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Uptake of *™Tc-tetrofosmin, **™Tc-MIBI and 2°1TI
in malignant thymoma
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9mTc-tetrofosmin, Thallium-201-chloride (%°'T1) and %™ Tc-MIBI imagings were performed in a
patient with malignant thymoma. Tracer uptake in the primary tumor was demonstrated. The tumor-
to-background ratios of planar and SPECT imagings were 1.60 and 1.98 for ™Tc-tetrofosmin, 1.12
and 2.09 for 2°'Tl, and 1.19 and 1.80 for ™Tc-MIBI, respectively. In another patient *™Tc-
tetrofosmin and 2°'T] imagings were performed. Not only the primary tumor but also the direct
invasions and metastatic lesions (bone metastases) were clearly detected. The tumor-to-back-
ground ratios of planar and SPECT imagings were 2.31 and 2.78 for ®™Tc-tetrofosmin and 2.45 and
3.58 for 2'Tl, respectively. In ®™Tc-tetrofosmin scintigraphy we acquired delayed images, and the
tumor-to-background ratios of planar and SPECT delayed images were 1.20 and 1.86, the retention
ratios were —1.11 and —0.92 and the retention indices were —48.1 and —33.1, respectively. Our
preliminary results suggest that ®™Tc-tetrofosmin is useful in detecting not only the primary tumor

but also metastatic lesions from malignant thymoma.
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INTRODUCTION

99mTc-1,2-bis(bis(2-ethoxyethyl)phosphino)-ethane
(tetrofosmin), a lipophilic monovalent cation, has re-
cently been introduced as a new technetium-labeled
pharmaceutical for myocardial perfusion studies. 9°™Tc-
tetrofosmin and **™Tc-MIBI are now widely used in
myocardial perfusion imaging. 2! Tl, a cationic material,
is a useful tracer for detecting various tumors including
thymoma. *™Tc-tetrofosmin as well as °"Tc-MIBI have
shown potential utility as a tumor imaging agent for
parathyroid adenoma,’ breast cancer,>* lung cancer,3-$
thyroid cancer®!? and other tumors.!''2 We report pa-
tients with malignant (invasive) thymoma who underwent
201}, 99mTc-MIBI and **™Te-tetrofosmin imagings.
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CASE REPORTS

Case |

A sixty-seven-year-old man entered our hospital com-
plaining of double vision and right eyelid ptosis. A
tensilon test was positive and a clinical diagnosis of
myasthenia gravis was made. Thoracic CT revealed an
anterior mediastinal tumor (Fig. 1). The result of CT
guided biopsy was a malignant thymoma. We obtained
informed consent from the patient. ™ Tc-tetrofosmin and
2IT] imagings were performed. The patient was injected
with *"Tc-tetrofosmin (740 MBq) and underwent planar
and SPECT imagings 10 min after the injection. 20!T]
(222 MBq) was injected and planar and SPECT imagings
were performed 10 min after the injection. A large field of
view dual detector gamma camera and computer system
(GCAT200A, Toshiba) equipped with low-energy, high
resolution, parallel hole collimators were used. Anterior
and posterior simultaneous planar images (512 x 512
matrix, 1500 k counts) were acquired. The energy dis-
criminator was centered on 71 keV for 22/ Tl and 140 keV
photopeak for ©™Tc with a 20% window. Subsequently
single photon emission computed tomography (SPECT)
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Fig.1 A 67-year-old man with a malignant thymoma. Thoracic

CT revealed a anterior mediastinal tumor (arrow head).
Fig.4 Thoracic coronal SPECT images of ™ Tc-MIBI show

tumor uptake of tracer in the tumor (arrow).

Fig. 2 Thoracic coronal SPECT images of *™Tc-tetrofosmin Fig.5 A 66-year-old man with a malignant thymoma. Thoracic
show intense tracer uptake in anterior mediastinal tumor (ar- CT revealed a large anterior mediastinal tumor (arrow).
row).

Fig. 6 Thoracic CT revealed an anterior mediastinal tumor and
involvement of adjacent mediastinal structures (aorta), pleural
Fig. 3 Thoracic coronal SPECT images of ?°' Tl show the disseminations and rib invasions.

accumulation of tracer in the tumor (arrow).

data were acquired. The dual detector gamma camera images. The parameter of Butterworth filter was order 8,
rotated through 180° in a circular orbit in 60 steps of 50 sec and the cut-off frequency was 0.15 cycles/pixel for both
each for 2°'T] and **™Tc SPECT. Butterworth and Shepp tracers. As seen in Figures 2, 3 and 4, thoracic coronal
& Logan filters were used to reconstruct tomographic SPECT images of **™Tc-tetrofosmin, 2°!T1 and *™Tc-
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Fig. 7 %"Tc-tetrofosmin thoracic anterior planar image (Fig.
7A on the left) shows increased tracer uptake in primary medi-
astinal tumor (arrow) and right humeral bone metastasis (arrow
heads). Posterior thoracic planar image (Fig. 7B on the right)
shows the bone metastases of ribs and thoracic vertebrae and
direct rib invasions from pleural disseminations of malignant
thymoma (arrow).

