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Abstract
Objective  High-resolution dedicated breast positron emission tomography (dbPET) can visualize breast cancer more clearly 
than whole-body PET/computed tomography (CT). In Japan, the combined use of dbPET and whole-body PET/CT is neces-
sary in indications for health insurance. Although several clinical studies have compared both devices, a physical evaluation 
by the phantom test has not been reported. The aim of this study was to compare the ability of ring-shaped dbPET and whole-
body PET/CT using a common phantom with reference to the Japanese guideline for the oncology 18F-fluorodeoxyglucose 
(FDG)-PET/CT data acquisition protocol.
Methods  A cylindrical breast phantom with four spheres of different diameters (16, 10, 7.5, and 5 mm) filled an FDG solu-
tion at sphere-to-background radioactivity ratios (SBRs) of 2:1, 4:1, and 8:1 was prepared. Images were then acquired by 
whole-body PET/CT and subsequently by dbPET. The reconstructed images were visually evaluated and the coefficient of 
variation and uniformity of the background (CVbackground and SDΔSUVmean), percentages of contrast and background variability 
(%QH,5mm and %N5mm), and their ratio (%QH,5mm/N5mm), and relative recovery coefficient were compared with the standards 
defined in the protocol for whole-body PET/CT.
Results  The parameters were calculated at an SBR of 8:1, which was the only SBR in which a 5-mm sphere was visible 
on both devices. The standards were defined as < 10% for CVbackground, ≤ 0.025 for SDΔSUVmean, < 5.6% for %N5mm, > 2.8 for 
%QH,5mm/N5mm, and > 0.38 for the relative recovery coefficient of the smallest sphere (10 mm in diameter) in the protocol for 
whole-body PET/CT (the %QH,5mm was not determined for that protocol); the respective values were 6.14%, 0.024, 4.55%, 
3.66, and 0.33 for dbPET and 2.21%, 0.021, 3.11%, 1.72, and 0.18 for PET/CT. The QH,5mm was 16.67% for dbPET and 5.34% 
for PET/CT. The human images also showed higher lesion-to-background contrast on dbPET than on PET/CT despite the 
noisier background observed with dbPET.
Conclusion  The common phantom study showed that the background was noisier and that the contrast was much higher 
in the dbPET image than in the PET/CT image. The acquisition protocol and standards for dbPET will need to be different 
from those used for whole-body PET/CT.

Keywords  Dedicated breast positron emission tomography (dbPET) · Whole-body PET/CT · Breast phantom · Image 
standardization

Introduction

18F-fluorodeoxyglucose (FDG) positron emission tomog-
raphy/computed tomography (PET/CT) has become one of 
the most useful tools in diagnostic imaging for cancer. Many 
studies have demonstrated the efficacy of whole-body FDG-
PET/CT in staging or re-staging, in monitoring the response 
to therapy, and for prediction of the prognosis in patients with 
breast cancer [1–3]. It is important to detect breast cancer at 
an early stage when it is small, given that mortality increases 

 *	 Yoko Satoh 
	 ysatoh@ypic.jp

1	 Yamanashi PET Imaging Clinic, Shimokato 3046‑2, Chuo, 
Yamanashi 409‑3821, Japan

2	 Department of Radiology, University of Yamanashi, Chuo, 
Yamanashi, Japan

http://orcid.org/0000-0002-0188-0906
http://crossmark.crossref.org/dialog/?doi=10.1007/s12149-019-01422-0&domain=pdf


120	 Annals of Nuclear Medicine (2020) 34:119–127

1 3

with tumors exceeding 1 cm in size [4, 5]. However, detection 
of small breast cancers by whole-body PET/CT is challenging, 
because of its limited spatial resolution [6].

