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Breast Cancer Detection With 99m-Tc-Sestamibi Scintigraphy,
Mammography, and Fine-Needle Aspiration Cytology:
Comparative Study in 64 Surgically Treated Patients

Franco Lumachi, MD, Maria Cristina Marzola, MD, Pietro Zucchetta, MD,
Francesco Polistina, MD, Patrizia Cagnato, MD, Gennaro Favia, MD, and Franco Bui, MD

Background: In breast cancer, mammography (MG) fails to reveal malignancy in 10% to 15%
of patients, and its sensitivity is limited by dense breast tissue. The aim of this study was to evaluate
the usefulness of 99m-Tc-sestamibi scintimammography (SMM) in conjunction with MG and fine
needle aspiration (FNA) cytology in the detection of low-stage breast cancer.

Methods: A tota of 64 women (median age 58 years, range 32—-86 years), 53 (82.8%) with
palpable and 11 (17.2%) with nonpalpable breast mass, underwent SMM; 61 patients had MG and
62 underwent FNA cytology. At histological examination, breast cancer was found in 59 (92.2%)
of the women (pTis = 2, pTla = 2, pTlb = 13, pTlc = 20, pT2 = 22).

Results: Of the 61 patients who had MG, 45 (73.8%) showed signs of cancer or abnormalities.
Of the 62 patients who had FNA cytology, 55 (88.7%) showed malignancy. In 5 (8.1%) patients,
atypical ductal hyperplasia or complex sclerosing lesions were found. MG, SMM, and FNA
cytology were 80.4%, 78.0%, and 96.5% sensitive, respectively, and their positive predictive value
was 97.8%, 100%, and 100%, respectively. In all patients, cancer was at least detected by one of

these three techniques.

Conclusions: In women with suspicious MG or abnorma FNA cytology that required further
investigations, SMM may be helpful in surgical planning and should be considered in most patients
before biopsy as an additional noninvasive procedure.
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Breast carcinoma is the most common cancer in
women and the main cause of death in women aged
35-54 years in the United States.t2 Screening for breast
cancer, including breast self-examination, physical ex-
amination by a physician, and mammographic surveil-
lance, is the most extensively studied cancer screening
program next to cervical cancer. Detecting clinically

Received March 5, 1999; accepted June 8, 1999.

From the Endocrine Surgery Unit, Department of Surgical and
Gastroenterological Sciences (FL, FP, GF), Department of Nuclear
Medicine (MM, PZ, FB), University of Padua, School of Medicine,
Padua, Italy; and Nuclear Medicine (PC), Abano Terme Hospitd,
Padova, Italy.

Presented at the 52 Annual Cancer Symposium of The Society of
Surgical Oncology, Orlando, Florida, March 4—7, 1999.

Address correspondence to: Franco Lumachi, MD, Endocrine Sur-
gery Unit, Department of Surgical and Gastroenterological Sciences,
University of Padua, Via Giustiniani 2, 35128 Padova, Italy; Fax:
39-049-656-145; E-mail: ccl@ux1.unipd.it

568

unrecognized cancer in asymptomatic women represents
the most important factor that contributes to improved
survival, when used with presurgical adjuvant chemo-
therapy.13 Unfortunately, because the usefulness of
mammography (MG) is limited by the individual anat-
omy (breast density) of breast tissues and the age of
patients, its sensitivity is 85% and specificity 80%, with
alow (15% to 25%) positive predictive value (PPV).4-6
Therefore, most mammaographic abnormalities require a
biopsy, which resultsin alarge number of non-malignant
specimens. In some studies, < 50% sensitivity for MG in
detection of malignancy have also been reported.478
Fine-needle aspiration (FNA) cytology and core needle
biopsy are also available, but these techniques cannot be
used in all patients; the biopsies may be associated with
sampling errors, and, in any case, they are not useful in
screening populations.® Several reports have found that
technetium-99m-methoxy-isobutylisonitrile  (sestamibi)
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scintigraphy may be useful in identifying brain, thyroid,
and parathyroid tumors, and 99m-Tc-sestamibi scinti-
mammography (SMM) seems to be an accurate, nonin-
vasive technique in the detection of breast cancer.1011
The aim of this preliminary retrospective study was to
evaluate the usefulness of SMM in conjunction with MG
and FNA cytology to detect malignancy in patients un-
dergoing surgery for suspected breast cancer.

