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Detection of Ductal Carcinoma in Situ with
Mammography, Breast Specific Gamma Imaging, and
Magnetic Resonance Imaging: A Comparative Study’

Rachel F. Brem, MD, Michas! Fishman, Jocelyn A, Rapelyea, MD

Rationale and Objectives. To evaluate the sensitvity of high-resolution breast-specific gamma imaging (BSGI) for the
detection of ductal carcinoma in situ (DCIS) based on histopathology and to compare the sensitivity of BSGI with mam-
mography and magnetic resonance imaging (MRI) for the detection of DCIS.

Materials and Methods. Twenty women, mean 53 years {range 34-76 years), with 22 biopsy-proven DCIS were retro-
spectively reviewed. After injection of 25-30 mCj (925~1,110 MBq) technetium 99m-sestamibi, patients had BSGT with a
high-resolution, smali-feld-of-view gamma camera in craniocaudal and mediolateral obligue prejections. BSGI studies
were prospectively classified according (o focal radiotracer uptake using a 1 to 5 scale, as normal 1), with no foeal or dif-
fuse uptake; benign 2), with minimal paichy uptake; probably benign 3), with scattered patchy uptake; probably abnormal
4), with mild focal radiotracer uptake; and abnormal 3), with marked focal radiotracer uptake. Imaging findings were com-
pared to findings at biopsy or surgical excision. The sensitivity of BSG, mammography, and when performed, MRI were
determined for the detection of DCIS, Breast MRI was performed on seven patients with eight biopsy-provea foci. The
sensitivities were compared using a two-tailed f~test and confidence intervals were determined,

Results. Pathologic tumor size of the DCIS ranged from 2 to 21 mm (mean 9.9 mm). Of 22 cases of biopsy-proven DCIS
in 20 women, 91% were detected with BSGL, 82% were detected with mammography, and 88% were detected with mag-
netic resonance tmaging. BSGI had the highest sensitivity for the detection of DCIS, although this small sample size did
not demonstrate a statistically significant difference. Two cases of DCIS (9%} were diagnosed only afi%quSGf demon-
strated an occuit focus of radiotracer uptake in the contralateral breast, previously undetected by mammography. There
were two false-negative BSGI studies.

Conclusions. BSGI has higher sensitivity for the detection of DCIS than mammography or MRT and can reliably detect
small, subcentimeter lesions.

Key Words, Breast cancer; molecular imaging; breast biopsy; nuclear medicine imaging.
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Ductal carcinoma m situ (DCIS) occurs in approximately
28% or more than 58,600 cases of breast cancer in the
United States (1). Mammography, the only accepted
screening fool for breast cancer, detects the majority of
clinically ocecult DCIS as microcaicifications, the hallinark
mammographic finding of DCIS (2). Yet, the diagnosis of
DCIS remains difficult because mammography is unreli-
able in predicting the histology and extent of DCIS (2-3).

Breast MRI has beenr shown to have a sensitivity of
73%~89% for DCIS, but a limited specificity (58%-
89%) and variable positive predictive value
(25%~84%) (1~3,5). As with mammography, smali
foci of DCIS are difficult to detect on magnetic reso-
nance imaging (MRD), particularly lesions smaller than
5 mm (6,8). In addition, MRI may overestimate DCIS
extent in as many as 50% of cases and often cannot
distinguish benign from malignant lesions, high-grade
from low-grade DCIS, or detect an invasive component
concurrent with (¢ DCIS (3-5). As a result, MRT re-
mains a secondary study with limitaticns in DCIS de-
tection and evaluation.

Breast specific gamma imaging (BSGI}, nuclear medi-
cine imaging of the breast using a high-resolution gamma
camera, is an increasingly used adjunct imaging modality
for the diagnosis of breast cancer. Recent studies have
shown the potential of BSGI as a valuable complement to
mammaography in detecting breast cancer (9—12).

The purpose of this study is to determine the sensitiv-
ity of BSGL, mammography, and MRI for the detection of
DCIS and to comipare the sensitivity of BSGI with mam-
mography and MRL*

_ MATERIALS AND METHODS _

Between July 2001 and Tuly 2006, 290 underwent clin-
ically indicated BSGI for equivocal or suspicious mam-
mographic findings. Twenty nonpregnant women, mean
55 years {range 34-76 years), were diagnosed with pure
DCIS after definitive biopsy or at surgical excision. Ret-
rospective review of these 20 women was performed and
constitutes the study population.

BSGI was performed before biopsy to further evaluate
an indeterminate breast finding and after biopsy denion-
strating DCIS to evaluate for occult foci as well as to
determine extent of disease for surgical planning. Patho-
logic results were correlated with mammography, BSGI,
and MRI when deemed indicated for the clinical care of
the patient. Pathclogy reports were retrospectively re-
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viewed for tumor size and nuclear grade. The highest nu-
clear grade reported on biopsy or surgical excision was
included in the analysis.

