EHETEMm
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BARNSHRRAE SRS

LA, E#EGIVAEVEGE + HEEEIVLS
BGEE L L7 OB, FREFRLOELAIEC
FLEEH (R (Mo/Rh, 28 kV) % &0 THENT 2 &H (B
BTy A AF IR END, FEImEE, R
T, BHEOCZNZENOHB I LICEN 2T TH
BEHNE LG BMETREALL SABSE
B 2vnE )i, FFEFCEEERESEER
FARZNTwRwv, T/, BB mE L5588
XS, FlESECEmY Tk 35610, B
EHOEBHETORBZMAL. Lo ETHH
B HEERAI L. 48, BEOEAEZES
728512, PMMA % 5 mm 25 35 mm SBHIL, 20 mm
25 70 mm & L7

1-3 FEI  HEECHREOEEEHBE TS~
HOHEER

EESECEET IHEEBIURIREICHEL
T, EBTBMEHEL .. HEBOESIZT AL
F—DEL R BHIEEENT AHERE L0928, (1)
HEMOFE 2 EO - BSEIER LB 21T -
7z B354, R X IHBEEFHR~OPELE
EA L/, QICDMAM 77 > P& L A
ERME SR L 72

(HDOFEBE T, ETRESETHD AGD A8k i
AESCESFNER Ty DB, IBC62220-1-27
W SN TWwAI Y PEIZE Y modulation transfer
function(MTE) s L7, MTFRF A R FN 4 2
08 mm EDAF U L AREMBE L2 Fig, 3alU0RT
BEE THEELEOBENSIZIZ WIRETO MTF %31
FEL7z. WIZ, Fig. 3b ICRTERETMIF 7 A PF AN
AAREF A5 o F B 20 mm B PMMA B 458
L, HEBOBLRETOMIF %R, ¥—> v h/ 74
V¥ % Mo/Mo, Mo/Rh, W/Rh L&z, BEEIZ—
EOWERV ELTHELL, MTEFAMF /N4 2k
FAF o YEOEEE LT MIF 2T 5 ikl
—EEIETh Ry, Ll ERlcvwresrs
TAEBCTIETRETLHE, FERILEES
WWHIENTWREEPE L, FENHIEL 10 mm 2E
MEBRPOBN RIS P —BHTHD.
IRERORE Y IZFLFHEBS D E A, TRPEEE
L EFELERIZZ TS, 20 mm EO PMMA ]
A FHEBE R TR ALY, COERTIEIERLOE
BOIIPITIERERA A S, Mo/Mo, Mo/Rh, W/Rh
DELT A XZTNTE D03 mm THLEI L, &
biZ, BELT (77 FHOER 650 mm 2% LT,
Mol WOENONBIX IBEELrEbLRZVIE
s, MRKOBMERITRTDIF—~F v N TANET
FIFEDLLRWEEZLNE. LA T, MITED

Dutectos

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

HRIIBE R ORDEEM I BT ch b & &
ZHNA.

FENTIT 272 (2) DFEBRTIE, CDMAM 77~ FA
%20 mm EO PMMA O EIZE X, 512 CDMAM
77 YA EK 10 mm O PMMA * B, PMMA
FMEAEZAOmm EL. =49/ TANT %
Mo/Mo, Mo/Rh, W/Rh &%5%, FEITEF—5ED 28kV
&L, AGD % EUREF @ achievable level 1.6 mGy I
LTS TEV 09 mGy & LEV 1.8 mGy &7
BEHIIT OO AGD EBEEE ), ThENORE
ZUHT TS HOBEGBRES T, F—HE T AGD
PR EEALSE A, oA, BEERED
55, RRMZTHFEILT AR b Lizho
T, AGDOEHHEBR Ly P2 BT 22 L0, HIR
BEAEEICE)BEL, BELSElEITIT S
PG PLEFEEIND. B, BT LogBiRL
7ot RUGB U ZCRUALEE & RERRALEE, 3o R Em
BefElL7 3B0REEFEEZRLY FOFHIL 3
FAEEITHIEN L, BEEH 50 Ix OENT, HEE/
JUSMUYE 72, 21380 € = & (F -+ 5,
RadiForceGSSIM I TERMZIT » /2. 728, CDMAM
FEMC BT A BEEBMICEBCHEZE LTV R
V. CDMAM Sl O £ 06 TRG)IZE Y image
quality figure(IQF) %K%, EEDHE E T - 7017,
EEARL GAEIEIQFIIINE {2 A,