High-resolution dedicated breast PET (dbPET) scanners 
have been developed to detect small breast lesions. There are 
two types of high-resolution dbPET, i.e., positron emission 
mammography (PEM) and a tomographic technique using a 
ring-shaped scanner (ring-shaped dbPET) [7]. PEM systems 
depict breast tissue via soft compression of the breast with 
two opposing plate-like detectors and have higher sensitivity 
than whole-body PET/CT [8–10], while ring-shaped dbPET 
scanners can visualize breast cancer more clearly than whole-
body PET/CT [11, 12]. These high-resolution breast PET sys-
tems have greater photon sensitivity and can improve spatial 
resolution by setting the detector close to the breast, reduc-
ing respiratory movement, and using smaller detection units 
with reconstruction methods that are different to those used 
for whole-body PET/CT. In Japan, combined use of dbPET 
and whole-body PET/CT is necessary in some indications for 
health insurance and the Japanese Society of Nuclear Medi-
cine also recommends their combined use [13]. dbPET can 
evaluate local lesions of breast cancer, which is difficult to do 
by whole-body PET due to its spatial resolution limitations. 
Conversely, whole-body PET can scan for metastasis, includ-
ing the lymph nodes, which cannot be evaluated by dbPET. 
Therefore, a more accurate diagnosis can be achieved using 
both modalities, rather than one examination, which would 
lead to the selection of an appropriate treatment method and 
improvement of the prognosis of the breast cancer patient.

The standard performance of dbPET has been evaluated 
previously using a rat-sized phantom [NU4-2008, National 
Electrical Manufacturers Association (NEMA), Rosslyn, VA, 
USA] [14, 15]. Furthermore, a phantom experiment proce-
dure manual for the NEMA NU-2 2007, a body phantom, has 
been created for standardization of whole-body PET images 
in Japan [16]. The spatial resolution of most whole-body 
PET scanners is approximately 5 mm [17, 18], whereas that 
of a dbPET system is approximately 2 mm [14]. Although 
combined use of dbPET and whole-body PET/CT is recom-
mended; the performance of these devices when using a com-
mon phantom has not been reported. Therefore, the purpose 
of this phantom study based on the Japanese FDG-PET/CT 
data acquisition protocol was to demonstrate and compare the 
performance of high-resolution dedicated breast positron emis-
sion tomography (dbPET) with whole-body PET/CT.

Materials and methods

Ring‑shaped dbPET scanner

The ring-shaped dbPET scanner (Elmammo, Shimadzu 
Corp., Kyoto, Japan) consists of 36 detector modules 

arranged in three contiguous rings, has a diameter of 
195 mm and an axial length of 156.5 mm, and has depth-
of-interaction measurement capability [19]. The transaxial 
effective field-of-view (FOV) is 185 × 156.5 mm2. Each 
detector block consists of a four-layered 32 × 32 array of 
lutetium oxyorthosilicate crystals coupled to a 64-channel 
positron-sensitive photomultiplier tube via a light guide. 
Attenuation correction was calculated using a uniform atten-
uation map with object boundaries obtained from emission 
data [20] and scatter corrections were applied for all images. 
Scatter correction was performed using the convolution-sub-
traction method [21] with kernels obtained by background 
tail fitting. Performance metrics included 1.5-mm FWHM 
resolution in standard mode in the axial, sagittal, and coronal 
views, detector sensitivity of 0.09–0.13 cps/Bq at the center 
of the detector, and detector sensitivity of 0.05–0.08 cps/Bq 
at a quarter depth of the detector. The peak noise equivalent 
count was 600–800 kcps. The characteristics of this scanner 
have been reported in detail previously [14]. The standard 
performances are shown in Table 1.

