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Abstract
Purpose This study compares the sensitivity of dedicated breast positron emission tomography (DbPET) and whole body 
positron emission tomography (WBPET) in detecting invasive breast cancer based on tumor size and biology. Further, we 
explored the relationship between maximum standardized uptake value (SUVmax) of DbPET and biological features of the 
tumor.
Methods A total of 639 invasive breast cancer lesions subjected to both DbPET and WBPET before surgery, between Janu-
ary 2016 and May 2019, were included in the study. The sensitivity of DbPET and WBPET in detection and the biology of 
the tumor according to the clinicopathological features were retrospectively evaluated.
Results The overall sensitivity of DbPET was higher than that of WBPET (91.4% vs. 80.3%, p < 0.001). Subcentimetric 
tumors were significant (80.9% vs. 54.3%, p < 0.001). Regardless of the nuclear grade, DbPET could detect more lesions than 
WBPET. The SUVmax was positively correlated with tumor size (R = 0.395, p < 0.001) and the nuclear grade (p < 0.001). 
Luminal A-like breast cancer had significantly lower SUVmax values than the other subtypes (p < 0.001).
Conclusions DbPET is superior to WBPET in the detection of subcentimetric, low-grade breast cancers. Further, by using 
SUVmax, DbPET can distinguish luminal A-like breast cancer from the other subtypes.

Keywords Breast cancer · Positron emission tomography · Dedicated breast PET · Whole body PET · Sensitivity

Abbreviations
CT  Computed tomography
DbPET  Dedicated breast positron emission 

tomography
ER  Estrogen receptor
FDG  18F-fluorodeoxyglucose
FOV  Field of view
HER2  Human epidermal growth factor receptor type 

2
LBR  Lesion-to-background ratio
MRI  Magnetic resonance imaging
PEM  Positron emission mammography
PET  Positron emission tomography
ROI  Region of interest

SUVmax  Maximum standardized uptake value
WBPET  Whole body positron emission tomography

Introduction

Screening mammography increased the detection of breast 
cancers < 2 cm in size, thereby reducing their associated 
mortality [1, 2]. Disease-free survival of patients with stage 
T1a/T1b breast cancer is more favorable than those with T1c 
disease, and the 10-year risk of breast cancer death is < 5% 
for women with a subcentimetric disease [1, 3]. Therefore, it 
is important to detect breast cancer at an early stage (< 1 cm 
in size).

Recently, the use of 18F-fluorodeoxyglucose (FDG) posi-
tron emission tomography (PET) has increased in breast 
cancer diagnostics. FDG PET, which reflects the glucose 
metabolism of malignancies, visualizes the primary breast 
tumor, lymph node, and distant metastases and is used for 
cancer staging [4]. In addition to the detection of malignant 
tumors, the maximum standardized uptake value (SUV-
max) on whole body PET (WBPET) predicts the grade and 
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prognosis of patients with breast cancer [5–8]. However, 
WBPET has the disadvantage of false-negative results for 
small (< 1 cm) and low-grade breast cancers [9].

Dedicated breast PET (DbPET) is a molecular breast 
imaging system with a high spatial resolution that is believed 
to detect small breast cancers. Detection of subcentimetric 
breast tumors might lead to the identification of multiple 
occult lesions that evade conventional diagnosis. Breast 
cancer presents as multiple ipsilateral and bilateral lesions. 
Previous studies have reported a frequency of 5.2% to 6.4% 
for multiple ipsilateral breast cancers [10–13] and 1.4% to 
5.4% for bilateral breast cancers [14–16]. Accurate diagnosis 
of multiple breast cancers is essential for deciding the extent 
of surgical procedures for adequate clearance of the tumor.

Previous literature on the sensitivity of DbPET is limited 
to small clinical studies [17–20]. In this study, we aimed to 
compare the sensitivity of DbPET and WBPET in detecting 
invasive breast cancer based on tumor size and biology in 
a large cohort.

Materials and methods

Patients

The study enrolled 593 consecutive patients with primary 
breast cancer who were subjected to both DbPET and 
WBPET before treatment at the Hiroshima University Hos-
pital between January 2016 and May 2019. Hiroshima Uni-
versity conducts DbPET on all breast cancer cases, except 
in instances where the patient refuses. Female patients 
aged > 20 years with invasive breast cancer that was histo-
logically confirmed using a specimen of primary surgery 
or needle-biopsy before neoadjuvant chemotherapy were 
included in the study. Patients with non-invasive breast 
cancer or local recurrence were excluded. The Institutional 
Review Board approved this study. All procedures performed 
involving human participants were in accordance with the 
ethical standards of the institutional research committee and 
the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. For this retrospective study, 
the need for formal consent was waived.

