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SPECT-CT in breast cancer
Sonia Sergieva1, Elena Alexandrova2, George Baitchev3, Vesela Parvanova4

Summary
The most important prognostic factors for breast cancer are the size of primary tumor and axillary lymph node status.
Role of scintimammography with the cationic lipophilic 99mTc-Tetrofosmin and 99mTc-Sestamibi in preoperative evaluation and post-treatment follow-up of patients with breast cancer is well known. The added diagnostic value of SPECT-CT
has recently been investigated. Scintigraphy provides a description of function or process whereas CT depicts the precise
localization and type of morphological changes that have occurred in the lesions. Combined SPECT-CT imaging enables
to localize positive primary tumors and/or loco-regional lymph nodes; to evaluate effect of neoadjuvant chemotherapy in
locally advanced and non-operable breast tumors. SPECT-CT studies are useful in post-therapeutic follow-up of patients
to visualize suspicious local recurrence, lymphadenopathy and disease extension. CT part of the study can increase the
specificity of SPECT by more accurate anatomical assessment of the sites of abnormal activity with unclear character
such as radiation pulmonitis, postoperative parenchymal changes, fibrocystic changes etc. According to the results
reported in literature, all the axillary metastatic nodes that were false negative on SPECT image were non-palpable, small
lesion size (<10 mm) with partial metastatic involvement or micrometastases in most cases. Lymphatic mapping of SLNs
is now routinely done in breast cancer patients for correct N-staging. SPECT-CT has been used for clear depiction of the
SLNs to provide the useful information for intraoperative gamma-probe detection in cases that are difficult to interpret
planar images, in cases with unusual drainage or in cases of nonvisualization. SPECT-CT scintimammogarphy is preferable in terms of physical characteristic, execution time and cost-effectiveness, thus suggesting wider application of this
procedure. SPECT-CT is a potential new tool for LN localization and radioguided surgery in the coming years.
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Breast cancer is the commonest malignancy in women with over 600 000
new cases worldwide each year. In the EC the disease represents about
24% of all cancer cases. More than 3000 new cases are discovered every
year in Bulgaria (1).
The most important prognostic factor for breast cancer are the size of
primary tumor and axillary lymph node status (2, 3).
Diagnostic imaging has gained a major role in the management of patients
with breast cancer. Among the various imaging techniques used to assess
primary or recurrent breast cancer, radionuclide imaging modalities such
as planar scintimammography, SPECT and PET can provide an accurate
assessment of the presence and extend of disease as well as unique
information about tumor biological characteristics such as the rate of
proliferation and metabolic activity (4, 5).
Scintimammography is not screening procedure, but it could be useful as
a complementary test when the first–line examinations, including palpation,
mammography, ultrasound and fine-needle aspiration are no diagnostic (6, 7).
Role of scintimammography with the cationic lipophilic 99mTc-Sestamibi/
99mTc-Tetrofosmin and in preoperative evaluation and post-treatment
follow-up of patients with breast cancer is well known (8-12). The uptake
of these two radiotracers is favoured by increased blood flow and capillary permeability and elevated metabolic activity of neoplastic cells. It is
strictly depend on cell membrane and mitochondrial potential and also on
the expression of p-glycoprotein (13). 99mTc-Tetrofosmin predominantly
accumulates in the cytosol and mitochondria, while 99mTc-Sestamibi
accumulates only in the mitochondria in proliferative malignant cells (5).
Obwegeser et al reported data after performing a comparison between
99mTc-Sestamibi and 99mTc-Tetrofosmin to evaluate suspicious breast
lesions. They demonstrated that these two radiotracers had similar diag-

