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Presurgical neoadjuvant chemotherapy (PSNC) is the treatment of
choice for patients with locally advanced breast carcinoma (LABC).
Accurate assessment of tumor response is important in planning
subsequent treatments. Conventional response assessment by
mammography and clinical evaluation is not fully reliable. This study
evaluates the diagnostic yield of serial ""Tc-MIBI
scintigraphy in
the assessment of LABC response to PSNC. Methods: Twenty-nine
patients affected by LABC underwent clinical, mammographie and
"Tc-MIBI
scintigraphy before and after 3 cycles of FEC (500
mg/m2 5-fluorouracil, 50 mg/m2 epirubicin and 400 mg/m2 cyclophosphamide) on Days 1 and 8. Surgery was planned for 15 days
after the third cycle of chemotherapy. Pathological status was
obtained after surgery in all patients. Results: Sensitivities (i.e.,
true-positive ratios) for a correct prediction of tumor presence after
PSNC were 65% for scintigraphy, 35% for clinical evaluation and
69% for mammography. Specificities (i.e., true-negative ratios) for a
correct prediction of tumor absence after PSNC were 100% for
scintigraphy, 67% for clinical evaluation and 33% for mammogra
phy. Technetium-99m-MIBI uptake in this series did not correlate
with P-170 expression, proliferating cell nuclear antigen, Her-2/neu
oncogene protein, antihuman endothelial cell CD31 antigen and
estrogenic and progestinic receptor status. Conclusion: Technetium-99m-MIBI scintigraphy is effective in monitoring the response
to PSNC in LABC patients. Its diagnostic yield is clearly superior to
clinical evaluation alone. Scintigraphy performs as does mammog
raphy in patients with negative response, but it is clearly superior in
patients with positive response.
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response to neoadjuvant chemotherapy
by LABC.
MATERIALS

in 29 patients affected

AND METHODS

Patients

Twenty-nine patients with LABC (T2 ^ 3 cm and T3-T4, N0-N,
by the UICC criteria) (15) were accrued in this study in a 15-mo
period. Clinical and mammographie evaluations were performed in
all patients before chemotherapy was started. The histologie
diagnosis was obtained by fine-needle aspiration biopsy in 8
patients and by incision biopsy in 11 patients. In each patient,
metastatic disease was ruled out by chest x-irradiation, liver
sonography and bone scintigraphy. All patients received three
cycles of FEC (500 mg/m2 5-fluorouracil, 50 mg/m2 epirubicin and
400 mg/m2 cyclophosphamide on Days 1 and 8). No concomitant
or sequential radiotherapy was given. Clinical and mammography
evaluations were repeated after three cycles of neoadjuvant che
motherapy. Surgery was planned for 15 days after the third cycle of
chemotherapy. Pathological status was obtained after surgery in all
patients.
Technetium-99m-MIBI

i resurgical neoadjuvant chemotherapy is the treatment of
choice for patients with locally advanced breast carcinoma
(LABC), providing better local disease control, improved breast
conservation and increased survival rate (1,2).
Accurate assessment of tumor response is important in
planning subsequent treatments. Clinical and mammographie
evaluations are not reliable in assessing tumor response because
they cannot differentiate fibrosis from residual tumor (3-5).
Pathologic examination remains the only accurate way to
determine the extent of tumor regression after presurgical
chemotherapy. Although this approach provides important
prognostic information (6), it requires removal of a variable
amount of breast tissue, which could ultimately affect the
cosmetic outcome.
Breast scintigraphy with 201T1(7,8) or 99mTc-MIBI (9,10) has
proved valuable

assessing the metabolic activity of the lesion. In fact, the uptake
of both radiopharmaceuticals is dependent on energy-requiring
transmembrane transports, such as Na/K. ATPase and transmembrane electronegative potential, in addition to nonspecific
mechanisms (11-14).
The aim of this study was to evaluate the diagnostic yield of
serial 99mTc-MIBI scintigraphy in the assessment of tumor

