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Abstract
Objectives: Breast-specific gamma imaging is a functional imaging modality that complements
mammography and ultrasound in the detection of breast cancer. We sought to determine how
often BSGI identified occult cancer and its impact on surgical management.
Methods: An institutional review board approved retrospective review was performed among
all patients with newly diagnosed breast cancer in whom BSGI was performed as part of the
preoperative work-up. Women underwent intravenous injection of 25-30 mCi of technetium-
99m (99mTc) sestamibi and were imaged in mediolateral oblique, craniocaudal, and axillary
projections using a high-resolution, small field-of-view gamma camera. Images were classified
as positive (focal radiotracer uptake) or negative (no uptake or physiologic distribution) and
compared with biopsy and surgical pathology.
Results: A total of 105 patients with biopsy-proven breast cancer underwent breast-specific
gamma imaging between July 2011 and July 2012. Breast-specific gamma imaging confirmed
the presence and location of known cancer in 104 lesions for true positive rate of 99%. One
pathology proven lesion was not seen with breast-specific gamma imaging for a false negative
rate of 0.7%. 35 patients (33%) had a positive study at a site remote from their known cancer;
biopsy proved benign pathology in 12 (34%), and additional occult cancer in 23 (66%).
Contralateral breast cancer was confirmed in 6 patients. Breast-specific gamma imaging
findings along with additional biopsies and/or imaging changed surgical management in 39
patients (37.1%) resulting in 15 mastectomies, 3 wider excisions or quadrectomy, 11
neoadjuvant chemotherapy, 6 contralateral surgery, and 4 additional lumpectomies.
Conclusions: Additional or more extensive malignancy was detected in 22% of newly
diagnosed breast cancer patients who underwent pre-operative breast-specific gamma imaging.
Surgical management changed in 37%. Breast-specific gamma imaging plays an important role
in the surgical and clinical management in women with breast cancer.
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Introduction

Breast-specific gamma imaging (BSGI) is a functional imaging modality that complements
mammography and ultrasound in the detection of breast cancer. While mammography is used
universally for screening, the sensitivity ranges from 66-85%" and decreases to less than 60% in young
women and women with dense breasts.22 Additional imaging modalities including BSGI and magnetic
resonance imaging (MRI) have been employed to aid in early diagnosis and help guide management of
breast cancer. The goal of management is to provide breast conservation therapy (BCT) when possible
while achieving adequate surgical margins and acceptable cosmesis. In conjunction with
mammogram, BSGI and MRI provide additional information about tumor characteristics that improve
sensitivity and may aid in the preoperative management of newly diagnosed breast cancer.

BSGl is a functional imaging modality, in contrast to mammography and ultrasonography
which are anatomic imaging modalities. As such, BSGI relies on the physiologic difference in
mitochondrial density between normal tissue and hyperproliferative tissue. An intravenous Tc-
Sestamibi radioactive tracer is injected that binds to mitochondria throughout the body. A high-
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resolution gamma camera then obtains images of the breast. Neoplastic tissue with greater
mitochondrial density and greater tracer uptake is highlighted, while benign tissue appears normal,
regardless of breast density.*>

Multiple studies have shown that MRI and BSGI are equally sensitive in detecting breast
cancer; however, BSGI appears to have greater specificity.*® Additionally BSGI is more cost effective,
may be used in patients with renal failure or claustrophobia, requires fewer images, and produces
immediate images that are easily interpreted.? As with most new technologies, questions and concerns
remain about these potential benefits vis-a-vis costs: expenses and availability of new equipment and
radiopharmaceutical tools, and radiotracer dosing and exposure for both patients and technicians.®

We sought to determine how often BSGI identified occult cancer in women with newly
diagnosed breast cancer and how it impacted their surgical and preoperative management.

