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We evaluated the usefulness of ®*™Tc-MIBI scintigraphy in primary
lung cancer in comparison with 2°'Ti-chloride scintigraphy.
Methods: There were 45 patients with primary lung cancer. All
gs'i_rents underwent dual-isotope imaging with 2°'Ti-chloride and
c-MIBI. Regions of interest were placed over the tumors (T) and
contralateral normal lung tissue (N) on one coronal view in the
SPECT, and T/N ratio and retention index were calculated. Resuilts:
The positive rate was 98% in both the early and delayed images for
20'Ti-chloride and 96% in the early and 89% in the delayed image
for ®™Tc-MIBI. Both early and delayed T/N ratios for 2°'TI-chloride
were higher than those for ®*™Tc-MIBI. There was no significant
correlation between T/N ratio and histological type of tumor in both
images. However, in both images, there was a tendency for the early
and delayed ratios to increase as the tumor diameter became larger.
The retention index of 2°'Tl-chloride was higher than that of ®°™Tc-
MIBI. There were no significant differences in the retention index
with respect to the histological type and tumor size. Conclusion:
The results of this preliminary clinical study suggest that ®™TI-MIBI
can depict primary lung cancer similar to 2°'Tl-chloride. However,
T/N ratio and retention index of ®®™Tc-MIBI in the tumor areas are
significantly lower compared with those of 2°'Tl-chloride.
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Use of 2°'Tl-chloride SPECT is now attracting attention for
detection of the primary lesions in lung cancer and mediastinal
lymph node metastasis (/,2). In recent years, however, several
9mTc-labeled imaging agents have also been under investiga-
tion. Labeling with **™Tc has several advantages over labeling
using 2°'Tl, namely, °*™Tc is continuously available for use, it
permits freedom in patient scheduling and the injected concen-
tration is higher. Noncardiac applications of °*™Tc-MIBI
(hexakis 2-methoxy isobutyl isonitrile), such as visualization of
benign and malignant lung lesions, have also been investigated.
In this study, usefulness of *™Tc-MIBI for tumor detection in
primary lung cancer was evaluated in comparison with 2°'Tl-
chloride.

MATERIALS AND METHODS
Patients

There were 45 patients (37 men and 8 women, age range 39-86
yr) including 18 with squamous cell carcinomas, 13 with adeno-
carcinomas, 11 with small cell carcinomas, 2 with adenosquamous
carcinoma and 1 with large cell carcinoma. Diagnosis was made by
cytological or histopathological analysis of sputum, computed
tomography (CT) guided needle biopsy or endoscopic samples or
lobectomy. All patients underwent simultaneous dual-isotope pla-
nar and SPECT of the chest imaging with 2°'Tl-chloride and
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99mTc-MIBI. None of the patients had received radiotherapy or
chemotherapy before imaging.

Simultaneous Dual-Isotope Imaging

All patients underwent simultaneous dual-isotope imaging with
a large field-of-view gamma camera, with high resolution and
parallel hole collimator. This camera was interfaced to a dedicated
computer (Odyssey). A dose of 111 MBq of 2°' Tl-chloride and 600
MBq of *™Tc-MIBI was injected intravenously. Early SPECT
acquisition was performed 15 min after the injection of each
radioisotope and planar images for the whole body and the chest
were taken. Delayed SPECT images were acquired 2 hr after
injection. Planar images for the chest (512 X 512 matrix) were
acquired for 4 min. For SPECT images, 72 projections were
obtained using 64 X 64 matrix for 45 sec per view. Three energy
analyzers were used for acquisition, which were set at 71 keV with
a 15% window for 2°'T1 images, 90 keV with a 10% window for
scatter images and 140 keV with a 15% window for **™Tc images.
These projection data were processed with a two-dimensional
low-pass filter and then corrected for the contamination scatter.
Image reconstruction was done using filtered backprojection with a
Ramp filter. Transverse, coronal and sagittal sections were recon-
structed.

