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The purpose of this study was to investigate the diagnostic
performance of 2 newly developed dedicated breast PET
scanners in patients with known or suspected breast cancer.
Methods: Two types of scanner were evaluated, an O-shaped
scanner and a C-shaped scanner. The O scanner was designed
for imaging patients who were prone, and the C scanner
was designed for those patients positioned leaning forward.
Sixty-nine women with known or suspected breast carcinoma
(80 lesions: 72 invasive carcinomas, 4 noninvasive carcinomas
[ductal carcinoma in situ, or DCIS], 1 case of adenomatous
ductal hyperplasia, and 3 benign lesions) were enrolled in this
study. All patients underwent a conventional whole-body PET/CT
scan, followed by breast scanning using both dedicated devices.
The diagnostic performance of each scanner was assessed.
Results: The maximal diameter of invasive tumors ranged from
4 to 112 mm, with an average of 26 mm. With the O scanner,
62 of 76 malignant lesions (including 3 DCIS) were detected,
5 lesions were not detected, and the remaining 9 lesions were
outside the field of view. With the C scanner, 63 of 76 malignant
lesions (including 2 DCIS) were detected, 7 lesions were not
detected, and the remaining 6 lesions were outside the field
of view. The lesion-based sensitivities of the O and C scanners
were 82% (62/76) and 83% (63/76), respectively; sensi-
tivities excluding lesions outside the field of view were 93%
(62/67) and 90% (63/70), respectively. The sensitivity of con-
ventional PET/CT was 92% (70/76). All lesions outside the
field of view were close to the chest wall. The breast-based
specificities of the O, C, and conventional scanners were
98% (48/49), 98% (56/57), and 100% (70/70), respectively.
Conclusion: Our preliminary study indicates that both ded-
icated breast PET scanners are clinically feasible and yield
reasonably high sensitivity. More detailed information was
obtained with these scanners than with the conventional
scanner.
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Breast cancer is one of the most common cancers world-
wide, with approximately 39,520 women in the United
States estimated to have died from this disease in 2011
(1). Screening mammography has been established as an
important factor in the recent decline of breast cancer mor-
tality (2). The PET technique using the radiolabeled glu-
cose analog '8F-FDG has successfully been introduced in
the diagnosis of breast cancer, and several groups have
demonstrated a high diagnostic ability for breast cancer
using '8F-FDG PET (3-5), even higher than with ultra-
sound or mammography (6). However, there are some lim-
itations in the detection of small breast cancers, partly
because of the insufficient spatial resolution of the modality
(7). Nevertheless, it is important to detect breast cancer at
an early stage in order to obtain a high degree of curability
through the use of less invasive procedures.

To overcome such limitations, dedicated PET scanners
for breast imaging have been developed, and initial reports
have described the potential clinical value of the higher
spatial resolution and sensitivity that is achievable with
these devices (8-10). Bowen et al. (11) classified dedicated
PET scanners for breast imaging into 2 groups. The first
group comprises positron emission mammography (PEM)
systems, which use limited-angle tomography with 2 planar
or curved detectors (/2-14); the second scanner group
acquires fully tomographic images of the breast (/1,15).
For the PEM system, a multicenter trial of 94 patients
showed improved sensitivity for the detection of small can-
cers, including ductal carcinoma in situ (DCIS) (/6), and
PEM was considered comparable to MRI as a presurgical
breast imaging modality (/7,18). However, the feasibility
and diagnostic performance of the full tomography—based
dedicated PET system for a relatively large number of
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patients has not yet been demonstrated. Because the clinical
role of these dedicated PET scanners has not been estab-
lished, we need to keep investigating the advantage of these
scanners in the clinical setting.

Novel dedicated PET scanners that detect breast cancer
with high spatial resolution and sensitivity have been de-
veloped and introduced at our institute. Two types of scanners
have been developed: an O-shaped scanner and a C-shaped
scanner. The O-shaped device was designed for scanning
patients who were positioned prone, yielding images that are
easy to merge with MR images. The C-shaped scanner was
designed to image patients leaning forward, whereby data can
be acquired more comfortably for the patient.

The purpose of this study was to evaluate the diagnostic
performance of the 2 dedicated PET scanners, comparing
their performance with a conventional PET/CT scanner and
breast MRI scanner, in patients who were known to have or
suspected of having breast cancer.

