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Summary

Purpose: To evaluate post-surgical tumor-metabolic
regions outside of the computed tomography (CT)-defined
volume for radiation therapy (RT) planning using function-
al imaging of scintimammography (SMG) + single photon
emission computerized tomography (SPECT) in breast can-
cer (BC) patients.

Methods: 62 operated high-risk BC females, mean age
50.45 years, underwent SMG+SPECT before RT planning.
Twenty-one and twelve patients with stage I and Ila respec-
tively had lumpectomy (LT) with axillary lymph node dis-
section (ALND), and modified radical mastectomy (Patay)
+ ALND was realized in 29 stage IIb-III patients. All SMG
images, positive for viable tumor tissue (VIT) or metastati-
cally involved lymph nodes (LNs) were verified cytologically/
histologically. Three early planar and delayed images were
acquired after i.v. administration of 550-740 MBq 99mTc-
MIBI or 99mTe-TF. Uptake values (UV) > 1.65 revealed VTT.

Results: Data in 49 (79%) of 62 patients were charac-

Introduction

BC is the most common malignancy and the sec-
ond leading cause of cancer deaths among women
worldwide. Its incidence is steadily increasing [ 1-3]. At
the same time the increasing number of organ-preserv-
ing operations of the breast has led both to the introduc-
tion of new lines of chemotherapeutic agents and to the
need of an optimization of the RT volume since many
trials have proven that locoregional RT after breast can-
cer surgery significantly reduces the risk of recurrences.
The radiotherapy planning with CT has enabled the cli-

terized as true-negative (TN, UV<1.35). In 13 (21%) patients
SMG visualized 22 true-positive (TP) malignant lesions: 2
residual VITin scars, 1 newly defined BC in the contralater-
al breast and 18 regional LN metastases (6 axillary, 6 para-
sternal, 1 sub- and 5 supraclavicular). All 22 TP VTT lesions
were imaged by scintigraphy using different tumor-seeking
radiopharmaceuticals: 99mTe-MIBI - 17 (77%) and 99mTec-
TF - 5(23%) of the TP lesions.

One false-positive (FP) (inflammation: UV>1.65) and
one false-negative (FN) (UV<1.35) foci were found. Applying
SMG=SPECT for BC restaging after surgery, the RT volume
was changedin 13 of 62 (21%) patients.

Conclusion: SMG is a reliable imaging method for
evaluating residual VTT, LN metastases or altered biologi-
cal activity in the scars after BC surgery and could modify
the irradiated volume, optimizing the therapeutic effect and
minimizing RT side effects.
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nician to visualize the anatomy in 3 dimensions and to
confirm the dose around the target viable tumor volume
in order to irradiate the tumor to as high a dose as pos-
sible, whilst protecting the normal tissues [4].

The exact identification of treatment targets needs,
however, not only advanced the anatomical but also
the functional imaging modalities in order to achieve
information about the biological features and changes
that take place in the tumor tissue both before and af-
ter treatment. Such functional imaging modalities are
in the form of SMG and SPECT and the more recently
introduced positron emission tomography (PET). The
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general advantage of nuclear medicine imaging is that
tumor-seeking radiopharmaceuticals are trapped in can-
cer lesions, which makes SMG and PET fundamentally
different from the radiological techniques that image
the tumor mainly on the basis of morphological altera-
tions [5]. One of their main advantages is that they can
visualize residual VTT after BC surgery, differentiating
it from fibrosis, or detect engaged by metastases LNs
or masses, and thus change the volume to be irradiated
while CT anatomical imaging for RT planning has some
limitations.

And while PET (PET/CT) is still costly and not
widely available, SMG and SPECT together with CT
could supply the clinician with the entire information
about tumor anatomy and biological behavior.

The aim of this study was to evaluate post-surgi-
cal tumor metabolic regions outside the volume defined
by CT for RT planning using functional imaging with
SMG=SPECT in breast cancer patients.