IQF = icf > Bi,min (3)
=
Ci: T4 AYDIEE
Dimin - 74 A B
ni ATy TH
IQF DRERTRYH BB 1 878 (two-tailed paired
t-test) TETVY, p<0.0S 2 EEEDY L L7

2. & |

STWRhDY =7 v b 7A VY OEEEIELE
oz, PMMA 20 mm CldWioy —2 v b/
TANTIIBWTL CNR A 13 Bk 14 UFOEEIC
WEH, ZIEF%ETH o729, PMMA 70 mm Tl

HEerh HEo¥
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FABBEERERE T« VANV L BT S T « FEORE L RB R ORE G - )

g 1157
T pMuAZmm AGD emGy | * MoMa T PMMASOm AGD 24mGy | ¢ MoMa
% - r ” Moy T * MoRly
g AVER . " ! : & WRh
SE g1z F LA
T Z 10 : +
323 24025 2 21 OZ8 M O30 351 32 33 34 38 823 24 25 26 2% 2R 29 30 031 32 X3 34 0
o Jube Voltage (V] Tube Voltage [k}
PMMAZOMIR AGD 1.0mGy * Moo | PMMAGOmMM AGD 3.6mGy * MoMa
16 F S MoRE L ) g # MORRE
; AWRh A WRD, S
o : e L » &
g gn
0 i
8 &
23 03 2% 026 02 W W N OM 3P B M A3 24 2% 26 27 2R 29 30 3] 32 33 3 35
: Tube Valtage [KV) Tube Volage [kV]
. PMMASOmm AGD LémGy © Moda | PMMATOmm AGD 5.ImGy * MoMa
[T - =MoRE g » Moith,
i A WRh | & WRh |
o b E
: % 2 4 Zu
[T 10
8 LR i *
23 24 25 26 27 IR OB 30 3 32 33 343 23 24 25 2% 27 28 29 30 31 32 33 34 35
Tube Voltnge [k\’} H Tube Voltage [kV]
Fig. 4 CNR test resulis.
Table 8 The average image evaluation score
) , Score of Score of Total score
Thickness  Tube voltage sharpness graininess {Sharpness + Grainingss) High scored
{mm) {kV) Target/Filter
Mo/Mo  Mo/Rh W/RRh Mo/t Mo/Rh WiRHh Mo/dto MofRh WiRh
20 26 1.35 0.75 -0.10 £.45 -0.50 .20 1.80 0.25 .10
28 -0.40 0.00 0.80 0.20 0.00 .25 -0.20 0.00 .85 Mo/Mo
31 -0.40 - - 0.20 — - -0.20 - -
30 26 -0.35 -010 090  -0.15 -0.20 -0.25 -050  ~-0.30  -1.15
28 075 000 -020  -0.10 0.00 -0.55 0.65° 0.00 075 Mo/Mo
30 - 020  -0.85 - -0.10 -0.35 - 010 -1.20
40 28 ~0.15 0.00 -1.00 -0.80 0.00 —{.50 -1.08 0.00° ~1.50
30 80.00 —0.65 -0.80 -0.55 ~1.15 .25 -0.55 -1.80 -1.18 Mo/fRh
32 -0.10 -0.35 — ~0.70 (.40 - -0.80 -0.75 -
50 28 -0.45 -(.45 = -0.23 0.20 - -0.68 -0.25 -
28 -0.10 0.00 -0.05 0.00 0.00 0.15 -0.10 0.00" 0.10* y
30 = 005 0.00 - ~0.20 0.00 - 025  oo0 MO/RhorW/Rh
32 — .10 - - -0.12 - - -0.02 -
60 28 - Q.00 -0.30 - 2.00 0.30 - 0.00 0.00
30 - 0.35 -0.15 - 0.30 .40 - 0.65" 0.25
32 — 005 000 - 0.35 050 - 030  oso MO/RhorWimh
34 — -0.15 -0.15 - 0.25 0.55 - 0.10 (.40
70 28 - 0.00 - - 0.00 - - 0.00 -
30 - -0.30 0.10 - 0.35 0.55 - 0.05 0.85 W/Rh
32 - -0.35 0.50 - 0.50 0.45 - £.15 0.95°
34 — -0.30 -0.05 - 0.55 0.40 - 0.25 0.35

