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Abstract

Purpose This review aims to discuss the methodological
aspects of dedicated molecular breast imaging (MBI) using
99mTc_sestamibi as radiotracer to guide biopsy of occult or
unclear breast lesions on mammography (MG) and ultra-
sound (US) that are suspicious on MBI (BI-RADS criteria
4 and 95), including its advantages, limitations and future
clinical applications.

Methods Literature search was performed using the
PubMed/MEDLINE database and “*™Tc-sestamibi”,
“biopsy” and “breast cancer” as keywords. The search was
restricted to English language.

Results There are few studies on **™Tc-sestamibi guided
biopsy methods; to our knowledge, no full studies have yet
been reported on clinical validation of this new biopsy
procedure. This review describes technical aspects of
99mTc_sestamibi guided biopsy and discusses the advan-
tages and limitations of this procedure in comparison with
MG, US and MRI-guided biopsy.

Conclusions MBI-guided biopsy appears to be a comple-
mentary modality and is principally indicated in the case of
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occult or unclear breast lesions on MG/US, that are sus-
picious on MBI. The future indication is in targeted biop-
sies in patients with large heterogeneous tumours. Further
studies are needed to define the accuracy of this biopsy
procedure.
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Introduction

Breast cancer (BC) is the most common cancer type in
women with an estimated 246.660 new cases and 40.450
deaths in the United States, in 2016 [1]. Mammography
(MQG) is the imaging modality of reference in screening and
diagnosis of BC [2]. However, MG has an overall sensi-
tivity of 78 %, decreasing to 48-64 % in women with
dense breasts [3]. Ultrasonography (US) is the most com-
mon adjunct imaging modality, improving the sensitivity to
78 % when used together with MG in women with dense
breasts [4]. However, breast US is associated with a higher
callback rate and false-positive biopsy rate [5]. Due to the
limitations of both modalities, magnetic resonance imaging
(MRI) may be used as an adjunct modality. MRI is, for
example, recommended as an adjuvant screening modality
in high-risk women [6], increasing the detection rate to 9.5
per 1000 women-years at risk [7] with a sensitivity of
71-92 % and a specificity of 79-86 % [8, 9]. However,
breast MRI is costly and limited in women with claustro-
phobia, obese patients and patients with renal failure [10].
In addition, in the clinical setting MRI shows a relatively
low specificity and positive predictive value [11] leading to
a high rate of unnecessary biopsies. In the last few years,
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molecular breast imaging (MBI), also called breast-specific
v-imaging (BSGI), has been introduced as an adjunct
modality in BC detection. MBI is a functional tool based
on the use of °™Tc-sestamibi as tumour tracer [12].
Recently, a *“™Tc-sestamibi MBI-guided biopsy system
has been developed, applicable in patients with suspicious
breast lesions on MBI (BI-RADS criteria 4-5), which are
occult or unclear on MG/US [13]. We performed a search
of the literature in PubMed/MEDLINE database using
«99MTe_sestamibi” AND “biopsy” AND “breast cancer”
as keywords. The search was restricted to English lan-
guage. The references of the retrieved articles were
examined to identify additional articles. The aim of this
review is to discuss the methodological aspects of this
novel radioguided-biopsy method, including its advan-
tages, limitations and future clinical applications.

9mT¢-sestamibi MBI technique and interpretation

Increased uptake of **™Tc-sestamibi in breast cancer cells
is based on increased vascularity and cytoplasmic mito-
chondrial density and activity [14, 15]. However, overex-
pression of multidrug resistance membrane proteins (Pgp
and MRP1) and anti-apoptotic Bcl-2 protein of the outer
mitochondrial membrane can limit retention of **™Tc-
sestamibi in tumour cells [16]. In 2002, the first study
described the performance of this functional breast-dedi-
cated modality in patients with breast tumours [17]. Since
then, MBI has been validated in several studies [18]. In
screening studies in women with dense breasts and
increased BC risk, the addition of MBI to MG significantly
increased sensitivity to 91 % with a detection rate of 11-12
per 1000 screened women [19, 20]. A recent meta-analysis,
including 19 studies, showed that MBI has a sensitivity of
95 % and specificity of 80 % in detecting BC. Addition-
ally, the authors reported that MBI detected MG-occult
breast lesions in 4 % and additional lesions in 6 % of
patients with suspicious MG or proven breast lesions [18].
99mTc_sestamibi-MBI refers to functional imaging of the
breast using a breast-dedicated high-resolution, small field
of view (FOV) gamma camera; the images, based on the
detection of increased uptake of **™Tc-sestamibi in the
tumour in comparison to normal tissue, are independent of
breast density. The original MBI system still employs a
single detector with a 20 x 15 cm FOV, containing an
array of sodium iodide (Nal) crystals (3 x 3 mm pixel
size) coupled to position sensitive photomultiplier tubes
(PSPMTs). Most literature reports have been based on the
use of a single-head system (Dilon 6800%, Dilon Tech-
nologies, Newport News, VA). In recent years, dual-head
detection became available following the introduction of
the MBI devices Discovery NM750b (GE Healthcare,
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Milwaukee, WI) and LumaGem 3200 s (Gamma Medica,
Inc., Northridge, CA) which employ two opposite cad-
mium-zinc-telluride (CZT) detectors with small FOV
(24 x 16 resp. 20 x 16 cm) and 2.5 resp. 1.6 mm pixel
size; these devices are aimed to provide better energy
resolution [21]. A summary of the commercially available
MBI devices is shown in Table 1.