WBPET and DbPET examinations

Patients fasted for at least 4 h before the administration of 
FDG. WBPET scans were performed using a Discovery 
ST16 integrated PET/computed tomography (CT) scanner 
(GE Healthcare, Little Chalfont, UK) 1 h after the injec-
tion of 3–3.7 MBq/kg body weight of FDG. For attenuation 
correction and localization of lesions identified by PET, 
low-dose non-enhanced CT images with sections 3 to 4 mm 
thick were obtained from the head to the pelvic floor of each 

patient according to a standard CT imaging protocol. Imme-
diately after CT imaging, the identical axial field of view 
(FOV) (154 mm) was scanned using PET for 2 to 3 min per 
table position depending on the patient’s condition and the 
scanner performance. WBPET/CT studies were performed 
with patients in the supine position and normal tidal breath-
ing. Acquired data were reconstructed as 128 × 128 matrix 
images (pixel size, 4.7 × 3.25 mm) using Fourier rebinning 
and ordered subset expectation–maximization algorithms.

The subsequent DbPET imaging studies started approxi-
mately 1.5 h after FDG injection. DbPET imaging was 
performed with the patient in the prone position using an 
Elmammo scanner (Shimadzu, Kyoto, Japan). The transaxial 
effective FOV was 185 × 156.5 mm, the scan time was 7 min 
for each breast, and the acquired data were reconstructed as 
236 × 236 matrix images (pixel size, 0.78 × 0.78 mm) using 
a three-dimensional dynamic row-action maximum likeli-
hood algorithm.

PET image evaluations and quantifications of SUVmax 
were performed using a Xeleris workstation (Version 1.1452, 
GE Healthcare). For the visual assessment, increased uptake 
of FDG with an intensity higher than that of the surrounding 
tissues and that is not explainable by physiological processes 
was considered positive for tumors. Thereafter, the region 
of interest (ROI) was placed over the tumor, and the ROI 
with multiple cross-sectional images was used for stand-
ardized uptake value measurements. Attenuation correc-
tion of DbPET was carried out using the homogeneous soft 
tissue composed of mammary and adipose tissue. Lesions 
completely or partially outside the FOV on DbPET were 
excluded from the analysis of SUVmax. If the breast cancer 
lesions were unclear on both DbPET and WBPET, they were 
assessed visually and removed from the SUV analysis. In 
DbPET, the SUVmax was measured in both the primary 
lesion and the background. Background uptake was meas-
ured in the ipsilateral normal breast tissue. Visual assess-
ment, interpretation of the images, and data analysis were 
performed by a nuclear medicine physician who was aware 
of the patients’ clinical history provided by the referring 
physician, but blinded to the results of other imaging studies. 
For confirmation, all PET images were consensus-read by a 
breast cancer specialist.

Histological examination

Histological evaluation of the surgical specimens was 
performed and reported according to the Union for Inter-
national Cancer Control (UICC) TNM Classification of 
Malignant Tumors [21]. For patients who underwent 
neoadjuvant chemotherapy, the pre-treatment biopsy 
specimens were evaluated. Tumor size was assessed 
based on the pathological size for tumors without neo-
adjuvant chemotherapy and clinical size (size on the 
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ultrasonography or magnetic resonance imaging) for 
neoadjuvant chemotherapy cases. Estrogen receptor 
(ER) and human epidermal growth factor receptor type 2 
(HER2) status were assessed according to the guidelines 
of the American Society of Clinical Oncology/College 
of American Pathologists [22, 23]. The molecular sub-
types of breast cancer were classified as luminal  (ER+/
HER2−),  ER+/HER2+, ER−/HER2+, or triple-negative 
 (ER−/HER2−). The luminal breast cancer types were clas-
sified as luminal A-like (Ki-67 labeling index < 20%) and 
luminal B-like (Ki-67 labeling index ≥ 20%) on the basis 
of St. Gallen International Expert Consensus [24].