Contamination Scatter Correction for Each Radionuclide

Because this study involved simultaneous dual-isotope imaging,
the raw data at the 71 keV window were contaminated by **™Tc
Comptom scatter, and the raw data at the 140 keV window
included a 167 keV gamma-ray count of 2°' T1. Therefore, the raw
201T] and %*™Tc data were corrected to eliminate such contamina-
tion scatter, according to the equations in each pixel. From
phantom studies, the scatter correction coefficient, a, was mea-
sured to be 1.07, whereas the cross-talk correction coefficient, B,
was measured to be 0.14 (3). The corrected counts in the 71 keV
window for 2°' Tl image, a, and in the 140 keV window for ®™Tc
image, b, were as follows:a = A — a C,b = B — B a, where A
stands for the raw counts in the 71 keV window, B for the raw
counts in the 140 keV window and C for the raw counts in the 90
keV window.

Data Analysis

The planar and SPECT images were compared with chest
radiographs and CT. Accumulation in lung tumors was evaluated
visually by two radiologists. The planar for both anterior and
posterior view and SPECT images were classified as positive
(uptake above the normal lung tissue) or negative (uptake similar to
the surrounding normal lung parenchymal tissue). In the SPECT
images, quantitative analysis of the abnormal uptake of the two
radiopharmaceuticals was performed by drawing identical regions
of interest over the tumor uptake (T) and contralateral lung tissue
area (N) on one coronal section, which demonstrated the lesion
most clearly was carefully selected of both early and delayed
images. The mean regions of interest values (total counts/total
pixels) were measured, and the ratios of tumor to contralateral
uptake (T/N ratios) were obtained. We called the T/N ratio of early
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TABLE 1
Positive Rates for Thallium-201-Chloride and Technetium-99m-MIBI

20'T1-chloride M Te-MIBI
SPECT SPECT

Tumor type Planar Earty Delayed Planar Earty Delayed
Small 73 (8/11) 100 (11/11) 100 (11/11) 73 (8/11) 100 (11/11) 100 (11/11)
Squamous 67 (12/18) 100 (18/18) 100 (18/18) 67 (12/18) 94 (17/18) 89 (16/18)
Adeno 77 (10/13) 92 (12/13) 92 (12/13) 69 (9/13) 92 (12/13) 85(11/13)
Adenosquamous 100 (2/2) 100 (2/2) 100 (2/2) 100 (2/2) 100 (2/2) 100 (2/2)
Large 100 (1/1) 100 (1/1) 100 (1/1) 100 (1/1) 100 (1/1) 100 (1/1)

Total 73% (33/45) 98% (44/45) 98% (44/45)  71% (32/45) 96% (43/45) 89% (40/45)

Small = small-cell carcinoma; Squamous = squamous-cell carcinoma; Adeno = adenocarcinoma; Adenosquamous = adenosquamous cell carcinoma;

Large = large-cell carcinoma.

image early ratio and the T/N ratio of delayed image delayed ratio.
We quantitatively evaluated the degree of retention in the lesion as
follows: (delayed ratio-early ratio) X 100/early ratio. Using this
formula, the retention index was obtained. These parameters were
compared with tumor histology and tumor size. Tumor sizes were
obtained either from pathological specimen or CT imaging mea-
surement. The value of T/N ratio and retention index were
expressed as mean * s.d. To test for differences between these
parameters, the Student’s t-test was used. Results were considered
significant when the p value was below 0.05.