In both single-head and dual-head MBI devices, the
patient is seated during the entire study and the breast is
positioned directly on the detector(s) with light compression
to limit patient motion. Patients receive an intravenous
injection of the radiotracer (600-800 MBq *°™Tc-sestamibi
for single-head MBI or 300 MBq for dual-head MBI-sys-
tems) in an antecubital vein contralateral to the breast lesion.
Approximately 5-10 min after the injection of the radio-
tracer, standard planar images are performed for each breast
in the craniocaudal (CC) and mediolateral oblique (MLO)
projections. The acquisition time for each image is 8—10 min
with a total acquisition time of approximately 40 min per
study. If needed, additional images may be acquired
(lateromedial or mediolateral view, anteroposterior view
(axilla) or axillary craniocaudal view). These projections
correspond to the standard projections used in MG (Fig. 1).
For interpretation of the images a viewing system should be
available which enables the adjustment of the image contrast
and simultaneous display of the mammographic and scinti-
graphic images. The scintigraphic images are interpreted
according to a functional BI-RADS classification, based on
the guidelines of the Society of Nuclear Medicine (SNM) as
shown in Table 2 and Fig. 2 [12]. Recently, a lexicon for the
description of MBI images has been developed [22], based
on familiar radiological BI-RADS lexicon terminology, as
well as on the proposed BI-RADS-type lexicon for positron
emission mammography (PEM).

9mT¢-sestamibi MBI-guided biopsy procedure

MBI-guided biopsy procedure is based on both preoperative
imaging and intraoperative excision using *™Tc-sestamibi
as radiotracer for target tissue localization, according to the
radioguided surgery concept [23]. To date, methodological
aspects of PEM-guided biopsy using '®F-fluorodeoxyglu-
cose (FDG) have been described [24], whereas no article has
yet been reported the steps in MBI-guided breast biopsy
using 99mT_sestamibi. For this latter modality, slant-hole
collimator technology (GammaL5c® MBI localization sys-
tem, Dilon Technologies, Newport News, VA) is used to
calculate the lesion depth using a single-head system [13].
Biopsy is performed with the patient in seated position. The
breast is placed between the detector and the paddle (Cor-
reLocator ™, Dilon Technologies, US) with light compres-
sion to reduce patient motion. A fiducial source using
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Table 1 Summary of characteristics of commercially available devices for molecular breast imaging

Additional information

Biopsy-guidance

Pixel size (mm) Light detection

FOV (cm)

Detector

Single/dual-head

Camera

FDA-approved http://www.dilon.com

PSPMTs

3x3

Nal 20 x 15

Single-head

Dilon 6800 (Dilon

Diagnostics)
Dilon 6800 Acella

http://www.dilon.com

FDA-approved

PSPMTs

Csl 25 x 20 32 x 32

Single-head

(Dilon Diagnostics)
GE Discovery NM750b

http://www3.gehealthcare.com

In development

Semiconductor

CZT 24 x 16 25 %25

Single/dual-head

MBI (GE Healthcare)

LumaGEM 3200s

http://www.gammamedica.com

N/A

Semiconductor

CZT 20 x 16 1.6 x 1.6

Dual-head

(Gamma Medica)