Breast Scintigraphy

Technetium-99m-MIBI scintigraphy was performed at the time
of clinical diagnosis and the day before the planned surgical
treatment. A commercial MIBI kit was labeled with a maximum of
5.56 GBq of 99mTc in 1-3 ml of saline. The labeling and quality
control procedures were performed according to the manufactur
er's instructions. Labeling efficiency was always higher than 90%.
Breast scintigraphy was performed at 10 and 90 min after an
intravenous injection of 740 MBq of WmTc-MIBI, made in the arm
on the opposite side of the breast lesion. Images (256 X 256 matrix
size, 1.000 kilocounts) were acquired in the anterior and oblique
views with the patient in the supine position and in the lateral view
with the patient in a prone position using a foam rubber mattress
with lateral semicircular apertures for breast.
Tumor uptake was interpreted without prior knowledge of tumor
stage using a semiquantitative scale (i.e., â€”= no uptake; -I- = faint
uptake; ++ = moderate uptake; + + + = intense uptake); film
reading was performed by two nuclear medicine physicians.
Response Evaluation

Clinical and mammographie evaluations were performed mea
suring the product of the two largest tumor diameters: positive
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'Positive response = total disappearance or evident shrinkage of primary tumor; "Negative response = minimal or absent response. Positive response
= no uptake in postchemotherapy scan; Negative response = faint or no reduction of uptake grade in postchemotherapy scan. *Positive response = over
75% of cancer mass replaced by fibrosis; *Negative response = less than 75% of cancer mass replaced by fibrosis.

response was defined as total disappearance or evident shrinkage of
primary tumor; and a minimal or absent response was considered a
negative response.
Technetium-99m-MIBI scintigraphy identified a positive re
sponse with no detectable uptake on the postchemotherapy scan
and a negative response with no or faint reduction in uptake grade.
Histopathological assessment of response was classified as a
positive response when cancer lesion was entirely replaced by
fibrosis or when only few isolated cells persisted and as a negative
response if viable invasive carcinoma persisted in more than 25%
of the area of the lesion.
Immunohistochemical

evaluated using the antihuman endothelial cell CD31 IC/70A
(1:50). Immunohistochemical assay was performed using a sensi
tive streptavidin-biotin immunoperoxidase method, and the enzy
matic activity was developed with 3-amino-9-ethyl-carbazole as a
chromogenic substrate.
Statistics

The significance of proportions was evaluated by Fisher's exact

test.

Studies

Formalin-fixed, paraffin-embedded tissue samples of the 29
surgically-removed breast carcinomas were retrieved from the
surgical pathology files of the "Regina Elena" Cancer Institute. In
all cases, estrogen receptor (ER) and progesterone receptor (PgR)
status had been previously determined immunohistochemically on
frozen sections using commercially available kits. For both ER and
PgR, the cutoff value was nuclear staining of 10% neoplastic cells.
Multidrug resistance P-glycoprotein (P-170), proliferating cell
nuclear antigen (PCNA) and Her-2/neu oncogene protein were
determined immunohistochemically on 5-p.g paraffin sections
using the following mouse monoclonal antibodies: JSB-1 (1:15),
PC 10 (1:100) and 300G9 (5 ju.g/ml; provided by Dr. P. G. Natali,
Immunology Laboratory, "Regina Elena" Cancer Institute, Rome,
Italy), respectively.
Intratumoral microvessel density was immunohistochemically

TABLE 2
Clinical Evaluation, Mammography and Scintigraphy Results Using
Pathological Findings as Standards
PathologyNegative evaluationTP
8/23FN
=

16/23FN
=

15/23FN
=

responsePositive
= 15/23
= 7/23
= 8/23
TN = 4/6MammographyTP
TN = 2/6ScintigraphyTP
TN = 6/6
responseClinical
FP = 2/6

FP = 4/6

FP = 0/6

TP â€¢true-Positive (i.e., sensitivity); TN = true-negative (i.e., specificity);
FP = false-positive; FN = false-negative.
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FIGURE 1. Patient 3. PrÃ©-(A and C) and
postchemotherapy
(B and D) mam
mographie and 99mTc-MIBI scans. No
changes in lesion density and radiotracer
uptake (arrow) were observed. These
findings correlate with pathological ex
amination.

RESULTS

The diagnostic performance of'""Tc-MIBI

breast scintigra-

phy is reported in Table 1, together with clinical, mammo
graphie and pathologic data used as golden standards. A 95%
interobserver agreement between the two reading physicians
was obtained, and the remaining 5% was resolved by consen
sus. No differences in tumor uptake grade were observed
between early and late scans and between supine and prone
views.
Assuming the objective of a correct prediction of tumor
presence after the neoadjuvant chemotherapy (Fig. 1), sensitiv
ities (i.e., true-positives) were 65% for scintigraphy, 35% for
clinical evaluation and 69% for mammography (Table 2).