Statistical analysis

The clinicopathological characteristics of the patients were 
represented as medians (interquartile range) for continu-
ous variables and as numbers (%) for categorical varia-
bles. The differences in the sensitivity for tumor detection 
between DbPET and WBPET were analyzed using McNe-
mar’s Test. The comparison of SUVmax among nuclear 
grades or subtypes was analyzed using Tukey’s test. A 1:1 
paired matching according to propensity scores, includ-
ing age, tumor size, node metastasis, and nuclear grade, 
was applied separately on luminal A-like and non-luminal 
A-like groups. The SUVmax values in DbPET were classi-
fied into two groups based on the median value (6.8). Fre-
quencies were compared using χ2 test, whereas continuous 
variables were compared using the Mann–Whitney U test.

All statistical analyses were performed using JMP® 
version 14.0 (SAS Institute, Cary, NC, USA), and a p 
value < 0.05 was considered significant in all comparisons.

Results

Patient characteristics

The median age was 56 years (range: 22–90 years). Over-
all, 593 patients had 639 invasive breast cancers. Multi-
centric and multifocal tumors were evaluated as separate 
tumors. Among the 639 invasive breast cancers, 31.1% 
were T1mi/T1a/T1b (≤ 1 cm) tumors (Table 1). Histologi-
cally, nuclear grade 1 was seen in 23.0%, grade 2 in 37.4%, 
and grade 3 in 39.4% of the lesions. The molecular subtype 
distribution in patients was as follows: luminal A-like in 
210 (32.9%), luminal B-like in 282 (44.1%),  ER+/HER2+ 
in 57 (8.9%),  ER−/HER2+ in 18 (2.8%), and triple-negative 
in 56 (8.8%). A total of 89 patients (with 93 invasive breast 
cancers) received neoadjuvant chemotherapy.

Sensitivity of breast cancer detection by DbPET 
and WBPET

The sensitivity of DbPET was higher than that of WBPET 
(91.4% vs. 80.3%, p < 0.001). The difference in sensitivity 
according to tumor size was significant in subcentimet-
ric tumors (80.9% vs. 54.3%, p < 0.001): T1mi (89.2% vs. 
62.2%, p = 0.004), T1a (76.9% vs. 38.5%, p < 0.001), and 
T1b (80.0% vs. 59.1%, p < 0.001) (Table 2). The sensitivity 
of DbPET was higher than that of WBPET for all nuclear 
grades, and the difference was significant in lower grade 

Table 1  Characteristics of invasive breast cancer

ER estrogen receptor, HER2 human epidermal growth factor receptor 
2, IQR interquartile range
a These are represented as number of cases (%)

Number (n = 639)

Age (years)
 Median (Range) 56 (22–90)

Histological  typea

 Ductal 518 (81.1)
 Lobular 12 (1.9)
 Mucinous 31 (4.9)

Others 78 (12.2)
Tumor  sizea

 T1 423 (66.2)
  T1mi 37 (5.8)
  T1a 52 (8.1)
  T1b 110 (17.2)
  T1c 224 (35.1)

 T2 175 (27.4)
 T3 26 (4.1)
 T4 15 (2.3)

Node  metastasisa

 Positive 167 (26.1)
Nuclear  gradea

 1 147 (23.0)
 2 239 (37.4)
 3 252 (39.4)
 Unknown 1 (0.2)

Ki-67 labeling  indexa

 < 20% 221 (34.6)
 ≥ 20% 402 (62.9)
 Unknown 16 (2.5)

Subtypesa

 Luminal A-like 210 (32.9)
 Luminal B-like 282 (44.1)

ER+/HER2+ 57 (8.9)
 ER−/HER2+ 18 (2.8)
 Triple-negative 56 (8.8)
 Unknown 16 (2.5)
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tumors (Table 3). The sensitivity of DbPET was also sig-
nificantly higher than that of WBPET in all the molecular 
subtypes except the  ER+/HER2+ and ER−/HER2+ types 
(Table 3). In particular, the diagnostic sensitivity of DbPET 
was > 15% over that of WBPET in the luminal A-like sub-
type. Of the 639 lesions, 42 (6.6%) could not be detected by 
either DbPET or WBPET and 13 (2.0%) could be detected 
by WBPET, but not DbPET. Of the 42 lesions that could not 
be detected by either DbPET or WBPET, 30 lesions (71.4%) 
were ≤ 1 cm. Of the 13 lesions that could be detected by 
WBPET, but not DbPET, 10 (76.9%) were determined to be 
out of the FOV, and the remaining 3 lesions were less than 
15 mm from the chest wall although they were in the FOV. 
Therefore, they were difficult to distinguish from noise.

