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Comparative Study of Technetium-99m-Sestamibi
and Thallium-201 SPECT in Predicting
Chemotherapeutic Response in Small Cell

Lung Cancer
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The purpose of this study was to evaluate the relationship between
99mTc-sestamibi (MIBI) accumulation by tumor and response to
chemotherapy in small cell lung cancer patients compared with
20'Tl-chiloride. Methods: There were 19 patients with small cell lung
cancer just before chemotherapy initiation. The patients were clas-
sified by a follow-up CT into complete remission, partial remission
and no change groups. All patients underwent dual-isotope imaging
with 2°'Ti-chloride and ®®™Tc-MIBI. Regions of interest were placed
over the tumors and contralateral normal lung tissue on one coronal
view with a clearly defined lesion, and the tumor-to-normal (T/N)
ratio and retention index were calculated. Results: Early and de-
layed T/N ratios for ®®™Tc-MIBI in complete remission and partial
remission groups were significantly higher (p < 0.05) than in the no
change group. There was no significant correlation between T/N
ratio and tumor response using 2°'Ti-chloride. There were no
significant differences in the retention index with respect to the
tumor response in both 2°'Tl-chloride and ®*™Tc-MIBlI SPECT
images. Conclusion: Technetium-99m-MIBI SPECT may be more
effective than 2°'Ti-chloride SPECT for evaluating response to
chemotherapy in patients with small cell lung cancer.

Key Words: technetium-99m-sestamibi; thallium-201-chloride; small
cell lung cancer; dual-isotope imaging; chemotherapy
J Nucl Med 1998; 39:1626-1629

Use of 2°'Tl-chloride SPECT is now attracting attention for
detection of lung cancer (/,2). In recent years, however, several
99mTc-labeled imaging agents have also been under investiga-
tion. Labeling with “""Tc has several advantages over using
20IT]. Noncardiac uses of **™Tc-sestamibi (MIBI; hexakis
2-methoxyisobutylisonitrile), such as visualization of lung can-
cer, have also been investigated. Morphologic imaging tech-
niques such as CT, ultrasonography and MRI cause problems in
the evaluation of treatment response and in establishing whether
a residual mass is due to a residual tumor or local recurrence.
Nuclear medicine imaging techniques may be applicable to the
evaluation of therapeutic efficacy and the prediction of thera-
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peutic response in cancer. The primary therapeutic modality for
small cell lung cancer is chemotherapy. Resistance of malignant
tumors to chemotherapeutic agents is a major cause of treatment
failure. In this study, we evaluated the prediction of chemother-
apeutic effect using **™Tc-MIBI SPECT in small cell lung
cancer patients in comparison with 2°' Tl-chloride SPECT.

MATERIALS AND METHODS
Patients

There were 19 patients (15 men, 4 women; age range 39—-86 yr)
with small cell lung cancer who were investigated before chemo-
therapy. Diagnosis was made by cytologic or histopathologic
analysis of sputum, CT-guided needle biopsy or endoscopic sam-
ples. The lung lesions were staged according to the tumor-node-
metastasis classification. The smallest tumor was 3 cm, and the
largest was 8 cm by CT scan. All patients underwent simultaneous
dual-isotope SPECT of the chest with ?*'Tl-chloride and **™Tc-
MIBI just before chemotherapy initiation. After the imaging study,
all patients received multidrug chemotherapy regimens consisting
of cyclophosphamide, doxorubicin, vincristine, etoposide, cispla-
tin, mitomycin-C and vindesine. The patients were classified by a
follow-up CT examination within 4 wk after last chemotherapy
into the following groups: complete remission (CR), when there
was no evidence of disease; partial remission (PR), when there was
=50% decrease in the sum of the product of the maximum
perpendicular diameters of all measurable lesions; and no change
(NC), when there was <50% decrease in the sum of the product of
the maximum perpendicular diameters of all measurable lesions.

