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Correlations between Tumor to Background Ratio on Breast-
Specific Gamma Imaging and Prognostic Factors in Breast 
Cancer

The purpose of this study was to investigate the correlations between tumor-to-
background ratio (TBR) obtained from breast-specific gamma imaging (BSGI) and the 
prognostic factors of breast cancer. Sixty-seven patients with invasive ductal carcinoma 
who underwent preoperative BSGI were enrolled. The BSGI images were visually scored 
from 1 to 5 according to a breast imaging reporting and data system (BIRADS). The TBR 
results obtained from positive BSGI images were compared according to the following 
prognostic factors: tumor size; axillary lymph node metastasis; nuclear grade (NG); 
histologic grade (HG); subtype; Ki-67; and the expression profile of estrogen receptor (ER), 
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2). 
Among 67 images, 60 were classified as a positive finding (sensitivity 89.6%). A higher TBR 
value was significantly correlated with tumor size ≥ 2 cm (P = 0.001), axillary lymph node 
metastasis (P = 0.007), high HG (P = 0.029), negative PR status (P = 0.036), and Ki-
67 ≥ 14% (P = 0.007). The TBR showed a significant difference between the luminal A and 
non-luminal A subtypes (P = 0.007). On multivariate analysis, TBR had a high correlation 
with tumor size ≥ 2 cm, axillary lymph node metastasis, and negative PR status 
(P = 0.003, 0.048, and 0.030, respectively). A high TBR on BSGI was significantly 
correlated with poor prognostic factors of breast cancer. Luminal A subtype, a breast 
cancer subtype with more favorable prognosis, was associated with a low TBR on BSGI.
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INTRODUCTION

Breast cancer is the most commonly diagnosed cancer in wom-
en worldwide. The advancements in early detection and sys-
temic treatment have resulted in improved mortality and sur-
vival rates among patients diagnosed with breast cancer (1,2). 
Mammography is a simple and effective imaging modality and 
a standard test for breast cancer detection. The overall sensitivi-
ty of this procedure was commonly reported at 85%; however, 
in women with dense breast tissue, the technique has limited 
efficacy and has a reduced overall sensitivity of 68% (3).
  Breast-specific gamma imaging (BSGI) is a new functional 
imaging modality that has been introduced in the diagnostic 
imaging of breast cancer. It was developed from the imaging mo-
dality of breast scintigraphy and offers superior intrinsic, spatial 
resolution compared with that of a conventional, gamma cam-
era. BSGI has a detection sensitivity and specificity rate of 92%–
96% and 71%–80%, respectively, for tumors, based on visual as-
sessment (4,5). Additionally, in a comparison of BSGI and mam-
mography, BSGI showed higher sensitivity and specificity rates 
during the screening of patients with dense or scarred breast 

tissue or in those with implants (6-8).
  99mTc-sestaMIBI (MIBI) uptake of tumor in BSGI is affected by 
angiogenesis, regional blood perfusion, and mitochondrial mem-
brane potential. In particular, mitochondrial density is a reflec-
tion of the proliferative activity of cells; thus, the accumulation 
of MIBI is higher in tumor cells than in normal breast tissue. 
Similarly, the uptake of MIBI differs according to the tumor bi-
ology and histopathologic characteristics of breast cancer. Pre-
vious studies have reported that the tumor-to-background ratio 
(TBR) of BSGI was correlated with some prognostic factors such 
as tumor size, histologic grade, axillary lymph node metastasis, 
and expression of estrogen receptor (ER)/progesterone recep-
tor (PR) (9-13). However, very few studies have investigated the 
correlation of TBR with breast cancer subtype (9,13). Moreover, 
the method of TBR measurement, histologic type of breast can-
cer, and size of the tumor were different among previous stud-
ies, resulting in discordant results (9,11,13).
  Therefore, the purpose of this study was to determine wheth-
er correlation exists between TBR on BSGI and prognostic fac-
tors and subtypes of breast cancer, especially in invasive ductal 
carcinoma. 

