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ABSTRACT
Objective: The study in this part was to evaluate the diagnostic value of Breast Specific Gamma Imaging (BSGI) by 
semi-quantitative method for detection of breast cancer.
Methods: 400 patients with indeterminate breast tumors that underwent BSGI were enrolled in this study. All 
included lesions were confirmed by postoperative pathology. BSGI evaluation was based on the visual interpretation 
and semi-quantitative parameters of the higher tumor to non-lesion (T/N) value of CC and MLO. Compared with 
pathological results, the optimal visual analysis and the value of T/N were calculated through ROC curve analysis. 
Independent t-test and Pearson linear correlation were applied for statistical analysis.
Results: Tumor to non-lesion (T/N) ratio was available for 279 out of 400 patients. This population comprised 
203 patients with malignant and 74 patients with benign lesion. ROC analysis showed critical value of T/N= 1.91, 
AUC is 0.83 (standard error=0.014, 95% confidence interval); BSGI sensitivity is 83.71% and specificity is 76%. 
T/N ratio for invasive and non-invasive cancers are 2.70± 0.88, and 2.09±0.44 respectively; the difference 
between two have statistical significance (t=3.32, P=0.001). Infiltrating ductal carcinoma (IDC) grade I, grade II, 
and grade III have T/N ratio of 2.33±0.94, 2.38±0.80, 2.89±0.89 respectively. The T/N differences between 
grade I and grade II have no statistical significance (t=0.12, P=0.89). The T/N differences between grade I and 
grade III have no statistical significance (t=1.56, P=0.12). The T/N differences between grade II and grade III 
have statistical significance (t=3.69, P<0.001). T/N value for tumor size <1cm and >1cm were 1.97±0.79 and 
2.46±0.88 respectively; the difference between two have statistical significance (t=3.27, P=0.001).
Conclusion: The semi-quantitative index of T/N correlates with clinico-pathological characteristics of tumor like: 
size, grade, and invasiveness of breast cancer, and at certain level can be helpful to determine patient’s prognosis.

Introduction
Breast cancer has long been recognized as one of the 
common malignancy among women in developed and 
developing countries. Recently, global incidence of 
breast cancer has increased rapidly, and portrays the 
tendency to be a crucial cause of mortality in women of 
reproductive age (1). Early detection, early diagnosis and 
timely treatment hold the key to improve the survival 
rate among breast cancer patients.
  Mammography (MMG) is the only widely recognized 
first line radiologic examination used as a breast cancer 
screening method because of its high sensitivity and 
because it leads to reduced mortality (2). One of the 
biggest advantages of mammography is its detection 
of micro-calcifications and soft-tissue densities (3). 
Hence, is recognized as “Gold Standard” for detection 
of Ductal Carcinoma In Situ (DCIS). But 10%~15% of 