Simultaneous Dual-Isotope Imaging

Dual-isotope imaging was performed with a large field-of-view
gamma camera, with high resolution and a parallel-hole collimator
(Picker Prism 2000; Picker International, Cleveland, OH). This
camera was interfaced to a dedicated computer (ODYSSEY ; Picker
International). Doses of 111 MBq 2°'Tl-chloride and 600 MBq
99mTc-MIBI were injected intravenously. Early SPECT acquisition
was performed 15 min after the injection of each radioisotope,
whereas delayed SPECT images were acquired 2 hr after injection.
For SPECT images of chest, 72 projections were obtained using a
64 X 64 matrix for 45 sec/view in a step-and-shoot mode. Using a
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dual-head camera, the total actual acquisition time was 27 min.
Three energy analyzers were used for acquisition, which were set
at 71 keV with a 15% window for 2°' Tl 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 contam-
ination scatter. Image reconstruction was performed using filtered
backprojection with a ramp filter. Transverse, coronal and sagittal
sections were reconstructed. The system was 7 mm FWHM, and
the slice thickness was 10 mm. Attenuation correction was not
performed.
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
Compton scatter and the raw data at the 140-keV window included
a 167-keV gamma-ray count for 2°'T1. Therefore, the raw 2°' Tl and
%9mT¢ data were corrected to eliminate such contamination scatter,
according to the equations in each pixel. Simultaneously acquired
dual-isotope 2°' T1/*°™Tc SPECT studies were performed using the
original shape and size of the phantom. Phantom was a styrofoam
rectangular thoracic phantom (18 X 18 X 24 cm), which was filled
with water containing a uniform concentration of radionuclide. The
cardiac phantom had a myocardial volume of 130 ml that sur-
rounded a central cavity. The lung tumor phantom had a volume of
10 ml. From our phantom studies, the scatter correction coefficient,
a, was 1.07, whereas the crosstalk correction coefficient, B, was
0.14 (3). The corrected counts in the 71-keV window for the 2°'Ti
image (a) and in the 140-keV window for the *™Tc image (b) were
as follows: a = A — aC and b = B — Ba, where A represents the
raw counts in the 71-keV window, B represents the raw counts in
the 140-keV window and C represents the raw counts in the
90-keV window. No direct extrapolation can be made from the
results of this phantom study to clinical situations for several
reasons. The cardiac and lung tumor phantom was stationary,
whereas the lungs and heart are moving in the clinical situation.
Sequential radioisotope studies are preferable. Further investiga-
tion and clinical validation of the dual-isotope method were
performed. However, dual-isotope imaging in one scan would
reduce the potential for errors induced by image misalignment and
decrease patient discomfort from longer procedures.

Data Analysis

SPECT images were compared with chest radiographs and CT,
and accumulation in lung tumors was evaluated by two radiolo-
gists. For all patients studied, the coronal slices were evaluated
first, followed by the transverse and sagittal views. Semiquantita-
tive analysis of the abnormal uptake of the two radiopharmaceuti-
cals was performed by drawing identical regions of interest (ROlIs)
over the tumor uptake and contralateral lung tissue areas on one
coronal section that demonstrated the lesion most clearly and was
carefully selected on both early and delayed images. The mean ROI
values (total counts/total pixels) were measured, and the tumor-to-
normal (T/N) ratios were obtained. We called the T/N ratio of early
image the early ratio and the T/N ratio of delayed image the
delayed ratio. To semiquantitatively evaluate the degree of reten-
tion in the lesion, the retention index was calculated using the
following formula: (delayed ratio — early ratio) X 100/early ratio.
The value of the T/N ratio and retention index were expressed as
the mean * s.d. To test for differences between these parameters,
the Student’s t-test was used. Results were considered significant
when p < 0.05.

RESULTS
Table 1 presents the clinical findings and semiquantitative
values for all patients examined. The early ratio, delayed ratio

MIBI/THALLiuM SPECT N SMALL CeLL LuNG CANCER ¢« Yamamoto et al.