W/Rh TIXCNR 2* R BT A THER T 45—, Mo/Mo
TIZCNR SO LTI CHRTLTEY, CNR I PMMA
BEL LIl o TH 5y M T4 NTOENILS
EPERPo T {EEPFR N $2bh, WRh
D AE T, PMMA 7520 mm 5 70 mm (2 JE <
HoTh, CNRIZUMPSR2FTLAETFTLEY
A%, =77, Mo/Mo DA ¥ TiE, CNRIZ 13059
FTETL, W/Rh DAL PMMA Lo C
L CNR DR T2 6 N5 EHFG o7z, FE

201149 H

T, WIFEROF—~F v b T4 OMETIIBY
T, BEEXZEZEEO CNR OIS,
it 42840 L7241 X PMMA 60 mm T W/Rh 28 kV
PH32KVIIEZ A TO8% THo72. CNRD
FEEICHTHEFRII/ DIV Ebh oz
PR BEROBEFMOBREE Table 31T L0
B, FIR L7 ETEEMBICY - THREERVWOH
BOBEAERIZ /20T, @fEar Py AMIBEICE
HF s THh D, BEGE OFMAE &R O FE il
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BN RHERS

Case 1; Reseeted Specimen 22mm

Thickness: Specimen 17mm, PMMA Soan
AGD OemiGy

Mo/Mo26kY Mo/Rh28kV Rh28kY

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 to the other combinations, the density
can be differentiated without difficulty. The images
obtained using Mo/Rh and W/Rh seem somewhat
indistinct.

Cuse 2: Resected Specimen 30mm

Thickness: Spechmen 3mmn, PMMA Snun
AGD 08mGy

Meo

Fig. 6

Images of a resected specimen (30 mm).

The best combination for demarcating the boundary
of tumors is Mo/Mo. it alsc makes a distinctive
boundary with a mass overlapping a mammary
gland.

EOFITHET A&, BAREAD 20~30 mm E#w
BAITiE, Mo/Mo DHAETHRLE L, BREAN
40 mm DA I2I1E Mo/Rh O AE T, BEAREAD
50~60 mm O¥A12IE Mo/Rh 720X W/Rh ¢, &6
W AEADT 70 mm Tid W/Rh OE A TEHWEE
7:{"9 7.

WZ, FEHOBREEEMOBES Fig. 5~9 1IR
T, WBREAOHBEEFMTIL, BROESLN 20~
30 mm & #EWHEE (Fig. 5, 6)ICid, Mo/Mo DML A
DEBRRBE BB ETEN TV LD, BE LS
DFERPFEALT L, BEES DY T o7
Mo/Rh & W/Rh TIZESENE WD, BEIED
THEHDP AL CEBE THo 72 EEROERD 40~
50 mm TiE(Fig. 7. 8), Mo/Mo TIIRRMENTE VD
T, FIBAIKRCEZ, 3618, HVRIRIEFEZICL
Tpon Tz, W/Rh T, SIRMEIE LW EHEDS

Case 3: Resected Specimen 40mm

Thickness: Specimen 30ans, PMMA Hmm
AGD 1.5mGy

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 sharpiy.

Fig. 7

Case 4; Resected Specimen S0min

Thickness: Specimen 33mm, PMMA om
AGD 13mGy

‘Mo?2

Fig. 8

Images of a resected specimen (50 mm}.

The image under the Mo/Mo combination has high
granularity and seems to lack information. The
image under the Mo/Bh combination delivers three-
dimensional information because of its lower gran-
ularity. In the W/Rh imagse, the level of granularity is
good for recognizing the distinct amorphous calcifi-
cations, but the whole image is blurry.