Methods

An institutional review board approved retrospective review was conducted using inpatient
and outpatient medical records of all patients with newly diagnosed breast cancer for whom BSGI was
performed as part of the preoperative work-up. Women underwent intravenous injection of 25-30 mCi
of technetium-99m (99mTc) sestamibi and were imaged in mediolateral oblique, craniocaudal, and
axillary projections using a high-resolution, small field-of-view gamma camera. Images were classified
as positive (focal radiotracer uptake) or negative (no uptake or physiologic distribution) and compared
with biopsy and surgical pathology.

Results
Of the 271 BSGI scans performed from July 2011 to June 2012, a total of 105 patients already
had biopsy-proven new diagnosis of breast cancer and comprised our study sample. The mean age
was 59.9 years (range 25-87). Patient medical history and presenting problems are outlined in Table 1.
The majority presented with unilateral lesions detected primarily with breast ultrasound.

Table 1. Patient Characteristics, N =105

Medical History N (%)
Personal history of breast cancer 7 (6.7)
Personal history of endometrial, uterine or ovarian cancer 2 (2.0)
Any Personal History 9 (8.7)
Family history of breast cancer — 1* degree relative 19 (18.1)
Family history of breast cancer — 2" degree relative 21 (20.0)
Family history of ovarian cancer — 1* degree relative 2(1.9)
Family history of ovarian cancer — 2™ degree relative 4 (3.8)
Any Family History 21 (20.0)
Any Personal and Family History 8 (7.6)
Presenting Problem
Lesions

Right 40 (38.1)

Left 65 (61.9)
Palpable mass 25 (23.8)
Dense breasts 16 (15.2)
Abnormal mammogram (Birads 4-6) 22 (20.9)
Abnormal US (Birads 4-6) 86 (82.0)

”
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Tumor characteristics are presented in Table 2. The mean tumor size was 2.0 cm (range 0.1-
9.0 cm). Largest tumor size was used in the event that multiple lesions were present; 7 (6.7%) women
had two tumors and 1 (1%) had three. Ductal carcinoma in situ (DCIS), the abnormal cells inside a
milk duct in the breast, was not included when calculating tumor size. There were 68 (64.8%) patients
with invasive ductal cancer, 10 (9.5%) with invasive lobular, 3 (2.9%) with mixed ductal and lobular,
10 (9.5%) with DCIS, 4 (3.8%) others, and 10 (9.5%) unknown. Slightly more than half of the patients
had negative nodes, and tumors were more often estrogen- and progesterone-receptor positive and
human epidermal growth factor receptor 2 or HER-2/neu negative.

Table 2. Tumor Characteristics, N=105

Characteristic N (%)
Pathology
Invasive ductal 68 (64.8)
Invasive lobular 10 (9.5)
Ductal carcinoma in situ (DCIS) 10 (9.5)
Mixed 3(2.9)
Other 4 (3.8)
Unknown 10 (9.5)
Tumor size, cm
<0.5 6 (5.7)
0.5-0.9 6 (5.7)
1-1.9 50 (47.6)
2-4.9 23 (21.9)
>5 5 (4.8)
Unknown 15 (14.3)
Nodal status
Positive 41 (39.0)
Negative 43 (41.0)
Unknown 22 (20.0)
Estrogen Receptor status
Positive 78 (74.3)
Negative 20 (19.0)
Unknown 7 (6.7)
Progesterone Receptor status
Positive 65 (61.9)
Negative 33(31.4)
Unknown 7 (6.7)
Human epidermal growth factor receptor 2
HER-2/neu status 12 (11.4)
Positive 75 (71.4)
Negative 1(1.0)
Equivocal 17 (16.2)
Unknown
Characteristic N (%)
Lymphovascular Invasion status
Positive 17 (16.2)
Negative 72 (68.6
Suspicious 1(1.0)
Unknown 15 (14.3)
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Of the 105 cases, BSGI identified an additional 35 lesions representing a total of 140 lesions.
BSGI correctly confirmed the presence and location of lesions in 99% of known cancer cases (104 of
105). Of the 35 new lesions identified, 23 were eventually confirmed cancer (65.7%). This represents
a lesion-specific true positive rate of 91% (127 of 140). BSGI identified 12 new lesions that were
ultimately benign representing a false positive rate of 8.5% (12 of 140). One pathology proven lesion
was not seen with BSGI for a false negative rate of 0.7% (1 of 140). Contralateral breast cancer was
confirmed in 6 patients.

