
1

THE ROLE OF SESTAMIBI SCINTIMAMMOGRAM
IN BREAST CANCER DIAGNOSIS

Chan Hee Park, M.D. FACR. FACNP

Ajou University Hospital, Suwon, Korea

Over the past decade scintimammogram (SM) had been sporadically used without much

success for the detection of breast cancer using various radionuclides (Table 1). Again the

role of SM as a diagnostic test was in question until 1994 when Khalkhali et al described

successful breast cancer imaging 99mTc-sestamibi prone lateral SM. Since then several

authors have studied the clinical usefulness of 99mTc-sestamibi SM in the evaluation of

breast cancer. It has recently became a clinically useful method for breast cancer diagnosis.
99mTc-sestamibi or MIBI (methoxyisobutylisonitrile) which is lipophilic 99mTc

organometallic complex was developed as a myocardial perfusion agent. Sestamibi uptake

in various tumors including breast cancer has been reported since 1987. The exact

mechanism of cellular uptake of sestamibi in cancer cells is unknown. Recent data suggest

that 90% of the tracer activity is concentrated in the mitochondria. Instruments and

imaging methodology of sestamibi SM are listed on table 2 and 3. The most commonly

used technique of MIBI SM is the prone lateral SM described first by Khalkhali et al.

Pinhole SM provided better resolution than prone lateral SM (Fig. 1). However it is

technically demanding and impractical for routine clinical use. SM utilizing small solid-

state cameras will be very useful for positioning and capable of detecting small lesions.

They appear to be very promising but their utility is in research stage. Unlike

mammography MIBI SM is not a screening test. Indications of SM are listed on table 4.

Imaging starts 10 min postinjection of 20-25 mCi MIBI using high resolution collimators

and 10% photopeaks. Both prone lateral views are taken for 10 min utilizing special breast

imaging table or styloform cut-out. Then supine anterior view is obtained for 10 min with

arms up to visualize axilla adequately (Fig. 2). Image interpretation is on the basis of visual

analysis. Any focal increased uptake in the breast and axilla is considered abnormal (Table

5). An intense uptake is likely to be cancer than mild uptake which is at times associated

with adenoma, fibrocystic disease and hyperplastic lymph nodes (Fig. 2, 3). Sensitivities

and specificities of MIBI SM from multicenter clinical trials in the United States, Canada,

and Europe are shown on table 6 and 7. Axillary lymph node involvement is an important

prognostic factor in patients with breast cancer and an excellent result of SM was reported

from Canada (Table 8). In spite of these reasonable sensitivity and specificity of MIBI SM
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in the evaluation of breast cancer, the modality is not used often in Korea. The reason for

this, I believe, is due to the cost of the procedure in comparison to other available methods

listed on table 9. In conclusion, sestamibi SM is a complementary diagnostic tool to

mammography. In some situations such as dense breast, postinflammatory breast (Fig. 4)

and postmammoplasty breast (Fig. 2), MIBI SM is an excellent diagnostic method in ruling

out or ruling in breast cancer.

Table 1. Radiopharmaceuticals for breast imaging
Tc-99m pertechnetate, sulfur colloid, dextran,

MDP, sestamibi, tetrofosmin, Q-12, Mab
Ga-67 citrate
Tl-201 chloride
In-111 octreotide, Mab
I-123 Mab
I-131 E-17 α iodo-vinylestradiol
F-18 FDG, norprogesterone, moxestrol
C-11 methione

Table 2. Imaging devices
1. Conventional γ camera
2. Small solid state detector
3. SPECT

Table 3. Imaging methods
1. Prone lateral SM
2. Pinhole SM
3. S-M using small detector
4. SPECT

Table 4. Indications of MIBI-SM
1. Patients with indeterminate mammograms
2. Patients with a high risk and dense breasts
3. Post lumpectomy & radiation therapy
4. Post silicon implantation
5. Effectiveness of chemotherapy
6. Detection of axillary LN metastasis
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Table 5. Interpretation (Visual analysis)
Mild : probably abnormal
Moderate : abnormal
Marked: abnormal

