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Technetium-99m-methyiene diphosphonate (MDP) uptake with-
in breast lesions was investigated during routine presurgical
bone scintigraphy in a cohort of women at high risk for cancer
who were candidates for surgery or excisional biopsy. The aim
was twofold: (a) to demonstrate positive **™Tc-MDP uptake in
primary breast cancer and (b) to differentiate malignant from
benign lesions. Methods: Anterior and oblique lateral views of
the breasts were acquired 0—4 min, 10—20 min and 2 hr after
intravenous injection of 740 MBq of ®*™Tc-MDP in 200 women
with elevated suspicion or proven diagnosis of breast cancer
(Group 1) and in 80 women with other solid tumor types (Group
2). Results: Physical examination and mammography revealed
breast abnormalities in all Group 1 subjects. The mammographic
findings were definitely positive for carcinoma in 120 patients,
highly suspicious in 27 and indeterminate in 53. Breast cancer
was later histologically diagnosed in 172 women (86%) and
benign disease found in 28 women (14%). Of these patients, 158
(92%) showed focal uptake of ®**™Tc-MDP in the images col-
lected 10—20 min after injection. This was found to be the best
timing for imaging, with tumor-to-background ratios as high as
4.3 (mean * s.d. = 3.8 = 0.4). Two hr after injection, only 61 of
the 158 (38%) malignant lesions were clearly detectable.
Conclusion: Technetium-99m-MDP is concentrated by primary
breast carcinoma 10—-20 min after injection, enabling successful
extemal gamma imaging. Scintimammography with **™Tc-MDP
is an accurate test that differentiates malignant from benign
breast lesions, particularty in patients with indeterminate mam-
mograms.
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R adionuclide imaging of the skeleton is the most fre-
quently performed procedure in nuclear medicine depart-
ments. The majority of bone studies are used to stage
patients with breast cancer by detecting skeletal metas-
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tases either at diagnosis or during follow-up (I-3). Ex-
traskeletal accumulation of *™Tc-MDP has often been
reported in some malignant tumors, including neuroblas-
toma, sarcoma, osteosarcoma, soft-tissue lymphoma, etc.
(4-6). Similar results have also been reported for large
primary breast tumors, cystosarcoma phyllodes and benign
lesions (7-13). A wide spectrum of hypotheses for such
phenomena has been proposed and in a few circumstances
demonstrated. For instance, increased vascularization has
been documented to favor imaging of malignant lesions
(14).

The differential diagnosis between benign and malignant
breast lesions has long been a challenge for many research-
ers using radioisotope-based techniques. Previous studies
showed increased accumulation of [*™Tc]pertechnetate
and %’Ga-citrate in malignancies (15-18). More recently,
'] and *™Tc-sestamibi have provided favorable results
in diagnosing cancer among palpable breast masses (19-
22). Furthermore, sestamibi seems to be useful in diagnos-
ing cancer in nonpalpable breast masses where mammo-
graphic results are indeterminate. Mammography provides
acceptable sensitivity in the identification of carcinoma
occurring in fatty breasts, while it is not reliable in
detecting malignant lesions in dense breasts (23-30).
Unfortunately, one-fourth of women evaluated by mam-
mography have dense breasts (28-30). Therefore, tar-
geted biopsies are necessary to achieve an accurate
diagnosis, resulting in a high number of biopsies in
patients with benign breast lesions. Noninvasive and
accurate imaging modalities able to differentiate malig-
nant from benign lesions might spare patients from un-
necessary surgical procedures and might play a pivotal
role in their management.

This study assesses the efficacy of *™Tc-MDP scinti-
mammography in detecting breast cancer and differentiat-
ing malignant from benign lesions.

MATERIALS AND METHODS

Patients
Scintimammography with *™Tc-MDP was performed during
routine presurgical bone imaging in 200 women at high risk for
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breast cancer who were scheduled for surgery or excisional bi-
opsy (Group 1) and in 80 women who served as controls during
follow-up for other tumors (Group 2).

Group 1. Patients ranged in age from 27 to 80 yr (mean age,
50 + 11) and were enrolled in the study before surgery. The
presurgical workup included mammography, liver ultrasound,
chest x-ray and breast ultrasound if necessary. Surgical and/or
needle biopsy of the lesions was performed within 1 wk of bone
scintigraphy. The pathological findings were considered the gold
standard to correctly assess the imaging results. In the 91 pre-
menopausal women with a negative pregnancy test, scintimam-
mography was performed within 10 days from the last menses.

