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Patients with small cell lung cancer (SCLC) often fail to respond to
chemotherapy due to multidrug resistance (MDR). Technetium-
99m-MIBI was reported to be a suitable transport substrate of
P-glycoprotein, which is a cytoplasmic membrane protein encoded
by the MDR gene. The purpose of this study was to evaluate
whether or not the degree of MIBI uptake in SCLC or its retention on
delayed imaging correlated with response to chemotherapy.
Methods: Twenty-five patients (19 men, 6 women; mean age 59 *+
10 yr) with biopsy-proven SCLC had MIBI SPECT 3-7 days before
starting chemotherapy. Imaging was acquired 1 and 4 hr after
injection of 740 MBq MIBI using a single-head rotating gamma
camera. Tumor-to-normal lung uptake ratio (T/NL) was measured.
Percent retention (%R) was measured as: %R = 100 X (T/NL at 4
hr/(T/NL at 1 hr). All patients received VAP chemotherapy (VP-16
100 mg/m?, adriamycin 40 mg/m?, cisplatin 25 mg/m?) every 4 wk
for at least three times. Response to chemotherapy was grouped as
complete remission, partial remission and no remission according to
the change of tumor size on chest radiograph and CT images.
Differences in T/NL and %R among the three groups were analyzed
using ANOVA. Results: T/NL of patients with complete remission
(n = 7) and partial remission (n = 10) were significantly higher than
that of no remission (n = 8) in 1 hr and 4 hr. T/NL at 1 hr in three
groups were 2.75 *+ 0.78, 2.35 + 0.31 and 1.65 =+ 0.36, respectively.
T/NL at 4 hr in three groups was 2.61 *+ 0.94, 2.48 = 0.50 and
1.66 = 0.42, respectively. However, %R was not different among
three groups. Percent retention in three groups was 109.40 + 22.10,
96.71 * 14.25 and 103.59 + 28.43, respectively. Conclusion:
SCLC with a higher MIBI uptake was more likely to respond to
chemotherapy than that with a lower uptake. However, there was a
considerable overlap of MIBI uptake among subjects. No significant
correlation between the MIBI retention between 1 hr and 4 hr, and
the response to chemotherapy was noted.
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Although patients with small cell lung cancer (SCLC) usually
respond well to chemotherapy, failure of chemotherapy was
observed in 15% of SCLC patients (/). Failure of chemotherapy
can be induced by the presence of P-glycoprotein (Pgp), a
170-kDa cytoplasmic membrane protein encoded by the MDR1
gene, which pumps out cytotoxic drugs such as anthracyclines,
vinca alkaloids, epipodophyllotoxins, colchicine and actinomy-
cin D (2). Recently, it has been found that Pgp also recognizes
9mTc-MIBI as a suitable transport substrate (3). One case
report in particular showed that absence of *™Tc-MIBI uptake
was associated with failure of chemotherapy (4). We hypothe-
sized that higher “™Tc-MIBI uptake was related to better
response to chemotherapy in SCLC and vice versa. The purpose
of this study was to evaluate whether or not the degree of
99mTc-MIBI uptake in SCLC or its retention on delayed
imaging correlated with response to chemotherapy.

MATERIALS AND METHODS

Twenty-five patients (19 men, 6 women; mean age 59 * 10 yr)
with biopsy-proven SCLC were studied. They underwent *°™Tc-
MIBI planar and tomographic imagings 3-7 days before starting
chemotherapy. Imaging was acquired 1 hr and 4 hr after injection
of 740 MBq (20 mCi) *™Tc-MIBI. Planar images (64 X 64 or
128 X 128 matrices, 10° counts) of the chest were acquired in the
anterior projection on a large field-of-view gamma camera
equipped with a low-energy, high-resolution, parallel-hole collima-
tor and peaked at 140 keV with a symmetric 20% window. A
single-head rotating gamma camera was used to obtain SPECT
images immediately after planar imaging. Sixty-four projections of
20 sec each over a 360° circular orbit were obtained. Standard
filtered backprojection processing with uniformity correction, but
without attenuation correction, was used to create one-pixel sec-
tions in the transaxial plane followed by reconstruction in the
coronal and sagittal planes. The reconstruction algorithm using a
Hamming-Hann filter was reviewed on a computer terminal and
photographed in single-pixel slices. Region of interests (ROI) were
localized to the tumor mass and normal lung. From them, the
tumor-to-normal lung ratio (T/NL) was obtained. Percent retention
(%R) was measured as: %R = 100 X (T/NL at 4 hr)/(T/NL at 1 hr).
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TABLE 1
Characteristics of 25 Subject Patients