TRLTWLEOT, VA RILPESN&EOR A
B L o6 o/ Mo/Rh2PRIRM LS E D12
BLBWNASVATHLOT, BEIZEL TV
60 mm L EOEAOEAR TIE(Pig. 9), Mo/Mo Tl
FORMEAEE L, F72 Mo/Rh OFLIEMED W/RR -2
HERRELDT, HIVBRIZIZEL LR o7
W/Rh {ZHEORME T Mo/Rh D S FREIIZBE VO T,
WA 2 ARALY X CHEETE TV

YL oI AR OBl S R ER O
MO EE Table 4 10T DB, ZIT, HERO
B2ZAFROBETL2EHY2O, RICBHL2&H%
A, BLEEESTECELEE x L LT WA,

HEROBERHET IO T EROE L
% Fig. 10 1079, BEIRDS 2 0IRIB T, §%To

Eark Eo¥
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Case 3; Resected Specimen 70mm

Thickness: Specimen 35mm, PMMA 35mm
AGD 38mGy

Fig. 8 Images of a resected specimen (70 mmj).
The granularity of the Mo/Bh image is high. The W/Rh
image, in contrast, has low granularity, making faint caici-
fications observable. At 32 kV, the sharpness decreased,
which in turn made the calcifications indistinct. At 30 kv,
the calcifications and tissue composition are the most dis-
tinct.

Table 4 Visual evaluation results for breast specimens

Sharpness +

Thickness Mo/Ma Mo/Rh  W/Rh Visual result of findings CNR higﬁest Graininess
(mm; Target/Filter "
Highest
20 O Fay X The image of Mo/Mo is the best to give sharp images and to W/Rh Mo/Mo
express the boundary of masses.
The images acquired with Mo/Rh and W/Rh show blurry
30 O TaN X images, which in turn looks flat. W/Rh Mo/llo

The image of Mo/Mo is bad granularity, makes mammary

40 FaN O £ gleand bold and fails 1o give distinct faint caleifications. W/Rh Mo/Rh
The image of W/Rh is good granularity, but faint calcifications
and boundary of masses are not distinct.

The image of Mo/Rh delivers acceptable granularity and Mo/Rh or
50 X O 2 adequate sharpness, achieving well balanced images for W/Rh W}Rh
diagnosis.
R . . Mo/Rh or
&0 X Vay (& The images of Mo/Mo and Mo/Rh are bad less granularity W/Rh W/Rh

resuiting in unacceptable images for diagnosis.
Since the image of W/Rh improved graininess drasticaily, faint

70 X X O calcification and spicula can be observed. W/Rh W/Rh

¥—2"y b 745 T MTF ZIREFETH -7, IR

BEMOBEEH~52 L4 HE LT, PMMA 0.9 [~ — Mo/Mo28kV i
20 mm ECH—#EBE 28KV TY —4 v h /74 0.8 > ~ Mo/Rh28kV
5 DR ERIEL A S MTF HI5EEHM L7, 20 0.7 p W/Rh 281V
Fk S % Pig. 11 125F 4. Mo/Mo T @ MTF #%4& & & o 0.6 -
{, W/Rh T MTF b ikro 7z, = 08 ~

RWRECIZEEEHRT L2027 0.4 TN
CDMAM 7 7 » b 2D H MO E % Fig. 12 1< 0.3 Sy
R, COMBATFIRAIFY, R T AT, 0.2
BABEDYRISCTVWIEEFRL, EEMNEHFT 0.1
HBILAERLTWA, AGD P\ 1.8 mGy B4 0 . ) . . 0
&, CD A S T HICE T 5 \EHE L Ko Frequency (cycles/mm)
¥ ANRE(T 4 A7 EA 01 um LLTF O Fig. 10 Experimental results of image sharpness without
)T Mo/Rh, 13> +5 A MAMT W/Rh, B2 PMMA plate.

FS A RMEB(F 4 R 7 EA 0.2 pm DO GEER)
T Mo/Mo & ooz, FrfRETHBS 5121, Ko
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0.9
0.8
0.7
e 0.6
=05
0.4
03
02
0.1

0 I i H
0 2 4 6 8 10
Frequency(cycles/immy)

Mo/Mo 28KV [
MofRh 28kY |7
W/Rh 28kV |

Fig. 11 Experimental resuits of image sharpness with
PMMA plate.
The MTF measured using W/Rh was the lowest.
The results show the tendency that the harder the
beam quality, the more scatiered the X-rays.