ORIGINAL ARTICLE
Medical Imaging

1 / 1CROSSMARK_logo_3_Test

2017-03-16https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg

http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2017.32.6.1031&domain=pdf&date_stamp=2017-05-02


Lee SJ, et al.  •  Tumor Uptake on BSGI and Prognostic Factors of Breast Cancer

1032    http://jkms.org https://doi.org/10.3346/jkms.2017.32.6.1031

MATERIALS AND METHODS

Patients and study design
Sixty-seven patients with a recent diagnosis of invasive ductal 
carcinoma and who underwent preoperative BSGI were retro-
spectively enrolled between January 2014 and October 2015. 
They did not receive any treatment prior to BSGI, and surgical 
treatment was performed after BSGI. The exclusion criteria were 
as follows: 1) received neoadjuvant chemotherapy or radiation 
therapy before preoperative BSGI; and 2) diagnosed with dis-
tant metastasis in initial staging. The patients underwent mam-
mography, ultrasonography, and MRI for the initial staging.

BSGI protocol
Patients underwent BSGI (Dilon 6800; Dilon Technologies, New-
port News, VA, USA) at high-resolution and a small field-of-view. 
Imaging was performed 10 minutes after the intravenous injec-
tion of 99mTc-sestaMIBI (555 MBq; European Medicines Agency, 
London, UK) into a vein of the arm contralateral to the breast 
with the suspected lesion. The patients were in a seated position 
during the study. Craniocaudal (CC) and mediolateral oblique 
(MLO) images of both breasts were obtained. A low-energy, gen-
eral purpose collimator was used, and the energy window was 
centered on 140 keV ± 10%. Planar images were acquired for 
90,000 counts each, and the acquisition time for each image rang
ed from 5 to 8 minutes.

Imaging analysis and TBR measurement
The images were reviewed through a picture archiving and com-
munication system (PACS). Two experienced nuclear medicine 
physicians analyzed the images and were blinded to the results 
of the other images and the tumor location, as determined by 
clinical examination.
  Imaging sequences were divided into 5 categories according 
to the 2010 guidelines of the Breast Imaging Reporting and Data 
System (BIRADS) of the Society of Nuclear Medicine and Mo-
lecular Imaging (14). A score of 1 was assigned if there was evi-
dence of diffuse uptake or an absence of focal uptake; a score of 
2 was assigned if there was a benign finding with minimal, patchy 
uptake; a score of 3 was assigned if the finding was classified as 
probably benign with evidence of minimal, patchy uptake; a 
score of 4 was assigned if the finding was probably abnormal 
with minimal patchy and some focal uptake; and an abnormal 
finding with marked, focal uptake was assigned a score of 5. The 
incidence of abnormal, focally, increased uptake was determined 
by consensus between the 2 readers. Scores of 1, 2, and 3 were 
classified as a negative scan, and scores of 4 and 5 were classi-
fied as a positive scan.
  The TBR for each lesion was measured on BSGI. Focally in-
creased uptake was selected as a target lesion. A circular region 
of interest (ROI) was drawn for each target lesion for the tumor 

uptake of MIBI. The maximum pixel value of ROI was measured 
as the tumor uptake of MIBI. The background uptake was mea-
sured as follows: 3 ROIs each measuring 2.0 cm in diameter were 
drawn so that the longitudinal axis was positioned in the breast 
parenchyma from right below nipple to the base of the breast 
parenchyma. The mean pixel value of each ROI was used to de-
termine the background uptake of the breast lesion. TBR was 
calculated as the maximum pixel count of the tumor/mean pix-
el count of the background (Fig. 1). Images that showed higher 
tumor values between CC and MLO images were selected for 
the measurement of TBR.

Pathologic diagnosis
The average interval between BSGI and surgical operation was 
18 ± 8 days. We reviewed the histopathologic factors using an 
electric medical records system. The following parameters were 
retrieved from the pathologic report: tumor size, metastasis to 
an axillary lymph node; nuclear grade (NG); histologic grade 
(HG); Ki-67 index; and the expression profile of ER, PR, and hu-
man epidermal growth factor receptor 2 (HER2).
  The patients enrolled in this study had unilateral breast can-
cer. Sixty-one patients had a single tumor, and 6 had multifocal 
tumors. For each of these multifocal cases, we only included 
one lesion with known tumor size and pathologic information. 