Age

om Sex Stage P(T/N)1 P(T/N)4 P(%R) {T/N)1 HT/NM4 %R) Response
72 F L 137 141 97.16 203 1.87 108.56 CR
47 M L 1.38 141 97.87 1.96 1.86 105.38 CR
63 M L 1.64 1.68 97.62 237 2.56 92.58 CR
46 M E 1.97 1.59 123.90 3.13 4.34 7212 CR
46 M E 1.97 1.84 107.07 3.13 232 134.91 CR
52 M E 253 1.14 221.93 246 1.89 130.16 CR
53 M E 1.18 1.16 101.72 4.15 3.40 122.06 CR
68 F L 1.34 1.90 70.53 274 2.89 94.81 PR
49 M L 1.51 1.80 83.89 214 223 95.96 PR
54 M L 1.68 1.56 107.69 245 234 104.70 PR
56 M L 1.68 1.66 101.20 2.54 2.40 105.83 PR
65 M L 1.80 1.91 94.24 248 244 101.64 PR
48 F E 1.18 1.09 108.26 2.01 3.36 59.82 PR
58 M E 2.01 1.92 104.69 2.50 2.57 97.28 PR
68 M E 1.28 137 93.43 191 1.76 108.52 PR
73 M E 1.39 1.38 100.72 2.7 298 90.94 PR
78 M E 1.50 1.16 129.31 1.99 1.85 107.57 PR
53 M L 1.22 1.20 101.67 1.55 1.23 126.02 NC
66 M L 177 1.20 147.5 183 1.87 103.21 NC
48 F L 127 1.04 122.12 1.62 1.04 1585.77 NC
68 F L 1985 1.58 123.42 2.1 1.82 115.93 NC
70 F L 1.10 1.13 97.35 1.51 1.91 79.06 NC
48 M E 1.40 1.38 101.45 2,08 224 92.86 NC
52 M E 1.04 1.80 54.74 1.14 1.28 89.06 NC
7 M E 1.23 1.23 100.00 127 1.90 66.84 PD

p(T/N)1 and p(T/N)4 = planar tumor-to-normal lung ratio at 1 and 4 hr; p(%R) = percent retention calculated from planar images; t(T/N)1 and t(T/NM4 =
tomographic tumor-to-normal lung ratio at 1 and 4 hr; t{(%R) = percent retention calculated from tomographic images; L = limited stage; E = extensive stage;
CR = complete response; PR = partial response; NC = no change; PD = progressive disease.

Differences in T/NL and %R among the three groups were
analyzed using ANOVA.

All patients received VAP chemotherapy (VP-16 100 mg/m?,
adriamycin 40 mg/m?, cisplatin 25 mg/m?) every 4 wk for at least
three times. Response to chemotherapy was grouped as complete
response, partial response, no change and progressive disease
according to the change of tumor size on chest radiograph and CT
images. If there was no change or an increase in tumor size on chest
radiograph, we omitted CT imaging. According to the WHO
criteria (5), definitions of complete remission, partial remission, no
change and progressive disease were as follows: complete remis-
sion = disappearance of all known disease; partial remission =
50% or more decrease in total tumor load; no change = < 50%
decrease or < 25% increase in total tumor load; and progressive
disease = > 25% increase in total tumor load or appearance of new
lesions.