Breast –
Focal uptake

Single or Multiple
Axilla – Focal uptake

Table 6. US Multicenter Trial†

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Palpable 95 74 77 94
Non-palpable 72 86 70 87
Overall 85 81 74 90
Mammo. (97) (31) (61)

¢ Ó673 patients – 286 (palpable), 387 (non-palpable)

Table 7. European Multicenter Trial ( 246 patients )
All scans High image quality

Sensitivity Specificity Sensitivity Specificity
Palpable 86% 70% 92% 70%
Non-palpable 63% 81% 50% 96%
Overall 80% 73% 87% 78%

Table 8. Axillary node involvement ( JNM 36(10), 1995 )
Sensitivity 84.2 % (16/19)
Specificity 90.4 % (20/22)
PPV 88.9 % (16/18)
NPV 86.9 % (20/23)

Table 9. Cost analysis ( At Ajou University Hospital )
Mammogram 12,000 ($12)
Ultrasonography 80,000 ($67)
MRI 442,600 (380,000 + 62,600) ($369)
SM 109,000 ($91)
SPECT 186,000 (SM + 77,000) ($155)
CoDe PET 290,000 ($242)
FNAB 13,770 ($11)
Biopsy 13,770 (27,540/41,310) ($34)
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Fig. 1. Breast cancer with central necrosis is seen better with pinhole (top) than

conventional prone lateral (bottom).

Fig. 2. Normal scintimammogram

Hyperplastic axillary nodes due to silicon injection
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Fig. 3. 43-year-old female with breast cancer (IDC) in RUO and positive axillary node

Fig. 4. 69-year-old female with distorted right breast due to previous mastitis. Sestamibi

SPECT (top) and γ camera PET using FDG (bottom) of right breast ca (IDC) and negative

node.
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  Positron Emission Tomography (PET) is a new imaging modality to make metabolic

images of human body. PET using F-18 fluorodeoxyglucose (FDG), a glucose analogue,

has been used in the evaluation of cancer patients. The clinical applications of FDG PET

are in detecting and differentiating primary lesions, staging and evaluation the extent of

disease, monitoring the success or failure of therapy, and differentiating recurrent disease

from treatment effects.

  Several studies have indicated that FDG PET is both sensitive and specific in detecting

primary breast cancers and for differentiating breast cancers from benign lesions: reported

sensitivities have ranged from 66% to 96% and specificities from 83% to 100%. In our

study, the diagnostic accuracy of PET was excellent for the primary tumor (97%)

compared to those of the physical examination (78%) and x-ray mammography (67%).

Slowly growing or well differentiated tumors, such as tubular carcinoma and ductal

carcinoma in situ, often have less FDG uptake than does the usual invasive ductal

carcinoma.

  One of the most important roles for FDG PET is the accurate staging of regional lymph

node metastasis. Reported sensitivities have ranged from 57% to 100% and specificities

from 75% to 100%. In our study, PET had outstanding detection accuracy (96%) compared

to those of the physical examination (74%) and x-ray mammography (60%) for the axillary

lymph node matastasis. The sensitivity is dependent on the size of the lesion. The

senstivity and specificity were high in patients with tumors more than 2 cm. In addition,

the whole-body PET could find unexpected internal mammary nodal lesions and/or distant

metastatic lesions in one examination.

  Another potential role is the prediction of tumor behavior and, in particular, prediction

of the response of tumor to chemotherapy or hormone therapy. After therapy, the amount

of tumor FDG uptake reflects the number of viable tumor cells present and possibly also

the glucose metabolic rate of the individual tumor cells. The initial reports are encouraging



and suggest that PET could be used to guide the changes in treatment regimen early during

a course of therapy, based on tumor response at the biochemical level.