Group 2. The solid tumors in this group included: 17 gyneco-
logical tumors, 14 melanoma, 13 lymphoma, 13 lung cancer, 8
sarcoma, 6 gastric or colon adenocarcinoma, 5 carcinoid and 4
renal adenocarcinoma. The subjects were age-matched to the
Group 1 members and the same imaging protocol was used in both
groups. This group was divided in two subgroups: Subgroup I
included 35 women with mammographic and cytologically proven
benign breast diseases. Subgroup II included 45 women with no
breast abnormalities.

Radiopharmaceutical
Each patient received approximately 740 MBq of *™Tc-MDP
in the arm controlateral to the breast with the abnormality.

Scintimammography Study Protocol

Patients were imaged in an upright position. The imaging pro-
tocol included dynamic acquisition (60 frames of 1 sec/each; 6 of
10 sec/each and 4 of 30 sec/each) for a total of 4 min, and repeat
planar views at 10-20, 40-60 min and 2-3 hr postinjection using
anterior and lateral oblique projections of the breasts. The use of
oblique lateral views of the chest enabled positioning of the breast
alone in the camera’s field of view. A low-energy, general-pur-
pose, parallel-hole collimator was used. The images (matrix 128 X
128 pixels) were stored in a dedicated computer and the photo-
peak was set at 140 keV with a symmetric window of 20%.

Semiquantitative Analysis of Technetium-99m-MDP
Uptake

Irregular regions of interest (ROIs) which circumscribed foci of
increased tracer uptake in the oblique/lateral views at different
scanning times were manually drawn to define the activity within
breast lesions. Similar ROIs were drawn on the normal breast to
define the background. In the later scans, superimposition of
tumor nodules and bony structures (ribs, sternum) was accurately
avoided to ensure correct measurements in the drawn ROIs.

Classification of Mammographic Findings

The mammographic patterns were classified as follows:

o Definitely diagnostic when images had features for breast
cancer (i.e., spiculated opacity with or without microcalcifi-
cation, irregular border of the opacity in fatty breasts, etc.).

o Highly suspicious when images had indirect signs diagnostic
for breast cancer (i.e., focal architectural distortion, asym-
metric breasts, ductal asymmetry, microcalcification without
mass).

o Indeterminate when images were not clear because of the
high density of the glands or did not match with the physical
examination.

o Definitively negative when no abnormalities were seen.
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Statistical Analysis

Scintimammography was evaluated as positive or negative for
9mTc-MDP localization by two experienced, unbiased nuclear
medicine physicians blinded to the patients’ clinical work-up find-
ings. Subsequently, these results were compared to mammo-
graphic and histological findings. The scintimammography results
were classified as true-positive, true-negative, false-positive and
false-negative according to histological findings. Sensitivity, spec-
ificity, accuracy and positive (PPV) and negative (NPV) predic-
tive values were determined.

RESULTS

Group 1

Mammography and Histology. Mammography docu-
mented breast abnormalities in all 200 women, and the
results were classified, according to previously reported
criteria, as diagnostic for carcinoma in 120 patients (60%),
highly suspicious in 27 (13.5%) and indeterminate in 53
patients (26.5%). The maximal diameter was measurable in
183 breast abnormalities, ranging from 3 mm to 70 mm,
whereas it was not measurable in 17 patients with inflam-
matory cancer. Breast cancer was diagnosed in 172 of 200
women (86%); benign breast diseases were documented in
the other 28 (14%) by histology and/or cytology of needle
aspirate. Tumor types are summarized in Table 1.

MDP Scintimammography. The pattern of *™Tc-MDP
uptake within breast cancers was not constant during the
study. In fact, in early images (0-4 min p.i.), 158 of 172
neoplastic lesions (92%) showed focal tracer uptake with a
significant gradient over surrounding normal breast (tumor-
to-background ratios (T/B) were 2.6 = 0.5). The pattern
was substantially unmodified in the images collected be-
tween 10 and 20 min after injection, although the T/B ratio
increased up to 3.8 + 0.4. Conversely, in late images, only
61 of 158 (38%) suspected malignant tumors were still

TABLE 1
Scintimammography Results Versus Histological Classification
of 172 Malignant Breast Lesions
Number
of Scintimammography
Histology lesions findings
Infiltrating ductal carcinoma 95 90 TP
5FN
In situ ductal carcinoma 26 22TP
4FN
Mixed ductal/Lobular carcinoma 17 16 TP
1FN
Ductal carcinoma (indeterminate) 16 15TP
1FN
Infiltrating lobular carcinoma 7 6 TP
1FN
Medullary carcinoma 6 5TP
1FN
Colloid carcinoma 5 4TP
1FN

TP = true-positive; FN = false-negative.
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FIGURE 1. Histologically proven infiltrating ductal breast cancer
(largest diameter of 35 mm) involving the retroareolar region of the
right breast in a 45-yr-old woman appeared on mammography (A)
as star-shaped opacity with radiating spicules (arrow). Dynamic

scintimammography images acquired immediately after injection (B)
and 10 min later (C) show focal uptake of ®™Tc-MDP within the

lesion (arrow). The pattem is slightly modified (arrow) on the late
scan, and normal rib uptake is evident (dot) (D).

clearly detectable (Fig. 1). The T/B ratios at this time point
decreased to 1.3 = 0.5. The time-activity curves recorded
in tumors, benign lesions and normal glands are shown in
Figure 2.