FFARTCEDRKEVHEBETRLOFMETE S TY
HOT, T4 A7EEN 080 mm L k200 mm L
F, n=5 DK b FAMEMTIQF 2 LB T5 &,

Mo/Mo T 0.32, Mo/Rk T 026, W/Rh T 03075572

B BB R BT wo-tailed paired 2-test), Mo/Mo
& Mo/Rh T p=0.0011, Mo/Rh & W/Rh T p=0.043 &
4l BHEIIMo/RhOBEEPBITTHLZ IR
s, —F, HEHNEV 09 mGy FHA&ICiE. W/Rh

PR Y o ALY A

3. B

BHIC CNR OEIEIZB EEORUEBEOEE
WIOWTEREINAL, A7y PRI A4 A%
BT 298P H 5720, ONR * LH S5
HLEFEZLND., UL, T XTOHETHR—OF
vy MESEHCCHELBL TWSED, /14X
BEEORELEEEM CoLEF LR LTV
BiidoTh, REEIZBITD /A AL VIEIRAKT
0% BELIMEEL TESY, CNRPRKELLE
EHEEEALIE Tl o d 2, Y2 —T 1
YAMEERETHOLT LB OLSEE LT 5
7HOIEMLTEY, ETHOLTOREEIZ CNRH
SEERLASEEIEF—THh o778, CNR ~NIE
L, P EOZ L OEGORILED CNR O
BICEE COAHREEERWEEZ SNS.

FEFFELFE L a-Se 2 TR L L2 CNR DOF
FERERIBEOHRTLREIN TS, LOBFEIC
BOTHRFIEEE L EERIL, WTROEAIBNT
4 W/Rh DAY TCNR AR KEZ->TEL, 2L
TEBFORER L ISl V255713

Thickness:40mm, Dose:0.9mGy

"o Mo/Mo 28KV |
= Mo/Rh 28KV
s W/Rh 28KV

Thickness ( um)

“ S ETED © MoiMo :
; i &L
016 0 ?%M‘QMQR?‘

0.10 1.0 WiRh ' ;]0
Diameter (mm)

Thickness:40mm, Dose:1.8mGy

1.0 ; H H S B
. ~e- Mo/Mo 28kV
o ; . -=Mo/Rh 28kV
g e * W/Rh28kV
£0.10 L
2 B K%MOMG ‘
2 e BWRA
[ j Mo/Rh
0.010 ' L
0.10 1.0 10
Diameter (mm)

Fig. 12 Additional experiments to confirm the influence of
the graininess.
A CDMAM phantom was used for a visual evalua-~
tion with two different doses. Although the results of
using the higher dose were similar o the resuits of
the visual evaluation on the resected specimens,
W/Rh showed the best result using the lower dose.

THWONAERE 26~32 kv Tlt, #1532 keV
DXBANRY PHFHEE SRS, CNR ODEBEKRE
BHEno sl eSS T T4 ORNY MVEIET
& Se OB EWMEREAS, HBEBRAEO CSIR CR D
FELRBEMPTH S Ba LIS, BL 726 0IEL
LTWAILEHILEESITENLY, a-Seld, FERE
VR LTRSS D S CIRIPUE SRR THE TR 2
LEZBILA.

CNR O3 T3 <T D PMMA ET W/Rh B
{, YBEAOEGFEE TIHERESNE L BI100
WIEE LY — 2w b7 14 V% E Mo/Mo, Mo/Rh,
W/Rh EZE(LLA. BRSO IS REBEVWEHo7H
FIZ DT, MTF IS & COMAM I E O 2 2 8
TXTEREMZA.

Rivetti 53 Mo/Mo, 28 kV & W/Rh, 28 kV O&fE
TMTF 25 L T8, REIFEMERE LRI, ¥ —
o b7 A RFICE BT MTFIZIHIE—8 L - & 8
LTwnaY, Fio, FOHMEL W/Rh 28 kV OFUEIC
BT, BEFFET 2 cycles/mm T 0.8, 4 cycles/mm
TO6 THo72DITxt L, Riverti b DFEIT TILFN
FNOT, 06 LToTHY, REFEHERE LEWE