nostic value in both planar and SPECT images (14). Analysing the published
results of a meta-analysis selecting 64 unique studies (15), with data on
5340 patients, including 5354 breast lesions, sensitivity, was 85.2%; specificity - 86.6% respectively; negative predictive value - 81.8%; positive predictive value - 88.2% and accuracy - 85.9%. Other authors reported results
in more than 5660 cases, the sensitivity and specificity of 99mTc-sestamibi
scintimammography in detecting primary breast cancer were 83.8% and
86.4%, respectively (16). SPECT has proved more sensitive than planar
imaging in various clinical settings because of better special resolution in
particular, in the detection rate of smaller lesions (6, 17). This issue is of
the most importance: the ability to visualize small breast cancers is crucial
for the development and acceptance of scintimammography, because other
breast imaging modalities (mammography, MRI) permit an early detection
of small lesions (6, 18). On the other hand, it is well known that planar
scintimammography has a low sensitivity for nonpalpable and less than
1 cm cancers, as indicated by several reports (17, 18). In a multicentric
study on 420 patients, Scopinaro et al. (19) reported a sensitivity of 62%
for nonpalpable tumors and of 46% for ones <1 cm, whereas the values for
palpable and >1 cm cancers were 98% and 96%, respectively.
The use of dedicated high-resolution cameras with a small field-of-view
(20x16 cm or 20x20 cm) might play a role in the future both in the
assessment of multicentricity and in the detection of the unknown primary
breast tumors, the small (<1 cm) nonpalpable lesions with deep location,
because of their excellent spatial resolution (20,21). Scintimammography
performed on dedicated high-resolution cameras is especially indicated
in patients with dense breast or mastopathy or with mammary implants
in which mammography is indeterminate or less effective as well as in
those with low or intermediate mammographic suspicion of malignancy,
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contributing to reduce the number of unnecessary biopsies (21, 22).
Conners A.L et al, 2012 reported data selected from a database of over
3 000 examinations with 99mTc-Sestamibi performed on a dual-head
cadmium-zinc-telluride (CZT) gamma camera mounted on a modified
mammographic gantry. Median sensitivity was 100%, specificity – 88%
and accuracy – 94% for imaging of breast malignancies (23).
Currently a further forward step has made with the introduction of fusion
SPECT-CT techniques into the field. In 2004 the first combined clinical SPECTCT system, the Symbia T2 (Siemens Medical Solutions), was launched
comprising a dual-slice Emotion CT and dual-head Symbia S scintillation
camera. This is the first commercial design that incorporated a fully-clinical
CT system (24). This design, now named the Symbia TruePoint SPECT/CT, is
also available with 6-slice and 16-slice Emotion CT systems (24).
This technology provides hybrid images of two independent modalities,
a functional scintigraphic technique and an anatomical procedure,
yielding a superior imaging study. Scintigraphy is based on the use of
single photon emitting tracers such as 99mTc-Sestamibi or 99mTcTetrofosmin providing a description of function or processes, whereas
computed tomography (CT), depicts the precise localization and type of
morphological changes that have occurred in the lesions (24, 25).
The SPECT studies of the SPECT-CT procedure is performed using the routine
acquisition protocols for the dual-head gamma camera (26). This machine is
equipped with collimators for the specific radioisotope in use such as lowenergy high-resolution collimators for 99mTc, high-energy collimators for 131I etc.
CT images are obtained immediately following the scintigraphic part of the combinative studies. For the low-dose CT devices, the acquisition parameters include
settings at 130 kV, 17-70 mA, 256x256 image matrix, 3-5 mm slice thickness.

For diagnostic CT acquisitions the settings are 130 kV, 80-300 mA, 512x512
image matrix, 1-5 mm slice thickness. Data are reconstructed using filtered backprojection software and filters, provided by the manufacturer (25, 26).
The first clinical application of this new technology indicates that SPECT-CT
can increase the accuracy of SPECT by more accurate anatomic assessment
of the sites of abnormal activity on the same image (27). Scillaci O. et al
have studied 53 patients with mammographically suspicious lesions proved
histologically and have observed that SPECT/CT scintimammography using a
hybrid device is able to detect breast cancer, showing a sensitivity higher than
that of planar images, especially for small cancers (28). The overall sensitivity
of planar imaging was 73% (42.9% for lesions <10mm, 91.3% for those
>10mm), while the sensitivity of SPECT-CT was 89.2% (71.4% for lesions
<10mm, 100% for those >10mm) with equal specificity (93.8%).
We have performed SPECT-CT scintimammography in 73 women (age
34-80 years) with histologically proven breast cancer at our department
for the period 2009-2011. Fourteen out of them were studied before
operation; 59 patients were investigated after therapy due to some
clinical and laboratory indices suspicious for the recurrent disease.
99mTc-Tetrofosmin 740-925 MBq per dose was administered i.v. All
women underwent early SPECT-CT scintimammography 10-15 min after
tracer application; in some pts late scanning 120 min was carried out.
Double-head SPECT-CT camera Symbia T2, Siemens with low-dose CT
scanning was used. SPECT-CT data were compared to the clinical status,
radiological results and histological findings. Our results were as follow:
A. Pre-treatment SPECT-CT images was true positive in all 14 pts with
primary cancer. In 1 case the breast tumor of the first and adenosis
of the second breast were scanned (Figure 1).

A)                         B)                     C)

D)

E)

Figure 1. Pt (F,40yo) with carcinoma of the left breast. SPECT-CT images showed intensive focal tracer uptake in the left breast and left axillary lymphadenopathy (A). Early SPECT-CT imaging: intensive tracer uptake was
also seen in the right breast (B) . Late SPECT-CT imaging showed tracer uptake only in the left breast (C). After surgery carcinoma of the left breast (D) and adaenosis of the right breast (E) were proven by histology (H+E)

SPECT-CT showed precise N-staging and M-staging in patients with
disease extension: for precise topography of secondary lesions: axillary
lymph node metastases and/or osteolytic bone lesions were visualized in
9/14 pts (Figure 2).
B. Post-treatment SPECT-CT was negative in 12/59 cases. Local
relapse was diagnosed in 9/59 pts; metastatic lesions – in 12/59 pts;
tumor persistence – in 1/59 case (Figure 3, Figure 4).

