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"Tc-hexakis^-methoxyisobutyl Â¡sonitrile(MIBI) has been re

ported to accumulate in various tumors and to be a transport
substrate for P-glycoprotein (Pgp). The aim of this study was to
evaluate the usefulness of 99mTc-MIBISPECT for in vivo assess

ment of lung cancer Chemosensitivity. Also examined was the
relationship between 99mTc-MIBIuptake and Pgp expression.

Methods: Ten lungcancer patientswho had undergonesurgery
were examined. Before surgery, 99mTc-MIBISPECT was per

formed 15 and 120 min after injection, and the early uptake
(L/Ne), delayed uptake (L/Nd) and washout rate (L/Nwr) of
99mTc-MIBIwere calculated by the count ratio of lesion to

contralateral normal lung tissue. The results were then compared
with Chemosensitivity determined by the Buccinate dehydroge-

nase inhibition test using six antitumor drugs (doxorubicin,
mitomycin C [MMC], vindesine, etoposide [VP-16], cyclophospha-
mide and cisplatin). Pgp expression was determined by immuno-
histochemical staining. Results: Sensitivity to MMC correlated
significantly with L/Ne (P < 0.01) and L/Nwr (P < 0.05).
Sensitivity to VP-16 correlated weakly and insignificantly with
L/Nwr. L/Nd showed no correlation with sensitivity to any drug.
Neither L/Ne, L/Nd nor L/Nwr was significantly different between
the Pgp-positive group (n = 2) and the Pgp-negative group (n =
8). Conclusion: The results suggest that 99mTc-MIBISPECT, a

noninvasive in vivo examination, can predict the Chemosensitivity
of lung cancer to MMC and VP-16 independently of Pgp expres

sion.
Keywords: multidrugresistance;P-glycoprotein;99mTc-methoxy-
isobutyl isonitrile; lung cancer; succinate dehydrogenase inhibi
tion test
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M,Lany antitumor drugs have been used to treat patients
with lung cancer. Selection of the most sensitive and
effective of these drugs is important to lengthening survival.
Drug resistance is a major obstacle to chemotherapeutic
success. The classic form of multidrug resistance (MDR) is
caused by P-glycoprotein (Pgp) encoded by the human mdrl
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gene (1,2). Pgp is a transmembrane glycoprotein with a
molecular weight of 170 kD and acts as an adenosine
triphosphate-driven drug-efflux pump to reduce drug accu

mulation (3). Two other MDR phenotypes independent of
the Pgp expression have been reported (4-7). Atypical MDR

is associated with alterations in topoisomerase Ha and does
not require Pgp overexpression (4,5). Non-Pgp MDR is
caused by overexpression of MDR-associated protein (MRP)
of 190-kD membrane-bound glycoprotein (6,7). Although

the sensitivity of tumors to antitumor drugs has been
examined in vitro with methods such as the succinate
dehydrogenase inhibition (SDÃŒ)test (8), the development of
a noninvasive method to predict the sensitivity of antitumor
drugs in vivo is needed to help determine their usefulness for
chemotherapy.

"'"Tc-hexakis-Z-methoxyisobutyl isonitrile (MIBI) has

been reported to be useful in detecting several types of
tumors, including those of the lung (9-12). "Tc-MIBI has

also been reponed to be a transport substrate for Pgp (Â¡3,14).
99mTc-MIBI uptake was found to correlate negatively with

the level of Pgp expression (13,15). Furthermore, clinical
studies have shown the usefulness of "Tc-MIBI for in vivo

functional imaging of MDR and modulation of Pgp in
patients with malignant tumors (16,17). 99mTc-MIBI is thus

thought to be a potentially effective probe for noninvasively
predicting the Chemosensitivity of tumors.

This study examined the usefulness of "Tc-MIBI scintig-

raphy in predicting the Chemosensitivity of lung cancer to
antitumor drugs by analyzing the correlation between Chemo
sensitivity and WmTc-MIBI uptake. Also examined was the
effect of MDR on the results of WmTc-MIBI SPECT by

analyzing the correlation between Pgp expression in lung
cancer and WmTc-MIBI uptake.