Methods

Patient population

The study included 62 operated high-risk BC fe-
males with mean age 50.45 years (range 35-77). Breast-
conserving surgery (lumpectomy +ALND) was done in
21 stage [ and 12 stage Ila patients, and Patay modified
mastectomy + ALND - in 29 stage IIb-11I patients. The
target volume to be irradiated was evaluated in differ-
ent time intervals after the operation but not earlier than
1 month postoperatively.

Imaging methodology

All 62 patients underwent a SMG/SPECT before
RT planning. The studies were performed without pre-
vious special preparation of the patients on a Siemens-
DIACAM gamma camera, with I[CON commercial
software. The radiopharmaceuticals used were the in-
tracellular lipophilic cationic 99mTc-methoxyisobutyl-
isonitrile (MIBI) and 99mTc-tetrofosmin (TF), injected
1.v. in the contralateral to the tumor arm or in a vein of
the foot in the case of confirmed or suspected bilateral
breast tumor.

Three planar images were acquired 15 min after
1.v. administration of 550-740 MBq 99mTc-MIBI or
99mTc-TF. Left and right lateral scans were obtained
with the patient lying prone on a dedicated mattress with
semicircular apertures for the breasts and anterior view
in supine position including both breasts and regional
axillae. Delayed planar or SPECT images were also ob-

tained up to 2h. Semiquantitative analysis was carried
out by drawing regions of interest over the pathologi-
cal lesions with increased radiotracer uptake and back-
ground. Difference of UV was estimated by comparing
the region of interest with increased uptake of the tracer
with a symmetrical zone of interest, both having equal
geometry and number of pixels. UV > 1.65 (p<0.001)
was established to reveal VTT.

All SMG images, positive for VIT or metastati-
cally involved LNs were correlated with the clinical sta-
tus, CA 15-3 tumor marker levels, description of other
imaging modalities (mammography, ultrasonography)
and then verified cytologically or histologically.

Statistical analysis

The results were analyzed using SPSS/PC+v.10
for Windows with a level of 95% confidence interval
(95% CI) and at least p<0.05 statistical significance. P-
values were determined by Student’s t-test. All reported
lesions were classified as TP, TN, FP or FN. The sensi-
tivity, specificity, accuracy, positive predictive value
(PPV) and negative predictive value (NPV) were de-
termined using appropriate formulas [6].

Results

After surgery and before RT planning, no evi-
dence (UV<1.35) of 99mTc-MIBI/TF showing VIT
or LN metastases was registered in 49 (79%) patients
(Figure 1a). SMG was considered negative and surgical
therapy successful. TN results were found in 30 99mTc-
MIBI and 19 99mTec-TF scans (p<0.05).

In the remaining 13 (21%) patients, SMG was
positive and visualized 22 TP malignant lesions (Table
1, Figure 1b): 2 residual VTT in scars, 1 newly defined
breast cancer in the contralateral breast and 18 regional
LN metastases: 6 axillary, 6 parasternal, 1 sub- and 5
supraclavicular.

Planar SMG gave not so convincing results (Fig-
ure 2a) for parasternal and supraclavicular LN metas-
tases imaging, while they were better visualized at the
coronal SPECT scan both with 99mTc-MIBI (Figure
2b) and 99mTc-TF (Figure 3a). The response to radia-
tion therapy was evaluated by SPECT (Figure 3b).

All22 TP VTT lesions were imaged by scintigra-
phy using different tumor-seeking radiopharmaceuti-
cals: 99mTc-MIBI - 17 (77%), and 99mTc-TF - 5 (23%)
ofthe TP lesions.

SMG established TP axillary LNs in one stage I,
pTINOMO patient. Nine patients with VTT (R1) or met-
astatically involved LNs had stage la disease.
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Figure 1. 99mTc-MIBI/99mTc-TF scintigraphic data for surgical effectiveness (A) and types of malignant lesions (B) before RT planning.