  FDG PET is also useful in detecting recurrent breast cancer after therapy. We evaluated

the accuracy of PET after operation. Among postoperative 31 patients with breast cancer, 4

showed increased uptake of FDG and 27 showed normal finding. All 4 patients who

showed increased glucose metabolism were confirmed to have recurrent cancer. Other 27

PET-negative patients were considered disease free clinically. We also evaluated efficacy

of FDG PET in the detection of cancer in patients with augmented breast. We performed

FDG PET in 17 patients, and 10 patients showed diffuse or focal increased uptake of FDG

in the breasts. Among 9 breasts performed operation, cancer developed in 2 breasts which

showed increased uptake. Benign inflammation was found in 7 breasts, and increased

uptake of FDG was found in 3 breasts. One of the unique feature of PET is to evaluate the

function of hormone receptor in breast cancer. 16¥ á-[18F]fluoro-17¥ â-estradiol (FES) is a

radiolabeled estrogen analogue to image estrogen receptor. FES PET reflects in vivo

functional status of estrogen receptor in cancers, and provides the informations for

responsiveness of hormone therapy and prognosis.

  We conclude that FDG PET is a highly sensitive, accurate diagnostic modality for breast

cancer, and has potential to provide unique information leading to better characterization

and more effective treatment of breast cancer.
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INTRODUCTION

   Conventional film-screen mammography system has physical limitations that decrease
effectiveness of the system. Digital mammography system (DM) may overcome these
limitations. Detecters with wide dynamic range and postprocessing of images optimize
acquisition, display, and storage of images in DM. Highly sensitive imaging plates
decrease radiation dose to patients. Other advantages of DM include less space needed for
film storage than conventional system and applications in teleradiology and computer-
assisted radiology. However, limiting resolution of currently available DM is 100 micron
(5 line pairs/mm) and much lower than conventional system (20 lp/mm). Resolution of
display monitor for DM is also limited. Advantages in image postprocessing and limited
resolution can affect detection and analysis of breast lesions with DM.

PRINCIPLES OF DIGITAL MAMMOGRAPHY
  
1) Detecters
   Detecters can be classified into area type and scanned beam type. Area detecters are in
use in commercially available systems (1).
Photosimulable phosphor system:
   X-ray generates an electron in the phosphor. The electron is captured in the phosphor
crystal trap. Microfocused laser stimulates the electron that emits photons (photostimulable
luminescence). The luminescence is converted into electric signals through a
photomultiplier tube. There may be decrease in signal-to-noise ratio at this step.
Amorphous silicone system:
Photosensitive diodes are arranged on the amorphous silicone plate. These diodes are
covered with X-ray-absorbing phosphors. Electrons generated by X-ray stimulation of
phosphors are stored in the condensers and are read.
Amorphous selenium system:
Selenium is a photoconducter which is more advantageous than the phosphor. High-
resolution images can be acquired by using electrostatic phenomenon.

2) Display monitors and hard copy
   High-resolution such as 4,000 x 4,000 pixels is ideal for displaying microcalcifications,
although it is not commercially available. Practically, magnification window on a 2,000 x
2,000 pixel-monitor is useful for 4,000 x 4000 pixel display of a localized area.
   Resolution of currently available film printers (Eastman Kodak, DuPont, AGFA,
Lasertechnics, Polaroid, Fuji, etc) is about 10-12 pixels/mm. Although this is not



completely adequate for full-size breast films, decrease in focal spot and pixel size of the
laser printer will improve image quality.
   
3) Postprocessing Techniques
Signal processing improves quality of an image in general.
Window/level adjustment provides adequate strength and contrast of an image.
Unsharp masking enables us to see fine structures such as microcalcifications more
easily.
Noise suppression distinguishes low contrast lesion from the background breast tissue.
Intensity equalization visualizes skin and subcutaneous structures clearly.

Postprocessing in the Fuji CR System
   Exposure data recognizer pre-reads an imaging plate and corrects undesirable effects
according to the amount of radiation exposed.
   For gradation processing, various kinds of gradation curves are available and selected for
specific kind of examinations.
   Seven parameters are used for processing images. The parameters are GT (shape of look-
up table), GA (amount of gradation), GC (contrast enhancement for the different region),
GS (overall density of the image), RN (size of the structure to be enhanced), RT (weaker
enhancement to a brighter part), and RE (enhancement factor). For an example,
microcalcifications are better visualized with RN (frequency rank) = 9, masses are more
clearly visible with RN = 0.
   Other postprocessing techniques include frequency processing, dynamic range control,
subtration, and tomographic artifact elimination.