The changes in T/B ratios reflected the decrease of
9mTc-MDP content within tumors. In fact, in the majority
of patients, the tracer migrated from the lesion to the sur-
rounding tissue. The best imaging time occurred between
10 and 20 min after tracer injection.

A specific pattern of uptake was found in the 17 patients
with inflammatory carcinoma. In the early images, the
tumor is recognized as a well-defined focus of increased
uptake, which decreased in the late scans; whereas activity
delineated infiltrated skin (Fig. 3). Conversely, acute in-
flammatory processes showed faint, nonhomogeneous up-
take of ™Tc-MDP without signs of skin infiltration. Thus,
the sign of activity in infiltrated skin may permit differen-
tiation between malignant and benign inflammatory pro-
cesses.

Size and site seem to affect successful breast cancer
imaging with *™Tc-MDP scintimammography. Of the 14
false-negative lesions, 10 were nonpalpable (largest cross-
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FIGURE 2. Time-activity curves of ** Tc-MDP in malignant le-
sions, benign lesions and normal breasts measured as cpm/pixel
using ROIs method.

sectional diameter <10 mm) and 4 were smaller than
15 mm. These tumors were peripherally located in the
inner quadrants of small breasts. In this group, however,
20 breast cancers smaller than 10 mm and 66 smaller than
20 mm were clearly depicted (Fig. 4 and Table 2). These
lesions were frequently located in outer quadrants and
were superficial. Tumor type did not interfere with *™Tc-
MDP uptake. Histological, mammography and scintimam-
mography findings, classified on the basis of the tumor
size, are summarized in Table 2.

Twenty-six of 28 benign lesions did not show focal up-
take of *™Tc-MDP. The biodistribution and the T/B ratios
measured during the different time points mirrored those
observed in normal breasts (Fig. 2). One sclerotic fibroad-
enoma with the largest diameter of 22 mm and one mixoid
fibroadenomas (18 mm) showed positive uptake (Fig. 5) on
the 10-20-min images. The time-activity curves mirrored
those encountered in malignant lesions (Fig. 2). The T/B
ratios, however, were significantly lower. These differ-
ences might aid in differentiating malignant from rare be-
nign lesions that concentrated *™Tc-MDP.

In the 53 women with indeterminate mammograms, scin-
timammography findings characterized 43 lesions (81%)
correctly. In particular, positive *™Tc-MDP uptake was
seen in 17 of 25 carcinomas (68%), whereas 26 of 28 benign
lesions (93%) were negative. Among the eight missed ma-
lignant lesions, four were smaller than 10 mm and four
smaller than 15 mm. The results in this subset of patients
are summarized in Table 3.

Metastatic axillary lymph nodes greater than 3 cmin size
avidly concentrated *™Tc-MDP and were most recogniz-
able on the early images. Skeletal metastases were found in
only seven patients with primary breast cancer (4%) after
bone scintigraphy.

Group 2
Physical Examination and Mammography. Eighty pa-
tients with solid tumors other than breast cancer under-
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FIGURE 3. Inflammatory cancer of the left breast in a 65-yr-oid-woman. A large mass in the upper quadrant (arrow) and skin infittration
are clearly evident (dot) (A). Scintimammography in the early images shows ®*™Tc-MDP accumulation in the mass (arrow) (B). Late image
demonstrates decreased activity within the lesion (arrows) and tracer appearance in infiltrated skin (circle) (C).

went physical examination and mammography. The pres-
ence of breast abnormalities with a definitive diagnostic
pattern for benign disease was documented in 35 patients
(Subgroup I) and ruled out in 45 (Subgroup II). Cytology of
fine needle biopsies corroborated the diagnosis of benign
diseases in the Subgroup I (Table 4).

MDP Scintimammography. No or faint uptake of *™Tc-
MDP was detected in patients of Subgroup II, where no
clinical or mammographic abnormalities were found. The
faint uptake might mirror the parenchymal contents within
the breast. Analysis of time-activity curves showed a con-
stant uptake of ™ Tc-MDP during the study.