Of the 105 scans performed, BSGI confirmed location of known cancer in 104 patients (see
Figure 1). In 11 patients, BSGI suggested greater extent of disease, and follow up imaging and/or
biopsies deemed these patients candidates for neoadjuvant chemotherapy rather than surgery. BSGI
also identified 35 additional suspicious areas not identified on prior imaging or physical exam. Six
patients underwent additional imaging resulting in one positive study that required mastectomy.
Twelve patients underwent additional biopsies resulting in 11 additional malignant lesions requiring
change to surgical management. Seventeen patients had additional or more extensive surgery
performed based on BSGI findings alone, 11 of which were confirmed malignant lesions. In total,
additional surgery was performed on 29 patients and additional cancer was found in 23 patients.

Figure 1. BSGI Diagnosis of Lesions, N =140 and Effect on Management, N =105
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BSGI findings contributed to change in preoperative management in 46 patients (43%). Based
on these findings, BSGI contributed to change in surgical management in 40 patients (38%). The need
for more extensive surgery resulted in 16 mastectomies, three wider excisions or quadrectomy, four
additional lumpectomies, and six contralateral surgeries. The need for less surgery based on disease
burden resulted in 11 patients electing for neoadjuvant chemotherapy. In women with newly
diagnosed cancer who underwent BSGI as part of their preoperative evaluation, 23 of 105 (22%) were
found to have additional cancer that was not detected by prior imaging or physical exam (see Table 3).

Table 3. Pathology of Additional Lesions Identified by BSGI, N =35

Pathology N (%)
Invasive ductal 14 (40.0)
Invasive lobular 4(11.4)
Ductal carcinoma in situ (DCIS) 2(5.7)
Mixed 1(2.9)
Lobular carcinoma in situ (LCIS) 1(2.9)
Other 1(2.9)
Negative 12 (34.3)

Discussion

While mammography remains the gold standard for breast cancer detection, adjuvant imaging
modalities are emerging to address the limitations of mammography in regards to its sensitivity and
specificity. Dense breast tissue is especially difficult to evaluate with mammography. In women with
dense breasts, studies have shown that ultrasound improves breast cancer detection when used in
conjunction with mammography.”=2 The specificity of ultrasound, however, remains low resulting in
unnecessary interventions and added cost to the system. MRI has been shown to have sensitivity
ranging from 88-99%, 2% although its specificity is highly variable in the literature ranging from 37-
83%.>12

BSGI has been shown to have equal sensitivity to MRI but with improved specificity ranging
from 59-71%.2 BSGI is specifically unaffected by dense breast tissue. Few studies have addressed
the impact of BSGI on the surgical management of patients with newly diagnosed breast cancer.

We specifically addressed the lesion-specific true positive of BSGI in our study which was
91%, comparable to prior studies addressing patient-specific true positives.*® In 11 patients, BSGI
confirmed extensive disease suggested by prior imaging and changed planned management to
neoadjuvant therapy rather than surgery. In 35 patients, additional lesions were identified that were
not seen on prior imaging which changed pre-operative management for all 35 patients. After
additional work-up surgical management was subsequently changed in 29 patients and 23 additional
malignant lesions were identified, representing 22% of our patient population. Other studies using
BSGI have found new cancer in 9-11% of their patients.*® Those studies also found that 18-22% of
patients had a positive BSGI at a site remote from their known cancer, compared to 33% in our study.
Finally, their false positive rates of 7% and 10% were comparable to our rate of 8%.

While examined retrospectively on a relatively small sample of women at one site, the
inclusion of BSGI with women with newly diagnosed breast cancer was beneficial in our pre-operative
management planning. Further study is warranted due to the limitations of generalizability from our
study and to conduct formal cost-benefit analyses.
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