Fig. 1. An example of measurement of a semi-quantitative index, TBR, in a 52-year-
old woman with invasive ductal carcinoma. The left CC view shows the intense, focally 
increased uptake of the tumor measuring 2.2 cm in diameter. A ROI was marked on 
the tumor lesion, including the highest pixel value. The representation of 3 ROIs for 
the background was longitudinally drawn from the nipple to the base of the breast; 
the mean pixel counts were calculated.
TBR = tumor-to-background ratio, CC = craniocaudal, ROI = region of interest.
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Table 1. The patient characteristics (n = 67)

Characteristics No. %

Age, yr 54.4 ± 10.0 -
Lesions
   Right
   Left

35
32

52.2
47.8

Tumor size, cm 2.2 ± 1.5 -
Axillary lymph node
   Negative
   Positive

52
15

77.6
22.4

BSGI
   Negative
   Positive

  7
60

10.4
89.6

BSGI = breast-specific gamma imaging. 

Table 2. The correlations between TBR and the histopathologic factors (n = 60)

Variables No. TBR
P value

Univariate Multivariate

Tumor size, cm < 0.001 0.003
  < 2 35 3.1 ± 1.2
  ≥ 2 25 4.7 ± 2.0
Axillary lymph node 0.007 0.048
   Negative 46 3.4 ± 1.6
   Positive 14 4.8 ± 1.7
NG 0.104 -
   1 5 2.3 ± 1.0
   2 28 3.5 ± 1.5
   3 12 3.9 ± 1.3
   Not available 15 -
HG 0.029 -
   1 17 2.9 ± 1.2
   2 19 3.8 ± 1.8
   3 24 4.3 ± 1.9
ER 0.068 -
   Negative 21 4.3 ± 2.1
   Positive 39 3.4 ± 1.5
PR 0.036 0.030
   Negative 22 4.4 ± 2.2
   Positive 38 3.3 ± 1.3
HER2 0.229 -
   Negative 45 3.6 ± 1.5
   Positive 15 4.2 ± 2.3
TNBC vs. non-TNBC 0.459 -
   Negative 49 3.7 ± 1.9
   Positive 11 4.1 ± 1.3
Ki-67 0.007 -
   Negative + Low ( < 14%) 32 3.2 ± 1.4
   High 28 4.4 ± 1.9
Subtype 0.102 -
   Luminal A 24 3.1 ± 1.3
   Luminal B 17 4.1 ± 1.6
   HER2 8 4.6 ± 3.1
   TNBC 11 3.7 ± 1.8
Luminal A vs. non-luminal A 0.007 -
   Luminal A 23 3.0 ± 1.2
   Non-luminal A 37 4.2 ± 1.9

TBR = tumor-to-background ratio, NG = nuclear grade, HG = histologic grade, ER =  
estrogen receptor, PR = progesterone receptor, HER2 = human epidermal growth fac-
tor receptor 2, TNBC = triple negative breast cancer.

The pathologic tumor size was defined by the greatest diameter 
of the lesion. NG and HG were determined by the Bloom-Scarff-
Richardson grading scheme. ER, PR, and HER2 expression was 
interpreted according to the guidelines of ER/PR/HER2 testing 
in breast cancer, as outlined by the American Society of Clinical 
Oncology/College of American Pathologists (15). ER and PR 
positivity were defined as the characterization of 1% or more of 
the tumor cells with an indication of nuclear positivity accord-
ing to the Allred scoring system. Tumors were considered as 
HER2 positive if they received a score of 3+ based on immuno-
histochemistry (IHC). An IHC tumor score of 2+ warranted the 
fluorescent amplification of HER2 expression via in situ hybrid-
ization. The Ki-67 index was determined by IHC.
  Tumors were categorized into 4 molecular subtypes (16): lu-
minal A (ER positive and/or PR positive, HER2 negative, and 
Ki-67 < 14%), luminal B (ER positive and/or PR positive, HER2 
negative, and Ki-67 ≥ 14%; or ER positive and/or PR positive and 
HER2 positive, irrespective of Ki-67 expression), HER2 positive 
(ER negative, PR negative, and HER2 positive), and triple nega-
tive (ER negative, PR negative, and HER2 negative).

