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99mTc-Sestamibi is commonly used for mammoscintigraphy. Oc-
casional uptake of ¥mTc-exametazime in various tumors has been
described. In this study, an intraindividual comparison of these 2
radiopharmaceuticals for mammoscintigraphy was made. Meth-
ods: A kinetic study (30 min) in the lateral prone view of 20 breast
tumors (=1 cm) in 20 women was conducted with %mTc-exa-
metazime. Thereafter, 21 breast tumors (=1 cm) in 21 women were
examined with both agents (2 patients were included in both
groups) under identical conditions (interval, 2-7 d). In the latter
group, the tumor-to-background breast activity ratio and the tumor
uptake normalized to the administered activity (cps/MBq) at 10 min
after injection were calculated and compared for both agents.
Results: All tumors (43 tumors in 39 patients) were visualized with
9mTc-exametazime. There was also one instance of false-positive
uptake using this agent. The uptake phase lasted ~10 min. There-
after, the activity was practically stable. ®mTc-Sestamibi failed to
depict 4 tumors. On the group level, the tracers did not differ in
tumor-to-background activity ratio or normalized tumor uptake.
Intraindividual agreement in tumor-to-background ratios between
the tracers was moderate (intraclass correlation coefficient =
0.49). Conclusion: Uptake of 99mTc-exametazime in breast tu-
mors = 1 cm seems to be comparable with that of ®mTc-sestamibi
at a group level. The specificity is unknown. There is a restricted
intraindividual agreement between the tracers, confirming different
uptake mechanisms. This may open up possibilities for assessing
different tumor characteristics in vivo, especially since the uptake
of both agents is based on mechanisms believed to be involved in
resistance to antineoplastic drugs.
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The diagnosis of breast cancer is based on physical
examination supported by mammography and fine-needle
aspiration cytology or core biopsy. The increasing use of
MRI and, especially, ultrasonography has improved diag-
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nostic accuracy, but there is still a need for additional
diagnostic methods. Scintigraphic evaluation of unclear
breast masses has confirmed the value of mammoscintigra-
phy as a complementary examination for this purpose.

Several radiopharmaceuticals have been studied as tumor-
seeking agents in breast cancer, and varying accuracy has
been reported. Single-photon emitters include *™Tc-diethyl-
enetriaminepentaacetic acid, ®™Tc-pertechnetate, ’Ga-gallium
citrate, 2°'Tl-thallium chloride, !''In-pentetreotide, *™Tc(V)-
dimercaptosuccinic acid, ™ Tc-methylene diphosphate, *"Tc-
tetrofosmin, and various *™Tc-labeled antibodies (/-3). A
commonly used agent for this purpose is **"Tc-sestamibi (Car-
diolite; Du Pont Ltd.), and several studies have confirmed its
value in depicting breast tumors (4—6).

PmTc-Exametazime (Ceretec; Amersham International
plc) is commonly used for investigation of regional cerebral
blood flow. Several reports have described occasional up-
take in head and neck tumors, lung tumors, soft-tissue
sarcoma, thyroid carcinoma, renal cell cancer, and hepato-
cellular carcinoma (7—13). Uptake by human breast tumor
cell lines has also been reported (/4). The purpose of this
study was to explore whether ®™Tc-exametazime is suitable
for depicting breast cancer. The uptake kinetics in breast
cancer were first studied in one group of patients. Thereaf-
ter, an intraindividual comparison between uptake of *™Tc-
exametazime and uptake of **™Tc-sestamibi was made in
another patient group.

MATERIALS AND METHODS

Patients and Radiopharmaceuticals

Two groups of consecutive women with a recently detected
breast tumor having a diameter of =1 cm at mammography or
ultrasonography were examined. All patients underwent surgery,
and the tumors were histologically graded. The study was ap-
proved by the local ethical and radiation safety committees and by
the National Medical Products Agency.

To study whether *™Tc-exametazime was at all suitable as a
tracer for depicting breast cancer, and to study the uptake kinetics,
we used it in the mammoscintigraphic examination of 20 patients
(group I; mean age, 56 y; SD, *£9 y), each of whom was given
1,000 MBq.
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In group II, comprising 21 patients (mean age, 53 y; SD, =10
y), uptake of *™Tc-exametazime and uptake of *™Tc-sestamibi
were compared at separate mammoscintigraphic examinations per-
formed in random order 27 d apart. Each patient was given 500
MBq of each tracer. Two of these patients were also included in
group I. All patients presented clinically with 1 tumor (which we
termed the main tumor). In one patient in group I, an additional
tumor was discovered at scintigraphy. In 3 patients in group II, an
additional tumor was discovered during the diagnostic work-up
before the nuclear medicine examinations.