MATERIALS AND METHODS

Subjects
Ten patients (7 men, 3 women; mean age 66.8Â±10.4 y; range

49-82 y) with lung cancer were examined. Table 1 summarizes the

patient characteristics. All patients had undergone surgery. Six had
adenocarcinoma, 2 had squamous cell carcinoma, 1 had small cell
carcinoma and 1 had adenosquamous cell carcinoma. None had
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TABLE 1
Patient Characteristics

Patient
no.12345678910Age(y)54747975616971767849SexFMMFMFMMMMHistologyADEADEADEADEADEADESCCSCCSmallADESQPgpStageexpressionI

(T1 NOMO)I
(T1 NOMO)I
(T1 NOMO)I
(T2 NOMO)I
(T2 NOMO)IIIA(T2N2MO)1

(T2 NO MO)+MIA
(T3 NOMO)1
(T1 NOMO)IMA
(T3 NO MO) +"Tc-MIBI-

SPECTUNe1.562.852.152.753.031.542.602.612.041.78LVNd1.271.982.033.622.111.692.432.362.022.17L/Nwr18.730.55.9-31.730.3-9.76.49.61.3-21.9ADRâ€”97.349.574.657.032.677.9100.073.273.5MMCâ€”77.558.4â€”68.537.464.766.964.352.3SDÃŒtest(%)VDSâ€”86.457.773.481.051.176.397.259.082.3VP-16â€”88.470.116.082.836.738.3â€”44.968.7CPAâ€”51.835.751.473.329.150.272.847.673.3CDDPâ€”87.652.660.377.034.258.489.168.291.1

Pgp expression = P-glycoprotein expression determined by immunohistochemistry; MIBI = hexakis-2-methoxyisobutyl isonitrile; SDÃŒ=
succinate dehydrogenase inhibition; L/Ne = lesion-to-normal ratio in early image; L/Nd = lesion-to-normal ratio in delayed image; L/Nwr =
washout rate; ADR = doxorubicin; MMC = mitomycin C; VDS = vindesine; VP-16 = etoposide; CPA = cyclophosphamide; CDDP = cisplatin;
ADE = adenocarcinoma; SCC = squamous cell carcinoma; Small = small cell carcinoma; ADESQ = adenosquamous cell carcinoma.

received therapy for lung cancer. All 10 tissue samples were
analyzed immunohistochemically for Pgp expression. Nine of 10
surgically obtained tissue samples underwent SDÃŒtesting. All
patients gave written informed consent before the study began.

MmTc-Hexakis-2-Methoxyisobutyl Isonitrile SPECT

Data acquisition began 15 min after intravenous administration
of 600 MBq 99mTc-MIBI for the early images and 120 min after

administration for the delayed images. The SPECT data were
acquired for 15 min using a three-detector system, GCA9300A/HG
(Toshiba Corp., Tokyo, Japan), with a low-energy high-resolution

collimator (128 X 128 matrix). Each detector was set to rotate
continually, both clockwise and counterclockwise, through 120Â°in

3 min. Butterworth and ramp filters were used for image reconstruc
tion. Neither attenuation correction nor scatter correction was
performed. In-plane spatial resolution was 14 mm of full width at

half maximum.
99mTc-MIBI uptake by tumor was analyzed semiquantitatively

using a ratio of the average counts in the lesion to those in the
contralateral normal region on the early (L/Ne) and delayed (L/Nd)
SPECT images. In tumors, the regions of interest (ROIs) were
square 14.8 X 14.8 mm areas that were of highest activity but did
not cover the entire tumor. Rectangular ROIs measuring 74 X 111
mm were drawn over the contralateral analogous normal lung.
L/Ne and L/Nd were then determined, and the washout rate
(L/Nwr), defined as the percentage of change in 99mTc-MIBI

uptake, was calculated using (L/Ne - L/Nd)/L/Ne X 100.

Buccinate Dehydrogenase Inhibition Test
The SDÃŒtest was done as previously described (8). In brief, the

tumor specimens were cut with scissors, passed through a No. 32
stainless steel mesh into McCoy's 5A solution containing antibiot

ics and washed three times with this solution. The fragments were
suspended in minimal essential medium with L-glutamine, 10%
fetal calf serum and antibiotics; plated in 35-mm plastic dishes; and
incubated at 37Â°Cin a humidified 5% COi atmosphere for 3 d with

or without the antitumor drugs. These fragments were assayed to
determine SDÃŒactivity. Three-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2H tetrazolium bromide (MTT) was used as a hydrogen

acceptor for the SDÃŒactivity. The formazan formed from MTT was
extracted with acetone containing 0.5% trichloroacetic acid, and
the absorbance of formazan was measured at 565 nm. SDÃŒactivity
was assessed as the optical density per milligram of protein as
determined by a protein assay (Bio-Rad Laboratories Ine, Hercules,

CA). Chemosensitivity was indicated by the percentage of SDÃŒ
activity in drug-treated cells compared with that in control cells.