Statistical analysis
All data are expressed as mean ± standard deviation (SD). In-
dependent t-test for bimodal variables and analysis of variance 
(ANOVA) test for trimodal variables were used to compare the 
TBR of BSGI according to histologic subtype. Multiple regression 
analysis was performed using histologic factors; significant, in-
dependent factors were determined by P values less than 0.05 
in the univariate analysis. The receiver-operating characteristic 
curve analysis was used to determine the diagnostic accuracy 
of TBR. The correlations between TBR and histopathologic fac-
tors were analyzed by Pearson’s correlation coefficient. A corre-
lation value (r) of 0.4 to 0.59 suggested a moderate positive cor-
relation, and that below 0.4 was assessed as a weak positive cor-
relation. Statistical analyses were performed using commercial 
software packages (SPSS version 19, IBM, Chicago, IL, USA; Med-
Calc version 14, MedCalc Software bvba, Ostend, Belgium), and 
P values less than 0.05 were regarded as statistically significant.

Ethics statement
The present study protocol was reviewed and approved by the 
Institutional Review Board of Hanyang University Medical Cen-
ter (IRB No. 2016-08-001), and informed, written consent for 
this study was waived. Informed consent was submitted by all 
subjects when they were enrolled.

RESULTS

Patients and sensitivity
A total of 67 patients (age, 54.4 ± 10.0 years; ranging from 35 to 
73 years) were included in this study. Patient characteristics are 
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Fig. 2. The TBR of luminal A and non-luminal A subtypes of invasive ductal carcinoma. 
Bars represent the median value, and the whiskers represent the range of the 95% 
CI. The mean TBR of the luminal A subtype (3.0±1.2) was lower than that of the non-
luminal A subtype (4.2±1.9), and significant correlation was evident between the 2 
values (P = 0.007).
TBR = tumor-to-background ratio, CI = confidence interval.
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Fig. 3. Correlations between TBR and tumor size (A), Allred score of PR (B), and Ki-67 
(C). TBR had a weak positive correlation with pathologic tumor size, a weak negative 
correlation with Allred score of PR, and a moderate positive correlation with Ki-67.
TBR = tumor-to-background ratio, PR = progesterone receptor.
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summarized in Table 1. The mean pathologic size of the tumor 
was 2.2 ± 1.5 cm, ranging from 0.5 to 10.2 cm. Of the 67 tumors, 
60 (89.6 %) were diagnosed as having a positive finding of BI-
RAD 4 or 5. There were 9 tumors less than 1 cm in diameter, of 
which 7 (77.8%, 7/9) were identified with a positive finding on 
BSGI, and their mean size was 0.7 cm, ranging from 0.5 to 0.9 cm. 
Among the 67 patients, metastatic axillary lymph nodes were 
detected in 15.

Comparison of TBR with prognostic factors
The image of BSGI was of satisfactory quality. In 60 tumors with 
BIRAD 4 or 5, the comparisons of TBR and prognostic factors 
are described in Table 2. A higher TBR value showed significant 
correlations with tumor size ≥ 2 cm, axillary lymph node me-
tastasis, higher HG, negative PR status, and Ki-67 ≥ 14%. Among 
these variables, tumor size, axillary lymph node metastasis, and 
PR status were independently correlated with TBR in the multi-
variate analysis. Significant differences in TBR were not evident 
for NG, ER status, HER2 status, triple negative status, or subtype.
  TBR was not significantly correlated with the 4 subtypes of 
breast cancer (P = 0.102). However, it showed a significant dif-
ference between the luminal A subtype and non-luminal A sub-
types (P = 0.007; Fig. 2). The mean TBR of luminal A subtype was 
3.0 ± 1.2, while that of the non-luminal A subtype was 4.2 ± 1.9. 
For diagnosis of luminal A subtype, sensitivity and specificity of 
BSGI were 77.2% and 65.2%, respectively, at a TBR of 2.9.
  Fig. 3 shows the correlations of TBR and histopathologic fac-
tors. The TBR had a weak correlation with tumor size (r = 0.374; 
P = 0.003), a weak negative correlation with the Allred score of 
PR status (r = −0.321; P = 0.013), and a moderately positive cor-
relation with Ki-67 (r = 0.429; P = 0.001).