Tumor Characteristics

In group I, 19 of the 20 main tumors were palpable. Ten tumors
were left sided and 10 were right sided. Histopathology showed 19
ductal invasive tumors, of which 7 were associated with in situ
changes. According to the Elston classification, 5 cases were grade
I, 8 were grade II, 5 were grade III, and 1 was grades I and II
mixed. One tumor was lobular invasive grade II.

In group 11, 20 of the 21 main tumors were palpable. Ten tumors
were left sided and 11 were right sided. Histopathologic examina-
tion showed 19 ductal invasive tumors, of which 11 were associ-
ated with in situ changes. According to the Elston classification, 4
cases were grade I, 1 of which was associated with a lobular
cancer; 11 were grade II; and 6 were grade 111, including 1 case of
ductal invasive tumor and lobular cancer combined.

Table 1 shows the largest diameter of the main tumor in each
patient group as assessed at preoperative mammography and at
specimen radiography and histopathology after resectioning.

Mammoscintigraphy

Lateral prone views were acquired using a dual-head y-camera
(Sopha DST.XL; Sopha Medical Vision/General Electric Medical
Systems) equipped with low-energy ultra-high-resolution parallel-
hole collimators. A 256 X 256 matrix giving a pixel size of 4.5
mm? was used. A dynamic 30-min planar registration was initiated
when the tracer was injected in a pedal vein. “™Tc-Exametazime
was administered within 30 min after preparation. Acquisition was
made as 20-s frames in group I and as 10-s frames in group II.

Data Evaluation
In group I, all frames acquired from 11 to 30 min were com-
bined into 1 image. On this, a region of interest (ROI) was drawn

TABLE 1
Largest Diameter of Main Tumor at Mammography
and at Specimen Radiography and Histopathology
After Resectioning

Largest diameter

Patient Mean SD Range
group Modality (mm) (mm) (mm)
| Mammography 31 16 15-70
Radiography* 31 17 15-75

Histology 31 16 5-65

I Mammography? 24 11 15-50
Radiography 25 9 13-40

Histology 25 11 8-52

*Two tumors did not undergo radiography.
TOne tumor was not visible at mammography.
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around the main tumor activity with a small margin. An identical
ROI was positioned in the same breast and at approximately the
same distance from the chest wall representing background activ-
ity (Fig. 1). Time—activity curves were created for each of the 2
ROIs. All curves were corrected for physical decay and normalized
to the area under the curve. The curves so obtained from all
patients were separately combined for the tumor region and for the
background region. The initial part of the 2 curves could be fitted
by the least-squares technique to a monoexponential function (1 —
e~M). From these data, separate measures of uptake rate (\) and of
uptake half-time (In 2/\) could be assessed for tumor and back-
ground tissues, respectively.

In group IL, the 2 examinations in each patient were evaluated
on the same occasion. All frames acquired from 11 to 30 min were
combined into 1 image. On this, an ROI was drawn around the
main tumor, leaving a small margin. A specially designed com-
puter program was used to select a 4-pixel-wide background
region close to the tumor region, from which an interpolated
background activity was calculated (Fig. 1). In 3 patients for whom
no tumor uptake could be identified at examination with **™Tc-
sestamibi, a tumor ROI was drawn according to findings at mam-
mography. The quotient between the activity of the tumor ROI,
corrected for interpolated background to give a net tumor uptake,
and the uptake of the background region was assessed as the net
tumor-to-background ratio.

Normalized Tumor Uptake

For all examinations in group II, the net tumor uptake was
normalized to the administered activity of each radiopharmaceu-
tical, thereby giving the normalized tumor uptake (cps/adminis-
tered MBq). For this step, the syringe activity was measured before
and after injection for 14 examinations with *™Tc-exametazime
and for 17 examinations with *™Tc-sestamibi. The mean residual
activity of the syringe at these examinations was calculated (2.6%
for %mTc-exametazime and 3.9% for *™Tc-sestamibi using the
same type of syringe) and used to calculate the administered
activity at the examinations for which the syringe activity was
measured only before the injection.

Statistical Analysis

The Wilcoxon matched-pairs test was used to compare the 2
tracers. Agreement between the tracers was calculated using the
intraclass correlation coefficient. This depends in part on the
corresponding product-moment correlation but also depends on the
differences between the means and SDs of the 2 sets of measure-
ments. The intraclass correlation coefficient is a reliability coeffi-
cient calculated using variance estimates obtained through an
ANOVA for repeated measures. As a general guideline, values
greater than (.75 indicate good agreement and those less than 0.75
indicate moderate to poor agreement. For most clinical measurements,
the value should exceed 0.90 to ensure reasonable validity (15).