FOV field of view, Nal sodium iodine, PSPMTs position sensitive photomultiplier tubes, FDA the food and drug administration, Csl cesium iodine, N/A information not available, CZT cadmium

zinc telluride

Cerium-139 ('*°Ce) is imbedded into the compression pad-
dle as spatial reference point for determining the position of
the lesion. The patient is administered with approximately
600 MBq of **™Tc-sestamibi into an arm vein contralateral
to the breast lesion. Approximately 5 min after the injection,
a scout image is performed using a parallel-hole collimator
for positioning of the lesion. The breast lesion is in the exact
position when it is assumed to be visible in the FOV of both
the left and right stereotactic views. Subsequently, left and
right stereotactic images are performed using a sliding slant-
hole collimator (StereoViewTM, Dilon Technologies, US)
for determining the grid localization (X, Y) and the depth
(Z) of the lesion. Using this slant-hole collimator, 20 degree
angle stereo views are required from both the left and right
side (Fig. 3: Step 1). The location and the depth are clearly
identified at the point where the angles intersect. Subse-
quently, the software (GammaL(')c®, Dilon Technologies,
US) calculates the X, Y, Z coordinates indicating the X and Y
coordinates in the grid and the depth of the trocar needle in
the guidance block (Fig. 3: Step 2). After injection of local
anesthetic, the guidance block is placed in the paddle in the
correct position. After the trocar needle is introduced into the
sheath and the depth marker is set in the right position, the
trocar needle is placed into the breast (Fig. 3: Step 3). Sub-
sequently, a first image (pre-verification) is acquired in the
energy window of **™Tc with the needle in place. After-
wards, the trocar needle is removed and replaced by a
radioactive '**Ce source followed by a second image (post-
verification) using the energy window of '*°Ce. Both pre-
and post-verification images are acquired using both slant-
hole collimators located under the lesion to verify the correct
position of the needle (Fig. 3: Step 4). After this verification
step, the actual biopsy is performed using a vacuum-assisted
device (VAD). The VAD is composed of a large bore needle
with an internal cutting trocar that rotates 360 degree around
the axis of the needle cutting 6 specimens from the target
lesion, which is vacuum aspirated into the sampling cham-
ber. A radiological marker is left behind at the biopsy site to
enable further lesion excision or follow-up. Tissue sample
activity is measured ex vivo using the parallel-hole colli-
mator, followed by histopathological analysis. Finally, MG
is performed to verify the correct marker position (Fig. 3:
Step 5).

9mT¢-sestamibi MBI-guided biopsy in comparison
with MG, US and MRI-guided biopsy

In recent years, percutaneous image-guided breast biopsy
has gained importance as an alternative to surgical biopsy,
mainly using sonographic, stereotactic, or MRI guidance.
US-guided biopsy is the first technique of choice for
sampling breast lesions. The sampling probe is placed

@ Springer


http://www.dilon.com
http://www.dilon.com
http://www3.gehealthcare.com
http://www.gammamedica.com

370 Clin Transl Imaging (2016) 4:367-376

Fig. 1 Mammography and MBI in a 47-year old female with dense RADS V) in right craniocaudal (e), lateral-oblique (g) and additional
breasts. Mammography showed no abnormalities (BI-RADS I) in lateral views (i). Histopathological examination revealed invasive
right (a) and left (b) craniocaudal views and in right (c) and left adenocarcinoma

(d) mediolateral oblique images. MBI showed suspicious uptake (BI-

Table 2 BI-RADS classification and MBI interpretation criteria according to SNM [12]

BI-RADS MBl-interpretation
1-Negative Homogeneous uptake
2-Benign Patchy or diffusely increased uptake, often bilateral and correlating with MG anatomy
3-Probably benign Multiple patchy areas of uptake, mild to moderate intensity
4-Suspicious for malignancy Small focal areas of increased uptake
4a-Low

4b-Intermediate
4c-Moderate

5-Highly suggestive of malignancy Moderate to intense focal uptake with well-delineated contours

BI-RADS breast imaging-reporting and data system, MBI molecular breast imaging
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Fig. 2 Examples of MBI according to BI-RADS classification [12]
displayed together with corresponding mammography. Left cranio-
caudal view (a) showing homogeneous uptake (BI-RADS I); left
craniocaudal view (b) showing diffusely increased uptake (BI-RADS
II); right craniocaudal view (c¢) showing multiple patchy areas of