The antitumor drugs tested were doxorubicin (ADR) (4 ug/mL).
mitomycin C (MMC) (10 ug/mL), vindesine (VDS) (50 pg/mL).
etoposide (VP-16) (2 ug/mL), cyclophosphamide (CPA) (30 pg/

mL) and cisplatin (CDDP) (20 ug/mL) at 10 times the peak plasma
concentration.

Immunohistochemistry
For the immunohistochemical study, the primary antibody used

was mouse monoclonal antibody C494 (DAKO Corp., Carpinteria,
CA), which reacts with an internal epitope located on the C-terminal

domain of the Pgp molecule specific for the mdrl gene product
(18). Sections 4 urn thick were cut from the formalin-fixed
paraffin-embedded materials, mounted on poly-L-lysine-coated

slides and treated with xylene to remove the wax. The endogenous
peroxidase activity was blocked by incubation in 0.3% methanolic
HiCK. Nonspecific protein binding was inhibited by treatment with
2% (weight/volume) skim milk in phosphate-buffered saline for 60

min at room temperature, and the specimens were then incubated
with the primary antibody, C494, overnight at 4Â°Cin a 1:100

dilution. Antibody-bridge labeling was subsequently developed
using the streptavidin biotin-peroxidase method. Diaminobenzi-

dine was used to visualize peroxidase deposition at the antigenic
sites, and the nuclei were counterstained with hematoxylin. The
specimens incubated with nonimmune-mouse IgG were used as a

negative control, and kidney tissue from a healthy adult human was
used as a positive control. The results of Pgp immunostaining were
independently interpreted by a pathologist who knew none of the
clinical information.
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Statistical Analysis
Linear regression was analyzed as the correlation study. Differ

ences in the mean values were assessed by the unpaired t test for
statistical analysis. A multiple comparison using the Bonferroni
adjustment was performed for each anticancer drug. Probability
values < 0.05 were considered significant.

RESULTS
Relationship Between 99mTc-Hexakis-2-Methoxyisobutyl

Isonitrile SPECT and Chemosensitivity
Nine surgically obtained tissue specimens were analyzed

for chemosensitivity using an SDÃŒtest, and the correlation
between chemosensitivity and the results of 99mTc-MIBI

SPECT was examined. L/Ne and sensitivity to MMC
correlated significantly (P < 0.01), whereas L/Ne and
sensitivity to ADR, VP-16, YDS, CPA and CDDP did not
(Fig. 1). L/Nd did not correlate significantly with sensitivity
to any drugs. L/Nwr correlated significantly with sensitivity
to MMC (Fig. 2). L/Nwr and sensitivity to VP-16 correlated
weakly but not significantly. Patients with rapid WmTc-MIBI

washout were observed to be sensitive to antitumor drugs
(Fig. 3), and patients with slow washout showed no such
sensitivity (Fig. 4).

Relationship Between ""Tc-Hexakis-2-Methoxyisobutyl

Isonitrile SPECT and Immunohistochemistry
Ten surgically obtained tissue samples were immunohisto-

chemically analyzed; 2 tested positive for Pgp expression,
and the positivity was strong but focal in both. Samples from
the remaining 8 patients tested negative for Pgp expression.

On the basis of the above findings, the 10 patients were
classified into two groups, a Pgp-positive group (n = 2) and
a Pgp-negative group (n = 8), and the results of "mTc-MIBI

SPECT in the two groups were compared (Fig. 5). Mean
L/Ne was 2.19 in the Pgp-positive group and 2.32 (Â±0.58

SD) in the Pgp-negative group. Mean L/Nd was 2.30 and
2.13 (Â±0.68)and mean L/Nwr was -7.73 and 6.86 (Â±20.89)
in the Pgp-positive group and the Pgp-negative group,
respectively. The two groups did not differ significantly in
any parameter.