MATERIALS AND METHODS

Patients and Lesion Characteristics

Consecutive women (n = 107) who were known to have or
suspected of having breast carcinoma—on the basis of the results
of physical examination, mammography, ultrasound, or MRI—un-
derwent conventional whole-body PET/CT, followed by breast scan-
ning using a dedicated PET device, from November 2009 to January
2011. Thirty-eight patients were excluded, including those who had
received neoadjuvant chemotherapy or endocrine therapy before
PET (n = 24); those who were not scanned by either dedicated
scanner, in order to accommodate patients’ requests (n = 12); and
those for whom MRI was not performed because of contraindica-
tions (n = 2). Thus, 69 patients were analyzed in this study. Our
institutional review board approved the study, and written informed
consent was obtained from all patients.

Conventional PET/CT and Dedicated PET

Patients fasted for at least 4 h before the examination, and their
plasma glucose level was checked just before the administration of
I8F-FDG (~3.7 MBg/kg of weight). There were no patients with
a plasma glucose level greater than 200 mg/dL in this population.
About 1 h later, conventional PET/CT was performed first, using
a combined PET/CT scanner (Discovery ST Elite; GE Healthcare)
for 2-3 min/bed position, followed by breast scanning using the

O and C scanners for 5 min for each breast. The 5-min scan time
in both scanners was determined by preliminary evaluations (/9)
demonstrating that image quality was almost equivalent between
images acquired by a 4- to 6-min scan and those acquired by a
10-min scan.

Both dedicated scanners have depth-of-interaction detectors
consisting of a 4-layer 32 x 32 Lu; §Gd,SiOs (Hitachi Chemical)
crystal array, a light guide, a 64-channel flat-panel-type photo-
multiplier tube (H8500; Hamamatsu Photonics), and a 1.44 X
1.44 x 4.5 mm crystal element. The total detector thickness is
18 mm, and the pitch is 1.53 mm. More detailed technical in-
formation can be found elsewhere (20). The O scanner has
a full-ring detector, comprising 36 detector modules arranged in
a 3-ring configuration with a diameter of 195 mm and an axial
extent of 155.5 mm. The detector of the C scanner has an open end
in which the patient’s arm can be placed (Supplemental Fig. 1
[supplemental materials are available online only at http://jnm.
snmjournals.org]). The detector ring consists of 24 detector mod-
ules arranged in a 2-ring configuration, with a diameter of 228 mm
and an axial extent of 105 mm. The transaxial effective fields of
view of the O and C scanners were 180 and 179 mm in diameter,
respectively. All acquisition data were reconstructed by 1 iteration
and 128 subsets of a 3-dimensional list-mode dynamic row-action
maximum likelihood algorithm with a point spread function model
(21). The energy and time resolution of the detector were 16.9% and
1.2 ns, respectively. The sensitivity of the O and C scanners mea-
sured with a 22Na point source was 16.3% and 6.9%, respectively.
The spatial resolution of these scanners measured with an !'8F
point source was estimated to be less than 2 mm. Testing with
a phantom that had rod sources of various diameters placed at
a 20-mm radial offset from the center showed that both scanners
could visualize a 2-mm hot rod in the air and a 3-mm hot rod in
the uniform background (activity concentration ratio of !8F, 4:1)
(20). The order of scanning with the O and C devices was de-
termined randomly to avoid bias, and the mean duration between
I8F-FDG injection and the start of scanning was 104.7 min (range,
75-129 min) for the O device and 105.6 min (range, 69—145 min)
for the C device. No attenuation correction was performed for
dedicated PET. The specifications of these scanners are summa-
rized in Table 1. Also, the appearance of the scanners and schema
of detectors and the field of view are demonstrated in Figure 1.