DCIS does not have micro-calcification. DCIS with non-
calcification, dense breast DCIS and lesion attached with 
or close to chest wall are easily misdiagnosed by MMG 
(4-5). The sensitivity of mammography can be limited in 
young women especially <50 years, with dense breast 
tissue. It might be due to the presence of overlapping 
fibro-glandular tissue, which reduces conspicuity of 
abnormalities (6). Ultrasound (US) is another commonly 
used anatomic imaging procedures to detect breast 
cancer.  It can detect small node-negative breast cancers, 
which increases the possibility of cancer diagnosis, 
especially in women with mammographically dense 
breast tissue; however, ultrasound also has a high false-
positive rate, and there have been concerns about its 
operator dependence (7-9,).
Molecular imaging technologies have been developed 
recently to circumvent limitations posed by other 
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modalities for BC screening. It is not affected by radio-
dense breast tissue, breast implants, or unexplained 
architectural distortion, and can be used in patients 
whom MRI is indicated but not possible. Single-
photon Emission Computed Tomography (SPECT) uses 
conventional planar gamma camera, which makes it 
difficult to detect lesions of less than 10mm due to excessive 
organ-to-detector distance as well as the difficulty to 
image in positions comparable to mammography. Recent 
advances in technology have resulted in the development 
of Breast Specific Gamma Imaging (BSGI) with high-
resolution gamma cameras and improved ability to image 
sub-centimeter cancers up to 3mm diameter (16-18). Hence, it 
has increased the sensitivity for screening and monitoring 
Breast Cancer. Brem et al.(18) in 2002, successfully brought 
BSGI into clinical application. 
99mTc sestamibi (99mTc-MIBI) is a non-specific tumor 
radiotracer, and its role in improving accuracy of breast 
cancer diagnosis is still being researched. Currently, 
BSGI image interpretation is mainly done by visual 
analysis method. According to the 2010 American 
Society of Nuclear Medicine (SNM) guideline (15), the 
visual analyses grades of BSGI were as follows: Grade 1: 
no abnormal increased uptake in either early or delayed 
images, Grade 2: mildly increased uptake in the early 
image without retention in the delayed image, Grade 3: 
mildly increased uptake in the early image with retention 
in the delayed image, Grade 4: definite focal increased 
uptake in the early image without retention in the delayed 
image, and Grade 5: definite focal increased uptake in 
the early image with retention in the delayed image. 
Visual analysis is easily affected by subjective factors like 
patient’s prandial state, by exercise, and by changes in 
peripheral blood flow etc. (19). 99mTc sestamibi clearance 
in tumor tissue is slower than that of surrounding normal 
tissues, previous studies have demonstrated that BSGI 
image can help in improving tumor detection rate (20). 
In recent times, with the development of bio-molecular 
techniques, biological behavior of breast cancer at 
molecular level has been bought into light. It has 
found some related molecular index such as Estrogen 
Receptor (ER), Progesterone Receptor (PR), Human 
Epidermal Growth Factor Receptor 2 (Her-2), Nuclear-
associated Antigen (Ki-67). With the help of these 
molecular markers, breast cancer can be divided into 
molecular subtypes. Thus, can help in further evaluation 
of prognosis, also can guide through clinical treatment 
selection.

Papantoniou et al. (10), in retrospective analysis of 34 
cases with histologically confirmed breast carcinoma 
who underwent preoperative scintimammography with 
administration of 925–1110 MBq technetium-99m 
(99mTc)-(V) DMSA and/or 99mTc-MIBI, reported that 
there is no correlation between T/N ratio with ER, PR, 
Her-2, Ki67, and tumor size was the only independent 
parameter influencing MIBI uptake in breast cancer. In a 
study by Cwikla et al. (5), reported that semi-quantitative 
parameter T/N (tumor to background) ratio of 
Scintimammography (SMM) has correlation some of the 
known prognostic factors of breast cancer such as tumor 
size and grade. Therefore, in this  study we discuss about 
diagnostic value of Breast Specific Gamma Imaging 
with semi-quantitative index (T/N) in Breast Cancer 
Diagnosis. However, in our study, immunohistochemical 
(IHC) components such as ER, PR, Her-2 and Ki67 were 
not taken into consideration, as multicenter study might 
show more promising results on this aspect.
The BSGI mechanism depends on the tumor 
neoangiogenesis and abundant cytoplasmic 
mitochondria within the tumor cell. 99mTc-sestamibi 
when administered through an anticubital vein, it is 
distributed evenly to the circulatory system. Because of 
tumor neo-angiogenesis, tumor lesion is more enhanced. 
Whereas tumor cells have more abundant cytoplasmic 
mitochondria, 99mTc-sestamibi specifically binds with 
cytoplasmic mitochondria. This means that 99mTc-
sestamibi binds with tumor tissue more abundantly than 
with normal tissue (13,14) 

Materials & Methods
1. Patients:
A retrospective study approved by institution review 
board of Fudan University Zhongshan Hospital, Shanghai, 
China. The review of pathological records and image did 
not require patient approval or informed consent. A total 
of 422 patients underwent Breast Specific Gamma Imaging 
(BSGI), from July 2013 to June 2015 at our institution. 
22 patients were excluded because of unavailable 
pathological report. Patients going through neo-adjuvant 
chemotherapy or radiotherapy, pregnancy, biopsy within 
3 days before radiological examinations is excluded.