behind the lesion to be biopsied and the verification of the
correct needle placement is real-time. The main advantages
of US-guided biopsy are its wide availability, lack of
ionizing radiation and low costs [25]. Stereotactic biopsy is
usually performed for sampling micro-calcifications and
distortions not detected on US [26]. The patient is in
upright or prone position and in both situations with
compression of the breast [27, 28]. The prone position
results in higher comfort for the patient, decreased likeli-
hood of patient motion and less vasovagal reactions [29].
MRI-guided biopsy is principally performed when the
breast lesion is occult both on US and MG [30]. The patient
is in prone position with the breast located in a dedicated
biopsy coil with compression in the mediolateral direction.
The procedure time for MRI-guided biopsy is approxi-
mately 30-70 min [31, 32]. MRI-guided biopsy poses
several challenges, such as the necessity to remove the
patient from the magnet to perform the biopsy and the
transient nature of the contrast enhancement. Furthermore,
the access to the medial and posterior breast tissue is

uptake (BI-RADS III) pointed by arrows; right craniocaudal view
(d) showing small focal area of increased uptake (BI-RADS IV,
arrow); right craniocaudal (e) showing intense uptake (BI-RADS V,
arrow)

limited. An important limitation concerns the inability to
verify the successful sampling of the target lesion, since
tissue samples do not enhance ex vivo [33, 34]. As men-
tioned earlier, MBI is increasingly being used as adjunct
modality to MG and US for detecting BC. In contrast to
MG, MBI is a functional imaging technique that is not
influenced by breast density and architectural distortion,
regularly leading to the discovery of MG occult breast
malignancies [18, 35]. For patients with occult or unclear
breast lesions on MG/US but suspicious MBI, the possi-
bility to use MBI-guided biopsy appears to be an excellent
alternative to acquire representative tissue samples for
histopathological analysis. To date, several MBI-guided
biopsy methods have been described in the literature. In
2004, Coover et al. reported on a method to localise the
lesion using a dedicated breast camera with an open biopsy
paddle. The site of the lesion was identified using >’Co
point source on the breast and the camera monitor in the
persistent mode. Subsequently, two localization needles
were placed into the site of the lesion followed by an open
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1a 1b 1c
Step1 @ @

A scout image (1a) is
performed using a parallel-
hole collimator, showing an
elongated lesion (red
arrow) in the field of view.

Then, left (7b) and right
(7c) stereotactic images
are acquired, showing the

lesion (embedded circle) 1d Left view , Rignt view

and the fiducial reference

point (cross). Leslon Leslon

Both stereotactic images \ - , / ,

are obtained using a sliding / ° \ / d \

slant-hole collimator at +20 ( )

and -20 degrees (14) for p |

left and right views. /////////////////.W iz 2

Step 2

The software calculates
the X- and Y-coordinates
(green square in grid and
green circle in guidance
block) together with the
depth (Z) of the target
lesion.

Step 3

The guidance block (3a)
is positioned in the grid
(location D3) and the
trocar needle (3b) is
introduced into the sheath
(3c) with the depth
marker (red arrow) in
correct position (59 mm),
followed by the breast
incision (3d).

Fig. 3 Procedure steps of **™Tc-Sestamibi MBI-guided biopsy using a stereotactic localization system (GammaLoc®)
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4a 4b
Step 4 Leslon
A pre-verification image
using the 2smTc enerqy
window is performed (4a) s e & ®

with both slant-hole
collimators under the

lesion (4b). W % ////////

Then, the trocar needle is
replaced by a radioactive
128 Ce source (4c¢) followed
by a post-verification
image using the 123Ce
energy window.

Both pre- and post-
verification images are
overlaid (4d) to verify the
correct position of the
incision.

Step 5

Biopsy samples are
acquired using the VAD
(5a) and a radiological
marker is left at the biopsy
site (5b).

The tissue radioactivity is
measured ex vivo (5¢)
using a parallel collimator
and a mammography (54d)
is performed to verify the
position of the radiological
marker (yellow arrow).

Fig. 3 continued

biopsy of the area where the two needles intersected. The  cancer; biopsy revealed carcinoma in 3 out of 5 of these
authors reported a suspicious finding in 5 of 37 patients  patients [36]. In 2006, Welch et al. reported on the
(13.7 %) with dense breasts and at high risk of breast  development of a compact dedicated breast camera-guided
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-1h 15min

SCOUT
BIOPSY

FICATION |
i STEREOTACTIC w
IMAGES

PRE-VERIFICATION

Fig. 4 Procedure time of the different steps in °™Tc-sestamibi MBI-
guided biopsy

Table 3 Indications for MBI-guided biopsy in clinical practice

Indication for MBI-guided biopsy

Occult lesions on MG/US but MBI-suspicious® and occult after
second look US

Unclear lesions on MG/US but MBI-suspicious®
Failure of earlier radiological biopsy