Whole‑body PET/CT scanner

PET/CT scans were obtained using a Biograph Horizon 
TrueV FDG-PET/CT system (Siemens Medical Solu-
tions, Knoxville, TN, USA). This system has 52 detector 
rings consisting of 160 blocks, with each block contain-
ing an array of 13 × 13 lutetium oxyorthosilicate crystals 
(4 mm × 4 mm × 20 mm) covering an axial FOV of 221 mm 
and having a transaxial FOV of 690 mm. The coincidence 
timing window and time-of-flight system timing resolution 
were 4.1 ns and 540 ps, respectively. A CT scan was per-
formed for attenuation correction (130 kV; 15–70 mA; tube 

Table 1   Standard performances of dbPET and PET/CT

FWHM full width at half maximum, dbPET dedicated breast positron 
emission tomography, NECR peak noise equivalent count, PET/CT 
positron emission tomography
a Provided by Shimadzu Corp
b Provided by Siemens Medical Solutions. These values are based 
on the results of analyses using a 22Na point source and a NU4-2008 
phantom (National Electrical Manufacturers Association) (a), and a 
68Ge point source and NU2-2012 (b)

dbPETa PET/CTb

Spatial resolution
 Transverse axial @5 mm < 1.5 FWHM @10 mm 4.3 FWHM
 Transverse tangential @5 mm < 1.5 FWHM @10 mm 4.7 FWHM

Sensitivity
 cps/kBq 90–130 11.7

Peak NECR
 kcps 350–550 155
 kBq/ml 80–150 26
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rotation time, 0.6 s per rotation; pitch, 1; a transaxial FOV, 
700 mm; and section thickness, 5 mm). The standard per-
formances are shown in Table 1.

Development and preparation of the breast 
phantom

A cylindrical breast phantom made of acrylic resin was used 
to compare the detectability of lesions on dbPET with that 
on PET/CT (Fig. 1). The phantom was constructed to con-
tain four plastic spheres of different diameters. The inner and 
outer diameters of the cylinder were 100 mm and 140 mm, 
respectively, and the height was 170 mm. The diameters of 
the spheres arranged inside were 5, 7.5, 10, and 16 mm. The 
cylinder and four spheres were filled with 18F-FDG solution 
at sphere-to-background radioactivity ratios (SBRs) of 8:1, 
4:1, and 2:1 to account for the fact that FDG uptake in the 
mammary gland is physiologically variable according to age, 
the amount of fibroglandular tissue, and the menstrual cycle, 
ranging from SUVmax 0.65 to 2.05 [22, 23]. The background 
radioactivity at the start of data acquisition by PET/CT and 
dbPET was set to 3.01 and 2.46 kBq/mL, respectively. The 
phantom was prepared in these three conditions separately. 
One scan was performed under each condition. The phantom 
was placed in the detector, so that the spheres were located 
at the center plane of the detector. Sphere placement at the 
center of the detector was confirmed visually on the image.

Data acquisition and image reconstruction

The phantom was placed at the center of the column in the 
dbPET or PET/CT detector, so that the four spheres were 
aligned horizontally and then scanned by both devices for 
20 min in list mode. The dbPET images were reconstructed 
using a three-dimensional list mode dynamic row-action 

maximum-likelihood algorithm with one iteration and 128 
subsets, a relaxation control parameter of β = 20, a matrix 
size in the axial view of 236 × 200 × 236 with a post-recon-
struction smoothing Gaussian filter (1.17 mm FWHM), and 
scatter correction. The PET/CT images were reconstructed 
using the ordered subset expectation maximization method 
and the time-of-flight algorithm with four iterations and ten 
subsets. The CT data were resized from a 512 × 512 matrix 
to a 180 × 180 matrix to match the PET data and construct 
CT-based transmission maps for attenuation correction of 
the PET data with a post-reconstruction smoothing Gauss-
ian filter (5 mm FWHM). These conditions were determined 
based on those used in a previous study using dbPET [24].

Analyses of phantom image quality

Visual analyses of the phantom images were performed 
using syngo. via VB10 (Siemens Healthcare GmbH, Erlan-
gen, Germany). An experienced nuclear medicine physi-
cian and two experienced PET technologists evaluated the 
hot spheres. Evaluations were performed using the slices 
displayed in the transverse image slice containing the cent-
ers of the spheres. The images were displayed in an inverse 
gray scale with a standardized uptake range of 0–6. The hot 
sphere of 5 mm in diameter was visually graded as follows: 
2, identifiable; 1, visualized, but similar hot spots observed 
elsewhere; and 0, not visualized. Spheres with visual 
scores ≥ 1.5 were deemed to be detectable. The final score 
was the mean of the scores from three readers. The visual 
assessment was performed based on the Japanese guideline 
[13]. It was decided by consensus that the SBR was suitable 
for physical analysis.