Assuming instead the objective of a correct prediction of tumor
absence after the neoadjuvant chemotherapy (Figs. 2 and 3),
pecificities (i.e., true-negatives) were 100% for scintigraphy, 67%
for clinical evaluation and 33% for mammography (Table 2).
The immunohistochemical
profiles of cancers with truepositive and false-negative scans are reported in Tables 3 and 4.
In patients with a negative response at pathology, P-170 was
expressed in 8 of 15 patients with persistent WmTc-MIBI tumor
uptake and in 4 of 8 patients with no tracer uptake in the
postchemotherapy scans (p > 0.05). PCNA-labeling indices of
Grades 2 and 3 and the presence of Her-2 were observed in 8 of
15 and 9 of 15 patients with positive second scintigraphy study,
respectively, and in 2 of 8 and 4 of 8 patients with negative

FIGURE 2. Patient 13. Pre- (A) and
postchemotherapy
(B) mammographie
exams of right breast show a minimal
response, whereas the focal 99nTc-MIBI
uptake observed in C (arrow) completely
disappeared in D. At pathologic examina
tion, the cancer lesion was entirely re
placed by fibrosis.
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FIGURE 3. Patient 17. As in Figure 2, no
change in lesion density was observed in
pre- and postchemotherapy mammo
graphie scans (A and B), whereas 99rrTcMIBI focal uptake in C (arrow) is no longer
seen in D, in accordance with the tumor
disappearance observed at pathologic
examination.

second scintigraphy study (p > 0.05). CD31 antigen was
present, in various degrees, in all patients from both groups
(p > 0.05). Staining for ER and PgR was similar between the
two groups (p > 0.05).
DISCUSSION
Locally advanced breast carcinoma has been treated with
multimodality therapy consisting of preoperative chemother
apy, mastectomy, radiation therapy and postoperative chemo
therapy (1,2,16). The addition of neoadjuvant chemotherapy to
programs using only surgery and/or radiation therapy has led to
a substantial improvement in patient survival, with 35%-50%
of the patients surviving beyond 5 yr (1,16-18).
Accurate assessment of tumor response to neoadjuvant che

motherapy in LABC is important because the response influ
ences subsequent patient treatment and the selection of postop
erative chemotherapy regimens and is an indicator of prognosis
(3,6). Because clinical examination alone is not adequate to
differentiate a residual mass representing fibrosis from that
representing residual tumor (6), combined physical examination
and mammography has been proposed (3,4). Unfortunately,
findings at mammography and clinical examination may be at
odds; unchanging microcalcification and the continuing pres
ence of mammographie density have been identified as radio
logical factors responsible for this discrepancy (3.6). Currently,
pathologic examination is the only accurate way to determine
the extent of tumor regression after preoperative chemotherapy.

TABLE 3
Immunohistochemical Studies in Patients with Scintigraphic and Pathologic Concordant Responses
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MIBI
no.
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+
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receptor5050403070NegativeNega
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(%)80Negative+

4080+
60+
NegativeNegative30+

40+
Negative+
NegativeNegative+
Negative+
6030Progesterone
1Estrogen

*- = absent or less than 25% of stained neoplastic cells; + = at least 25% stained neoplastic cells.
f+ = low micro vessel density (MVD); ++ = moderate MVD; + + + = strong MVD.
*Grade 1 = negative or less than 5% stained nuclei; Grade 2 = 5%-10% stained nuclei; Grade 3 = 10%-50% of stained nuclei.
Â§- = less than 50% neoplastic cells with stained membrane; + = at least 50% neoplastic cells with stained membrane.
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TABLE 4
Immunohistochemical Studies in Patients with Scintigraphic and Pathologic Discordant Responses
Patient
postchemotherapy
no.1591516182025MIBI
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index)
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- = absent or less than 25% stained neoplastia cells; + = at least 25% stained neoplastic cells.
T+ = low micro vessel density (MVD); ++ = moderate MVD; + + + = strong MVD.
'Grade 1 = negative or less than 5% stained nuclei; Grade 2 = 5%-10% stained nuclei; Grade 3 = 10%-50% of stained nuclei.
Â§- = less than 50% neoplastic cells with stained membrane; + = at least 50% neoplastic cells with stained membrane.