Future: targeted biopsy of large heterogeneous tumours in patients
with locally advanced breast cancer

MG mammography, US ultrasound, MBI molecular breast imaging
* BI-RADS criteria 4 and 5

stereotactic breast biopsy system. A fiducial marker con-
taining 0.925 MBq of °’Co was mounted inside the top of
the breast compression paddle as spatial reference point.
An algorithm for determining the spatial location of the

Table 4 Comparison of image-guided biopsy modalities

breast lesion was implemented in the software of the
dedicated breast camera [37]. More recently, Weinmann
et al. developed a conical slant hole (CSH) collimator for
MBI-guided biopsy with dual-head CZT, improving the
accuracy of lesion depth determination [38]. To our
knowledge, no full studies have yet been reported on
clinical validation of MBI-guided biopsy procedures.
Based on our own clinical experience, the stereotactic
biopsy method using the slant-hole collimator localization
system as described here shows good patient acceptability.
The procedure time is approximately 75 min, which is
longer than the MG/US guided methods. The difference is
mainly explained by the prolonged image acquisition
which is necessary to accurately display lesion uptake of
99mTc sestamibi for subsequent stereotactic localization
and biopsy (Fig. 4). However, procedure time is compa-
rable to MRI guided biopsy. Complications are similar to
those in other radiological biopsy methods such as syn-
cope, hematoma formation and marker migration. Table 3
describes the clinical indications for MBI-guided biopsy.
This biopsy method using **™Tc-sestamibi is considered a
complementary modality to MG/US-guided biopsy and an
alternative to MRI-guided biopsy. It is principally indicated
in patients with occult lesions on MG/US but suspicious on
MBI (BI-RADS criteria 4-5) and occult after second-look
US. Other possible indications include: (i) unclear lesions
on MG/US but suspicious on MBI (BI-RADS criteria 4-5);
(i1) failure of other biopsy methods. A potential future
indication concerns optimization of primary tumour tissue
sampling in patients with locally advanced breast cancer
(LABC) by means of ?’™Tc-sestamibi-guided targeted
biopsy. In the literature non-correspondence between the
core biopsy location and the area with highest metabolic
activity in the tumour has been described for stage II/III
breast cancer patients scheduled for neoadjuvant
chemotherapy [39]. Since early and increased concentra-
tion of *™Tc-sestamibi in breast carcinomas is associated

Biopsy method Compression Patient position Advantages

Limitations

Real time verification of needle

Not useful for MC/distortions

position, fast, no ionizing radiation,

Useful for MC/distortions, sample

Ionizing radiation

verification ex vivo possible (MC)

US-guided No Supine
low costs
Stereotactic Yes Upright/prone
MRI-guided Yes Prone
MBI-guided Yes (mild) Upright

Useful for US and MG occult lesions,
no ionizing radiation

Useful for indeterminate/unclear
lesions on MG/US, sample

High costs, long procedure time,
limitation in claustrophobia, obesity and
renal insufficiently, sample verification
ex vivo not possible

Lesions close to the pectoral muscle,
ionizing radiation, long procedure time

verification ex vivo possible

US ultrasound, MRI magnetic resonance imaging, MG mammography, MBI molecular breast imaging, MC microcalcifications
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with high proliferation rate, indicating more aggressive
tumour behaviour [40], the sampling of the most prolifer-
ative parts of the tumour that correspond with highest
uptake of **™Tc-sestamibi in large heterogeneous tumours
could result in more optimal therapy planning in patients
with LABC. The advantages and disadvantages of the
different biopsy methods are summarized in Table 4. The
main advantage of MBI-guided biopsy compared to MRI-
guided biopsy is the possibility to measure radioactivity of
the tissue samples ex vivo, in this way verifying that the
target lesion has been sampled successfully. However,
biopsy may be difficult in lesions close to the pectoral
muscle because they may not be completely visualized due
to the vertical position of the patient in relation to the field
of view of the camera.

In conclusion, MBI-guided biopsy represents an adju-
vant tool to MG/US-guided biopsy and a promising alter-
native to MRI-guided biopsy. The principal application of
this new biopsy method is in patients with occult or unclear
lesions on MG and US that are suspicious on MBI (BI-
RADS criteria 4 and 5). The future indication is in targeted
biopsies in patients with large heterogeneous tumours.
Further studies are needed to define the accuracy of this
biopsy procedure.

Compliance with ethical standard

Conflict of interest All authors (Angela Collarino, Renato A. Valdés
Olmos, Annette F. van der Hoeven and Lenka M. Pereira Arias-
Bouda) declare that they have no conflict of interest.