Table 1. 99mTc-MIBI/TF imaging of malignant lesions before
RT planning

Malignant lesions MIBI  TF MIBI+TF
before RT planning n n n (%)
Residual tumor 2 0 209)
Axillary MLN 6 0 6(27)
Parasternal MLN 4 2 6(27)
Subclavicular MLN 1 0 1(5)
Supraclavicular MLN 3 2 5(22)
Distant metastases 0 1 1(5)
New breast cancer 0 1 1(5)
Total number of malignant lesions 17 5 22

MLN: metastatic lymph nodes, MIBI: methoxyisobutylisonitrite, TF: tetro-
fosmin, RT: radiation therapy

In one of the patients a new breast carcinoma in
the contralateral breast was recognized scintigraphi-
cally and histologically verified as pTINOMO (Table 1).

One FP (inflammation: UV>1.65 on the early

SMG scan) and one FN (UV<1.35) scan were registered.

In 31 of the 49 (63%) patients the distribution
of the tracer lacked foci of hyperfixation and no VIT
or involved LNs were described (RO and NO). In 16
(33%) patients the intensity of distribution of 99mTc-
MIBI/TF was moderately elevated in the area of post-
operative scars without separate foci of hyperfixation
(UV=1.2840.07 for 99mTc-MIBI and 1.2340.02 for
99mTc-TF; p<0.001). Active postoperative fibrosis was
described in these patients.

In 2 (4%) patients after mastectomy + ALND and
slightly elevated CA15-3 (normal 38-45 U/ml) the ear-
ly SMG image showed foci with UV of 1.54 and 1.41
respectively, in axillary LNs, which showed wash-out
at the delayed images in the second hour post-injection
(p.1.) This feature was not characteristic for malignant
proliferation and SMG rejected the clinical suspicion
of residual metastatic axillary LNs. Histologically his-

g

Figure 2. Left-sided breast cancer at the border of the upper two quadrants, pTIN1MO0, ER+/PR—, invasive ductal carcinoma, CA15-3 tu-
mor marker normal; before postoperative RT. A: Planar SMG after mastectomy+ALND visualized non-homogeneous hyperfixation of
99mTc-MIBI on the chest wall (arrow). B: Coronal SPECT showed a parasternal LN with UV=2.83 (arrow).
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Figure 3. Left-sided breast cancer (upper medial quadrant) after breast-conserving surgery and ALND, pT1cN1dMO0, G2, ER+/PR+. A: Be-
fore RT planning at coronal SPECT a hyperfixation in a supraclavicular LN is seen (arrow; UV=1.69). B: The “hot spot” is no longer visible
after including the left supraclavicular zone in the RT volume (complete response to RT).

tiocytosis was verified. The serum level of CA15-3 was
normalized in the 3rd month of follow-up. In these cas-
es the scintigraphic result was indicative of inflamma-
tory process with non-malignant adenopathy (Table 2;
Figure 4a, b).

In postoperative SMG-SPECT with **™Tc-MI-
BI and *™Tc-TF the following results were observed:
96% (22/23) sensitivity, 98% (49/50) specificity, 97%
(71/73) accuracy, 96% (22/23) PPV, 98% (49/50) NPV.
The RT plan was changed in 17.7% of the patients and

Table 2. 99mTc-MIBI/TF imaging before RT planning and in the
absence of VIT

Surgical effectiveness 99mTe-MIBI+99mTc-TF

n (%)
Surgical effectiveness RO 31(63)
Postoperative fibrosis RO 16 (33)
Inflammatory process 2(4)
Total 49 (100)

RO: no residual cancer, VTT: viable tumor tissue. For other abbreviations
see footnote of Table 1

Figure 4. Left-sided breast cancer after mastectomy and ALND. A: Before RT planning SMG with 9mTc-MIBI discovered a focus of hy-
perfixation in the right axilla (UV=1.52) (arrow) and a second one with less intensity medially from the first (arrow). B: The delayed scan

after 2 h was negative - inflammatory nonmalignant adenopathy.



the therapeutic plan - as a whole - in 3.2%, replacing RT
with adjuvant chemotherapy.