RESULTS

In the planar images, the positive rate was 73% (33/45) for
291Tl-chloride and 71% (32/45) for **™Tc-MIBL. In the SPECT
images, the positive rate was 98% (44/45) in both the early and
delayed images for 2°'Tl-chloride and 96% (43/45) in the early
and 89% (40/45) in the delayed images for *™Tc-MIBI (Table
1). In the coronal SPECT images, there was a significant
difference between the early ratios for 2°!'Tl-chloride (3.3 *
1.2) and **™Tc¢-MIBI (2.6 = 1.1) (p < 0.01). The delayed ratio
was 3.8 = 1.7 for 2°!'Tl-chloride and 2.4 * 1.1 for **™Tc-MIBI,
and this difference was also significant (p < 0.0001). There
were no significant differences in early and delayed ratios
among three different histologies of lung cancer for both
201T]-chloride and **™Tc-MIBI (Table 2). In comparison with
tumor size, there was a tendency for the early and delayed ratios
to increase as the tumor diameter became larger for both
2!T]-chloride and **™Tc-MIBI (Table 3). The retention index
was 16.7 = 31.1 for 2°'Tl-chloride and —10.5 + 17.2 for
9mTc-MIBI, and this difference was statistically significant
(p < 0.0001). There were no significant differences in retention
index among three different histologies of lung cancer for both
201T]chloride and °*™Tc-MIBI (Table 2). There were no
significant differences among tumor size with respect to reten-
tion index for 2°' Tl-chloride and **™Tc-MIBI (Table 3).

Case 1

A 70-yr-old man complained of a persistent mild fever. The
chest radiograph showed a 1.0 X 1.0 cm abnormal shadow at
the upper part of the left lung (Fig. 1A). Both 2°' Tl-chloride and
99mTc-MIBI SPECT demonstrated abnormal accumulation cor-
responding to the lesion on both early and delayed images (Fig.
2B). However, the delayed images of both 2°!Tl-chloride and
99mTc-MIBI showed fading radioactivity of the lesion com-
pared to that of the early images. No abnormal accumulation
was noted in the mediastinum. Early ratio, delayed ratio and
retention index for 2°'Tl-chloride were 3.5, 3.2 and —8.6,
respectively, and 2.0, 1.8 and —10.0, respectively, for *™Tc-
MIBI. Operative findings proved a 1.0 X 1.0 X 1.5 cm
squamous cell carcinoma in S* of the left lung with the
pathological stage as T1 NO MO.

Case 2

A 59-yr-old man complained of a bloody sputum. The chest
radiograph showed a large abnormal shadow at the middle part
of the right lung (Fig. 2A). Thallium-201-chloride SPECT
showed an abnormal accumulation corresponding to the lesion
(Fig. 2B). Early ratio, delayed ratio and retention index for
201T|.chloride were 2.3, 2.9 and 26.1, respectively. However,
*™T¢-MIBI SPECT did not show an abnormal accumulation.
No abnormal accumulation was noted in the mediastinum on
both 2°'Tl-chloride and **™Tc-MIBI SPECT. Operative find-
ings proved a 5 X 3.5 X 3 cm adenocarcinoma in S? of the right
lung with the pathological stage as T3 N0 MO.

DISCUSSION

There have been many attempts to use nuclear medicine
procedures to overcome the limitations of morphological imag-
ing such as CT or magnetic resonance imaging and the
invasiveness of thoracoscopy. Although the number of radio-
pharmaceuticals proposed for tumor imaging is in the hundreds,

TABLE 2
Early, Delayed Ratios and Retention Index for Thallium-201-Chloride and Technetium-99m-MIBI According to Tumor Histology
20'T}-chloride SmTc-MIBI
Tumor histology ER DR Ri ER DR RI
Small 3712 40*18 11.0 = 34.7 3011 29*141 -3.1 220
Squamous 3411 38+16 113+ 246 25*09 22*09 -10.2 £ 156
Adeno 30+x13 38+20 240+ 378 27x14 22*14 -16.7 £ 152

Small = small-cell carcinoma; Squamous = squamous-cell carcinoma; Adeno = adenocarcinoma; ER = early ratio; DR = delayed ratio; Rl = retention

index.
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TABLE 3
Early, Delayed Ratios and Retention Index for Thallium-201-Chloride and Technetium-99m-MIBI According to Tumor Size

2'Ti-chioride SmTc-MIBI

Tumor size ER DR RI ER DR RI
3ecm= 26 +1.0" 31*x18 162 + 364 21 +13* 19+14" -132 £ 15.6
6cm> 3.1 +09" 35+13 172+276 2.4 +0.8% 21 +08 -120+17.8
6cm s 4012 4618 16.5 = 33.0 33+ 1.0¥ 3.0 = 0.9™ -7.0+180

*p < 0.01.