Comparison of the positive and negative groups on BSGI
We compared the positive group with the negative group on 
BSGI. There was no difference between the 2 groups with re-
gard to the following patient characteristics: age, histopatho-
logic factors, and subtype. The mean size of the tumors with a 
positive finding on BSGI was 2.2 ± 1.6 cm, ranging from 0.5 to 
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ous study (12). The expression of PR is known to be dependent 
on estrogen and the end product of the estrogen-activated ER 
response. PR expression also represents a good response to en-
docrine therapy (22). Further studies are needed to elucidate the 
potential role of TBR on BSGI in response to endocrine therapy.
  Related previous studies have reported that the TBR index has 
a predictive, prognostic value in breast cancer, whereas other 
studies have reported somewhat conflicting results. Cwikla et 
al. (12) concluded that the use of the TBR index in scintigraphy 
was correlated with tumor size, axillary lymph node metastasis, 
tumor grade, and PR status. A recent study using BSGI for pa-
tients with invasive breast cancer demonstrated that TBR showed 
differences in several prognostic factors including tumor size, 
NG, HG, and the expression profiles of ER/PR and HER2 (10,11). 
In comparison with these studies, our study showed a discrep-
ancy in that TBR did not show a difference according to NG or 
the expression profiles of ER and HER2. This discrepancy may 
have been attributable to the enrolled patient population. The 
previous study included 168 patients, larger than the sample in 
our study, and a tumor size below 1 cm was excluded to avoid a 
partial volume effect (11). In the present study, a tumor size be-
low 1 cm was included to assess the diagnostic power of BSGI 
regardless of tumor size. Further study including a larger num-
ber of patients with wide distributions of tumor size is needed 
to resolve these discrepancies.
  Intriguingly, another more conflicting study demonstrated 
that TBR differed according to tumor size and presence of lymph 
node metastasis, whereas it was not significantly correlated with 
the status of ER/PR, HER2, or Ki-67 (13). This discrepancy may 
have been attributable to the included tumor histology types 
and the definition of TBR. The previous study included several 
histology types such as ductal carcinoma in situ, invasive lobu-
lar carcinoma, and micropapillary carcinoma, as well as inva-
sive ductal carcinoma. Moreover, the measurement of TBR was 
different from the method used in our study. The ROI was drawn 
on the tumor lesion and then placed on the breast parenchyma. 
The TBR was obtained as the total radioactivity count of the tu-
mor lesion area divided by the corresponding count of the breast 
parenchyma. In our study, TBR was calculated from the maxi-
mum pixel value of a tumor and the mean of the background 
count of 3 ROIs serially obtained from the longitudinal axis from 
right below the nipple to the base of the breast parenchyma. The 
measurement of background count in the present study could 
reflect the diverse density of normal breast tissue in the patients. 
The differences in TBR calculation seemed to result in some dis-
crepancy. As of yet, no measurement of TBR has been standard-
ized, and more related studies are needed.
  In accordance with our results, a previous study has reported 
that the MIBI uptake of the tumor was a potential index to clas-
sify invasive ductal breast cancer into 2 subtypes (luminal A and 
non-luminal A subtypes) (9). The TBR was significantly lower 

10.2 cm; whereas tumors with a negative finding on BSGI had a 
mean size of 1.6 ± 0.8 cm, ranging from 0.7 to 3.1 cm. The mean 
background uptake (counts per pixel) in the positive and nega-
tive groups on BSGI was similar (86.9 ± 16.0 vs. 91.4 ± 37.7; P =  
0.756). There were no significant differences between the 2 groups 
according to the histopathologic factors of the patients.
 