Discussion

In 1992 Aktolun et al. reported for the first time
the preoperative visualization of a BC with 9mTc-MI-
Bl and the differentiation of a benign from a malignant
process in a palpable formation in the breast [7]. While
studying myocardial perfusion with 9mTc-MIBI Omar
et al. established ectopic hyperfixation of the radiotrac-
er in the left breast of a patient which proved to be BC
[8]. This is how the tumor imaging with 99mTc-MIBI
became part of many studies concerning BC. Clinical
studies with 99mTc-TF are more limited than those
with MIBI, but higher sensitivity in dense breasts has
been reported with TF [9], and the radiopharmaceutical
showed a good enough for tumor imaging tumor/back-
ground ratio [10].

SMG with the cationic lipophilic 9mTe-TF and
99mTc-MIBI is one of the most widely available func-
tional non-invasive imaging methods employed both
in pre- and postoperative evaluation of BC and LN sta-
tus [11]. Alot of studies and metaanalyses were carried
out and proved it as an effective tool for the evaluation
of primary BC, recurrences and LN metastases [12,13].
Comparative studies have demonstrated that SPECT
significantly improves the sensitivity and accuracy
achieved with planar SMG, particularly when there are
involved LNs which are nonpalpable, small in size and
limited in number [14].

SMG has established its place in supplying addi-
tional information in nonconclusive mammograms, in
women with dense breasts, implants or in patients with
locally advanced breast cancer for predicting and mon-
itoring the response to chemotherapy. SMG-SPECT
have some limitations which mainly consist of compli-
cated anatomical localization of the hypermetabolic le-
sions, more difficult visualization of lesions under the
diaphragm, and lower resolution of SPECT-scanners.
The latter limitation - high sensitivity mainly for tumor
lesions >1 ¢m — has recently been at least partly over-
come by the use of high-resolution cameras dedicated
for breast imaging. These also allow the detector to be
placed in direct contact with the breast thus increas-
ing the sensitivity. Higher sensitivity in the detection
of axillary LN metastases has also been established in
SMG with specially equipped with a pinhole collimator
SPECT-camera [15]. These new devices have the poten-
tial of increasing the total number of breast scintigra-
phies performed, thereby enhancing the role of nuclear
medicine in BC imaging [16].
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At the same time, the recent trends in BC man-
agement are directed towards breast-conserving sur-
gery whenever this is allowed by the clinical status and
stage [17,18]. Breast-conserving surgery followed by
RT to the whole breast has been clearly demonstrated in
randomized trials to provide local control and survival
comparable to Patay mastectomy [19]. Combined data
from 78 randomized clinical trials show that RT after ei-
ther breast-conserving surgery or Patay mastectomy in
women with early BC significantly reduces both 5-year
recurrence and 15-year mortality rates, thus helping this
group of patients to live longer in addition to lowering
their risk of local recurrence [20].

The locoregional control achieved with RT after
BC surgery depends strongly on the volume to be irra-
diated, especially in the presence of positive LNs which
wouldn’t always be traditionally involved in the target
volume, e.g. parasternal lymphatic chains. That’s why
RT planning with its essential acquisition of informa-
tion about the patient’s anatomy is one of the main cor-
nerstones in BC patients’ management. The individu-
alization of RT target volume is a prerequisite for more
accurate targeting, lower cumulative dose, less side
effects, better quality of life for the patients and better
overall survival. CT is the method most widely used for
3D imaging, owing to its acceptable cost, wide avail-
ability and ability to provide tissue density information
needed for dose calculation [21]. One of the main dis-
advantages of CT is the suboptimal soft tissue imaging
and lack of functional and biological information. Pre-
paring BC patients for postoperative RT based only on
the anatomical criteria of CT carries the risk of missing
VTT, non-differentiated from the postoperative fibrosis
and to increase of recurrences and worsening in survival
rates. The correct RT process though requires the use of
imaging to provide both anatomical and functional in-
formation which could modify the borders of the target
volume to be irradiated. That’s why in the last years CT
is more often used along with other modern imaging
modalities, such as magnetic resonance imaging (MRI)
and PET. Efforts have even been made to estimate the
real size of BC by fusion of MRI and SMG [22].