*p < 0.05.

*p < 0.05.

$p < 0.01.

¥ < 0.05.

*p < 0.01.

ER = early ratio; DR = delayed ratio; Rl = retention index.

only two simple cations, ’Ga and 2°!Tl, have achieved wide-
spread acceptance in clinical imaging (/). Recently, ™Tc-
MIBI has also been reported to be localized in several tumors
including lu%t_ll:lmors (4-10). In the study by Hassan et al., the
uptake of c-MIBI was evaluated in 13 patients with
malignant lesions of lung and mediastinum in the planar image
(4). However, use of dual-isotope SPECT imaging in primary
lung cancers has not been reported. We assessed the clinical
utility of *™Tc-MIBI in patients with primary lung cancer. The
results demonstrate that the positive rate was 98% in both the
early and delayed SPECT images for 2°' Tl-chloride and 96% in
the early and 89% in the delayed SPECT images for **™Tc-
MIBI. Aktolun et al. reported that in malignant tumors the
sensitivity of *™Tc-MIBI was 82.3% and for 2°!Tl-chloride
76.4% (5). In that study, no focal accumulation of 2°'TI-
chloride was detected, whereas >™Tc-MIBI was detected in the

atient with breast cancer. Furthermore, the sensitivity of
B"“Tc-MIBI was slightly higher than that of 2°! Tl-chloride (5).
This is in contrast with our results. One of the reasons is thought
to be the difference in the type of cancer between the two
studies.

Shirakawa et al. reported that the T/N ratio of *™Tc-MIBI in
primary lung cancer was 1.94 (6). In this study, we compared
both early and delayed SPECT images of “™Tc-MIBI and
201T)-chloride. The early ratio for 2°'Tl-chloride was signifi-
cantly higher than that for *™Tc-MIBI (p < 0.01). The delayed
ratio for “°'Tl-chloride was also significantly higher than that
for ™Tc-MIBI (p < 0.0001).

With respect to the histological type of lung cancer, Togawa
et al. reported that adenocarcinoma showed a higher accumu-
lation than squamous cell carcinoma and small cell carcinoma
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on the planar images 30 min after intravenous injection of
201T)-chloride (/1). Tonami et al. reported that 2°'Tl-chloride
clearance in squamous cell carcinoma was faster than that in
adenocarcinoma and small cell carcinoma on both early (15
min) and delayed (3 hr) SPECT images after intravenous
injection of 2°'Tl-chloride (2). It is interesting that there seems
to be a difference in °'Tl-chloride accumulation among histo-
logical tumor types. When 2°'Tl-chloride was used before
biopsy, fewer invasive procedures were performed. However, in
our study, there was no significant correlation between T/N
ratio and histological type of tumor in both 2°!Tl-chloride and
99mTc-MIBI images.

Namba et al. reported that there was a tendency for the
retention index to increase as the tumor diameter became larger,
and the early and delayed ratios also showed a similar trend to
the retention index (/2). In this study, the early and delayed
ratios for both 2°'Tl-chloride and **™Tc-MIBI showed a ten-
dency to increase with an increase in tumor diameter, but the
retention index was not correlated with tumor size. Detectability
of a tumor is dependent on the tumor size. The smallest lung
cancer in this study, a 1.0 X 1.0 X 1.5 cm squamous cell
carcinoma on both dual SPECT, was clearly demonstrated. It is
difficult to visualize smaller lesions of lung cancer, and it
should therefore not be used as a screening method.