RESULTS

Dynamic Study (Group |)

All main tumors and 1 previously undetected contralat-
eral tumor were visualized with "Tc-exametazime. The
added time—activity curves of the main tumor and the back-
ground activity had the same configuration (Fig. 2). Both
curves showed an increasing uptake during ~10 min and a
practically stable activity during the subsequent 20 min. The
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FIGURE 1. 9mTc-exametazime mammoscintigraphy (500
MBq) of a 60-y-old woman in whom a 35-mm breast tumor was
found at mammography. (A) Image showing tumor activity (ar-
row). (B) Same image showing ROIs used when evaluating
patients of the comparative study (group Il). Tumor ROI (yellow)
is surrounded by 4-pixel-wide background ROI (red).

uptake half-times for the tumor and the background activity
were 2.6 and 2.9 min, respectively.

Comparative Study (Group Il)

All main tumors and the 3 tumors additionally detected
were visualized with %™Tc-exametazime. False-positive up-
take of P™Tc-exametazime occurred in 1 patient, for whom
complementary examination including mammography and
ultrasonography showed nothing suggestive. **™Tc-Sesta-
mibi failed to depict 3 main tumors and 1 of the 3 addition-
ally detected tumors. There were no false-positive findings
with %"Tc-sestamibi.

Mean (=SD) and median net tumor-to-background ratios
for #"Tc-exametazime were 8.6 (+21.2) and 2.3, respec-
tively. Corresponding values for *™Tc-sestamibi were 8.7
(*15.1) and 3.3, respectively. No difference was found
between the agents (P = 0.82) (Fig. 3).
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FIGURE 3. Box plot showing net tumor-to-background ratio

of 21 breast cancers in 21 women examined with 9mTc-exam-
etazime and 9mTc-sestamibi. Wilcoxon matched-pairs test
showed no significant difference between the 2 tracers (P =
0.82). HMPAO = exametazime; MIBI = sestamibi.

Mean (£SD) and median normalized tumor uptake at the
examinations with 9™ Tc-exametazime were 5.9 (£8.2) and
3.0, respectively. Corresponding values for ®™Tc-sestamibi
were 9.2 (*15.4) and 3.7, respectively. No difference was
found between the agents (P = 0.48) (Fig. 4).

The net tumor uptake (%) of *™Tc-sestamibi was higher
than that of *™Tc-exametazime in 11 patients, whereas
9mTc-exametazime uptake was higher in 10 patients. The
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FIGURE 2. Time-activity curves, after correction for physical FIGURE 4. Box plot showing normalized uptake (cps/admin-

decay, of 20 ®*mTc-exametazime examinations of breast cancer
in different women. Curves show tumor uptake and uptake of a
background region in ipsilateral breast. Examinations were nor-
malized by area under curve.

2042 THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 45 e

istered MBq) by 21 breast cancers in 21 women examined with
9mTc-exametazime and %mTc-sestamibi. Wilcoxon matched-
pairs test showed no significant difference between the 2 trac-
ers (P = 0.48). HMPAO = exametazime; MIBI = sestamibi.
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ratio of net uptake between %°"Tc-sestamibi and *°™Tc-
exametazime was <5 in most patients. In 3 patients, how-
ever, net *"Tc-sestamibi tumor uptake was more than 10
times higher than net *"Tc-exametazime uptake, whereas
the opposite was found in 1 patient.

The intraclass correlation reliability coefficient of net
tumor-to-background ratios between the 2 radiopharmaceu-
ticals was 0.49, indicating moderate agreement between
them, as is also illustrated by Figure 5. No systematic
difference was found.

DISCUSSION

Although mammoscintigraphy is most commonly per-
formed with *™Tc-sestamibi, additional radiopharmaceuti-
cals with different uptake mechanisms that could be used
for mammoscintigraphy would strengthen its role. *™Tc-
Exametazime is a lipophilic agent used to examine blood
flow in the brain. After crossing the blood-brain barrier,
fixation is considered to depend on interaction with intra-
cellular glutathione (16,17). Thereby, the tracer is decom-
posed into a hydrophilic species with a low backdiffusion.
The intracellular content of glutathione is generally high in
breast cancer (I8), but like *™Tc-sestamibi uptake, *™Tc-
exametazime uptake is not tumor specific. Tracer uptake is
proportional to blood flow in transplantable mouse tumors
(20) and in human lung (2/) and brain (22) tumors, as it is
in normal brain (/9).