There is still not enough data about the place of
PET/CT in the postoperative RT planning in BC, but
an increasing number of studies explores its role in tar-
get definition and RT planning and its application in the
treatment of this oncological entity [23]. The 2nd edi-
tion of Frog Manual for Clinical Use confirms that treat-
ment planning with PET/CT scans will diminish the rate
of marginal misses in the treatment of the breast, chest
wall, and/or surrounding nodal regions.

However, despite all its advantages, PET/CT is
still an expensive and not widely available imaging tool.
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The use of SMG and SPECT has revealed the role
of nuclear medicine imaging in restaging BC patients
who have already undergone breast surgery and wait for
the most appropriate adjuvant treatment [24]. Finding
VTT or metastatic LNs the therapeutic plan is immedi-
ately changed.

Using SMG-SPECT with 99mTc-MIBI/TF 17%
(11/62) of our patients were diagnosed with residual
VTT and metastatically involved LNs after surgery,
which led to optimization of the radiotherapeutic plan
with surdosage and enlargement of the target volume.
Following SMG with tumor-seeking lipophilic radio-
pharmaceuticals the therapeutic plan as a whole was
changed in 3.2% (2/62) of the patients submitted to this
nuclear medicine study. In the patient with the newly dis-
covered with 99mTc-TF BC a totally different therapy
followed. In another patient where 99mTc-MIBI discov-
ered distant metastases RT was substituted by chemo-
therapy. Our results have shown that in patients staged
I-Ila with high risk or after breast-conserving surgery,
as well as in those with BC localized in the medial quad-
rants, it is advisable to perform SMG with **™Tc-MIBI
and *™Tc-TF.

Realizing the needs for high-precision RT and
the development of competing modern imaging tech-
niques like CT, MRI, metabolism-MR spectroscopy
[19], and PET/CT, our results have shown that SMG
and SPECT still have the potential to help determine
the target volume to be irradiated and haven’t lost their
role in the correct therapeutic decision-making for BC
patients. This fact holds promise that in the era of mod-
ern SPECT combined with CT in a multimodal SPECT/
CT scanner, clinicians will be sufficiently supplied both
with the desired exact anatomical targeting and biologi-
cal information of metabolically active VTT.

Acknowledgement

We gratefully acknowledge the contribution of
all physicians and associates of the participating staff
in this study.

References

1. Parkin DM, Fernandez LMG. Use of statistics to assess the
global burden of breast cancer. Breast J 2006; 12 (Suppl 1):
S70-S80.

2. Valerianova Z, Vukov M, Dimitrova N. Cancer incidence in
Bulgaria 2005. Bulgarian National Cancer Registry, 2008,
Vol. 16, pp 54-59.

3. Demirkan B, Bascan Z, Alacacioglu A et al. False-negative
bone scintigraphy in a patient with primary breast cancer: a

11.

12.

14.

15.

16.

18.

19.

20.

possible transient phenomenon of bisphosphonate (alendro-
nate) treatment. Tumori 2005; 91: 77-80.

Aird EGA, Conway J. CT simulation for radiotherapy treat-
ment planning. BrJ Radiol 2002; 75: 937-949.

Bombardieri E, Crippa F, Baio SM, Peeters BA, Greco M,
Pauwels EK. Nuclear medicine advances in breast cancer im-
aging. Tumori 2001; 87: 277-287.

Ganatra RD. Doctor’s Dilemma (Medical decision making).
World J Nucl Med 2003; 2: 70-75.

Aktolun C, Bayhan H, Kir M. Clinical experience with
Tc-99m-MIBI imaging in patients with malignant tumors: pre-
liminary results and comparison with T1-201. Clin Nucl Med
1992;17:171-176.