Ethical approval This article does not contain any studies with
human participants or animals performed by any of the authors.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Siegel RL, Miller KD, Jemal A (2016) (2016) Cancer statistics.
CA Cancer J Clin 66(1):7-30. doi:10.3322/caac.21332

2. Tabar L, Fagerberg CJ, Gad A, Baldetorp L, Holmberg LH,
Grontoft O, Ljungquist U, Lundstrém B, Manson JC, Eklund G
et al (1985) Reduction in mortality from breast cancer after mass
screening with mammography. Randomised trial from the Breast
Cancer Screening Working Group of the Swedish National Board
of Health and Welfare. Lancet 1(8433):829-832

3. Kolb TM, Lichy J, Newhouse JH (2002) Comparison of the per-
formance of screening mammography, physical examination, and
breast US and evaluation of factors that influence them: an analysis
of 27,825 patient evaluations. Radiology 225(1):165-175

4. Berg WA, Blume JD, Cormack JB, Mendelson EB, Lehrer D,
Bohm-Vélez M et al (2008) Combined screening with ultrasound

10.

11.

13.

14.

15.

16.

17.

18.

and mammography vs mammography alone in women at elevated
risk of breast cancer. JAMA 299(18):2151-2163. doi:10.1001/
jama.299.18.2151

. Brem RF, Lenihan MJ, Lieberman J, Torrente J (2015) Screening

breast ultrasound: past, present, and future. AJR Am J Roent-
genol 204(2):234-240. doi:10.2214/AJR.13.12072

. Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman

CD, Morris E, Pisano E, Schnall M, Sener S, Smith RA, Warner
E, Yaffe M, Andrews KS, Russell CA, American Cancer Society
Breast Cancer Advisory Group (2007) American Cancer Society
guidelines for breast screening with MRI as an adjunct to
mammography. CA Cancer J Clin 57(2):75-89

. Kriege M, Brekelmans CT, Boetes C, Besnard PE, Zonderland

HM, Obdeijn IM, Manoliu RA, Kok T, Peterse H, Tilanus-Lin-
thorst MM, Muller SH, Meijer S, Oosterwijk JC, Beex LV,
Tollenaar RA, de Koning HJ, Rutgers EJ, Klijn JG, Magnetic
Resonance Imaging Screening Study Group (2004) Efficacy of
MRI and mammography for breast-cancer screening in women
with a familial or genetic predisposition. N Engl J Med
351(5):427-437

. Weinstein SP, Localio AR, Conant EF, Rosen M, Thomas KM,

Schnall MD (2009) Multimodality screening of high-risk women:
a prospective cohort study. J Clin Oncol 27(36):6124-6128.
doi:10.1200/JC0O.2009.24.4277

. Raikhlin A, Curpen B, Warner E, Betel C, Wright B, Jong R

(2015) Breast MRI as an adjunct tomammography for breast
cancer screening in high-risk patients: retrospective review. Am J
Roentgenol 204(4):889-897. doi:10.2214/AJR.13.12264

Berg WA, Blume JD, Adams AM, Jong RA, Barr RG, Lehrer DE,
Pisano ED, Evans WP 3rd, Mahoney MC, Hovanessian Larsen L,
Gabrielli GJ, Mendelson EB (2010) Reasons women at elevated
risk of breast cancer refuse breast MR imaging screening: ACRIN
6666. Radiology 254(1):79-87. doi:10.1148/radiol.2541090953
Johnson N, Sorenson L, Bennetts L, Winter K, Bryn S, Johnson
W, Glissmeyer M, Garreau J, Blanchard D (2014) Breast-specific
gamma imaging is a cost effective and efficacious imaging
modality when compared with MRI. Am J Surg 207(5):698-701.
doi:10.1016/j.amjsurg.2013.12.015

. Goldsmith SJ, Parsons W, Guiberteau MJ, Stern LH, Lanzkowsky

L, Weigert J, Heston TF, Jones E, Buscombe J, Stabin MG,
Society of Nuclear Medicine (2010) SNM practice guideline for
breast scintigraphy with breast-specific gamma-cameras 1.0.
J Nucl Med Technol 38(4):219-224. doi:10.2967/jnmt.110.
082271