BSGI was performed after injection of 25-30 m(Ci
(925-1,110 MBq) technetium 99m-sestamibi in an antecu-
bital vein. Patients were imaged with a high-resolution,
small-field-of-view breast-specific gamma camera (Dilon
63005 Dilon Technologies, Newport News, VA). Cranio-
caudal and mediolateral oblique projections were ab-
tained, as were additional projections as clinically indi-
cated. The acquisition time for each image was approxi-
mately 10 minutes, with a total imaging time of
approximately 40 minutes per stady.

BSGI studies were prospectively read by two radiolo-
gists with expertise in BSGI interpretation. Correlation
with mammography and MRI was made when availabie.
BSGI was classified according to focal radictracer uptake
using a i to 5 scale, as 1) normal with no focal or diffuse
uptake; 2) benign with minimal patchy uptake; 3) proba-
bly benign with scattered patchy uptake; 4) probably ab-
normal with mild focal radiotracer uptake; and 5} abnrot-
mal with marked focal radiotracer uptake.

Mammography was performed (GE DMR, Milwaukee.
WI) initially in the craniocaudal and mediolateral oblique
projections. Additional views were obtained as deemed
clinically indicated by the interpreting radiologist. Results
were based on mammographic findings in the clinical re-
port obtained from the patient record.

MRI was performed using a GE 1.5-T system (GE
Healthcare, Milwaukee, W) using a dedicated breast
coil. An initial three-dimensional focalizing sequence
was perforined, followed by sagittal T1 with far satura-
tion (repetition time 5235 milliseconds/echo time 12-24
milliseconds), T2 with fat saturation (6,000/83), and
axial T2 (6,000/85) fat-saturated sequences. After ad-
ministration of 33 ml of gadopentetate-dimeglumine
(Magnevist, Berlex, Germany) three-dimensional volu-
metric dynamic images were obtained at 70-second in-
tervals for a total of five cycles followed by a sagittal
T1 (6.3/2.9-12) fat-saturated postcontrast sequence.
MRI results were based on the generated repost in the
patient record, MRI and BSGI examinations were per-
formed within 2 weeks.

The sensitivity of BSGI, mammography, and, when
performed, MRI were determined for the detaction of
DCIS and compared using a two-tailed i-test. Statistical
significance was defined as being with in the 95% confi-
dence intervals.
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Institutional review board approval and informed con-
sent were obtained, The study was Health Insurance Port-
ability and Accountability Act—compliant.

Twenty women with 22 biopsy-proven DCIS lesions
were included. DCIS was bilatera) in two women, in the
right breast in 8 women and in the keft breast in 10
women. Pathologic tumor size was available in nine
cases, ranging from 2 {o 21 mun (mean 9.9 mm). Four
DCIS Iesions were fess than 5 mim in size, two 6-10 mm
in size, two 11-20 mm in size, and one greater than 20
mm in size. OF the remaining tumors, 12 were exlensive
within the breast and size could not be determined; the
final DCIS lesions were diagnosed at 9-gauge vacuum-
assisted core biopsy (ATEC, Suros Surgical, Cincinnati,
OH) with no residual disease at surgical excision, Nuclear
grading was available for all DCIS lesions and classified
as high (n = 11), infermediate (n = 9), and low (n = 2.
Comedonecrosis was present in 10 DCIS, all intermedi-
ate- or high-grade tumors,

Clinically, three patients (13%) presented with umilat-
eral bloody nippie discharge, one (5%) with a palpable
mass, and one (5%) with a history of contralateral DCIS
5 years previously and underwent BSGI for high-risk sur-
veillance. The remaining 15 patients (75%) presented
with an abnormal mammogram. In 16 women, DCIS was
diagnosed using minimally invasive biopsy. BSGI was
performed after the diagnosis to evaluate for multifocal-
ity, bilaterality, and extent of disease and to assist in sur-
gical planning. The remaining four women had an abnor-
mal mammogram and BSGI before biopsy to further eval-
vate an indeterminate mammographic finding. Two cases
of DCIS (9%) were diagnosed only after BSGI demon-
strated an occult focus of radiotracer uptake in the con-
tralateral breast, previously undetected by mammography
{Fig 1).

BSGI versus Mammography

Ali patients were evaluated with mammography before
BSGI. Of the 22 cases of biopsy-proven DCIS, 18 were
detected with mammography for a sensitivity of 82%.
The mammographic findings were calcifications (n = 16),
calcifications with spiculated mass (n = 1), and mass
{n = 1). Mammeography was negative in four patients
with DCIS, including the two patients with occult, bi-
lateral disease diagnosed only after abnormal BSGL

c. d.