MRI
Breast MRI was performed using a 1.5-T system (Avanto;
Siemens Medical Solutions) equipped with a dedicated 4-channel

TABLE 1
Specifications of O and C PET

Specification O PET C PET
Detector ring configuration Full ring C-shaped
No. of detector modules 36 (12 modules x 3 rings) 24 (12 modules x 2 rings)
Axial field of view (mm) 155.5 105
Transaxial field of view (mm) 183 216
Energy resolution (%) 16.90 16.90
Time resolution (ns) 1.2 1.2
Spatial resolution (mm) <2 <2
Maximum true counting rate (kcps) 763 300
Sensitivity (%) 16.30 6.90
Scatter fraction (%) 38 31
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FIGURE 1. Appearance and schema of
field of view of O scanner (A and B) and C
scanner (C and D). O scanner has full-ring
detectors with smaller gantry. Because
patients are scanned while prone, registra-
tion of PET images to MR images is easy
and reliable. On the other hand, a segment
of detectors is missing in C scanner, provid-
ing larger field of view for breast imaging.
Data acquisition can be performed with pa-
tient in forward-leaning posture. It is not
necessary to stabilize the breast when using
these scanners. FOV = field of view.

breast array coil. The following images were obtained after
localizers were acquired: bilateral fat-suppressed T2-weighted
images (repetition time/echo time, 5,500/83 ms; flip angle,140°;
field of view, 330 mm; matrix, 448 X 336; slice thickness, 3.0 mm;
reconstructed resolution, 0.7 X 1.0 X 3.0 mm; and acquisition time,
90 s); non—fat-suppressed T1-weighted images; and fat-suppressed
T1-weighted dynamic contrast-enhanced images obtained using
a 3-dimensional fat-suppressed gradient-echo sequence (repetition
time/echo time, 4.0/1.4 ms; flip angle, 15°; field of view, 330 mm;
matrix, 448 x 336; slice thickness, 1.5 mm; reconstructed resolu-
tion, 0.7 X 1.0 X 1.5 mm; and acquisition time, 60 s). The fat-
suppressed T1-weighted dynamic contrast-enhanced images were
acquired before and 3 times (0-1, 1-2, and 5-6 min) after injec-
tion of a gadolinium-based contrast agent (gadoteridol [ProHance;
Eisai] or gadodiamide [Omniscan; Daiichi-Sankyo]).

Image Analysis

The '8F-FDG conventional PET/CT and dedicated PET images
were visually evaluated by 2 individuals board-certified in both
radiology and nuclear medicine by consensus. The PET/CT im-
ages were evaluated on an Advantage workstation (version 4.4;
GE Healthcare), and the maximum standardized uptake values
were calculated. The dedicated PET images were analyzed on
another workstation (AquariusNet; TeraRecon), and the observers
were masked to all clinical information and radiologic findings.
Focal moderate to intense uptake, compared with surrounding
tissue, was regarded as positive. When the uptake was high but
was difficult to differentiate from noise, it was considered nega-
tive. MRI data were evaluated by 2 radiologists on a PACS work-
station (Centricity PACS; GE Healthcare). Breast lesions were
evaluated according to the American College of Radiology Breast
Imaging Reporting and Data System (22), with all clinical and
imaging information available at interpretation.

T staging and maximal diameter of all lesions were assessed on
the basis of morphology seen on conventional PET/CT and on MR
images, and T4 tumors were categorized according to their size, as
in the study by Avril et al. (23). When multiple lesions were
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observed on 1 side, 2 representative lesions (usually the largest
and second largest) were analyzed to obtain a more reliable cor-
relation between radiologic findings and pathologic results after
surgery. The diagnostic performance of each modality was calcu-
lated on a patient basis, breast basis, and lesion basis using the
final diagnosis.

Standard of Reference

All malignant tumors and atypical ductal hyperplasia were
histopathologically confirmed after surgery. All benign lesions
were diagnosed by biopsy and by lack of tumor growth on
ultrasonographic or radiologic monitoring during a follow-up
period of at least 18 mo (24). Furthermore, breasts with no abnor-
mal findings were finally regarded as negative on the basis of
clinical or radiologic follow-up of at least 8 mo. All pathologic
results were defined according to the classification of breast
tumors by the World Health Organization (25).