TABLE 1

Clinical Findings
201
Patient T MiBI
no. Stage E D E D Response
1 nmA 27 29 25 26 CR
2 \" 45 4.6 3.0 43 CR
3 ns 33 45 25 22 PR
4 nB 26 46 13 1.7 NC
5 A 23 24 25 3.0 CR
6 \") 5.1 44 4.2 34 PR
7 | 25 33 18 20 CR
8 ns 43 41 39 40 CR
9 v 5.0 5.0 26 1.9 NC
10 v 22 3.0 25 25 PR
1 v 26 3.9 1.5 1.8 NC
12 \Y} 4.0 4.0 33 3.1 PR
13 A 4.0 4.1 3.2 34 PR
14 mA 26 27 22 23 PR
15 WA 3.5 4.0 1.6 1.0 NC
16 \" 1.8 16 10 1.0 NC
17 v 2.7 24 16 1.3 NC
18 v 2.0 24 1.7 2.0 PR
19 v 4.6 4.8 4.3 4.6 CR

E = early ratio; D = delayed ratio; CR = complete remission; PR = partial
remission; NC = no change.

and retention index are shown in detail in Tables 2 and 3. Both
early and delayed ratios using **™Tc-MIBI SPECT in CR (Fig.
1) and PR groups were significantly higher (p < 0.05) than
those in the NC group (Fig. 2). There were no significant
differences in either ratio among the three groups using 2°'TI-
chloride SPECT images. There were no significant differences
in the retention index among the three groups using both
*9'Tl-chloride and **™Tc-MIBI.

DISCUSSION
Various radiopharmaceutical agents have been used in lung
cancer assessment, commonly *’Ga and 2°'Tl (/,2). The mech-

TABLE 2
Semiquantitative Analysis of Technetium-99m-Sestamibi (MIBI)
Follow-up MIBI SPECT
group n E D RI
CR 6 3.00 = 0.94* 342 +1.04" 14.66 = 15.38
PR 7 2.80 = 0.83" 2.70 = 0.59* -1.24 £ 1227
NC 6 1.60 = 0.54 1.45 = 040 —-5.40 * 27.04

*p < 0.05 compared to NC (by Student’s t test).
E = early ratio; D = delayed ratio; Rl = retention index; CR = complete
remission; PR = partial remission; NC = no change.

TABLE 3
Semiquantitative Analysis of Thallium-201-Chloride
201
Follow-up Tl SPECT
group n E D RI
CR 6 3.48 +1.09 3.68 =097 7.61 1261
PR 7 3.31+£1.13 3.59 *+ 0.86 12.19 = 19.21
NC 6 3.03 = 1.10 3.58 + 1.32 19.83 + 36.08

E = early ratio; D = delayed ratio; Rl = retention index; CR = complete
remission; PR = partial remission; NC = no change.
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FIGURE 1. Radiologic findings in Patient 1. (A) Chest x-ray showing an abnormal shadow at the right hilum before chemotherapy. (B) Coronal SPECT images
of both 2°'Tl-chloride and ®*™Tc-MIBI SPECT demonstrate an abnormal accumulation corresponding to the lesion. E = early image; D = delayed image. (C)

Chest x-ray showing no tumor after chemotherapy.

anism of 2°'Tl-chloride uptake in the cell has been reported to
be related to the sodium-potassium adenosine triphosphate
(ATP) pump system (4,5). Thallium-201-chloride behaves like
potassium in the metabolic cycle for the release of energy, and
its uptake is blocked by ouabain (6).

Since the late 1980s, there has been an increasing number of
studies describing *™Tc-MIBI uptake in several tumors, in-
cluding lung tumors (7-/3). The mechanism of 99mTc-MIBI
uptake is different from that of 2°'Tl-chloride. The uptake of