Figure 1. High-resolution breast-specific gamma hmaging,
magnetic resonance imaging (MR, and ultrasound in a 59-
year-old patient with known ductal carcinema in situ {DCIS) in
the right breast. Breast-specific gamma imaging (B5GY) of the
teft breast: {a) craniocaudal and (b} left mediclateral oblique
views demonstrate subtie focus uptake in the lower left breast
{black arrows). {c} Sagittal T1 fat-suppressed posiconirast MRI
of the left breast demonstrated & 7-mm enhancing lesion with
lingar enhancement (white arrow). {d} Second look ultrasound
of the left breast demonstrated a vagus hypoechelic area at the
6:30 position {(markers). A 4-mm focus of low-grade DCIS was
found on excisional biopsy. The left breast¥ClS was newly
detected on BS@G! and was a contralateral occult focus in a pa-
tient with known right DCIS.

Both cancers measured 4 mm at surgical excision. The
remaining two patients with false-negative mammao-
grams and true-positive BSGI presented with bloody
nipple discharge (n = 1) and a palpable mass visual-
ized with ultrasound {n = 1).

In 20 women with 22 cases of DCIS, the sensitivity of
BSGI was 91%. Figure 2 is an example of a true-positive

- BSGI in DCIS. There were two false-negative BSGI stud-

ies. In both, mammography demonstrated an indetermi-
nate cluster of microcalcifications and biopsy with stereo-
tactic vacuum assisted biopsy demonstrated DCIS. At
surgical excision, one patient had no residueal DCIS and
one had extensive DCIS with no single focus greater than
10 mm. These patients were not evaiuated with MRL

947



c. d.

Figure 2. Mammography and high-resolution breast specific
gamma imaging in a 68-year-old patient with ductal carcinoma in
situ of the right breast. (a) Right craniocaudal and (b right medio-
lateral oblique magnification mammography views demonstrate a
cluster of indeterminate microcalcifications in the subareclar right
breast. Breast-specific gamma imaging (¢} right craniocaudal and
{d} right mediclateral oblique views demonstrated focal increased
radiotracer uptake in the upper retroareolar region (black arrows),
Pathology demenstrated a 6-mm focus of high-grade DCIS.

BSG! versus MRI

Breast MRI was performed in seven patients with eight
biopsy-proven foci of DCIS and demonstrated seven areas
of abnormal enhancement (sensitivity 88%). This included
an oceult contralateral DCIS in one patient with bilateral
disease, detected initially by BSGL There was one false-
negative MRI examination, which at surgical excision
demonstrated a 4-mm DCIS. This false-negative MRI was
positive with BSGI imaging.

Overall, the sensitivity for DCIS was 82% with mam-
mography, 91% with BSGIL, and 88% with MRI. Statisti-
cal analysis performed using a two-tailed ¢-test does not
demonstrate a statisticaily significant difference in detec-
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Table 1

Two-Tailed t-test Evaluating Sensitivity of Breast-Specific
Gamma Imaging (BSGI) to Mammography and Magnetic
Resonance Imaging (MRI)

Vajue of Standard P
Contrast Contrast Etror f df Value

(BSG! to mammography) 0.09 0.105 0.884 48 392
(BSGH to MR 0.03 0.144  0.237 49 814

Table 2
Confidence Infervals

95% Confidence

Imaging Modality intervals
Breast-specific gamma imaging {1 = 22) 0.78-1.04
Mammography (n = 22} 0.64-0.99
Magnetic resonance imaging (n = 8) 0.58-1.17

tion rates of DCIS between the three imaging modalities
{Table 1, Table 23}.

Screening and diagnostic mammography currently are
the gold standard for detecting DCIS despite a variable
reported sensitivity of 22%-86% (2-5). Microcalcifica-
tions are the most common finding, detected in 73%-98%
of DCIS, and typically evaluated by vacuum-assisted bi-
opsy using stereotactic guidance (5). Because of the re-
ported low specificity and positive predictive value of
mammography, there is a need for adjunct imaging mo-
dalities to complement mammography in detection and
evaluation of DCIS, particularly in assessing additional
occult focl and tumor exfent.

Previous studies on scintimammography have reported
sensitivities for invasive cancer of 56%-100%, and for
DCIS of 46%—100%, although the size of DCIS lesions
was not reported in most stadies (13,22,23).