The physical analysis was also performed using syngo. 
via VB10. According to the Japanese guideline for the 
FDG-PET/CT oncology data acquisition protocol, dbPET 
image quality was also analyzed using the parameters 
described below. The three formulas were modified from 
those described in the standard PET imaging protocols and 
phantom test procedures and criteria [25].

The coefficient of variation and uniformity of the back-
ground (CVbackground and SDΔSUVmean, respectively) were cal-
culated by evaluation of various regions of interest (ROIs) in 
the transverse image slice that contained the centers of the 
spheres. Ten ROIs with a diameter of 16 mm were placed 
in the background region in that slice and adjacent ± 5 mm 
and 10 mm slices (50 ROIs in total), as illustrated in Fig. 2a.

CVbackground and SDΔSUVmean were calculated using the 
following:

CVbackground = mean of

[

SD16mm

CB,16mm

× 100

]

(%)

Fig. 1   Cylindrical breast phantom. A cylindrical breast phantom con-
sisting of an outer cylinder (a) and four spheres of different diameter 
(5, 7.5, 10, and 16 mm) (b)
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SD16mm is the standard deviation of the background ROI 
values that was 16 mm in diameter, CB,16 mm is the average 
of the background ROI values that was 16 mm in diameter, 
ΔSUVmean,i is the relative error of each background ROI 
value that was 16 mm in diameter. n is 50 which is the sum 
of 10 ROIs set for each slice.

The percentages of contrast and background variability 
(%QH,5mm and %N5mm) and their ratio (%QH,5mm/N5mm) were 
also calculated by evaluation of various ROIs. The 12 ROIs 
that were 5 mm in diameter were placed on the background 
region in that slice and adjacent ± 5 mm and 10 mm slices (60 
ROIs in total) as illustrated in Fig. 2b. %QH,5mm and %N5mm 
were used as a measure for the image contrast and noise for 
sphere and their ideal values were 100 and 0%, respectively.

%QH,5mm was calculated using the following:

CH,5mm is the average pixel value in the ROI for the 5-mm 
sphere, CB,5mm is the average pixel value in the background 
regions of all ROIs, aH is the measured activity concentration 
in the hot spheres, aB is the measured activity concentration 
in the background.

In addition, %N5mm was calculated using the following:

SDΔSUVmean
=

√

√

√

√

1

n

n
∑

i=1

(

ΔSUVmean,i

)2

%QH,5mm =
CH,5mm∕CB,5mm − 1

aH∕aB − 1
× 100(%)

%N5mm =
SD5mm

CB,5mm

× 100 (%)

SD5mm is the standard deviation of the background ROI 
values for a 5-mm-diameter sphere, CB,5mm is the average 
pixel value in the background regions of all ROIs, The ratio 
of %QH,5mm and %N5mm (QNR) was also calculated:

The recovery coefficient (RC) was defined as the ratio of 
the measured sphere activity to the true sphere activity. The 
SUVmax of the four hot spheres was determined from a circular 
ROI placed on the center slice of the images of each sphere. 
The diameter of each ROI was equal to that of each sphere (5, 
7.5, 10, and 16 mm).

The relative RC was calculated using the following:

Cj is the SUVmax of each ROI in each sphere, C16mm is the 
SUVmax of the ROI with a 16-mm diameter for a sphere with 
a 16-mm diameter.

Human imaging

Patients fasted at least 6 h prior to administration of 18F-FDG 
(3 MBq/kg) and were scanned by whole-body PET/CT for 
90 s per bed and dbPET for 7 min per breast. Scans were per-
formed at 60-min and 90-min post injection, both in the prone 
position.