The dynamic study was necessary for the subsequent
comparative study, since detailed data on the uptake kinetics
of #mTc-exametazime in tumors are lacking (23-26). Com-
pared with uptake by normal brain tissue, uptake by breast
tumors (Fig. 2) is slower (/9), but once fixed, it seems to be
stable. The half-time for accumulation in normal brain tis-
sue after intravenous injection has been reported to be on
the order of 25-30 s (/9), compared with 2.6 min in breast
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FIGURE 5. Scatterplot with line of equality showing relation-
ship between log net tumor-to-background ratios at examina-
tions with 9¥mTc-exametazime and %mTc-sestamibi in same pa-
tients. HMPAO = exametazime; MIBI = sestamibi.
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tumor, as found in the present study. The reason for this
discrepancy is unknown but may be due to differences in
vascularity or heterogeneity of tissue. Our findings are sim-
ilar to the uptake kinetics of *™Tc-exametazime reported
for rat and human breast tumor cell lines (/4). This study,
however, used a closed in vitro system with constant avail-
ability of the tracer, whereas in vivo the bolus of intact
9mTc-exametazime in the circulation decomposes within a
few minutes.

Using a planar single-photon technique, comparisons of
absolute uptakes are questionable. Nevertheless, because all
examinations in the comparative study (group II) were done
within a short interval using the same ~y-camera and under
identical conditions, the comparison reported in Figure 4 is
considered reasonable.

Because the aim of the present study was to compare
uptake of ®"Tc-exametazime and *™Tc-sestamibi in known
breast tumors, conclusions about the accuracy of this detec-
tion are restricted. Nevertheless, the fact that all tumors
were visualized with ™Tc-exametazime (43 tumors in 39
patients) indicates a certain sensitivity for breast tumors =
1 cm. Further, the only previous studies on **™Tc-exameta-
zime in breast cancer, both by the same research group,
reported high sensitivity for breast cancer— detection of 16
of 17 tumors (25) and 23 of 23 tumors (26). In the pilot
study (25), a specificity of 100% was reported; however, in
the following study (26), for unknown reasons no specificity
was assessed. Even so, no nodular uptake of the tracer
occurred in the control group.

On the group level, tumor uptake of *"Tc-exametazime
versus the surrounding background activity did not differ
from that of *™Tc-sestamibi. This finding is in contrast to
the higher uptake of ““"Tc-exametazime than of *™Tc-
sestamibi found in an experimental study on implanted
VX-2 cancer in rabbits (27). The strength of the present
study was the head-to-head comparison of the 2 agents.
Such a comparison has not been reported previously. The
intraindividual agreement between *™Tc-exametazime and
9mTc-gestamibi in our study was restricted with regard to
the target-to-background ratio, thus confirming different
uptake mechanisms. Further, the difference in net uptake
between the 2 tracers indicates a different biologic behavior
of the tracers.

The aim of the study was to compare the detectability of
the 2 tracers in breast cancer, and the reason for the re-
stricted agreement between the 2 tracers regarding uptake in
individual tumors is unknown. Nevertheless, this discrep-
ancy is striking and may open up a discussion on the
possibility of using the agents for characterization of breast
tumors. The uptake of both agents is based on mechanisms
believed to be involved in resistance to antineoplastic drugs.
Intracellular fixation of *™Tc-exametazime is considered to
be based on interaction with glutathione (/6,17). A corre-
lation exists between elevated cellular concentrations of
glutathione and resistance to alkylating agents and cisplatin
(28,29). These drugs may be inactivated through conjuga-
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tion with intracellular glutathione by catalysis of glutathione
S-transferases and thereafter extruded from the cells
(30,31). Another type of drug resistance is caused by an
efflux of drugs from tumor cells mediated by the adenosine
triphosphate—dependent transmembrane transporter proteins
P-glycoprotein and multidrug-resistance protein (32,33). The
washout rate of *"Tc-sestamibi from tumor cells correlates
positively with the expression of these proteins (34,35). One
might predict that the 2 tracers would be affected oppositely.
Glutathione or its enzymes can be elevated in multidrug-
resistant tumors, and thus “"Tc-exametazime accumulation
would be elevated and **™Tc-sestamibi accumulation reduced.
However, glutathione may be independent of multidrug resis-
tance. As a further confounding factor, glutathione can also be
elevated in hypoxic tumors. Testing these hypotheses would
require early and late examination with ®™Tc-sestamibi as well
as biopsy information from the tumors, with immunohisto-
chemistry to document levels of glutathione and other nonpro-
tein sulfyldryls, glutathione-related enzymes, and multidrug-
resistance transporters. Such studies were beyond the scope of
the present investigation.

CONCLUSION

9mTc-Exametazime can be used to depict breast cancer.
9mTc-Sestamibi failed to reveal 3 of the main tumors and 1
additional tumor, all of which were detected by **"Tc-
exametazime. Consequently, the sensitivity of *™Tc-exam-
etazime for mammoscintigraphy seems to be comparable to
that of **™Tc-sestamibi or may even be higher. No conclu-
sions can be reached about the specificity of **"Tc-exam-
etazime for mammoscintigraphy.
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