Moadel RM (2011) Breast cancer imaging devices. Semin Nucl
Med 41(3):229-241. doi:10.1053/j.semnuclmed.2010.12.005
Delmon-Moingeon LI, Piwnica-Worms D, Van den Abbeele AD,
Holman BL, Davison A, Jones AG (1990) Uptake of the cation
hexakis(2-methoxyisobutylisonitrile) technetium-99m by human
carcinoma cell lines in vitro. Cancer Res 50(7):2198-2202
Mankoff DA, Dunnwald LK, Gralow JR, Ellis GK, Schubert EK,
Charlop AW, Tseng J, Rinn KJ, Livingston RB (2002) [Tc-99m]-
sestamibi uptake and washout in locally advanced breast cancer
are correlated with tumor blood flow. Nucl Med Biol
29(7):719-727

Moretti JL, Hauet N, Caglar M, Rebillard O, Burak Z (2005) To
use MIBI or not to use MIBI? That is the question when assessing
tumour cells. Eur J Nucl Med Mol Imaging 32(7):836-842
Brem RF, Schoonjans JM, Kieper DA, Majewski S, Goodman S,
Civelek C (2002) High-resolution scintimammography: a pilot
study. J Nucl Med 43(7):909-915

Sun Y, Wei W, Yang HW, Liu JL (2013) Clinical usefulness of
breast-specific gamma imaging as an adjunct modality to mam-
mography for diagnosis of breast cancer: a systemic review and
meta-analysis. Eur J Nucl Med Mol Imaging 40(3):450-463.
doi:10.1007/s00259-012-2279-5

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.3322/caac.21332
http://dx.doi.org/10.1001/jama.299.18.2151
http://dx.doi.org/10.1001/jama.299.18.2151
http://dx.doi.org/10.2214/AJR.13.12072
http://dx.doi.org/10.1200/JCO.2009.24.4277
http://dx.doi.org/10.2214/AJR.13.12264
http://dx.doi.org/10.1148/radiol.2541090953
http://dx.doi.org/10.1016/j.amjsurg.2013.12.015
http://dx.doi.org/10.2967/jnmt.110.082271
http://dx.doi.org/10.2967/jnmt.110.082271
http://dx.doi.org/10.1053/j.semnuclmed.2010.12.005
http://dx.doi.org/10.1007/s00259-012-2279-5

376

Clin Transl Imaging (2016) 4:367-376

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Rhodes DJ, Hruska CB, Phillips SW, Whaley DH, O’Connor MK
(2011) Dedicated dual-head gamma imaging for breast cancer
screening in women with mammographically dense breasts.
Radiology 258(1):106-118. doi:10.1148/radiol.10100625
Rhodes DJ, Hruska CB, Conners AL, Tortorelli CL, Maxwell
RW, Jones KN, Toledano AY, O’Connor MK (2015) Journal
club: molecular breast imaging at reduced radiation dose for
supplemental screening in mammographically dense breasts. Am
J Roentgenol 204(2):241-251. doi:10.2214/AJR.14.13357
Hruska CB, O’Connor MK (2013) Nuclear imaging of the breast:
translating achievements in instrumentation into clinical use. Med
Phys 40(5):050901. doi:10.1118/1.4802733

Conners AL, Hruska CB, Tortorelli CL, Maxwell RW, Rhodes
DJ, Boughey JC, Berg WA (2012) Lexicon for standardized
interpretation of gamma camera molecular breast imaging:
observer agreement and diagnostic accuracy. Eur J Nucl Med
Mol Imaging 39(6):971-982. doi:10.1007/s00259-011-2054-z
Zaknun JJ, Giammarile F, Olmos RA, Vidal-Sicart S, Mariani G
(2012) Changing paradigms in radioguided surgery and intraop-
erative imaging: the GOSTT concept. Eur J Nucl Med Mol
Imaging 39(1):1-3. doi:10.1007/s00259-011-1951-5

Kalinyak JE, Schilling K, Berg WA, Narayanan D, Mayberry JP,
Rai R, Dupree EB, Shusterman DK, Gittleman MA, Luo W,
Matthews CG (2011) PET-guided breast biopsy. Breast J
17(2):143-151. doi:10.1111/j.1524-4741.2010.01044.x
Liberman L, Feng TL, Dershaw DD, Morris EA, Abramson AF
(1998) US-guided core breast biopsy: use and cost-effectiveness.
Radiology 208(3):717-723

Liberman L (2002) Percutaneous image-guided core breast
biopsy. Radiol Clin North Am 40(3):483-500 (vi)
Georgian-Smith D, D’Orsi C, Morris E, Clark CF Jr, Liberty E,
Lehman CD (2002) Stereotactic biopsy of the breast using an
upright unit, a vacuum-suction needle, and a lateral arm-support
system. AJR Am J Roentgenol 178(4):1017-1024