DISCUSSION

In this study, we compared a semi-quantitative parameter, TBR 
measured on BSGI, according to the prognostic factors of inva-
sive ductal carcinoma. TBR showed a statistically significant dif-
ference in tumor size, axillary lymph node metastasis, expres-
sion profiles of PR, HG, and Ki-67 status. Furthermore, it showed 
a significant correlation with the luminal A and non-luminal A 
subtypes of breast cancer. Tumor size, axillary lymph node me-
tastasis, and PR status were independent factors in the multi-
variate analysis.
  The quantitative index of functional imaging in nuclear med-
icine has shown increasing favorability among clinicians for its 
use as a prognostic marker for lesion characterization and tu-
mor response monitoring in cancer patients. For instance, the 
maximum standardized uptake value (SUVmax) is used as a prog-
nostic factor in 18F-fluorodeoxyglucose (18F-FDG) positron emis-
sion tomography/computed tomography (PET/CT) and is mea-
sured using the voxel value with the maximum tumor uptake of 
FDG (17,18). Likewise, the MIBI uptake of the tumor could also 
be used as a potential index as it has been an effective marker 
for the assessment of histologic type and grade and tumor pro-
liferation (19,20). However, despite the longevity of scintigraphy, 
it has not been well studied compared with 18F-FDG PET/CT. It 
is likely considered that the 2-dimensional imaging modality of 
scintigraphy provides less loco-regional information compared 
with anatomical imaging modalities such as breast ultrasonog-
raphy or breast MRI. These are useful tools for more precise char-
acterization of the tumor margins. However, they have certain 
limitations. Breast ultrasonography is a highly operator-depen-
dent imaging modality, and breast MRI had a high false positive 
rate and the inability to identify calcifications or tiny calcium 
deposits. Consequently, these modalities could lead to unnec-
essary biopsies. The application of MRI, therefore, has been re-
stricted for the diagnosis of breast cancer. Earlier studies have 
found that BSGI has higher specificity for discrimination of breast 
lesions compared to MRI (21). Therefore, BSGI can help reduce 
unnecessary breast biopsies.
  In the present study, TBR was significantly correlated with 
the following poor prognostic factors: tumor size ≥ 2 cm, axil-
lary lymph node metastasis, high HG, PR negative status, and 
high Ki-67 index (≥ 14%).
  In concordance with our results, the correlation between TBR 
and only PR status, not ER status, was also reported in a previ-
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in luminal A type than in non-luminal A type. The luminal A 
type is the most common subtype and represents 50%–60% of 
all breast cancers. It is defined as ER positive and/or PR positive 
tumor with HER2 negativity and a low Ki-67 index. Patients with 
luminal A breast cancer are mainly treated with an endocrine 
hormone. They have a good prognosis, and the relapse rate is 
significantly lower than those of the other subtypes (23).
  Previous studies have demonstrated that BSGI had a high 
sensitivity rate of 92%–96% and a specificity rate of 71%–80% in 
patients with breast cancer. These results were comparable to 
those reported for MRI. Our study reported 60 positive findings 
and 7 negative findings, as classified by the BIRAD score. No 
significant histopathologic factors between the 2 groups were 
found. The possible causes of false negativity include eccentric 
positioning of the tumor beyond the gamma camera’s field-of-
view, detection of a small tumor nodule measuring less than 1 
cm in diameter, and dense breast. In the present study, 3 of the 
7 negative findings were located in an eccentric area adjacent 
to the chest wall. Of these, 2 instances of small nodules measur-
ing less than 1 cm in diameter were detected, measuring 0.7 and 
0.8 cm, respectively. There were also 2 cases (patient age: 30 and 
31 years, respectively), one patient with extremely dense breast 
tissue. Younger patients are more likely to have dense breast tis-
sue, and this made it difficult to distinguish a mass from uneven 
uptake of the radioactive tracer in the breast tissue parenchy-
ma. (24). One patient underwent bilateral reduction mammo-
plasty prior to the evaluation. As such, the increased uptake of 
MIBI along the surface margins of the implant was interpreted 
as a post-operative change; therefore, the presence of mass was 
indistinguishable from the implant. Thus, a comparison of the 
histopathological factors of the positive and negative groups 
showed no significant differences.
  There were some limitations in the present study. Firstly, this 
study was retrospectively designed and involved only a small 
number of patients from a single institution. Additionally, diag-
nostic biopsies before BSGI were performed in 49 patients (73%); 
this might have affected the properties of the images. In these 
cases, the interval time between BSGI imaging and diagnostic 
biopsy averaged 10.9 days. At our hospital, BSGI was performed 
after at least one week from the date of the biopsy to prevent the 
occurrence of biopsy-related artifacts. Further studies with a larg-
er cohort sample and systemic study designs are warranted.
  In conclusion, a high TBR value on BSGI was significantly cor-
related with poor prognostic factors of breast cancer. Luminal A 
subtype, a breast cancer subtype with more favorable progno-
sis, was associated with a low value of TBR on BSGI.
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