2. Imaging Interpretations:
2.1 Apparatus and agents
BSGI:  Apparatus used is a high-resolution breast-
specific gamma camera (Dilon 6800; Dilon Technologies, 
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USA).  Radioactive agent used is  99mTc- MIBI (99mTc-
sestamibi), Shanghai GMS Pharmaceutical Co., Ltd, 
Radiochemical purity >95%.

2.2 Imaging methods
BSGI imaging: Patient doesn’t require any special 
preparation; patients were administered with 740-
925MBq (15-20mCi) Tc-99m-MIBI through an 
anticubital vein. Vein injection was taken in the 
contralateral arm of suspicious breast lesions to avoid 
false-positive uptake in the axillary lymph nodes. After 
6-10 minutes, both breasts were imaged in cranio-caudal 
(CC) and mediolateral oblique (MLO) projections; 
similar with mammography position, Collection period 
is 6min/position. Scanning parameters: Voltage 140KeV, 
window width 10%.

3. Image analysis:
3.1 Visual analyses:
BSGI images were analyzed and interpreted by two 
experienced Nuclear Medicine physicians who were 
blind to the patients’ clinical information and pathology 
results. According to the 2010 American Society of 
Nuclear Medicine (SNM) guideline (15), the visual analyses 
grades of BSGI were as follows: Grade 1: no abnormal 
increased uptake in either early or delayed images, Grade 
2: mildly increased uptake in the early image without 
retention in the delayed image, Grade 3: mildly increased 
uptake in the early image with retention in the delayed 
image, Grade 4: definite focal increased uptake in the 
early image without retention in the delayed image, 
and Grade 5: definite focal increased uptake in the early 
image with retention in the delayed image. 
3.2 Semi quantitative method:
 The higher tumor to non-lesion (T/N) value of cranio-
caudal (CC) and mediolateral oblique (MLO) projections 
is taken as parameter for semi-quantitative analyses.

4. Statistics:
The imaging of BSGI, mammography and ultrasound 
is compared with the results of pathological diagnosis 
using SPSS version 16. 

Results
1. Clinical characteristics 
During the study period, a total number of 400 patients 
underwent BSGI. This population comprised 243 patients 
with malignancy and 157 patients with benign lesions. 

For the malignant group, the histology confirmed 243 
patients were with 245 malignant lesions, including 241 
patients with single mass, 2 patients with 2 lesions. The 
distribution of post-surgery pathology were invasive 
ductal carcinoma (IDC), 185(76.13%); invasive lobular 
carcinoma (ILC), 5(2.05%); ductal carcinoma in situ 
(DCIS), 35 (14.40%); Paget’s disease, 1 (0.41%); Mixed 
carcinoma, 4 (1.64%), and others (Neuroendocrine 
carcinoma in situ, Mucinous Carcinoma, Intraductal 
papillary carcinoma, Metastatic poorly differentiated 
carcinoma), 13 (5.34%). Among benign group, the mean 
age of 157 patients was 49.29 ± 10.71.   Post-surgical 
histology confirmed these 157 cases were with 189 
lesions, which contained 134 patients with single mass, 
20 patients (8 with tumor on same side of breast, 12 with 
tumor on bilateral breast) with 2 lesions; and 5 patients 
with 3 lesions. 
Table 1: Malignant tumor cases with available T/N ratio

Pathology Number (n=203)
Infiltrating ductal carcinoma 160
Ductal carcinoma in situ 29
Infiltrating lobular carcinoma 5
Mixed carcinoma 3
Paget’s disease 1
Others 6