Sensitivity of detection of additional ipsilateral 
and contralateral breast cancer

Of the 639 lesions examined in this study, 46 were found 
in addition to the primary lesion detected during screening 
or presentation of symptoms. Of those 46 lesions, 29 were 
ipsilateral, whereas 17 were contralateral. The sensitivity 
of DbPET and WBPET in detecting additional lesions was 
62.1% and 37.9% for ipsilateral lesions and 70.6% and 58.8% 
for contralateral lesions, respectively. Four of the ipsilateral 
and two of the contralateral additional tumors were detected 
only by DbPET. Figure 1 shows a case with multiple ipsi-
lateral breast cancers, and Fig. 2 shows a case with bilateral 
breast cancers.

Relationship between the SUVmax of DbPET 
and biological features of the tumor

The SUVmax significantly correlated with the tumor size 
(p < 0.001) and the nuclear grade (Fig. 3a, b). The median 
SUVmax values of the luminal A-like, luminal B-like,  ER+/

Table 2  Sensitivity of detection of breast cancer by DbPET and 
WBPET according to tumor size

DbPET dedicated breast positron emission tomography, WBPET 
whole body positron emission tomography
*A p value of < 0.05 was considered statistically significant

T stage DbPET WBPET p value

T1
 T1mi 89.2% (33/37) 62.2% (23/37) 0.004*
 T1a 76.9% (40/52) 38.5% (20/52) < 0.001*
  T1b 80.0% (88/110) 59.1% (65/110) < 0.001*
  T1c 93.3% (209/224) 87.9% (197/224) 0.007*

 T2 98.9% (173/175) 96.6% (169/175) 0.103
 T3 100% (26/26) 92.3% (24/26) –
 T4 100% (15/15) 100% (15/15) –

Total 91.4% (584/639) 80.3% (513/639) < 0.001*
Subcentimet-

ric tumor
80.9% (161/199) 54.3% (108/199) < 0.001*

Table 3  Sensitivity of detection of breast cancer by DbPET and 
WBPET according to pathological factors

DbPET dedicated breast positron emission tomography, ER estrogen 
receptor, HER2 human epidermal growth factor receptor 2, WBPET 
whole body positron emission tomography
*A p value of < 0.05 was considered statistically significant

DbPET WBPET p value

Nuclear grade
 1 86.4% (127/147) 63.3% (93/147) < 0.001*
 2 90.4% (216/239) 79.6% (190/239) < 0.001*
 3 95.6% (241/252) 91.3% (230/252) 0.016*

Subtypes
 Luminal A-like 87.6% (184/210) 70.0% (147/210) < 0.001*
 Luminal B-like 93.3% (263/282) 87.9% (248/282) 0.005*
 ER+/HER2+ 98.2% (56/57) 93.0% (53/57) 0.083
 ER−/HER2+ 100% (18/18) 83.3% (15/18) –
 Triple-negative 98.2% (55/56) 85.7% (48/56) 0.008*

Fig. 1  A 47-year-old woman with two invasive ductal carcinomas in 
the left breast. a Maximum intensity projection image of whole body 
positron emission tomography (WBPET); b axial images of WBPET/
computed tomography (CT) fusion; and c sagittal image of dedicated 

breast positron emission tomography (DbPET) showing massive 
18F-fluorodeoxyglucose (FDG) uptake in the left breast (arrow). Only 
DbPET shows another small lesion in the left breast (arrowhead). 
*Axillary lymph node with abnormal uptake.
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HER2+,  ER−/HER2+, and triple-negative subtypes were 
4.8, 8.3, 9.8, 14.9, and 12.4, respectively (Fig. 3c, all val-
ues of p < 0.001 relative to luminal A-like). A comparison 
between lesion-to-background ratio (LBR) and SUVmax 
showed similar results (Fig. 4). The propensity score match-
ing analysis using tumor size, node metastasis, and nuclear 

grade is summarized in Table 4. The tumor biological fac-
tors were balanced between luminal A-like and non-luminal 
A-like groups. Between the two groups with no difference 
in age, tumor size, node metastasis, and nuclear grade, the 
luminal A-like group had a significantly higher proportion 
of lower SUVmax of DbPET than the non-luminal A-like 