MIBI show the accumulation of each tracer in the tumor-
ous lesion corresponding to the anterior mediastinal tu-
mor on X-ray CT. The tumor-to-background ratios of
planar and SPECT imagings were 1.60 and 1.98 for
99mTe-tetrofosmin, 1.12 and 2.09 for 2°'T1, and 1.19 and
1.80 for ®™Tc-MIBI, respectively.

Case 2

A sixty-six-year-old man came our hospital because ab-
normal pleural thickening was pointed out in a routine
chest X-ray. Thoracic CT revealed an anterior mediasti-
nal tumor (Fig. 5) and involvement of the sternum, sub-
cutaneous fat tissue and adjacent mediastinal structures
(aorta), pleural disseminations and rib invasions (Fig. 6).
The result of CT guided biopsy indicated an invasive
thymoma. We obtained informed consent from the pa-
tient. ™ Te-tetrofosmin, 2°'T1 and ™ Tc-MIBI imagings
were performed. The patient was injected with %™ Tc-
tetrofosmin (740 MBq) and underwent planar and SPECT
imagings 10 min and 3 hours after the injection. 20'T] (222
MBq) and *™Tc-MIBI (740 MBq) were injected for the
patient. Planar and SPECT imagings were obtained 10
min after the administration of both tracers. A 9™Tc-
tetrofosmin thoracic anterior planar image showed in-
creased tracer uptake in the primary mediastinal tumor
and right humeral bone metastasis (Fig. 7A). A posterior
thoracic planar image showed ribs and thoracic vertebral
bone metastases and direct rib invasions from pleural
disseminations of malignant thymoma (Fig. 7B). Tho-
racic coronal SPECT (Fig. 8A) and transaxial SPECT
(Fig. 8B) images of **™Tc-tetrofosmin clearly showed
intense tracer activity in the primary anterior mediastinal
tumor, direct sternum and subcutaneous fat tissue inva-
sions and involvement of adjacent mediastinal structures
(aorta, superior vena cava, mediastinum and pericar-
dium), pleural disseminations and bone metastases in the
rt humeral bone, ribs and thoracic vertebrae. Thoracic
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Fig. 8 Thoracic coronal SPECT (Fig. 8A) and transaxial
SPECT (Fig. 8B) images of **™Tc-tetrofosmin clearly show
intense tracer activity in primary anterior mediastinal tumor,
direct sternum and subcutaneous fat tissue invasions and adja-
cent mediastinal invasions (aorta, superior vena cava and peri-
cardium), pleural disseminations and bone metastases (rt
humeral bone, ribs and thoracic vertebrae).

coronal SPECT (Fig. 9A) and transaxial SPECT (Fig.9B)
images of 2°'Tl show tracer uptake in the primary tumor,
direct sternum and subcutaneous fat tissue invasions and
adjacent mediastinal invasions (aorta, superior vena cava
and pericardium), pleural disseminations and bone me-
tastases (rt humeral bone, ribs and thoracic vertebrae).
The tumor-to-background ratios of planar and SPECT
imagings were 2.31 and 2.78 for ™Tc-tetrofosmin, and
2.45 and 3.58 for 20T}, respectively. In 9™ Tc-tetrofosmin
scintigraphy we acquired delayed images, and tumor-
to-background ratios of planar and SPECT delayed
images were 1.20 and 1.86, the retention ratios were —1.11
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Fig. 9 Thoracic coronal SPECT (Fig. 9A) and transaxial
SPECT (Fig. 9B) images of 2*! Tl show tracer uptake in primary
tumor, direct sternum and subcutaneous fat tissue invasions and
adjacent mediastinal invasions (aorta, superior vena cava and
pericardium), pleural disseminations and bone metastases (rt
humeral bone, ribs and thoracic vertebrae).

and —0.92, and retention indices were —48.1 and —33.1,
respectively. The retention ratio was obtained as follows:
Delayed ratio — Early ratio. The retention index was
obtained by means of the following equation: Delayed
ratio — Early ratio/Early ratio x 100.

DISCUSSION

201T] uptake of various tumors has been reported in-
cluding malignant and benign thymic tumor.'>'* The
tumor seeking properties of ?™Tc-MIBI are also well
known.!5-17 99mT¢_tetrofosmin has recently been used as
a new myocardial perfusion imaging agent, and has also
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shown potential utility as a tumor imaging agent for such
conditions as parathyroid adenoma,' breast cancer,”™*
lung cancer,58 thyroid cancer®'? and other tumors.'"'?
Although #™Tc-tetrofosmin uptake in mediastinal tumor
was reported,'8 there is no report on *’™Tc-tetrofosmin
uptake in bone and distant metastases from malignant
thymoma.