RESULTS

The flowchart in Figure 2 demonstrates the number of
patients, breasts, and known or suspected lesions evaluated
in this study. Sixty-nine patients (age range, 31-77 y; mean
age, 53.5y), 137 breasts, and 80 lesions (right, n = 39; left,
n = 41) were analyzed in this investigation. Breasts without
suspected lesions were not always scanned by both dedi-
cated scanners, in order to accommodate patients’ requests
or because of a previous history of mastectomy, although
breasts with known or suspected lesions were scanned by
both scanners. Thus, 117 breasts were analyzed using the
O scanner and 125 breasts using the C scanner. Of 80 lesions,
76 lesions were malignant (72 invasive carcinomas), 1 lesion
was atypical ductal hyperplasia, and 3 lesions (1 fibroa-
denoma in 1 patient and 2 fibrocystic changes in 1 patient)
were benign.
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Of the 76 malignant lesions in 67 patients, 67 were
invasive ductal carcinomas (15 grade I lesions, 41 grade II
lesions, and 11 grade III lesions), 5 were invasive lobular
carcinomas, and 4 were DCIS (noninvasive ductal carci-
noma). The size of the invasive carcinomas ranged from 4
to 112 mm, with an average of 26 mm. The maximum
standardized uptake value on conventional PET/CT ranged
from 1.0 to 20.4, with an average of 5.8. Among the lesions,
54 lesions had been examined using a core-needle biopsy
(20 lesions) or a vacuum-assisted biopsy (34 lesions) before
PET. The characteristics of the lesions evaluated by the
O and C scanners are summarized in Table 2. The sensitivity
and specificity of each scanner on a patient, breast, and
lesion basis are demonstrated in Tables 3, 4, and 5, respec-
tively. In addition, the sensitivities of dedicated PET and
conventional PET/CT according to T staging and histopath-
ologic subtypes are given in Table 6.

O Scanner

Sixty-two of 76 malignant lesions (82%) were positive,
whereas 14 lesions were not detected. Of these 14 lesions, 5
lesions could not be identified despite being within
scanning range, and the remaining 9 lesions were consid-
ered outside the field of view. All missed lesions outside the
scanning range were close to the chest wall. Excluding
lesions outside the field of view, the lesion-based and
patient-based sensitivities were 93% (62/67) and 93% (55/
59), respectively. The O scanner depicted 59 of 64 invasive
carcinomas (92%) and 3 of 3 DCIS (100%). There were 7
lesions that were not detected by mammography but were
identified by the O scanner (mean size, 17.5 mm). The
breast-based specificity was 98% (48/49). A representative
case is shown in Figure 3, in which 2 lesions were identified
on O, C, and MRI scanning conventional PET/CT demon-
strated 1 lesion only. Figure 4 shows the case in which the
appearance was different between O PET and conventional
PET/CT and hematoxylin and eosin staining and immuno-
histochemical staining for hexokinase II activity were per-
formed.

C Scanner

Of 76 malignant lesions, 63 lesions (83%) were
depicted, and 13 lesions were negative. Among the 13
lesions, 7 lesions were not visualized, and the remaining 6
lesions were considered out of the scanning range. The
overall lesion-based sensitivity was 83% (63/76). After 6
lesions outside the field of view were excluded, lesion-
based sensitivity was 90% (63/70), and the patient-based
sensitivity was 92% (57/62). Sixty-one of 67 invasive
carcinomas (91%), and 2 of 3 DCIS (67%) were detected
with this scanner. There were 6 lesions that had not been
detected by mammography (mean size, 19.5 mm). The
breast-based specificity was estimated to be 98% (56/57).
There were no significant differences of diagnostic perfor-
mance between the 2 dedicated PET scanners (McNemar
test).

Conventional PET/CT and MRI

In this population, the patient-based, breast-based, and
lesion-based sensitivities of conventional PET/CT were
96% (64/67), 96% (65/68), and 92% (70/76), respectively,
whereas those of MRI were 100% (67/67), 100% (68/68),
and 100% (76/76), respectively. PET/CT detected 66 of 72
invasive carcinomas (92%) and 4 of 4 DCIS (100%). The
breast-based specificities of PET/CT and MRI were 100%
(70/70) and 100% (70/70), respectively.

DISCUSSION

Since Thompson et al. first reported on the feasibility of
using PEM with a 2-detector-array system by evaluating
a breast phantom (26), some groups have reported that PEM
has a good ability to detect small breast cancers, including
DCIS (16,27). In the new dedicated PET systems described
here, images of the breast can be obtained over 5 min with-
out any discomfort or pain to the patient. Although there
were some lesions that were not depicted because of their
location outside the field of view, lesions were depicted
with greater detail when they were within the scanning
range, yielding reasonably high sensitivity.