Fig. 2  An 87-year-old woman with invasive ductal carcinoma in 
both breasts. a Maximum intensity projection image of whole body 
positron emission tomography (WBPET); b axial images of WBPET/
computed tomography (CT) fusion; and c sagittal image of dedicated 

breast positron emission tomography (DbPET), showing massive 
18F-fluorodeoxyglucose (FDG) uptake in the left breast (arrow). Only 
DbPET shows small lesion in the right breast (arrowhead)

Fig. 3  a, b Relationship between maximum standardized uptake 
value (SUVmax) and biological features of the tumor showing sig-
nificant correlation with tumor size and nuclear grade. There were 
significant differences between nuclear grade 1 and 3 or 2 and 3. c 

SUVmax on dedicated breast positron emission tomography (DbPET) 
according to molecular subtypes showing significantly lower SUV-
max for luminal A-like tumor. There were significant differences 
between luminal A-like tumor and each of the other subtypes
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group (p = 0.045). DbPET distinguished the luminal A-like 
tumor subtype from other subtypes.

DbPET was superior to WBPET in detecting small and 
low-grade tumors. Therefore, we compared SUVmax with 
subtypes (luminal A-like vs non-luminal A-like) in a sub-
population of small (< 2 cm) and low-grade (nuclear grade 1 
or 2) tumors (n = 270). The median SUVmax of the luminal 
A-like group (n = 149) was 5.0, and the median SUVmax of 
the non-luminal A-like group (n = 121) was 6.2. A signifi-
cant difference (p = 0.007) in the SUVmax between the two 
groups in the subpopulation of small and low-grade tumors 
was observed.

Discussion

In this study, DbPET was shown to be more effective than 
WBPET in detecting small and low-grade breast cancers. 
Recently, availability and utilization of WBPET examina-
tions are increasing in cancer management. WBPET has 
been reported to be useful in detecting distant metastases, 

staging, and determining the effect of treatment [25]. How-
ever, WBPET has low sensitivity for small and low-grade 
tumors because of its limited spatial resolution [9].

DbPET has a high-resolution design based on the 
proximity of the breast scanner and has been developed to 
address the problems of WBPET. DbPET is classified into 
opposite- and ring-type scanners [26]. The opposite-type 
DbPET, such as positron emission mammography (PEM), 
showed a higher sensitivity than WBPET for tumors 
< 1 cm (66.7% vs. 13.3%, p = 0.008) [18]. However, the 
difference in lesion-based sensitivity between the ring-
type DbPET and WBPET was not found to be significant 
in a study of 179 breast cancers (92% vs. 88%, p = 0.06) 
[20]. This was probably because of the inclusion of only 
28 (15.6%) tumors ≤ 1 cm in size. In the present study, a 
large cohort of 639 breast cancers was evaluated, and the 
overall sensitivity of DbPET was significantly higher than 
that of WBPET (91.4% vs. 80.3%, p < 0.001). In addition, 
the difference was significant in the 199 breast cancers of 
size ≤ 1 cm. A previous study reported that there were no 
significant differences in sensitivity between DbPET and 

Fig. 4  a, b Relationship between lesion-to-background ratio (LBR) 
and the biological features of the tumor showing a significant correla-
tion with tumor size and nuclear grade. There were significant differ-
ences between nuclear grade 1 and 3 or 2 and 3. c LBR on dedicated 

breast positron emission tomography (DbPET) according to molecu-
lar subtypes showing significantly lower LBR for luminal A-like 
tumor. There were significant differences between luminal A-like 
tumor and each of the other subtypes
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WBPET for all nuclear grades [20]. In our study, DbPET 
could detect breast cancers better than WBPET for all 
nuclear grades. This large cohort study clearly establishes 
the superiority of DbPET over WBPET for detecting 
breast cancers, especially small and low-grade tumors.