One patient with a mixoid fibroadenoma (diameter 25
mm) had positive tracer accumulation in Subgroup I. Thus,

FIGURE 4. Indeterminate mammogram shows opacity (10 mm
diameter) with a clear-cut outline in the lower outer quadrant (arrow)
of the right breast in a 38-yr-old woman (A).

documented focal ®*™Tc-MDP uptake corresponding to the mass
(arrow) (B). Histological diagnosis was of infiltrating ductal carci-
noma.
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3 of 63 benign lesions (28 Group 1 and 35 Subgroup I) were
false-positive according to scintimammography.

Statistical Analysis

For images collected at 10-20 min, the sensitivity was
92% in patients with histologically proven breast cancer
(158/172) and 4.7% in patients with proven benign lesions
(3/63). The specificity was 95%, the accuracy 92%, while
the PPV and NPV were 98% and 81%, respectively.

DISCUSSION

The role that mammography plays in diagnosing breast
cancer and differentiating malignant from benign lesions,
especially in dense breasts, is under debate. Thus, a great
interest has been focused on novel approaches which may
provide high diagnostic accuracy. Recently, isotope-re-
lated techniques have been tested extensively to address

FIGURE 5. Nodular opacity (18 mm diameter) with partly irregu-
lar margins in a 50-yr-old woman classified as mammographically
indeterminate (A). Scintimammography shows focal uptake (arrow)
(B). Histological diagnosis was of myxoid fibroadenoma.
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TABLE 2

Results of ®™Tc-MDP Mammoscintigraphy (MMS) Versus Mammographic and Histological Results in Group 1

Number %omTc-MDP MMS Mammographic results
of .

Histology (size) lesions Positive (%) Diagnostic Suspicious Indeterminate
Tumors 172 158 92 120 27 25

3-10 mm 30 20 66 15 7 8

10-20 mm 70 66 94 40 17 13

20-50 mm 40 40 100 33 3 4

>50 mm 15 15 100 15 — —_
Inflammatory cancer 17 17 100 17 — —
Benign lesions 28 2 28

these issues. Scintimammography with 2*'Tl-chloride
showed a sensitivity of 98% in a series of 44 palpable breast
tumors, thus allowing correct diagnosis of carcinomas
greater than 10 mm. Among benign lesions, only 3 of 13
adenomas were positive, whereas fibrocystic and/or fat
necrotic lesions were negative (19). Similar findings have
also been reported in another series in which 2*Tl-chloride
scintimammography was used as a complementary test to
mammography (20). Technetium-99m-sestamibi, a cardiac
agent currently used for tumor imaging has identified
breast tumors with elevated accuracy (21,22). Even more
suggestive were preclinical findings with !®F-estradiol,
which enabled in vivo definition of the receptor profile
within primary and metastatic breast cancer sites (31,32).
Other receptor studies using '!!In-pentetreotide have been
performed to define the percentage of breast cancers ex-
pressing detectable amounts of somatostatin receptors
(33).

Previously reported results indicating that extraskeletal
uptake of *™Tc-MDP frequently occurs within primary
breast tumors, although with less than acceptable sensitiv-
ity, tantalized our interest (7-12). Thus, we sought to re-
evaluate the clinical usefulness of this bone-seeking agent.
A few methodological innovations were introduced in the
acquisition protocol to overcome the problems which led
to the poor results already published (7-12). In fact, in
previous studies, the images acquired in the anterior and
lateral views were collected only 2-3 hr after *™Tc-MDP
infusion. Our series shows that only 38% of primary breast
cancers were clearly detectable with elevated T/B ratios. A
high rate of detection (92%) was obtained in images col-
lected within the first 20 min. These results reflect in-
creased accumulation of ™Tc-MDP within malignant le-
sions. Successively, a progressive decrease was observed
because of washout from the lesions. Tracer uptake was
not correlated with tumor histotype, grading and status of
lymph node involvement. Furthermore, the use of oblique
lateral views improved imaging of smaller lesions and le-
sions located in the inner quadrants.