Jackman RJ, Marzoni FA Jr (2003) Stereotactic histologic biopsy
with patients prone: technical feasibility in 98% of mammo-
graphically detected lesions. AJR Am J Roentgenol
180(3):785-794

Wunderbaldinger P, Wolf G, Turetschek K, Helbich TH (2002)
Comparison of sitting versus prone position for stereotactic large-
core breast biopsy in surgically proven lesions. AJR Am J
Roentgenol 178(5):1221-1225

Perlet C, Heinig A, Prat X, Casselman J, Baath L, Sittek H, Stets
C, Lamarque J, Anderson I, Schneider P, Taourel P, Reiser M,

@ Springer

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Heywang-Kobrunner SH (2002) Multicenter study for the eval-
uation of a dedicated biopsy device for MR-guided vacuum
biopsy of the breast. Eur Radiol 12(6):1463-1470

Morris EA, Liberman L, Dershaw DD, Kaplan JB, LaTrenta LR,
Abramson AF, Ballon DJ (2002) Preoperative MR imaging-gui-
ded needle localization of breast lesions. AJR Am J Roentgenol
178(5):1211-1220

Daniel BL, Birdwell RL, Ikeda DM, Jeffrey SS, Black JW, Block
WEF, Sawyer-Glover AM, Glover GH, Herfkens RJ (1998) Breast
lesion localization: a freehand, interactive MR imaging-guided
technique. Radiology 207(2):455-463

Schnall MD, Orel SG, Connick TJ (1994) MR guided biopsy of
the breast. Magn Reson Imaging Clin N Am 2(4):585-589
Liberman L, Centennial dissertation (2000) Percutaneous imag-
ing-guided core breast biopsy: state of the art at the millennium.
AJR Am J Roentgenol 174(5):1191-1199

Brem RF, Ruda RC, Yang JL, Coffey CM, Rapelyea JA (2016)
Breast specific gamma imaging for the detection of mammo-
graphically occult breast cancer in women at increased risk.
J Nucl Med 57(5):678-684. doi:10.2967/jnumed.115.168385
Coover LR, Caravaglia G, Kuhn P (2004) Scintimammography
with dedicated breast camera detects and localizes occult carci-
noma. J Nucl Med 45(4):553-558

Welch BL, Brem R, Black R, Majewski S (2006) Quality
assurance procedure for a gamma guided stereotactic breast
biopsy system. Phys Med 21(1):102-105

Weinman AL, Hruska CB, Conners AL, O’Connor MK (2013)
Collimator design for a dedicated molecular breast imaging-
guided biopsy system: proof-of-concept. Med Phys 40(1):012503.
doi:10.1118/1.4770274

Koolen BB, Elshof LE, Loo CE, Wesseling J, Vrancken Peeters
MIJ, Vogel WV, Rutgers EJ, Valdés Olmos RA (2013) Does the
pretreatment tumor sampling location correspond with metabolic
activity on 18F-FDG PET/CT in breast cancer patients scheduled
for neoadjuvant chemotherapy? Eur J Radiol 82(12):2353-2358.
doi:10.1016/j.ejrad.2013.08.011

Del Vecchio S, Zannetti A, Fonti R et al (2008) **™Tc-MIBI in
the evaluation of breast cancer biology. In: Bomdardieri E,
Bonadonna G, Gianni L (eds) Breast cancer nuclear medicine in
diagnosis and therapeutic options. Springer, Berlin, pp 71-81


http://dx.doi.org/10.1148/radiol.10100625
http://dx.doi.org/10.2214/AJR.14.13357
http://dx.doi.org/10.1118/1.4802733
http://dx.doi.org/10.1007/s00259-011-2054-z
http://dx.doi.org/10.1007/s00259-011-1951-5
http://dx.doi.org/10.1111/j.1524-4741.2010.01044.x
http://dx.doi.org/10.2967/jnumed.115.168385
http://dx.doi.org/10.1118/1.4770274
http://dx.doi.org/10.1016/j.ejrad.2013.08.011

	Methodological aspects of 99mTc-sestamibi guided biopsy in breast cancer
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	99mTc-sestamibi MBI technique and interpretation
	99mTc-sestamibi MBI-guided biopsy procedure
	99mTc-sestamibi MBI-guided biopsy in comparison with MG, US and MRI-guided biopsy
	Open Access
	References