The mechanism of 2°' Tl-chloride uptake in the cell has been
reported to be related to the sodium—potassium adenosine
triphosphatase (ATPase) pump system (/3,/4). Thallium-201-
chloride behaves like potassium in the metabolic cycle for the
release of energy, and its uptake is blocked by ouabain (15).
The mechanism of ®™Tc-MIBI uptake is different from that of
201T]-chloride. The uptake of **™Tc-MIBI is not blocked by

\J

C Ot ORI O o om
LY

showing an abnormal shadow at the up-
per part of the left lung. (B) Coronal
SPECT images of both 2°'Tl-chloride and
9%mTc-MIBI SPECT show an abnormal
accumulation comresponding to the le-
sion. Abnormal accumulation of the le-
sion is more prominent on early images of
both 2°'Ti-chloride and **™Tc-MIBI than
ondelaygdimageaE=ear1yimage;D=
delayed image.
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ouabain and is not related to the ATPase system. It has been
shown that *™Tc-MIBI is attached to a low molecular weight
protein in the lysosomes. The cationic charge and lipophilicity
of %™Tc¢-MIBI, the mitochondrial and plasma membrane po-
tentials of the tumor cell and the cellular mitochondrial content
may play a significant role in the tumor uptake of this agent
(16). The uptake may be caused by an indirect mechanism such
as increased tumor blood flow and capillary permeability.

In our experience, several patients with benign conditions
had a bronchoscopy with biopsy, fine-needle aspiration biopsy
and a thoracoscopy because lung cancer could not be ruled out.
With reference to the differential diagnosis for pulmonary
lesions, the delayed ratio of benign lesions with 2°!Tl-chloride
accumulation was significantly lower than that of lung cancer,
and the fading appearance of radioactivity on delayed image
was noted in benign lesions (2).

In this study, the T/N ratio of **Tc-MIBI was significantly
lower compared with that of 2°'Tl-chloride on both early and
delayed images. The *™Tc-MIBI study was not superior to the
201T]-chloride study for evaluation of the primary lung cancer.
However, recent investigations suggest that **Tc-MIBI may
interact with P-glycoprotein as a novel organometallic substrate
by characterizing the tracer accumulation and inhibition gﬂgﬁle
in multidrug-resistant cell lines (/7-20). The use of ~"™Tc-
MIBI is possibly applicable to the prediction of chemothera-
peutic efficacy, which is difficult by morphological imaging
techniques such as CT and magnetic resonance imaging. Further
work in this area, including a study of the relationship between
99mTc-MIBI and multidrug resistance, needs to be done.

Kubota et al. (27) reported that PET studies using L-[methyi-
'C]methionine (MET) or '®F-fluorodeoxyglucose (FDG) may
be very useful for the differential diagnosis of lung cancer. The
L-[methyl-''C]methionine study showed a sensitivity of 93%, a
specificity of 60% and an accuracy of 79%. The '®F-fluorode-
oxyglucose study showed 83%, 90% and 86%, respectively.
However, to date, there is little information about the compar-
ison of 2°!Tl-chloride and PET in lung cancer cases. Because of
the success achieved by PET but its limited availability, there
has been much interest in using SPECT as an alternative
imaging technique. Further well-designed studies are required
to determine the appropriate role for these studies in the proper
management of patients with lung cancer.

CONCLUSION

We can conclude that the *™Tc-MIBI study was not superior
to the 2°'Tl-chloride study for evaluation of primary lung
cancer. However, ™Tc-MIBI is possibly applicable to the
prediction of chemotherapeutic efficacy. Technetium-99m-
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FIGURE 2. Case 2. (A) Chest radiograph
showing a large mass shadow at the
middle part of the right lung. (B) Early
images of 2°'Tl-chloride SPECT show an
abnormal accumulation comresponding to
the lesion. Delayed images of 2°'Tl-chlo-
Technetium-99m-MIBI SPECT did not
show an abnormal accumulation cormre-
sponding to the lesion in both earty and
delayed images. E = early image; D =
delayed image.

MIBI scintigraphy, performed in combination with 2°'Tl-chlo-
ride scintigraphy in selected patients, can safely avoid invasive
procedures such as biopsy and thoracoscopy.
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