The PET/CT and dbPET images were reconstructed using 
the same conditions as for the phantom images. The SUVmax 
of the abnormal FDG uptake and SUVmean of the normal back-
ground were measured. To measure the SUVmean of the back-
ground, a VOI with a diameter of approximately 2–2.5 cm was 
placed on the contralateral normal mammary gland, avoiding 
structures such as the nipple and the chest wall. The size of 
the VOI on the background varied slightly depending on the 
volume of the mammary gland in each patient. Where patients 
had previously undergone unilateral mastectomy, a VOI was 
placed on the ipsilateral mammary gland as far as possible 
from the abnormal uptake. Two representative cases were 
shown in this study.

This component of the study was approved by our institu-
tional review board and written informed consent was obtained 
from the study participants.

SD5mm =

�

∑60

k=1

�

CB,5mm,k − CB,5mm

�2

(60 − 1)

QNR = %QH,5mm∕%N5mm

RCj = Cj∕C16mm

Fig. 2   Positioning of the regions of interest for the analyses of image 
quality. Regions of interest measuring 16 mm diameter were placed 
over the phantom background (yellow) of the reconstructed PET 
images at a sphere-to-background radioactivity ratio of 8:1 and were 
used for analysis of CVbackground and SDΔSUVmean (a). Regions of inter-
est measuring 5  mm diameter were placed over the smallest active 
sphere (red) and the phantom background (yellow) of the recon-
structed PET images at a sphere-to-background radioactivity ratio of 
8:1 and were used for analysis of %QH,5mm and %N5mm (b). PET posi-
tron emission tomography
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Results

The visual scores on the dbPET and PET/CT images were, 
respectively, 0 and 0 for an SBR of 2:1, 1 and 0 for an SBR 
of 4:1, and 2 and 0.7 for an SBR of 8:1 (Table 2). Repre-
sentative phantom images acquired by the two scanners for 
various SBRs and their three-dimensional pixel maps at an 
SBR of 8:1 are shown in Fig. 3.

The CVbackground, SDΔSUVmean, and %N5mm values on 
the images scanned by dbPET and PET/CT were 6.14 and 
2.21, 0.024 and 0.021, and 4.55 and 3.11, respectively. The 
CVbackground and %N5mm values on dbPET were higher than 
those on PET/CT; in contrast, the %QH,5mm values were 
16.67 and 5.34, respectively, and the %QH,5mm/%N5mm values 
were 3.66 and 1.72 (Table 2). The RCs for the 5-mm sphere 
on dbPET and PET/CT were 0.33 and 0.18, respectively 
(Fig. 4).

Figure 5 shows representative clinical images acquired 
by dbPET and PET/CT in the prone position. The focal 
FDG uptakes were visualized on both dbPET and PET/CT 
images. However, they had clearer and more obvious on 
dbPET, despite the degree of background FDG uptake by 
the mammary gland.

Discussion

In this study, we investigated the difference in quality of a 
common breast phantom and clinical images between dbPET 
and whole-body PET/CT to define the parameters needed to 
standardize dbPET images according to the Japanese proto-
col for whole-body PET/CT.

In the phantom study, although there was no significant 
difference in uniformity (SDΔSUVmean) between dbPET 
and whole-body PET/CT, the CVbackground and %N5mm 

values were higher on dbPET than on whole-body PET/
CT (Table 2), indicating that the background on dbPET was 
noisier than that on whole-body PET, as shown in the phan-
tom images (Fig. 3) and clinical images (Fig. 5). Despite the 
noisier background, the %QH,5mm and %QH,5mm/%N5mm val-
ues on dbPET were much higher than those on whole-body 
PET/CT (Table 2). This finding means that the lesion-to-
background contrast of dbPET was better than that of whole-
body PET/CT, which is consistent with previous reports 
[10, 26]. Furthermore, the RCs for the smaller spheres were 
higher on dbPET than on PET/CT, indicating that the par-
tial volume effect of dbPET was less than that of PET/CT. 
These results demonstrate that dbPET delineates lesions 
about 5 mm in size more clearly than whole-body PET/CT.