Such evaluation provides important prognostic information
(6,19), but requires removal of a sizable amount of breast tissue.
Breast scintigraphy with positive tracers is a newer noninvasive imaging technique for evaluating the metabolic state of
breast tumors (7-10,20). Technetium-99m-MIBI
is currently
the positive tracer of choice for breast scintigraphy due to its
superior physical characteristics and diagnostic accuracy (7â€”
10,20). There is a general consensus in the literature that a
positive 99mTc-MIBl scan in a patient with palpable breast mass
is highly suspicious for malignancy, which warrants surgery,
whereas a negative study is usually associated with benign
pathologies (2/). Technetium-99m-MIBI tumor uptake reflects
metabolic status, and it is directly related to blood flow and
mitochondria! transmembrane electronegativity and inversely
related to necrosis or fibrosis (10,11). In vitro studies have
shown 99mTc-MIBI to be a substrate of P-glycoprotein, a
170-kDa cytoplasmic membrane protein encoded by the multidrug resistance gene. This protein acts as a reflux pump for
cytotoxic drugs and counteract cellular 99mTc-MIBI accumula
tion in vitro (22). Its effects, if any, on in vivo 99mTc-MIBI
uptake are incompletely understood.
In the current study, all 29 patients had a positive prechemotherapy 99mTc-MIBI scan that correctly indicated the presence
of breast cancer. Scintigraphy was superior to clinical evalua
tion for the presurgical assessment of tumor response ( 15 of 23
compared to 8 of 23; p = 0.038) or absence of response (6 of
6 compared to 2 of 6; p = 0.030) to neoadjuvant chemotherapy.
This result was expected because physical examination alone is
an inadequate estimator of tumor response (4).
The overall diagnostic accuracy of scintigraphy is similar to
mammography (21 of 29 compared to 18 of 29; p > 0.05), but
the specificity of scintigraphy is superior. In fact, in the six patients
with complete tumor disappearance at pathology, postchemo
therapy 99mTc-MIBI scans were negative in all cases, whereas
mammography was negative in only two patients (p = 0.030).
At pathology, 23 patients had a negative response score (i.e.,
presence of residual disease); presurgical diagnosis was correct
in 15 by scintigraphy and in 16 by mammography. Thus,
scintigraphy seems superior to mammography in patients with
complete tumor disappearance, whereas its diagnostic accuracy
is similar in patients with residual disease. Technetium-99mMIBI scintigraphy gave a false-negative response in 8 of 23
patients with a negative response at pathology (Table 4). In
these eight patients, pathology showed that the residual tumor
masses were made of millimetric and submillimetric multifocal
clusters of cancer cells scattered through sclerotic stroma. The
1550

negative nuclear scan can thus be explained by a combination of
biological factors related to depressed tumor metabolisms and
of geometrical factors related to the very small sizes of the
neoplastic clusters. This situation could represent a true limit of
the nuclear scan. It is possible that alternative imaging methods,
such as dedicated nuclear detectors or the recently proposed
color Doppler flow imaging (23), will show higher sensitivity
with improved technology. Correlation of 99mTc-MIBI in vivo
uptake patterns (i.e., true-positive or false-negative) with immunohistochemical profile (Tables 3 and 4) does not reach
significance in this series.
CONCLUSION