A standard gamma camera has intrinsic resolution lm-
itations and cannot reliably detect subcentimeter cancers,
which account for nearly one-third of all breast cancers
detected by screening mammogram (9--12,14). BSGI uses
a high-resolution, small-field-of-view breast-specific
gamma camera with proven results in reliably detecting
small, subcentimeter breast cancer (11,12). In contrast {o
the anatomic studies of mammography and ultrasound,
BSGI offers the advantage of being a physiologic or func-
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tional study, with sensitivity unaffected by dense breast
tissue, implants, or architectual distortion after surgery or
radiation (10,13-15). False-positives can occur with
BSGI, the most common being fibrocystic disease, fibro-
adenoma, papillomatosis, atypical ductal hyperplasia, and
fat necrosis (13).

Despite reports of the sensitivity in detecting breast
cancer using scintimammography with a traditional
gamma camera and BSGI with & high-resolution breast-
specific gamma camera, few studies directly examine the
sensitivity of DCIS (13,14,16-200). Khalkhali et al re-
ported eight cases of DCIS, all detected by scintimam-
mography for a sensitivity of 100%, although the size of
the DCIS lesions is not reported and five of the eight
DCIS lesions in this study were palpable (21). In a muit-
center trial to evaluate the diagnostic accuracy of scinti-
mammography, Khalkhali et al reported a sensitivity of
46% for the detection of DCIS (22). Of the DCIS de-
tected, sensitivity favored palpable (57%) versus nonpal-
pable (39%) tumors, although the high prevalence of pal-
pable TXCIS in this study does not accurately reflect typi-
cal clinical practice and is skewed toward larger, palpable
DCIS {22). Papantoniou et al reported a sensitivity of
75% in the detection of pure DCIS using a different ra-
diotracer, 99m technetium (VY DMSA, in scintimammo-
graphic imaging (23). The false-negative DCIS on scinti-
mammography measured 8 mm, and the mean DCIS size
was 33 mm (range 850 mm), again favoring scintimam-
mographic detection of larger or palpable DCIS (23).

The intrinsic resolution limitation using standard
gamma cameras is, at least, in part responsible for the
lower sensitivity for detecting DCIS than reported in our
study. In a recent report using a high-resolution, breast-
specific gamma camera, the sensitivity of four cases of
DCIS was 100% with no subcentimeter lesions included
in that report {10). Three of these DCIS were detected
only with BSGI, not visible with mammography (10}, Our
findings concur with those previously reported demon-
strating 100% sensitivity of BSGI for the detection of
DCIS greater than 1 cm {10). In our study, the two false-
negative DCIS lesions at BSGI were a DCIS diagnosed
with stereotactic vacuum assisied biopsy with no residual
disease at surgical excision, and an extensive DCIS
throughout the breast initially diagnosed with stereotactic
vacuum-assisted biopsy with no single focus greater than
10 mm.

Statistical analysis using a two-tailed 7-test did not
demonsirate a statistically significant difference in DCIS
detection between BSGI and mammography or MRI.

" DETECTION OF DUGTAL CARGIOWA |

However, the confidence intervals demonstrate a trend to-
ward improved detection using BSGI. It is possible that with
larger sample sizes in futore studies, the differential abiiity
of mammography, MRI, and BSGI may be different.

Studies of MRI detection of breast cancer report high
sensitivity for invasive cancer (97%-100%), but few stud-
ies spéciﬁcally examine the detection of DCIS, with eardy
studies reporting sensitivity ranging from 40% to 100%
{3,24), Recent studies reported MRI sensitivity for the
detection of DCIS ranging from 73% to 97%, similar to
our reported sensitivity of 8% for DCIS (3-7). The
lower specificity of MRI in detecting DCIS (58%—85%)
continues to limit its utility (3,6,22). Additional studies
are needed to further evaluate and compare the sensitvity
and specificity of MRI and BSGI in the detection of
DCIS.

In this study, BSGI accurately detected all four DCIS
=3 mm (100%) and all six DCIS =10 mm (100%) with
measurable residual disease at surgical excision. Overall,
BSGI demonstrated 91% sensitivity for DCIS, including
extensive disease with no reported size and the single
case diagnosed by vacuum-assisted core biopsy with no
residual disease at surgical excision. This high sensitivity
for small DCIS strengthens the utility of BSGI as an ad-

junct imaging modatity in detecting small, noninvasive

carcinoma. Furthermore, our study demonstrates the reli-
able detection of small subcentimeter DCIS with BSGIL
Future studies must address other characteristics of DCIS
and the tmpact on radiotracer uptake, such as the grade of
the tumor, the impact of necrosis on BSGI examinations,
and the cell type. Furthermore, additionil ongoing studies
are evaluating how BSGI impacts changes in patient man-
agement.

Limitations of the study include small sample size,
single institution review, and retrospective design.

In summary, our study demonstrates the sensitivity of
BSGI for the detection of DCIS (91%) was higher than
that found with mammography {82%} and MRI {88%),
and is a wseful adjunct imaging modality for the detection
of both clinically suspicious and occult foci of DCIS. (7).
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