In this study, we referenced the whole-body FDG-PET/
CT data acquisition protocol for oncology that is designed to 
standardize PET/CT images in Japan. However, there is no 
dbPET imaging protocol at present. The protocol for PET/
CT recommends the use of the NEMA NU-2 2007, a widely 
used body phantom, with an SBR of 4:1 for acquisition. 
The NU-2 2007 contains six spheres with diameters of 32, 
28, 22, 17, 13, and 10 mm. There were some differences in 
the phantom used in the whole-body PET/CT protocol and 
that used in our study in terms of the size of the sphere, a 
suitable SBR, and acquisition time. Moreover, given that 
the acquisition time that is considered clinically acceptable 
differs between dbPET and whole-body PET/CT, a different 
PET/CT protocol for the phantom test will be needed for 
standardization of the dbPET images.

In the PET/CT protocol devised for oncology, the 
standard values recommended for the physical indicators 
are as follows: SDΔSUVmean, < 10%; SDΔSUVmean, < 0.025; 
%N10mm, < 5.6%; QNR, > 2.8; and RC10mm, > 0.38. It is 
noteworthy that a standard value for %QH is not defined 
in the guideline for whole-body PET/CT. It is important 
for detection of a lesion by whole-body PET/CT that %N 

Table 2   Results of the phantom 
image quality analyses

All parametersa were calculated at an SBR of 8:1
dbPET dedicated breast positron emission tomography, PET/CT positron emission tomography, SBR 
sphere-to-background ratio, CVbackground the coefficient of variation of the background, SDΔSUVmean the uni-
formity of the background, %N5mm the percentage of the background variability, %QH,5mm the percentage of 
the contrast

dbPET PET/CT

Visual assessment

 SBR 2:1 4:1 8:1 2:1 4:1 8:1

 Score (average) 0 1 2 0 0 0.7
CVbackground

a 6.14 2.21
SDΔSUVmean

a 0.024 0.021
%N5mm

a 4.55 3.11
%QH,5mm

a 16.67 5.34
%QH,5mm/%N5mm

a 3.66 1.72
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is sufficiently small [13]. In contrast, despite the %N for 
dbPET being higher than that for PET/CT, the %QH was 
much higher for dbPET, resulting in a higher QNR and 
a high-contrast image. It seems that a high %QH is more 
important for detection of lesions in dbPET images. Given 

these results, standard index values that are different from 
those for PET/CT will be needed for dbPET.

We evaluated both dbPET and whole-body PET/CT 
using a common breast phantom. Currently, not only ring-
shaped dbPET, but also different types of PEM devices 

Fig. 3   Images of the breast phantom scanned by dbPET and PET/CT. 
The background on dbPET was noisier than that on PET/CT. How-
ever, the hot spots were more clearly visualized. The smallest spheres 
were visible, so the physical assessment was made with an SBR of 
8:1 (a). Two- and three-dimensional pixel maps for four spheres 
(5, 7.5, 10, and 16 mm in diameters) of the breast phantom images 

scanned at a SBR of 8:1 also showed that the background on dbPET 
is rougher, but the hotspots are more sharply delineated on dbPET 
than on PET/CT (b). dbPET dedicated breast positron emission 
tomography, PET/CT positron emission tomography, SBR sphere-to-
background ratio
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are commercially available and used. However, there is no 
acquisition protocol for a test using a common phantom. In 
the case of PET/CT, although the specifications of the detec-
tor and the image reconstruction method are different, the 