CLINICAL EXPERIENCE

1) Subjects and Methods
   CRM was performed for all needle localization procedures (n = 160) and galactography
(n = 134). We also performed CR mammography (CRM) in a small portion of patients
undergoing rountine breast examinations for a prospective study. In selected cases with
dense breast or microcalifications CRM (two views) was performed after obtaining
patient’s consent.
   The research cases (n = 86) included 23 mass lesions, 49 lesions with clustered
microcalcifications, and 12 lesions with both mass and microcalcifications. Age of patients
ranged 25 to 74 years (mean = 44 years). The overall density of the breast was moderate to
markedly dense in 60 patients. Size of the masses ranged 0.5-10 cm (mean = 1.8 cm). All
clustered microcalcifications were smaller than 1 mm and most of them were smaller than
0.5 mm in diameter.
   CRM was performed with 18 cm x 24 cm high-resolution imaing plates (HR-V) using
Fuji CR (FCR 9000, Fuji Photofilm Co., Tokyo, Japan). CR images were printed into 10 x
14 inch hard copies (Laser Printer = FL-IM 2636, Fuji Photifilm Co.). CR images were
also transmitted to the PACS system. The imaged were also analysed on the PACS
moniters (2,000 x 2,000 pixels). The two views of CR mammograms (hard copies) were



compared with conventional mammography in all cases by two experienced radiologists in
consensus.
   CR images and conventional images were interpreted as benign, indeterminate,
malignancy by two radiologists blinded to pathologic findings.
Pathology of all cases were obtained subsequently either by surgery or stereotaxic core
biopsy using 14-guage needles and a prone-table system (Lorad, Danbury, Conn).

2) Results
   All CR galactographic images were excellent in quality. Needle localization using CR
system was convenient and very fast except 5 cases with very faint microcalcifications.
   Margin of the mass was more clearly visible on CR images than on conventional images
in 5 patients (21.7%) (Fig 8-13) among which the breast composition was extremely dense
in 3. In other patients with masses, CR images were equal to conventional images in
margin detection.
   Visibility of microcalcifications on CR images were superior in 3 (4.9%), equal in 51
(83.6%), and inferior to that on conventional images in 7 (11.5%), while the
microcalcifications were barely visible on conventional images in 11 patients. Number of
visible microcalcifications on CR images was significantly smaller (5 or more
microcalcifications not visible) than on conventional images in 6 patients (11.1%), equal in
47 (87.0%), and larger in 1 (1.8%).
   Pathology of the lesions revealed malignancy in 24 cases (6 with microcalcifications, 8
with masses, 10 with masses and microcalcifications). Prediction of benignancy or
malignancy on CR images correlated well with conventional images in all patients.

DISCUSSION

   Several invsetigators agreed that there is no siginificant difference in detection of mass
and microcalcification between digitized images and original analogue images (2, 3).
Oestmann et al. (4) reported reduced number of microcalcifications found on digitized
images than on conventional system although there was no difference in the rate of
detection of microcalcifications between the two. On the contrary, Chan et al. (5) found
decreased rate of detection of microcalcifications on hard copies of 0.1 mm/pixel digital
images than on conventional mammograms.
   These investigations have limitations in number of subjects and observers and
inexperience of observers in using monitors. Other limitations included single view for
evaluation and imbalance in number of various abnormalities in those studies.
   Direct acquisition of digital images from the patients provides superior quality of images
to digitized images of conventional films.
We found most microcalcifications on digital hard copies and PACS moniters. Very faint
benign microcalcifications are hardly visible on digital iamges. Masses are more distinctly
visisble on digital images than on conventional images especially in dense breasts.



SUMMARY AND CONCLUSION

   Detection and diagnosis of masses in dense breast is more beneficial with CRM. CRM
depict most benign and malignant microcalcifications except very faint calcifications.
Galactography and needle localization procedures are quick and convenient using CRM.
   In conclusion, CR mammography is useful in screening and diagnosis of breast
masses in dense breasts. Most patients with microcalcifications are eligible for CRM.
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