The mechanism(s) regulating extraskeletal uptake of
9mTc-MDP are still unclear. Since no binding of *™Tc-
MDP to normal and neoplastic cells has been demon-
strated, probably nonspecific phenomena regulate the up-
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take and dismission from malignant breast lesions. A wide
spectrum of reliable hypotheses has been formulated and
partly documented (14): increased vascularization, inflam-
matory changes, modifications of local metabolism (Ca?*
content, pH) and collagen deposits favor *™Tc-MDP up-
take (10). Other factors, common to many tumors, includ-
ing changes in secretory functions and cell metabolism,
enlargement of the interstitial space, cell wall damage and
microcalcification in necrotic degenerative tissues, have to
be considered (7,14). Finally, it has been demonstrated
that *Tc-MDP uptake in breast cancers might be influ-
enced by hormones, for example, estradiol (13). Our re-
sults suggest, however, that these proposed mechanisms
may only be partially accepted. In fact, if increased *™Tc-
MDP accumulation in the early phases reflects tumor hy-
pervascularization, then trapping within lesions (at 10-20
min) might reflect enlargement of interstitial space. Subse-
quent tracer disappearance, however, from the majority of
tumor nodules is still unclear.

To fully evaluate the diagnostic advantages of scinti-
mammography with *™Tc-MDP, apart from relative diag-
nostic accuracy (sensitivity = 92%, specificity = 95%), the
role and relative pitfalls of modern mammography need to
be discussed briefly. Mammography is the most accurate
technique to detect abnormalities, namely nonpalpable
masses in fatty breasts (23-27). Conversely, it fails in de-
tecting tumors occurring in dense breasts (29). Further-
more, mammography lacks adequate specificity (28), re-
quiring histology of surgical biopsies for correct diagnosis

TABLE 3

Comparison of Scintimammography Findings in 53 Group 1
Patients with Indeterminate Mammograms

N“;'fb"' findings
Histology lesions Positive Negative
Malignant lesions 25 17 8
<10 mm 8 4 4
1020 mm 13 9 4
>20 mm 4 4 0
Benign lesions 28 2 26
(10-30 mm)
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TABLE 4
Rate of ®®™Tc-MDP Detection in Overall Benign Breast
Lesions
Number of Detected
Histology lesions lesions

Adenoma 21 0
Fibrocystic dysplasia 20 0
Mastitis 5 0
Intracystic papilloma 4 0
Papillomatosis 4 0
Mixoid fibroadenoma 3 2
Sclerotic fibroadenoma 2 1
Radial scar 2 0
Fat necrosis 2 0

Specificity in this group of patients was 96%.

and resulting in a high rate of biopsies in patients with
benign diseases. Therefore, the use of a noninvasive, ac-
curate imaging technique that can discriminate mammo-
graphically indeterminate lesions is needed. The results of
the present study suggest a role for ®™Tc-MDP scintimam-
mography. In fact, many patients might be spared from
unnecessary targeted biopsy or needle aspiration, and
short-term periodic mammography may be used during
follow-up. Similar high levels of accuracy have been re-
ported for ™Tc-sestamibi scintimammography (36-38).
On the other hand, *™Tc-MDP scintimammography done
during routine bone scanning avoids further administration
of labeled compounds and is an extremely inexpensive
exam. This fact may be considered an advantage over
9mTc-sestamibi, in which the poor rate for detecting met-
astatic lymph nodes smaller than 3 cm is the main draw-
back.

Economic considerations have impacted greatly on im-
plementing new diagnostic procedures because of restric-
tions in health care programs and significant cuts for ex-
pensive exams and procedures (e.g., monoclonal
antibodies, color doppler ultrasound, MRI, PET, etc.).
Technetium-99m-MDP scintimammography might be a
““win-win’’ situation for both patients and physicians, en-
abling elevated accuracy and reducing patient stress and
cost. Also, no additional expertise or special training is
required for nuclear medicine staff since bone scanning is
the most frequently performed nuclear medicine proce-
dure. Some concerns might arise from breast surgeons,
who usually handle biopsy candidates. They should know,
however, that procedures such as *™Tc-MDP scintimam-
mography may allow a better selection of candidates for

surgery.
CONCLUSION

Technetium-99m-MDP scintimammography allows suc-
cessful, accurate breast carcinoma imaging with elevated
PPVs (98%). It is not, however, concentrated in the ma-
jority of benign breast lesions. Conversely, the NPV of
81% in our series is affected by tumor size. In fact, for
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lesions greater than 10 mm, the NPV significantly im-
proved to 94%-100%. The limitations we encountered for
detecting lesions smaller than 0.7 cm would probably be
avoided by either mammographically or sonographically
guided core needle biopsy. Furthermore, placing the pa-
tient in the prone position during acquisition, as proposed
for ®™Tc-sestamibi scintimammography (36,37), or the use
of dedicated small field of view gamma cameras, would
significantly reduce these limitations. Confirmation of
these preliminary results in a larger series might definitely
indicate the utility of scintimammography in the manage-
ment of patients with indeterminate mammograms, aiding
in the differential diagnosis between malignant and benign
lesions.
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