FIGURE 2. Flowchart demonstrates number

| 107 patients with known or suspected breast carcinoma

of patients, breasts, and lesions evaluated

Excluded

with O and C scanners and their outcomes.

(38 patients)

During or after treatment (24 patients)
Either dbPET scanner was used (12 patients)
MRI was not performed due to contraindication (2 patients)

Number in parentheses corresponds to pa-
tients, breasts, or lesions for which false-
negative results were caused by tissue

| 69 patients, 137 breasts, 80 lesions (M, ADH, B =76, 1, 3)

being outside field of view in dedicated
I PET. Total numbers of evaluated breasts

dbPET-O

dbPET-C

are different between O PET (n = 117) and

C PET (n = 125) because scanning was
Malignant l Benign* Malignant Benign* omitted for some breasts without suspected
lesions. ADH = atypical ductal hyperplasia;
B = benign; dbPET = dedicated breast PET;
P FN ™ FP TP FN N FP . o
b . . 1 cationt 57 oationts. || 10 ) oationt 1 cationt 1 sationt FN = false-negative; FP = false-positive; M =
i i t . .
55 patients (8) patients patien patien patients (5) patients patien patien mallgnant; TN = true-negative; TP = true-
56 breasts 12 (8) breasts 48 breasts 1 breast 58 breasts 10 (5) breasts 56 breasts 1 breast e « . .
i ’ ) _ ’ ’ ) ) positive. *Benign category includes 1 case
62 lesions 14 (9) lesions 2 lesions 2 lesions 63 lesions 13 (6) lesions 2 lesions 2 lesions of ADH
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Number of Evaluated Lesions According to Histopathologic Findings

TABLE 2

Finding O PET (n = 80) C PET (n = 80)
Malignant lesions 76 (95%) 76 (95%)
Invasive ductal carcinoma 67 67

Grade |

Grade Il

Grade lll
Invasive lobular carcinoma
Noninvasive carcinoma (DCIS)
Atypical ductal hyperplasia
Benign lesions

Fibroadenoma

15 (13 within FOV)
41 (37 within FOV)
11 (9 within FOV)
5
4 (3 within FOV)
1 (1%)
3 (4%)
]

15 (14 within FOV)
41 (38 within FOV)
11 (10 within FOV)
5
4 (3 within FOV)
1 (1%)
3 (4%)
;

Fibrocystic change

FOV = field of view.

In this study, excluding lesions outside the field of view,
the patient-based and lesion-based sensitivities of O PET
were 93% and 93%, respectively, and those of C PET were
92% and 90%, respectively, whereas those of PET/CT were
96% and 92%, respectively. It has been reported that the
overall sensitivity of conventional '8F-FDG PET for detect-
ing breast cancer was 48%-95.7% (6) and that of other
PEM system was approximately 90% (16). Despite the
higher spatial resolution of our dedicated PET scanners,
the overall sensitivity was almost comparable, after lesions
outside the field of view were excluded, and rather lower
than that of our conventional PET/CT and most of the sen-
sitivities of whole-body PET/CT reported in the literature
(23,28). Indeed there were some cases in which large
and small lesions were separately identified on dedicated
PET, whereas only 1 focus of intense uptake was ob-
served on PET/CT, as is shown in Figure 3; however,
some lesions close to the edge of the dedicated PET
scanning range were not clearly depicted because of the
noise, resulting in false-negative results. In addition, be-
cause patients for whom breast cancer was suspected were
recruited in this study, relatively larger tumors (with an
average size of 26 mm), large enough to be identified by
a conventional PET/CT scanner, were assessed. Further
prospective studies with a greater number of small tumors

would be necessary to evaluate the clinical efficacy of
these dedicated PET scanners.

Nine lesions with the O scanner and 6 lesions with the
C scanner were outside the field of view, despite efforts
to manage this problem by patient positioning. All of the
lesions that could not be imaged were close to the chest
wall, consistent with the previous findings that the posterior
portion of the breast might not be successfully imaged with
PEM (12). This limited field of view is a limitation of these
scanners, especially in Asian women with relatively smaller
breasts. With the O scanner, the smaller gantry, with a
360° range of detectors, enabled a clear depiction of
small lesions, but more lesions were outside the scanning
range because of its smaller field of view. Conversely, with
the C scanner, the field of view was larger than that of the
O scanner, allowing both slightly more primary lesions
and even nodal metastasis in the axilla to be detected, but
some lesions were not as clearly visible because of in-
creased noise caused by the C-shaped range detectors of
the scanner.