BT Eo8

— 111 —



FEMEEETRET ¢ U2 E ST BEORE L IBE R ORN GLE - 1) 1 1161

WETH B, —F, BRHBE MTF 7R FF/N( Rk
DI 20 mm HEO PMMA R ENA TS, diak LAz
IO R BICILEEBEERTRY -7 v M/
TANTIZEIETIHUT—FEELONDLOT, HEE
OBFHAEAMBIC Lo THELTWREE LTIy, L2
50T, W/Rh Ol A8 Tld Mo/Mo, Mo/Rh OFLE
Bl AR TREH RO AN F—DE L L T, B
ELROBEPKEL o/l gL N E. LB
BAaEL oW GEWTH L0, FFRTERL
AL LT o723l R TC PMMA %
ety MTF BB, ERlCT 275 740 THRE
FTAHEERFIGEVWEEZZ NS, YEEROBE GO
BEIL, Mo/Mo, Mo/Rh, W/Rh &I EH 0 <
bEEIETLTWEEELZONL, CNR I, 2
YIFIRAPERIRETFETAIEETH T, BEE
DFEEFTHIBETIE R, — T, UEREROHE
HEMA T, SSHELFMBELLTA-T S,

CNR O SERS R & UIBREROE HEF G R & TRE
BF =59 M TANIPRL > T E—DER
I, BEHESE LTl e E2 oA,

W, CDMAM DMEFZRIZOVTEELIT .
CDMAM THWEEICR L TORRA 2R 2 508
FHLTWAD, BELISTTSTOEETE
BBEEL O I AN R TwA, T2, BIEGE
3o b A MREESEICIIEES T, R
OHIRFEET L, KCDMAMEBR TR, F—0% —
Py b7 A THEEHEEL 09 mGy & 1.8 mGy

DT, RAREOBRDSEL L2 LEZThwy, Lo
T, CNRESE & WBEROBE HF MR CRES
Y=y NI AN PR TWEIORRKIE,
FURMEOBNIEZLOEEZLNLS.

I CDMAM DHIEILL T, BEOHEEECIZ
FOREFRELMRELTEBY, BERGICEOBED
MEBIELBERT YD), OBRICL-T, BoEET
b~ I TANIHFELDLIEFHLIE -
7z BRI, L < % BEUREF @ achievable L+
MIFRETAHOTHIUL, ALBEERAFBESIIE-T
Mo/Mo, Mo/Rh, W/Rh » DB S EELE
LTHEY, T/, BT E PMMA 40 mm BT 09 mGy
BEITEHELLTERETLIOTHNLE, ILEEA
IO T WRNEHOWABMEEFFEL THEIZ 2D
Gy 7.

MTF & CDMAM QO Z N FNOHEERZEH» 5,
CNR O ER R & UBEARREZEOHE MR
PREELLERIE, BEHEOSHE SRS O®
WTHLEEZ NS, BRINICEROSVEERE
Bohlzoilid, BHEEERREORFIZDOWTING

2011429

Acceptable level of graininess

CNR
(Ciratuiness)

" Change of Target/Filter

; Influence of
scattered X-rays
”mwji{ﬁ
— +Much
T Mo/Rh
e Moo b
40 60 Breast Thickness[mm] e

Fig. 13 Target/filter selection.

PAOPENIBEETTRRT LI EPUNETS
D, BITHEZEDOLNWIIHET 2005 HEL
2%, WEAROEIIIHD L TREEGEZERT S
CENEECHLIEPHBEIC ko7 /2, CNR
R/, BEEAFETERVOT, EREO
AEOBECEEDRIEERZERLEN VI LN
o, BELZBMEEGHCODVTE, BIELE
EUREF @ achievable b UV I ETADTHIL
W, ERMICERILESD 2 BUuEEEIES
16 Mo/Mo ZRIRMEAFE CELHE TEEEL
LW sEL, BEAOELSBEIMLEARED
BT0ELLbE 25 THKR, Mo/Rh, W/RhIZE
FHALERS BRI LD Lol 53RO screen-
film Fo%° CR DR BRE TLEVHEE TR
L2 Mo/Mo THRE L, BEBEAESIf Ty —
oM TANTEEELLFSBEEESIIREL
7205, FHEBICOWTLERLFERIC, BEASE
WA T Mo/Mo B EARENCE , BEBERIEAN
B TEWHRICEET 2540580 Th 5
L2 57y (Fig. 13).