Table 2: Benign tumors cases with available T/N value:
PATHOLOGY NUMBER (n=74 lesions)
Fibroadenoma 32
Adenosis 23
Intraductal papilloma 10
Duct ectasia 1
Chronic inflammation 4
Benign Phyllodes 1
Others 3

Tumor to non-lesion (T/N) ratio was available for 279 
out of 400 patients. This population comprised 203 
patients with malignant and 74 patients with benign 
lesion. Among the malignant group (Table 1) the 
distribution of post-surgery pathology were infiltrating 
ductal carcinoma (IDC), 160; ductal carcinoma in situ 
(DCIS), 29; infiltrating lobular carcinoma (ILC), 5; Mixed 
infiltrating ductal and infiltrating lobular carcinoma, 3; 
Paget’s disease, 1; and others (Mucinous Carcinoma), 6. 
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Among benign group (Table 2), post-surgical histology 
confirmed 32 patients with fibroadenoma, 23 with 
adenosis, 10 with intraductal papilloma, 4 with chronic 
inflammation, 1 with duct ectasia, 1 with benign 
phyllodes, and 3 with others.

2. False negative and false positive:
There were 41 false negative BSGI cases, out of which 24 
were available with tumor to non-lesion ratio (T/N). This 
population comprises of Infiltrating ductal carcinoma 
(IDC), 17; Ductal carcinoma in situ (DCIS), 5; Infiltrating 
lobular carcinoma (ILC), 1; and Mixed infiltrating 
ductal and infiltrating lobular carcinoma, 1. Seventeen 
out of total 38 BSGI false positive cases were available 
with T/N ratio. It includes Fibroadenoma, 6; Adenosis, 
3; Intraductal papilloma, 2; Chronic inflammation, 2; 
Benign phyllodes, 1; and others, 3.

3. Correlation between tumor size and T/N ratio for 
all available cases:

Table:3

SI
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0c
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>7
.1

cm

TO
TA

L

1~2 1 25 78 12 2 118
2.01~3 2 8 69 21 1 101
3.01~4 0 2 29 10 0 41
4.01~5 0 0 12 4 0 16
5.01~6 0 1 0 1 1 3
TOTAL 3 36 188 48 4 279

Correlation between tumor to non-lesion (T/N) ratio 
and tumor size, grade, and invasiveness is shown in Table 
3, fig. 1, fig. 2, fig. 3, and fig. 4. T/N ratio for invasive 
and non-invasive cancers are 2.70± 0.88, and 2.09±0.44 
respectively; the difference between two have statistical 
significance (t=3.32, P=0.001) (Fig.1); Infiltrating ductal 
carcinoma (IDC) grade I, grade II, and grade III have 
T/N ratio of 2.33±0.94, 2.38±0.80, 2.89±0.89 respectively. 
The T/N differences between grade I and grade II have 
no statistical significance (t=0.12, P=0.89) (Fig.2). The 
T/N differences between grade I and grade III have no 
statistical significance (t=1.56, P=0.12) (Fig.3). The 
T/N differences between grade II and grade III have 

statistical significance (t=3.69, P<0.001) (Fig.4). T/N 
value for tumor size <1cm and >1cm were 1.97±0.79 and 
2.46±0.88 respectively; the difference between two have 
statistical significance (t=3.27, P=0.001) (Table 3).
                                                                                                                                                      

                                           

Fig.1 invasive vs non-invasive                                    
Fig.2 grade I vs grade II

                                          