Technetium-99m-MIBI
scintigraphy may be used as addi
tional noninvasive imaging technique to monitor the response to
neoadjuvant chemotherapy in LABC patients. Its diagnostic
yield in the correct assessment of tumor response is clearly
superior to clinical evaluation alone. Scintigraphy performs as
well as mammography in patients with a negative response, but
it is clearly superior in patients with a positive response.
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Iodine-123-a-Methyl Tyrosine in Gliomas: Correlation
with Cellular Density and Proliferative Activity
Torsten Kuweit, Stefan Probst-Cousin, Burkhard Woesler, Carlo Morgenroth, Hartmut Lerch, Peter Matheja, Stefan Palkovic,
Michael SchÃ¤fers,Hansdetlef Wassmann, Filippo Gullotta and Otmar Schober
Departments of Nuclear Medicine, Neuropathology and Neurositrgery, WestfÃ¤lische Wilhelms-UniversitÃ¤t MÃ¼nster,
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Amino acid transport rate in gliomas can be assessed using SPECT
and the amino acid L-123l-a-methyl tyrosine (IMT). This study at
tempted to correlate the uptake of IMT by gliomas with the proliferative activity and cellular density of these neoplasms. Methods: The
study used 27 patients with gliomas, including 18 patients with
high-grade tumors and nine patients with low-grade neoplasms.
Amino acid transport rate was determined using IMT and the
triple-headed SPECT camera. Proliferative activity was immunohistochemically assessed as the relative number of cells expressing the
Ki-67 nuclear antigen; cellular density was evaluated using light
microscopy. Results: Relative IMT uptake correlated significantly
with the proliferative fraction of tumor cells (r = 0.6, p < 0.001).
There was no significant correlation between IMT uptake and
cellular density (r = 0.25, p > 0.05). Conclusion: The uptake of the
SPECT radiopharmaceutical IMT is related to proliferative activity
rather than to the cellular density of gliomas.
Key Words: radionuclide imaging; gliomas; SPECT; iodine-123-amethyl tyrosine; cellular density
J NucÃ-Med 1997; 38:1551-1555

Thefie measurement

of the regional uptake of radioactively
labeled amino acids by SPECT or PET is a unique method for
studying amino acid metabolism of brain tumors in vivo (1-3).
The most widely used radiopharmaceutical for this purpose is
the PET tracer "C-methionine; recently, 123I-a-methyl tyrosine
(IMT), another radioactively labeled amino acid, has been
introduced as a radiopharmaceutical that is suitable for the less
expensive and more available SPECT technique (4-6).
The uptake of " C-methionine and also of IMT has been
shown to reflect amino acid transport rate (6-10), thus making
it accessible to noninvasive investigation. In the field of brain
tumors, the significance of these observations remains to be
clarified because the relationship between amino acid transport
rate and the biological behavior of gliomas is still unclear. This
refers, in particular, to its correlation with the proliferative
activity of these neoplasms.
Received Aug. 26, 1996; revision accepted Feb. 26,1997.
For correspondence or reprints contact: Torsten Kuwert, MD, Department of Nuclear
Medicine, WestfÃ¤lischeWilhelms-UniversitÃ¤t MÃ¼nster,Albert-Schweitzer-Strasse 33,
48129 MÃ¼nster,Germany.

It was the aim of our study to correlate IMT uptake, measured
by preoperative SPECT, with the proliferative activity of
gliomas, which was determined by using the immunohistochemical detection of the Ki-67 antigen. In addition, we also
analyzed the relationship between IMT uptake and cellular
density.
MATERIALS AND METHODS
Patients
Twenty-seven patients with untreated gliomas were entered into
the study over a period of 18 mo. Informed consent was obtained
from every subject studied. The study protocol had been approved
by the Ethical Committee of the WestfÃ¤lischeWilhelms-UniversitÃ¤t.
Clinical and demographic data are detailed in Table 1. The
average age of the patients (17 men and 10 women) was 55.9 yr
(range, 34-82 yr). CT and/or Tl- and T2-weighted magnetic
resonance imaging (MRI) with intravenous contrast medium were
obtained in all patients 8.6 days before surgery, on average (range,
0-32 days). On these images, we measured the two largest
perpendicular transaxial diameters of the contrast-enhancing le
sion; when the tumor exhibited no contrast enhancement (patients
19, 21 and 26), we determined the two largest perpendicular
transaxial diameters of the whole CT or MRI abnormality in
question. The two distances measured were then averaged for
further analysis. Individual tumor sizes are listed in Table 1; the
mean diameter of the tumors was 3.94 Â±1.6 cm.
Open surgery (17 cases) or stereotactic biopsy (10 cases) was
performed 5.3 days after SPECT, on average, with a range of 1-19
days. None of the patients had biopsy before the SPECT investigation.
Histopathological assessment according to the criteria of the
revised World Health Organization classification (//) revealed 13
astrocytomas IV, five astrocytomas III, seven astrocytomas II, one
oligo-astrocytoma II and one subependymoma II (Table 1).
Immunohistochemistry
Formalin-fixed, paraffin-embedded specimens of each tumor
were available for investigation. The evaluator was not aware of
the clinical and SPECT data. Histological diagnosis and tumor
grading had been performed independently by another examiner.
Immunohistochemistry was performed on 4-/xm-thick sections,
which were processed with an antibody to a formalin-resistant
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