I, a-Se BRI A A /- FFDM EEICX L
T, BRACOPLEEHTRESN TSR
LTS EIZT 5. HARETHE, R dRTHS
AMULET @ AEC BREICH L TAESLIL, TRfk®
JEEOHBEISSEREBERL, #8175
720, BOEPOHBE T BRIR L EHE L TnEY,
~—77, FLE @ National Health Service(NHS) D& # %
Bok FEBEOAECTIE/ —TIE—FLRAE—
NVE—FTTSTOEAT WRrZHWTERY, 59—
TE— F& LT Mo/Mo, Mo/Rh, W/Rh &¥I1D 25
BEAFEZHLITOVALI b B2,

Bernhardt 513 a-Se % % i 2 7 Siemens #20
FFDM %¢{& Novation ¥ L., signal-difference-to-noise
ratio(SDNR) Z# BB L LT 50%FLE 7 7~ FAICH L
T®, F7:, Ranger HIZF#E{E T SDNR & figure of
merit(FOM) 28 & L T 100% JENH, S0% FLIR,
100%FLRO=ZDODFE 7 7 P2ICH LT, XA
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Ry M VOREBLERATHBY, ZORE 2080 mm
VFILOEA TS W/RR A Mo/Mo, Mo/Rh % LT
HRELTWA, FZEEONHS TOEMZREIIBVY
T%, CNR % BEUREF ¢ achievable level 485 MIC
BLHITCHEZRHNTHWSD, WRhDSER/DED:
BIEERLTwS.

BN TOHERBA L E% EUREF L B — F %
NHS VAHE— TR B TALE, SHOEBRARBE
UHATOHREREGER L M L URBIEGEET
DIWENFERTH LI bbb TO0, K
B<HETHREODRV WRPFTEGERANLTY
BEEILNS.

ZIC, HERLEKLEOILBEADENILSE
YHBEOHY FLEZAZ LDV ETHL. LEE
AT T Jamal Bk TTEDsTEY, X
ETOVHIAEE AT 45 mn, RETIE 52 mm, 3
SIZFAYTIE 56 mm EFBFEINTHE®. % b
PEOZEOHLEEIT T 37.7 mm THH?, Lo
L, BIFiOLLWEBEELEVFSZVEHESNLTY
5 BESGOHREILL FEEBETCIVEOGN
EEEERTLILEND L0, Fiograkic®
WHECEEELSIBSRESNRELASEICE, B
IRCHMENZD L —EKED FEIMETHY, BESE
e, ¥—F 9 I TANIFHEEARILL>T
Mo/Mo, Mo/Rh, W/Rh VB2 L2205 FF L v
LEZLEND —F, BOREKBERENRETLY
ik, BEAODLEHEOLBEITGRELRLD
T, BIECEREABREL, WRh ZFELEL CGEBRT A
ZELEBTHLEZEZLNS. L LdS, #id

ZE R

CHEEMEEHRL T W/RZERTIHEICL, #EL
FUCE o TEHEFETL WAt LB LL
X THMEBREHFERILZILPVETHLLEER
5.

4. §& =B
LEURERTHCRESGTHE TS
FLWEREEARA, 77 FATELILS CNR DR
KELBBEEGLSE LT 0BREREEELE
SENLWMPEEFEELLZEPFbdh ol TOER
CNRIZHEI G HOEBEL VAA L UPEFHELTES
T, BEEOPESHEINLTwRWI ZICERY
BEEZ LIS,
BYBEAOEGIFMII LT, EILEITEW
EHCTHEESHABREL B TAHIENTE
T FORE HIZEEZEDL AT HNIC
SoTHRBEEINLTY—F v M T4 M7 OFHEEH
B EEBHLMIILE #ITL< % BEURER®
achievable L VIR EICEYSE T &, BEARES
BLWERATIE, HELESS R, BVEBEE ES
LD Mo/Mo 2RI N A CELEBTEEE %
LTS ERL, BEAOEASBEIML, RIRE
DETFTHFELL LS5 TIER, Mo/Rh, W/Rh IZ
B 5B RITF el 28 0ho7 BL,
ARG IR L E R LB E GO T CHEL, Eh
N2t ThHL BESEILCEHEBMLEERELL
TEICEy, BMEOBHBAINFNLIESE SR
Wiz b2, 5% BETLORELEHELED
BEFEENG.
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Fig. 1 CNREZED/HO PMMA BI U7 VI HORE
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