The breast-based specificities of the O and C scanners
were 98% and 98%, respectively, whereas that of PET/CT
or MRI was 100%. Two fibrocystic change lesions identi-
fied on dedicated PET were not apparent on a PET/CT.
Because '8F-FDG accumulates in inflammatory foci, the
higher sensitivity of dedicated PET may detect tiny foci

TABLE 3
Patient-Based Sensitivity and Specificity of Each Modality
Parameter O PET C PET PET/CT MRI
Sensitivity* 82% (55/67) 85% (57/67) 96% (64/67) 100% (67/67)
Sensitivityt 93% (55/59) 92% (57/62) — —
Specificity 50% (1/2) 50% (1/2) 100% (2/2) 50% (1/2)

*Sensitivity was calculated including patients with lesions outside field of view in dedicated PET.
TSensitivity was calculated excluding patients with lesions outside field of view in dedicated PET.

1538

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 53 ¢ No. 10 ¢ October 2012



TABLE 4
Breast-Based Sensitivity and Specificity of Each Modality

Parameter O PET C PET PET/CT MRI
Sensitivity* 82% (56/68) 85% (58/68) 96% (65/68) 100% (68/68)
SensitivityT 93% (56/60) 92% (58/63) — —
Specificity 98% (48/49) 98% (56/57) 100% (70/70) 100% (70/70)

*Sensitivity was calculated including patients with lesions outside field of view in dedicated PET.
TSensitivity was calculated excluding patients with lesions outside field of view in dedicated PET.

of hypermetabolism, causing false-positive findings. There-
fore, it should be kept in mind that positive findings on
dedicated PET do not always imply malignant breast tumors
when '8F-FDG is used as a radiotracer, and histopathologic
confirmation is necessary before surgery. In this population,
there were no new lesions identified unexpectedly on the
contralateral side.

In the 2 cases for which we performed the immunohis-
tochemical evaluation because the uptake pattern had been
different between conventional PET/CT and dedicated PET,
viable tumors with high hexokinase II activity were
predominant in the peripheral portion within the tumor,
which was consistent with the ringlike uptake on dedicated
PET, although ET/CT had demonstrated almost homoge-
neous uptake (Fig. 4). There are some reports describing
a centrally necrotizing tumor that often shows distinctive
histologic features with a basallike immunophenotype and
an aggressive and rapidly progressive course (29,30). It is
expected that the finding of a ringlike uptake on dedicated
PET may contribute to a prediction of patients’ prognosis,
but further evaluation with more patients and a longer fol-
low-up is required to address this issue.

PET uptake is often used as a measure of semiquantita-
tive '8F-FDG uptake for PEM (31). However, in this in-
vestigation, dedicated PET images were not analyzed
quantitatively because they were reconstructed without at-
tenuation correction in our current system. Attenuation cor-
rection would have less effect in breast PET, when
compared with PET of other organs, because the breast is
small and homogeneous, composed essentially of fat tissue.
Nevertheless, we are currently developing a software-based

attenuation correction scheme by detecting the contour of
the breast.

As previously mentioned, some lesions were outside the
field of view in our study, which is a limitation. In the
depiction of posterior lesions, breast MRI excels. However,
when lesions are within the field of view, the higher spatial
resolution of dedicated PET, as compared with conven-
tional PET/CT, can reveal tumors with more precise
functional and morphologic information. Dedicated PET
might yield more accurate information for monitoring
therapy response to chemotherapy if '8F-FDG is used as
the tracer. In addition, if more specific tracers target tissue
or other tumor components, the higher spatial resolution
and sensitivity of these scanners would be helpful for eval-
uating lesions. Therefore, the development of new probes
specific for breast imaging is expected, although guidance
for lesion biopsy might be difficult with this system.