Tc-MIBI is not blocked by ouabain and is not related to the
ATP 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 potentials of the tumor cell and the cellular
mitochondrial content may play a significant role in the tumor
uptake of this agent (/4). The uptake may be caused by an
indirect mechanism such as increased tumor blood flow and
capillary permeability. Recent investigations suggest the hy-
pothesis that *"Tc-MIBI may interact with P-glycoprotein
(Pgp), a 170-kDa cytoplasmic membrane protein encoded by
the MDRI gene, which displays decreased cytotoxic drug (such
as anthracyclins, Vinca alkaloids, epipodophyllotoxin, colchi-
cine and actinomycin D) accumulation (/5-20). Multidrug
resistance results from the action of Pgp as an energy-dependent
drug efflux pump. General methods of detecting MDR1 expres-
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sion in tissues include assessing DNA amplification, measure-
ment of mRNA and quantitation of Pgp. The data reported by
Piwnica-Worms et al. (20) indicate that *Tc-MIBI is a
transport substrate recognized by Pgp, and thallium is not
recognized as a substrate by Pgp. Pgp overexpression has been
associated with clinical evidence of drug resistance and treat-
ment failure (21). It has been suggested that determination of
Pgp levels in patients at diagnosis or relapse may have a major
role in the design of future treatment protocols. Moretti et al.
(22) reported a case of small cell lung cancer demonstrating
uptake on '!'In-octreotide scintigraphy but an absence of
radionuclide uptake using *™Tc-MIBI. The patient failed to
respond to chemotherapy and eventually died. The authors
suggested the presence of multidru%;:sistance (MDR)-medi-
ated Pgp in the tumor, which avoids "™ Tc-MIBI concentration
by acting as an efflux pump, and **™Tc-MIBI may prove useful
for functionally characterizing Pgp expression and MDR in
human tumors in vivo.

In this study, there was no significant correlation between the
T/N ratio using 2°' Tl-chloride SPECT and the chemotherapeu-
tic response of tumor. There was a tendency for the retention
index in the NC group to be higher than that in the CR and PR
groups, but there were no significant differences among the
three groups. On the other hand, early and delayed ratios using
99mTc-MIBI SPECT in CR and PR groups were significantly

-~ . ol

FIGURE 2. Radiologic findings in Patient 15. (A) Chest x-ray showing a large mass shadow at the lower part of the left lung. (B) Early and delayed images
of ?°'Tl-chloride SPECT demonstrate an abnormal accumulation corresponding to the lesion. Technetium-99m-MIBI SPECT did not demonstrate an
abnormal accumulation corresponding to the lesion in either earty or delayed images. E = early image; D = delayed image. (C) Chest x-ray after chemotherapy

showing no decrease in the size of tumor.
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higher than those in the NC group. There was a tendency for the
retention index in the NC group to be lower than those in the
CR and PR groups, but there was no significant difference
among the groups. The use of **™Tc-MIBI is possibly applica-
ble to the prediction of chemotherapeutic efficacy, which is
difficult using morphologic imaging techniques such as CT and
MRI. However, we cannot conclude this with certainty because
quantification of Pgp molecules with other conventional meth-
ods was not performed. To determine therapeuticallg significant
Pgp density, further clinical studies correlating >*™Tc-MIBI
imaging with quantitative mRNA assays as well as clinical
outcome need to be performed. Technetium-99m-MIBI uptake
in a tumor dose does not necessarily indicate that a cancer is
sensitive to drugs associated with MDR, because there are many
other mechanisms for resistance to multiple drugs, such as
changes in the activity of glutathione S-transferase, alterations
in topoisomerase II (23) and expression of MDR-associated
grotein (190 kDa) (24). Hendrikse et al. (25) reported that

"MTc-MIBI is a substrate for the multidrug resistance-associ-
ated protein, an alternative transporter discovered by Cole et al.
(26). An extensive study by Lai et al. (27) revealed only low
levels of MDRI mRNA expression in patients with small cell
lung cancer. We did not, however, have sufficient numbers of
patients with small cell lung cancer to arrive at a statistically
meaningful conclusion. Further work in this area, including the
relationship between °°™Tc-MIBI and multidrug resistance,
needs to be conducted.

CONCLUSION

Technetium-99m-MIBI SPECT may be more effective than
20'Tl-chloride SPECT for evaluating the response to chemo-
therapy in patients with small cell lung cancer. However, the
accuracy of these scintigraphic methods is yet to be verified
with additional techniques at the molecular level.
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