shape of the detectors and the images obtained are almost 
the same for each device. Therefore, standardization of the 
imaging methods for whole-body PET/CT can be performed 
by a test using the same phantom with physical and visual 
assessments. However, there are two types of high-resolution 
breast PET, i.e., dbPET, which has a ring-shaped detector, 
and PEM, which has two plate-like detectors with mark-
edly different shapes, so it is difficult to standardize images 
obtained from these devices by a test using the same phan-
tom. A previous study evaluated dbPET (MAMMI breast 
PET, Oncovision, Valencia, Spain) and whole-body PET/
CT using a specially made phantom containing gelatin and 
hydrogel [27] that would be difficult to use repeatedly in a 
multicenter setting. A common phantom with the durability 
and reproducibility like the NEMA body phantom would be 
preferable. Furthermore, standardization of quantitativeness 
is also a problem, because the quantification method varies 
depending on the device.

The harmonization of quantitative PET parameters is nec-
essary to use them for diagnostic, prognostic, or therapeutic 

Fig. 4   Recovery coefficients for four spheres on dbPET and PET/
CT. Recovery coefficients measured for different sphere sizes. Images 
with 20 min of acquisition were used. dbPET dedicated breast posi-
tron emission tomography, PET/CT positron emission tomography, 
RC recovery coefficient, SUV standardized uptake value

Fig. 5   Clinical images of dbPET and PET/CT. Representative clini-
cal images of dbPET (upper) and PET/CT (lower) with higher (case 
A) and lower (case B) focal FDG uptake in the background mam-
mary gland tissue. The focal uptakes were visualized on both the 
dbPET and PET/CT images. However, they were clearer and more 
obvious on dbPET and showed more contrast despite the degree of 
FDG uptake in the background mammary gland tissue (asterisk in a, 

double asterisk in b). a Image from a 52-year-old woman. The focal 
FDG uptake corresponded to a 4-mm mass (BI-RADS category 3) on 
ultrasonography. b Image from a 41-year-old woman. The focal FDG 
uptake corresponded to a 4-mm enhanced mass (BI-RADS category 
3) on magnetic resonance imaging. BI-RADS Breast Imaging Report-
ing and Data System, FDG 18F-fluorodeoxyglucose
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monitoring, regardless of the scanners [28]. In Japan, some 
standard physical indicators of whole-body PET/CT images 
have been defined and phantom test procedures also have 
been established [16, 25]. Currently, there are two types of 
commercially available high-resolution breast PET: dbPET 
and PEM, which have detectors with significantly differ-
ent shapes. The next challenge is how to harmonize these 
scanners; however, harmonization will be very difficult to 
achieve for breast PET due to the large number of differences 
in the quantification methods of these two types of breast 
PET scanners. It would be appropriate to define some stand-
ards such as a recovery coefficient, to provide relative val-
ues, and to standardize the image using a common phantom, 
which can be scanned with both scanners. As with whole-
body PET/CT, the breast PET imaging guidelines and the 
phantom test procedure should also be published.

This study has some limitations. First, to evaluate the 
standard performance of dbPET and to compare it with 
PET/CT, the phantoms were scanned at the center of the 
ring-shaped detector, as in a previous report [14]. However, 
many Japanese women have small breasts and their mam-
mary glands are often located near the chest wall above the 
center of the detector even if they are in the prone position. 
This tendency is particularly common in young women, who 
are less likely to have breast ptosis than older women. There-
fore, the position of the phantom in the detector needs to be 
changed more often. Second, we did not consider the opti-
mal reconstruction conditions for dbPET; unlike with phan-
tom images, it may be necessary to consider other factors 
when examining clinical images such as physical uptake in 
the mammary gland, heart, and pectoral muscles. Third, the 
phantom was scanned only once for each condition. It would 
have been better in terms of reproducibility to calculate the 
average results of several scans under each condition.

Conclusion

This phantom study showed that the background was noisier 
and that the contrast was much higher in dbPET images than 
in PET/CT images. The acquisition protocol and standards 
for dbPET will need to be different from those used for 
whole-body PET/CT. Standardization of the quantitative 
evaluation of dbPET will enable more accurate assessment 
of treatment effects and prognosis prediction.
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