This study has some other limitations. First, we analyzed
just 2 lesions per 1 breast for 4 patients with multifocal
lesions. Biopsy is usually performed for 2 lesions but is
sometimes omitted for other lesions because the therapeutic
strategy is not changed. Also, neoadjuvant chemotherapy is
often conducted before surgery, and it is difficult to get an
accurate comparison between radiologic findings and
histopathologic results for small lesions that had not been
examined by biopsy. To avoid unreliable correlations, we
limited the maximum number of assessed lesions per breast
to 2, possibly resulting in an overestimation of the
sensitivity of dedicated PET. In this investigation, 54
lesions were examined by biopsy before PET. Lesion
visibility, however, was not affected by whether biopsy
was performed, probably because there was a relatively

TABLE 5
Lesion-Based Sensitivity and Specificity of Each Modality
Parameter O PET C PET PET/CT MRI
Sensitivity* 82% (62/76) 83% (63/76) 92% (70/76) 100% (76/76)
Sensitivityt 93% (62/67) 90% (63/70) — —
Specificity 50% (2/4) 50% (2/4) 100% (4/4) 75% (3/4)

*Sensitivity was calculated including patients with lesions outside field of view in dedicated PET.
TSensitivity was calculated excluding patients with lesions outside field of view in dedicated PET.
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TABLE 6
Sensitivities According to T Stage and Histopathologic Results

Result O PET C PET PET/CT
T staging
T1a 50% (1/2) 50% (1/2) 0% (0/2)
T1b 67% (4/6) 67% (4/6) 71% (5/7)
Tic 96% (22/23) 92% (23/25) 96% (26/27)
T2 96% (24/25) 96% (25/26) 96% (27/28)
T3 100% (8/8) 100% (8/8) 100% (8/8)

Histopathology

Invasive ductal carcinoma 93% (55/59)
Grade | 85% (11/13)
Grade I 95% (35/37)
Grade |ll 100% (9/9)

Invasive lobular carcinoma 80% (4/5)

DCIS 100% (3/3)

94% (58/62)
86% (12/14)
95% (36/38)
100% (10/10)
60% (3/5)
67% (2/3)

93% (62/67)
94% (14/15)
91% (37/41)
100% (11/11)
80% (4/5)
100% (4/4)

Nine lesions were outside field of view in O PET and 6 lesions in C PET. These lesions were excluded from analysis.

large tumor in many instances. However, if a greater
number of small tumors are to be evaluated, the sensitivity
may be influenced by the procedure. In addition, WB PET/
CT was performed at approximately 60 min, whereas the
average uptake phase was more than 100 min in dedicated
PET. Because it is known that the radioactive uptake of
a malignant lesion can continue to increase after injection
in many cases (32), a longer uptake phase could also result
in an overestimation of the sensitivity of dedicated PET.

CONCLUSION

Two kinds of newly developed dedicated PET scanner
both are clinically feasible and had reasonably high

)

A

FIGURE 3. Invasive ductal carcinoma of
left breast in 41-y-old woman. Only 1 focus
of moderate uptake is observed on PET por-
tion of conventional PET/CT (A; arrow),
whereas 2 foci of intense uptake can be
seen on O PET (B; arrowheads) and C PET
(G, arrowheads). Scanning position was dif-
ferent between conventional PET/CT and
dedicated PET—that is, supine vs. prone
or forward-leaning. On fused image of ded-
icated PET and contrast-enhanced MRI, 2
cases of focal uptake correspond to en-
hanced nodules (D; arrowheads), suggest-
ing breast cancers, which were confirmed

by surgery. Posterior breast tissues are not *

fully included because of limited field of view .

of dedicated PET, compared with MRI (D; a
arrows). M = indicates physiologic uptake \
in myocardium.
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sensitivity in patients with breast cancer. Because some
lesions close to the chest wall were outside the field of
view, overall sensitivity was lower than that of conventional
whole-body PET/CT, but more precise histopathologic
information was provided by these dedicated scanners.
Further evaluations with more patients are needed to assess
the diagnostic performance of these scanners for nonpalpable
lesions, including DCIS, and to investigate the prognostic
value of the dedicated PET images.
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FIGURE 4. Invasive ductal carcinoma of right breast in 77-y-old woman. Conventional PET/CT reveals focal intense uptake (A; arrow),

whereas ringlike uptake is observed on O PET (B; arrowhead), corresponding to enhanced lesion on MRI (C; arrow). With histopathologic
examination, central necrosis is evident in hematoxylin and eosin staining (D). In addition, hexokinase Il activity (E) is predominant mainly in

peripheral area within tumor, which is consistent with finding by dedicated PET.
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