Figure 2. Locally advanced cancer of the left breast (A) with multiple bone lesions
(B) and axillary lymphadenopathy (C)
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Figure 3. Carcinoma of the left breast after radical mastectomy and radiation
therapy with elevated level of CA 15-3. Fusion SPECT-CT images 2 enlarged
metastatic lymph nodes in the contralataral axilla with intensive tracer
accumulation– progression of the disease

Also SPECT images were positive in 9/59 pts with benign fibrocystic
changes and mastopathy; in 2 pts with postoperative parenchymal
changes; in 3 pts with postradiation pulmonitis.
SPECT images were negative in 2 pts with fibroadenomas; in 3 – with lymphocele, in 4 pts with CT lymphadenopathy due to iatrogenic interventions.
We can summarize that the main indications for SPECT-CT scintimammography with 99mTc-Tetrofosmin are as follows:
1. Diagnosis of malignant diseases
• Limited role only in selected cases: to depict non-palpable lesion
for correct biopsy; in small lesion <10 mm with negative planar
image.
2. Staging of malignant diseases:
• Pre-treatment correct N-staging and M-staging of locally
advanced carcinomas
3. Follow-up of patients after the final treatment:
• For early determination of recurrence in cases with abnormal
clinical and laboratory indices
• For precise topography of metastatic foci in patients with disease
extension
• For differential diagnosis of proliferative tumoral tissue from fibrosis and inflammation
• For differential diagnosis of malignant from benign lesions and
physiological uptake
C. Planning in radiotherapy to target precise tumor volume delineation
(Figure 4).
The breast cancer gives metastases in over 90% of cases mainly in lymphatic way. The sentinel lymphadenectomy has been shown as an attractive
technique in multiple studies, carried out as a part of on-going effort to find a
less invasive and still adequate method for axillary staging (No or N1) in the
cases with early breast cancer. The first node draining the lymphatic flow from
primary tumor site is defined as “Sentinel Lymph Node - SLN”. The method
of selective biopsy of SLN is based on the hypothesis that at the absence of
metastatic lesions, other lymph nodes are not involved. But if the metastatic
growth is found in it, then a radical axillary dissection is mandatory due to a
possibility of infiltrating of the neighboring lymph nodes (29, 30).

Figure 4. Carcinoma of the right breast after 6 courses FEC and quadrantectomy
and right axillary lymph node dissection, pT4N3cM0 (skin infiltration). SPECTCT images showed residual tumoral tissue, clinical CT data for supraclavicular
enlarged lymph nodes (A,B). EBRT planning with overdose of 66Gy (C)

Lymphatic mapping and radioguided SLN Biopsy are accepted standardof-care in management of breast cancer predominantly in the early
stages of the disease as it is significantly contributes to the assessment
of metastatic involvement of regional lymph nodes and identify lymphatic
drainage to atypical locations (31, 32).
Introduction of SPECT-CT technique results in clear depiction of SLNs
providing a useful topographic map for surgeons. In the region of the
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chest fusion images correlate the site of 99mTc-colloid uptake in the SLNs
to important anatomical landmarks thus better guiding the surgeon to
perform SLNB. There are three levels of axillary lymph nodes depending
on their location relative to the pectoralis minor muscle (34).
SPECT-CT accurately characterizes the number, size, depth and regional
location of SLNs in breast cancer patients (35).
This new technique is very important to image no visible on the planar
scanning SLNs. SLNs are visible on conventional lymphoscintigraphy in
72-94% of the patients and these numbers improved to 89-100% by adding SPECT-CT because of its better contrast and resolution (36).
According to the data of Renato A.Valdes Olmos et al (37) depending
on the injection technique (peri-tumoral or peri-areolar) SPECT-CT can
determinate:
• the exact intercostal space where internal mammary SN is located
• SLN location in the subclavicular or supraclavicular fossa
• SLN between the pectoralis muscles – interpectoralis LNs
• SLN within the breast parenchyma – intramammary LNs
• SLN close to the injection site non-visible on the planar lymphoscintigraphy
• Two SLNs from one to another when depicted as one on planar
image

A)

B)

Furthermore, SPECT-CT improved SLN detection in obese patients with
breast cancer (35).
We have presented some SPECT-CT cases studied in our department of
nuclear medicine for imaging of SLNs (Figure 5, Figure 6).

Figure 6. Pt with carcinoma of the left breast. Planar image showed 1 parasternal
SLN (A). SPECT-CT images showed correct intercostal location of this internal
SLN (B)

In conclusion combined SPECT-CT studies have grown in the past years
due to the almost simultaneous acquisition of transmission and emission
information, thus obtaining optimal fusion in a very short time.
SPECT-CT study represents an easy-to-perform technique to improve
sensitivity of scintimammography and lymphoscintigraphy because of
their excellent spatial resolution.
SPECT-CT scintimammography is preferable in terms of physical characteristic, execution time and cost-effectiveness, thus suggesting wider
application of this procedure.
SPECT-CT is a potential new tool for LN localization and radioguided
surgery in the coming years especially in patients with extra-axillary SLN
location and non-visualization.
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Figure 5. Pt with carcinoma of the left breast. Planar lymphoscintigrapgy showed 1
axillary SLN (A). SPECT-CT images showed 1 additional SLN on the II axillary level (B)
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