MATERIALS AND METHODS

Sixty-four consecutive women (median age 58 years,
range 32—87 years) with suspicious breast cancer under-
went SMM 1-3 days before surgery. Seven (10.9%)
patients required a wire needle localization under stereo-
tactic guidance before biopsy. There were 29 premeno-
pausal and 35 postmenopausal patients; 53 (82.8%) pa-
tients had clinically palpable breast mass and 11 (17.2%)
patients had nonpalpable lesions. Lateral, anterior, and
oblique posterior projections were acquired 10’ after 750
MBq 99m-Tc-sestamibi injection. Labeling efficiency
was higher than 97%. A single detector gamma camera
with a parallel-hole high-resolution collimator interfaced
to a computer was used and counts of 600 seconds per
view were acquired. A tumor-to-background ratio was
obtained that compared the 99m-Tc-sestamibi uptake in
the suspected breast with the uptake in the contralateral
side. A ratio of > 1.4 was considered a positive result,
while a lower value was considered non significant and
SMM was classified as negative. Moreover, 61 (95.3%)
women underwent MG and in 62 (96.9%) patients, a
FNA cytology, obtained 7—10 days before SMM by
ultrasound (US) or stereotactic guidance in the nonpal-
pable mass, was performed. Fina diagnosis was con-
firmed histologically after excisional biopsy and frozen
section examination, followed by lumpectomy or mas-
tectomy and axillary dissection, when requested by tu-
mor staging. In the confirmed breast cancer cases, estro-
gen (ER) and progesterone (PgR) receptor content, by
use of monoclonal antibodies and Ki-67 antigen (using
MIB-1 antibody), were also assayed.

RESULTS

Histopathologic diagnosis of breast cancer was ob-
tained in 59 (92.2%) patients, whereas 5 (7.8%) patients
had benign lesions (atypical adenosis or fibroadenoma
and atypical ductal hyperplasia). The TNM distribution
and the average of maximum diameter measured by the
pathologist are shown in Table 1. Forty-five (76.3%) of
the breast cancers were of the invasive ductal type, and
the next most common variety, infiltrating lobular carci-
noma, was found in 6 (10.2%) of the breast cancers. In 7
out of the 11 patients with nonpal pable lesions, the tumor
was excised under stereotactic guidance that required a
wire needle localization. Definitive surgical procedures
in patients with histologically confirmed breast cancer
were modified radical mastectomy* in the 30 (50.8%)
patients with a tumor sized over 15 mm in maximum
diameter, and lumpectomy? in the other 29 (49.1%)
patients. The results obtained using MG, SMM, and FNA
cytology are shown in Table 2. Nine (69.2%) out of the
13 tumors undetected by SMM were nonpalpable and in
only 6 (46.2%) cases there were mammographic signs of
malignancy. In 4 (6.2%) patients (pT1b), both MG and
SMM had false-negative results, and their overall sensi-
tivity was 93.2%, while FNA cytology showed breast
cancer in all of them. In all patients, cancer was at least
suspected by one of these three techniques. No differ-
ences (P = NS) in age and in percentage of ER, PgR, and
MIB-1 positivity were found between patients with true-
positive and false-negative results using SMM (Table 3).

DISCUSSION

MG represents the chosen technique in the screening
of breast cancer but unfortunately, because 20—-30% of
breast cancers occur in patients aged < 50, MG has a
poor PPV, which results in a large number of biopsies
revealing benign lesions.24-6 In some patients, MG is
not diagnostic in differentiating between benign and ma-
lignant lesions and usually shows only a “suspicious’
finding.®

TABLE 1. Pathological TNM staging and maximum diameter (mean = standard deviation) of
the tumor (mm) for each group. The two patients with Paget disease were considered pTis

pTis pTla pT1lb pTlc pT2
Size In situ <6 mm 6-10 mm 11-20 mm 21-50 mm Overal
N 2 2 13 20 22 59
% 34 34 22.0 322 39.0 100
mm 3.0 5.0 8.61+ 1.04 16.1 = 2.83 30.45 = 4.99 18.69 = 9.73

N = number of patients.

Ann Surg Oncol, Vol. 6, No. 6, 1999



570 LUMACHI ET AL.

TABLE 2. Results of preoperative procedures

Procedure N TP FN FP TN Sensitivity Specificity PPV NPV
SMM 64 46 13 0 5 78.0% 100% 100% 27.8%
MG 61 45 11 1 4 80.4% 80.0% 97.8% 26.7%
FNAC 62 55 2 0 5 96.5% 100% 100% 71.4%

N, number of patients; TP, true-positive; FN, false-negative; FP, false-positive; TN, true-negative; PPV,
positive-predictive value; NPV, negative-predictive value; SMM, scintimammography; MG, mammography;

FNAC, fine-needle aspiration cytology.