RESULTS
Among 25 patients, 7 showed complete remission, 10 showed
partial remission, 7 showed no change and 1 showed progres-
sive disease (Table 1). No change and progressive disease were
grouped as no response for statistical analysis. There was no
statistical difference of age and sex between three groups.
Table 2 shows the comparison of uptakes and retention of
99mTc-MIBI according to the response to chemotherapy (com-
plete remission, partial remission and no remission). T/NL of
planar images showed no statistically significant difference
between groups, while T/NL of tomographic images was
significantly different between groups (p = 0.001 on 1 hr
image; p = 0.014 on 4 hr image). However, a considerable
overlap was noted between groups. Percent retention between 1
and 4 hr was not different between groups either on planar or
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tomographic images. Figures 1 and 2 were cases illustrating
patients with complete remission and no change, respectively.

DISCUSSION

Technetium-99m-MIBI uptake is related to the chemotherapy
response in patients with SCLC. In other words, SCLC patients
with higher uptakes of *™Tc-MIBI were more likely to respond
to chemotherapy than those with lower uptakes.

Factors related to *™Tc-MIBI uptake in tumors are blood
flow, tissue viability, vascular permeability, tumor necrosis,
metabolic demand and mitochondrial activity of the tumor, and
Pgp or multidrug resistance associated protein (MRP) expres-
sion in tumor tissue (6). Among them, Pgp or MRP expression
is clearly associated with multidrug resistance. Blood flow to
the tumor could be related to the response to chemotherapy.
Higher blood flow to the tumor, which is related to higher
uptake of *™Tc-MIBI in tumor (7), might render the tumor

TABLE 2
Comparison of Technetium-39m MIBI Uptakes According to
Response To Chemotherapy
Response to chemotherapy
Parameters CR(n=17) PR (n = 10) NR (n = 8) p value
p(T/N)1 1.72 £ 047 1.54 = 0.26 137032 0.176
p(T/N} 146 +026 1.58 +0.31 1.33+028 0.233
p(%R) 121.04 £ 4548 9940 + 1567 106.03 +26.90 0.353
t(T/N)1 2.75 +0.78 235 + 0.31 165+036 0.001
tT/N)4 261 094 248 + 0.50 166 042 0.014
t(%R) 109.40 = 22.10 96.71 = 1425 103.59 = 2843 0.500

See table 1 for abbreviations.
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FIGURE 1. Complete response. A tumor mass in the left lower lung (black
arrow heads, (A) was completely resolved after three courses of VAP
chemotherapy (black arrowheads, (B). CT images before (C) and after (D)

show disappearance of tumors (white amowheads). Both 1 hr
(E) and 4 hr (F) **™Tc-MIBI planar images show hot uptakes in the left lower
lung (black arrowheads). One hour (G) and 4 hr (H) tomographic images of
99mTc-MIBI show hot uptakes in the tumor (small black amowheads). Appar-
ent washout of " Tc-MIBI is noted in both planar and tomographic images.

cells to have more chance to be exposed to chemotherapeutic
agents. Factors associated with multidrug resistance are ATP
binding cassette transporters such as Pgp or MRP, altered
topoisomerase II, enhanced glutathione transferances and de-
toxification mechanisms, enhanced DNA repair and low levels
of cytochrome p450 reductase (§). Among them, only Pgp and
MRP expressions were reported to be related to *™Tc-MIBI
uptake (3,9). Moretti et al. (4) first reported that absence of
Tc-MIBI uptake in SCLC was associated with failure of
chemotherapy. They underwent both **™Tc-MIBI and '''In-
octreotide scintigraphies and showed positive uptake of '''In-
octreotide and negative uptake of *™Tc-MIBI. Similar results
could be obtained if we use both 2°'TI and ™ Tc-MIBI (10).
The tumor-to-normal lung ratio on 1 hr tomographic image
was best in prediction of response to chemotherapy followed by

T

FIGURE 2. No response. A tumor mass in the right middle lung (black
arrowheads, (A) was not resolved after three courses of VAP chemotherapy
(black arrowheads, (B). CT shows a tumor lesion in the right middle lung
(black ammowheads, (C). Technetium-99m-MIBI planar and tomographic im-
agings were done before chemotherapy. One hour (D) and 4 hr (E) planar
images of anterior chest show no uptake in the tumor mass (black armow-
heads). One hour (F) and 4 hr (G) tomographic images of ®®™Tc-MIBI SPECT
show only faint uptake in the tumor mass (small black arrowheads).