Omar AM, Higazy E, Hussein S. Abnormal extracardiac up-
take of 99m-Tc-sestamibi accidental findings in myocardial
perfusion tomography. Radiol Diagn 1993; 34: 364-366.
Yang M, Sun S, Kao C, Lin C, Lee CC. Usefulness of techne-
tium-99m tetrofosmin SMG to detect breast cancer in mam-
mographically dense breasts. Cancer Invest 2002; 20: 518-523.
De Jong M, Bernard BF, Friman WAP et al. Comparison in
uptake of 99mTc-MIBI, 99mTc-Tetrofosmin and 99mTc-
Q12 into human breast cancer line. Eur J Nucl Med 1996; 23:
1361-1366.

Piperkova E, Gavrilov I, Alexandrova E et al. Lymph nodes
99m-Tc-MIBI scintigraphy as a prognostic criterion in the
postoperative follow-up of breast cancer patients. Proc Balk
Congr Oncol, Athens, 1996, pp 517-521.

Mansi L, Rambaldi PF, Procaccini E et al. Scintimammog-
raphy with technetium-99m tetrofosmin in the diagnosis of
breast cancer and lymph node metastases. Eur J Nucl Med Mol
Imag 1996; 23: 932-939.

Liberman M, Sampalis F, Mulder D, Sampalis J. Breast cancer
diagnosis by scintimammography: A meta-analysis and review
of'the literature. J Breast Cancer Res Treat 2003; 80: 115-126.
Madeddu G, Spanu A. Use of tomographic nuclear medicine
procedures, SPECT and pinhole SPECT, with cationic lipo-
philic radiotracers for the evaluation of axillary lymph node
status in breast cancer patients. Eur J Nucl Med Mol Imaging
2004; 31 (Suppl 1): S23-S34.

Spanu A, Tanda F, Dettory G et al. The role of (99m)Tc-tet-
rofosmin pinhole SPECT in breast cancer non-palpable ax-
illary lymph node metastases detection. Q J Nucl Med 2003;
47:116-128.

Schillaci O, Danielia R, Romanoa P, Cossua E, Simonettia G.
Clinical utility of scintimammography: From the Anger-cam-
era to new dedicated devices. Section A: Accelerators, Spec-
trometers, Detectors and Associated Equipment. Nucl Instrum
Methods Phys Res 2006; 569: 281-285.

Martin MA, Meyricke R, O’Neill T, Roberts S. Breast-con-
serving surgery versus mastectomy for survival from breast
cancer: the western Australian experience. Ann Surg Oncol
2007; 14: 157-164.

Qin X, Chen J, Zhang H et al. Breast-conserving surgery and
combined therapy for women with breast cancer: a report of
216 cases. Chinese-German J Clin Oncol 2007; 6: 264-268.
Truong P. Update on radiation therapy for breast cancer. Pro-
ceedings of the 30th Annual Meeting 2007. San Antonio
Breast Cancer Symposium, 14 December 2007, San Anto-
nio, USA.

Clarke M, Collins R, Darby S et al. Effects of radiotherapy and
of differences in the extent of surgery for early breast cancer
on local recurrence and 15-year survival: an overview of the



21.

22.

randomised trials. Lancet 2005; 366: 2087-2106.

Lecchi M, Fossati P, Elisei F, Orecchia R, Lucignani G. Cur-
rent concepts on imaging in radiotherapy. Eur J Nucl Med Mol
Imaging 2008; 35: 821-837.

Duarte GM, Cabello C, Torresan RZ et al. Fusion of mag-
netic resonance and scintimammography images for breast
cancer evaluation: a pilot study. Ann Surg Oncol 2007; 14:

23.

24.

663

2903-2910.

Dizendorf E. Impact of whole-body '®F-FDG-PET on staging
and managing patients for radiation therapy. J Nucl Med Mol
Imaging 2003; 44: 30-32.

Choudhury P, Kumar R, Pandey KK. Importance of scin-
timammography in restaging of breast carcinoma in post
lumpectomy patients. Ind J Nucl Med 2002; 17: 40 (abstr).