Severa radionuclide imaging techniques have been
used in human breast cancer detection, but presently
these radiopharmaceutical techniques are more exten-
sively applied: (1) fluorine-18-deoxyglucose ([**F]FDG)
with PET, (2) 201-Tl, and (3) 99m-Tc-sestamibi. Clinical
experience with [*®F]FDG is limited by the cost (about
US $1,200 at our University Hospital) and availability of
PET, while 201-Tl, notwithstanding a reported >95%
sensitivity in detection of malignancy because of its
physical characteristics (washout and redistribution in
tumors), is not ideal for modern gamma cameras.11.12
Technetium99m-furifosmin, although used in in vitro
studies may have tumor-seeking properties, is of no
value in the imaging of breast cancer, whereas 99m-
Tc(V) DMSA scintimammography appears superior to
99m-Tc-sestamibi only in the detection of axillary lymph
node metastases.13.14

Several studies reported the usefulness of SMM with
99m-Tc-sestamibi in breast cancer detection and its role
in improving sensitivity and specificity of breast imag-
ing. Taillefer et al.2* studied a group of 65 patients with
breast |esions (44 pal pable and 21 nonpal pable) of which
47 (72.3%) were breast cancers (ranging between 3-30
mm in size) and found that SMM was 92.5% sensitive
with a specificity of 94.4%. Villanueva-Meyer et al.8
studied 66 patients with a prevalence of cancer in 54%
reporting an overall sensitivity of 83% and specificity of
93% (94% and 91% in palpable lesions, respectively). In
a multicentric study performed in a group of 420 pa-
tients, Scopinaro et al.s found that SMM sensitivity in
pal pable masses was 98% and specificity 89%, whereas
in nonpalpable masses it was 62% and 91%, respec-
tively.

Uriate el al.16 evaluated the contribution of SMM in 78
patients with nonpalpable [37 (47.4%) benign and 41
(52.6%) malignant] lesions, showed that sensitivity,
specificity, and PPV were 92%, 100% and 100% respec-
tively, for aprevalence of malignancy of 86%. It has also
been established by the same authors that the addition of
SMM to MG may reduce the number of unnecessary
biopsies in nonpalpable breast lesions by up to 55%.17
Nevertheless, different results and suggestions have been
reported recently by Flanagan et al., who enrolled 79
women with palpable breast mass and abnorma MG.
They found a SMM sensitivity, specificity, and PPV of
81%, 81%, and 61% respectively, but their conclusion
was that SMM does not increase the specificity of con-
ventional MG and physical examination in diagnosing or
excluding breast cancer.3

In our experience, MG and SMM sensitivity was quite
similar (78.0% vs. 80.4%) and we did not find false-
positive results using SMM (PPV = 100%). Moreover,
using both MG and SMM in conjunction with US- or
stereotactic-guided FNA cytology, sensitivity in detec-
tion of malignancy reached 100%. In experienced hands,
US-guided aspiration and/or core-biopsy performed by
surgeons can accurately diagnose nonpalpable breast
masses detected by MG, with a low (<6%) insufficient
specimen rate and no false-positive results.’8 It has also
been established that sterotactic breast biopsy can be a
less expensive alternative to open excisional biopsy for
the diagnosis of nonpalpable mammographic findings
and should be preferred in most patients; but with this
technique, only a minority of patients with suspected
malignancy had breast cancer and the cancer/biopsies

TABLE 3. Differences between patients with cancer correctly detected and undetected by scintimammography

Results Petients (N) Age (y) Size (mm) ER (%) PgR (%) MIB-1 (%)
TP 46 61.52 = 14.38 22.04 £ 9.27 56.35 + 33.32 4470 = 28.74 17.44 = 13.73
p .020 .000 .188 .015 .558
FN 13 51.38 = 9.46 9.38 + 3.64 70.0 = 29.81 67.50 = 30.2 20.08 = 16.15
TP + FN 59 59.29 * 14.03 19.25 + 9.87 56.60 = 32.33 47.10 = 29.10 18.02 = 14.18

N, number of patients; Size, maximum diameter of the tumor; ER, estrogen receptorsrate; PgR, progesterone receptorsrate; MIB-1, Ki-67 positivity

rate (using MIB-1 antibody); TP, true-positive; FN, false-negative.
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ratio was 20.9%.2° Only FNA cytology does not change
breast anatomy, whereas in patients who underwent open
breast biopsy, fal se-positive mammaographic postsurgical
imaging may occur. Unfortunately, FNA cytology can-
not be used in some mammographically suspected breast
lesions and in such patients, SMM may offer interesting
results that play a significant role in complementing MG
for breast cancer detection.1t

A recent study did not show any correlation (r = 0.08,
P > 0.05) between 99m-Tc-sestamibi uptake and the
degrees of neovascularity and intracellular mitochondrial
density, showing only a moderate correlation with cellu-
lar proliferation.2° We aso did not find any correlation in
the percentage rate of ER, PgR, and MIB-1 between cancer
that was correctly or uncorrectly detected by SMM.

In conclusion, in women with suspected MG or ab-
norma FNA cytology that requires further investiga-
tions, SMM may be helpful in surgical planning and
should be considered in most patients before biopsy asan
additional noninvasive procedure.
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