Fig.3 grade I vs grade III
Fig.4 grade II vs grade III

4. BSGI semi-quantitative parameter analysis ROC curve
ROC analysis showed critical value of T/N= 1.91, AUC 
is 0.83 (standard error=0.014, 95% confidence interval); 
BSGI sensitivity is 83.71% and specificity is 76%.
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Fig. 5: semi-quantitative parameter analysis ROC curve
Discussion:
Mammography and ultrasound is widely recognized 
anatomic breast imaging methods for screening of breast 
cancer (BC) in asymptomatic patients. Nuclear medicine 
breast imaging is a functional imaging method, and 
is increasingly being adopted into clinical practice. 
Scintimammography (SM), which primarily uses the 
radiopharmaceuticals 99mTc-sestamibi, and 99mTc- 
tetrofosmin and PET imaging has demonstrated good 
results in clinical studies, but they have limitations when 
it comes for detection of breast cancer lesion less than 
1 cm. However, BSGI with high-resolution gamma 
cameras has improved ability to image sub-centimeter 
cancers up to 3mm diameter, and is not effected with 
dense breast tissue, breast implants, or unexplained 
architectural distortion.
The BSGI mechanism depends on the tumor neo-
angiogenesis and abundant cytoplasmic mitochondria 
within the tumor cell. This means that 99mTc-sestamibi 
binds with tumor tissue more abundantly than with normal 
tissue.(14) Papantoniou et al.(10) in retrospective analysis of 
34 cases with histologically confirmed breast carcinoma 
who underwent preoperative scintimammography with 
administration of 925–1110 MBq technetium-99m 
(99mTc)-(V) DMSA and/or 99mTc-MIBI, reported that 
there is no correlation between T/N ratio with ER, PR, 
Her-2, Ki67, and tumor size was the only independent 
parameter influencing MIBI uptake in breast cancer. 
In our study, immunohistochemical(IHC) components 
such as ER, PR, Her-2 and Ki67 were not taken into 
consideration, as multi-center study might show more 
promising results on this aspect. However, our study 
suggests BSGI semi-quantitative parameter T/N ratio 
has correlation with invasiveness, tumor size and grade.
Breast malignant tumor size, pathologic grade and 
invasiveness are closely related with prognosis of patient. 
Generally, larger is the tumor size, higher is its pathologic 
grade, and during axillary lymph node metastasis patient 
shows relatively poor prognosis. In a study by Cwikla 
et al., reported that semi-quantitative parameter T/N 
(tumor to background) ratio of Scintimammography 
(SMM) has correlation some of the known prognostic 
factors of breast cancer such as tumor size and grade.(11) 
In a retrospective study by Tadwalkar et al., 139 female 
patients with invasive carcinoma who underwent BSGI 
were reviewed. They reported that all cancers of grade 
2 or 3 were detected with BSGI, regardless of size, and 

all cancers, whether they were grade 1, 2 or 3, were 
detected with BSGI if they were > 7mm.(12) Hence, it 
suggests that the effectiveness of BSGI in diagnosis of 
breast carcinoma is related with tumor size and grade. 
In our study, T/N value for tumor size  >1cm is greater 
than that of tumor size <1cm; the difference between 
two have statistical significance (t=3.27, P=0.001). 
Hence, it suggests there is correlation between tumor 
size and T/N value (r=0.152, P=0.11). Invasive cancer 
grade 3 average T/N value 2.89±0.89 is greater than that 
of grade 2 T/N value of 2.38±0.80; and the difference 
between two have statistical significance. However, the 
T/N differences between grade 1 and grade 2 have no 
statistical significance (t=0.12, P=0.89). Similarly, the 
T/N differences between grade 1 and grade 3 also have 
no statistical significance (t=1.56, P=0.12). 
The prognosis of patient and treatment selection is closely 
related with tumor invasiveness. Generally, prognosis for 
invasive carcinomas is poor than ductal carcinoma in 
situ. In this study, the mean T/N value for invasive cancer 
is 2.67+-0.84, which is higher than that of non-invasive 
cancer (2.09+-0.44), has clinical significance (P<0.001). 
Therefore, it suggests that breast carcinomas with higher 
T/N ratio, might have poor prognosis.
In conclusion, our study suggests that T/N value can 
reflect tumor size, grade, and invasiveness; and at certain 
level can be helpful to determine patient’s prognosis. Also 
breast carcinomas uptake of Tc-99m-MIBI radiotracer 
can be correlated with these clinicopathologic 
parameters.
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