There are several physical limitations to 2°'TI. The
energy emitted is lower, the half-life is longer and the
radiation dose to the patient is relatively higher. Com-
pared with 20'TI, ©™Tc has some advantages over *'Tl
such as higher emitted energy, shorter half-life, smaller
radiation dose, larger injected dose and better image
quality.

As for the tumor-to-background (normal lung) ratio, in
the planar images of case 1, the tumor-to-background
ratio of the ™ Tc-tetrofosmin (1.60) and **™Tc-MIBI
(1.19) was superior to that of °'TI (1.12). But the tumor-
to-background ratio of the SPECT images, *™Tc-
tetrofosmin (1.98) and *°™Tc-MIBI (1.80) was inferior to
that of 2!'TI C1 (2.09). In the planar images of case 2, the
tumor-to-background ratio of the ™ Tc-tetrofosmin (2.31)
was inferior to that of 2°'TI (2.45) and in the SPECT
images the tumor-to-background ratio of the A
tetrofosmin (2.78) was also inferior to that of 20177 (3.58).
The 20'T] tumor-to-background ratio was greater than that
of 9™Tc-tetrofosmin. This might be due to **™Tc-
tetrofosmin showing higher uptake than 2°'TI in the nor-
mal lung. The **™Tc-tetrofosmin tumor-to-background
ratio was greater than that of *™Tc-MIBI, and this might
be due to P"Tc-tetrofosmin being cleared faster than
9mTe-MIBI' from both the lungs and liver. Despite the
better physical properties and imaging quality of **™Tc, it
is disappointing that *™Tc-tetrofosmin did not always
outperform 2°'Tl in the tumor-to-background ratio. But
99mTe_tetrofosmin was judged to be comparable to 2Tl
on visual estimation and almost comparable to >! Tl as to
its tumor-to-background ratio also.

The early tumor-to-background ratios calculated from
9mTc-tetrofosmin planar and SPECT imagings were
higher than the delayed ratios, suggesting that the early
imaging with ™ Tc-tetrofosmin might be the better choice
for detecting malignant thymoma.

201T] js a K* analogue. The uptake of 2°''TI by cells is
related to cell membrane potential and Na*, K* ATPase
activity and might involve other K* channels.2*! 20'TI
remains in the cytosolic compartment,”! whereas **™Tc-
MIBI is localized mostly inside mitochondria due to
negative mitochondrial membrane potential > #*™Tc-
tetrofosmin is a monovalent lipophilic cation that rapidly
enters the myocardial cells due to its lipophilic proper-
ties.?#25 The uptake of both ™ Tc-tetrofosmin and **™Tc-
MIBI is related to the Na*, K* pump, and Na*/K* antiport
systems.?¢

The mechanism of uptake of ™Tc-MIBI and *™Tc-
tetrofosmin into malignant cells and its exact localization
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are not yet clear. The uptake of both tracers is known to
depend on regional blood flow and on the mitochondrial
content,?” because *™Tc-MIBI and %™ Tc-tetrofosmin in
vitro studies,?8 appear to indicate that there is a connection
with the multidrug resistance of P-glycoprotein, the 170-
kDa protein coded by MDR1 (mammalian multidrug
resistance gene). In addition, it was reported that accumu-
lation of ®™Tc-tetrofosmin in breast tumor cells in vitro
is related to a p-glycoprotein similar to ™Tc-MIBI.28

The chemosensitivity of a tumor is important for its
management. Increased expression of transmembranous
p-glycoprotein, the product of multidrug resistance 1
gene, has resulted in multidrug resistance. The multidrug
resistance p-glycoprotein system functions as an energy
dependent efflux pump which reduces the amount of
intracellular transporting cytotoxic agents, MIBI and
tetrofosmin, in tumor cells. The accumulations of 9™ Tec-
MIBI and **"Tc-tetrofosmin are inversely proportional to
the level of p-glycoprotein expression.2%-3! Therefore the
accumulation of **™Tc-tetrofosmin in tumors provides us
not only with the localization of the primary tumor and
metastatic lesions but also the chemosensitivity of the
tumor, which may predict the response to chemotherapy
and selection of therapy management.

In conclusion, ®*™Te-tetrofosmin imaging would be
helpful in detecting both the primary tumor and metastatic
lesions from malignant thymoma. Further investigations
and larger clinical trials are needed to justify the potential
usefulness of this tracer as a tumor detecting imaging
agent.
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