T/NL on 4 hr tomographic image. The tumor-to-normal lung
ratio on planar images failed to differentiate response groups.
SPECT offers advantages over planar imaging in the evaluation
of tumoral uptake in the body because of increased contrast
enhancement, which allows for precise anatomic localization of
tumor. Therefore, use of tomographic imaging is recommended
to evaluate or quantitate tumoral uptake of *™Tc-MIBI in lung
cancer.

Although there is significant difference of *™Tc-MIBI up-
take between responders and nonresponders, there was consid-
erable overlap among subjects. So, the prediction of outcome in
an individual patient might be difficult if the uptake was
borderline. However, those patients who showed hot uptake
(ratio > 3.0) responded well to chemotherapy (complete remis-
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sion) while those who showed faint uptake (ratio < 1.7) did not
respond to chemotherapy.

The time sequence of *™Tc-MIBI washout in Pgp expressed
or not expressed tumor cells is not well known especially in
vivo. Piwnica-Worms et al. (//) characterized multidrug resis-
tance Pgp transport function with “™Tc-MIBI. They showed a
rapid excretion of *™Tc-MIBI from Pgp expressed Chinese
hamster V79 lung fibroblast cell lines in vitro. T1/2 was < §
min. Although planar imagings were acquired earlier, (< 15
min) after injection of 99mTc-MIBI (12), tomographic imagings
of lung tumors usmg 99mTc-MIBI were usually done at 1 hr and
delayed imaging in 2-3 hr after injection (/3). In this study, we
measured the retention of *™Tc-MIBI between 1 and 4 hr,
which might be too late. Late measurement could be one of the
reasons why there was no relationship between %R and
response to chemotherapy. Recent &')mLuker et al. (/4) acquired
images 30 min and 90 min after ""Tc-MIBI injection. They
chose this time on the basis of known organ pharmacokinetics
of ®™Tc-MIBI (/5). Yamamoto et al. (/6) obtained early and
delayed imagings at 15 min and 180 min after *™Tc-MIBI
injection. They found that responders to chemotherapy showed
higher T/NL on the early images and higher retention index.

One of the limitations of our study is lack of histopatholog-
ical backup of P-glycoprotein in our histological specimens.
Because we have only small bronchoscopic biopsy specimens,
we could not do histopathologic assessment of Pgp in cellular
level. Tumor markers were used to predict survival and monitor
remission in SCLC patients (/7-19). Serum neuron specific
enolase was significantly related to extent of disease, to
response duration and to prognosis. Serum lactic dehydroge-
nase was also a strong prognostic factor, and an increase in
serum lactic dehydrogenase level is often a sign of progressing
metastases especially in the liver and bone marrow (/7). The
response rate to chemotherapy was also correlated with serum
levels of chromogranin A (/8) and C-reactive protein (19). We
did not correlate *™Tc-MIBI uptake with tumor markers that
were known to be related to pro gwms in SCLC patients. It
would be worthwhile to compare ~“™Tc-MIBI uptake to tumor
marker levels or changes.

CONCLUSION

This study reports the correlation between the degree of
9mTc-MIBI uptake in SCLC or its retention on delayed
imaging with the response to chemotherapy in 25 patients.
SCLC patients with higher uptake of **™Tc-MIBI are more
likely to respond to chemotherapy than those with lower
uptakes. However, there was considerable overlap of uptake

among subjects. No significant correlation between the *™Tc-
MIBI retention between 1 hr and 4 hr, and the response to
chemotherapy was noted.
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