WBPET cannot detect "small size" tumors, whereas 
DbPET cannot detect tumors that are "outside or at the 
edge of the FOV" [27]. Tumors close to the chest wall in 
the breasts of young, slim women tend to be out of the 
FOV in which lesions are difficult to detect with DbPET. 
This is a drawback of DbPET. We considered it appropri-
ate to include these tumors for comparison of the per-
formance of DbPET and WBPET; therefore, we did not 
exclude tumors outside the FOV. Furthermore, the edges 
of the FOV are often noisy, and there is a possibility that 
the noise will be measured as SUVmax for tumors that 
are close to the edge of the FOV. In this case, 92 tumors 
(14.4%) were close to the chest wall (within 15 mm from 
the edge of the FOV of DbPET) in magnetic resonance 
imaging (MRI) measurements. Attention should be paid to 
the reliability of SUVmax for these tumors. This study did 
not include non-cancer cases; therefore, it was not possible 
to evaluate false positives and false negatives in DbPET, 
but these measures have been previously reported [27, 28].

Diagnosis of small breast cancers may lead to overdiag-
nosis [1]. However, the prognosis of subcentimetric breast 
cancer is excellent [3, 29]. A recent study demonstrated that 
mammography screening reduced the 10-year breast cancer 
mortality by 41%, independent of the systemic treatment 
progress [2]. In addition, DbPET can identify small multi-
ple lesions and contribute to surgical decision-making in a 
preoperative setting. Searching for multiple lesions allows 
appropriate resection margins during surgery to be set. In 
our findings, 46 of the 639 lesions were discovered as addi-
tional lesions, 6 of which were detected only by DbPET. 
These patients underwent complete resection for better clear-
ance and are expected to have a lower risk of recurrence.

Ring-type DbPET has the advantage of measuring SUV-
max compared with PEM. Several studies reported that the 
SUVmax of WBPET predicted the biology and prognosis of 
breast cancer [6–8]. DbPET, with a high spatial resolution, 
may predict the tumor biology more accurately. A previous 
study reported that the SUVmax of DbPET was correlated 
with the histologic grade and molecular subtype of breast 
cancers and was lowest for luminal A-like tumors (p < 0.001) 
[30]. In the propensity score-matched patients, the SUV-
max values of the luminal A-like group were lower than 
those of non-luminal A-like group. The SUVmax values of 

Table 4  Characteristics of 
propensity score-matched 
patients according to luminal 
A-like or not

SUVmax maximum standardized uptake value
*A p value of < 0.05 was considered statistically significant, **SUVmax values in DbPET were classified 
into two groups based on the median value (6.8)

Luminal A-like Non-luminal A-like p value

Total 154 154
Age (years), median (range) 59 (27–90) 58 (22–89) 0.550
Tumor size 0.931
 T1
  T1mi 9 (5.8) 13 (8.4)
  T1a 15 (9.7) 15 (9.7)
  T1b 35 (22.7) 33 (21.4)
  T1c 61 (39.6) 58 (37.7)

 T2 29 (18.8) 28 (18.2)
 T3 4 (2.6) 4 (2.6)
 T4 1 (0.6) 3 (1.9)

Node metastasis 0.874
 Positive 23 (14.9) 24 (15.6)
 Negative 131 (85.1) 130 (84.4)

Nuclear grade 0.841
 1 46 (29.9) 42 (27.3)
 2 91 (59.1) 96 (62.3)
 3 17 (11.0) 16 (10.4)

SUVmax value in DbPET** 0.045*
 Low 105 (68.2) 88 (57.1)
 High 49 (31.8) 66 (42.9)
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luminal A-like tumors were lower than those of the other 
subtypes in a subpopulation of small and low-grade tumors. 
The SUVmax of DbPET may be a non-invasive indicator for 
determining an appropriate systemic treatment strategy for 
invasive breast cancer.

This study had some limitations. First, it was a single-
institutional retrospective study. The sensitivity results 
may be biased because the reader knew that pathologically 
proven breast cancer existed in the presented PET images. 
Second, because the scan start time of DbPET was later than 
that of WBPET, the tumor FDG uptake of DbPET may be 
higher than that of WBPET. This gave DbPET an advantage 
over WBPET. Third, this study only compared the sensitiv-
ity of DbPET and WBPET and did not conduct a compara-
tive analysis with other commonly used modalities, such as 
breast ultrasonography and breast MRI; prospective studies 
to compare all these modalities are required.

Conclusion

DbPET is an effective imaging modality for the detection of 
small and low-grade breast cancer and has potential utility 
for screening for multiple ipsilateral and bilateral cancerous 
lesions. Additionally, the SUVmax of DbPET could be used 
as an adjunct to immunohistochemistry for differentiating 
between molecular subtypes.
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