DISCUSSION

In the treatment of lung cancer, resistance to antitumor
drugs is a major clinical problem and remains the most
significant cause of treatment failure. Recently, molecular
and biologic approaches have revealed that Pgp encoded by
the mdrl gene is an important mechanism in MDR (3).
"mTc-MIBI, which is known to accumulate in lung tumors
(9â€”12),has also been reported to be a suitable substrate for
Pgp (13,14). As a result, ""Tc-MIBI scintigraphy is ex

pected to be a way to measure Pgp expression and predict
sensitivity to antitumor drugs in vivo, noninvasively, before
chemotherapy.

In this study, the washout rate of "mTc-MIBI correlated

positively with the sensitivity of lung cancer to MMC. Lung
cancer is thus considered to be sensitive to MMC when the
washout of 99mTc-MIBIis slow. A weak correlation was also
seen between the washout rate of WmTc-MIBIand sensitivity
to VP-16. Although both MMC and VP-16 are known
substrates of classic MDR (19), no significant correlation
was seen between the washout rate of 99mTc-MIBIand

chemosensitivity to either ADR or VDS, which are also
substrates of classic MDR (79). Early "mTc-MIBI uptake

correlated significantly only with chemosensitivity to MMC;
ADR, VDS and VP-16 showed no such correlation. These
results suggest that both early uptake and washout of
99mTc-MIBImay help predict the chemosensitivity of lung

cancer to MMC.
Pgp expression, which contributes to classic MDR, did

FIGURE 1. Correlation between chemo
sensitivity of lung cancer and early 99mTc-
hexakis-2-methoxyisobutyl Â¡sonitrile(MIBI)
uptake (ratio of lesion to normal region,
early image [LVNe]). Chemosensitivity was
determined by Buccinate dehydrogenase
inhibition (SDÃŒ)test. Significant correlation
is observed between chemosensitivity to
MMC and L/Ne of 99mTc-MIBI(P < 0.01).
ADR = doxorubicin; CDDP = cisplatin;
CPA = cyclophosphamide; MMC = mitomy-
cin C; N.S. = not significant; VDS = vinde-
sine; VP-16 = etoposide.
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FIGURE 2. Correlation between chemo-
sensitivity of lung cancer and washout rate
(L/Nwr) of 99mTc-hexakis-2-methoxyisobutyl

Â¡sonitrile(MIBI). Chemosensitivity was de
termined by Buccinate dehydrogenase inhi
bition (SDÃŒ)test. Significant correlation is
observed between Chemosensitivity to MMC
and UNwr of 99mTc-MIBI(P < 0.05). ADR =
doxorubicin; CDDP = cisplatin; CPA =
cyclophosphamide; MMC = mitomycin C;
N.S. = not significant; VDS = vindesine;
VP-16 = etoposide.

not correlate with early uptake, late uptake or the washout
rate of Tc-MIBI. Although 99mTc-MIBI has been reported

to be a transport substrate for Pgp in human tumor cells
(13,15,20), part of the Pgp expression may be needed to act
as an efflux pump for "Tc-MIBI. In the 2 patients with
Pgp-positive tumors in this study, the positivity was strong
but focal. Kostakoglu et al. (16) showed that 99nTc-MIBI

uptake in tumors with strong but focal Pgp expression did
not differ from that of tumors with either no or weak Pgp
expression, suggesting that strong but focal expression of
Pgp has little effect on early 99mTc-MIBI uptake. A threshold

of Pgp expression that affects therapy significantly may need
to be determined. In this study, Pgp expression was evalu
ated using immunohistochemical staining, and gene expres
sion was not quantified. Charpin et al. (21) reported that
quantitative immunodetection of Pgp expression signifi
cantly correlated with polymerase chain reaction analysis of
mdrl gene expression. Visual interpretation of immunohisto
chemical staining, although not quantitative, is simple and
widely used either qualitatively or semiquantitatively to
evaluate antigen expression. Visual evaluation can deter

mine the localization of Pgp expression and rule out
contamination of stromal cells and tissue heterogeneity. In
lung cancer, Pgp expression may not mainly participate in
the uptake and washout of ""'Tc-MIBI. Pgp expression in

non-small cell lung cancer has been reported to be less
frequent than other tumors (16,22-24). Although WmTc-

MIBI has been reported to be a transport substrate for Pgp
(13,15,20), the washout rate of ""'Tc-MIBI varied from
-31.7% to 30.5%, even in Pgp-negative tumors, in this
study. The uptake and washout of 99mTc-MIBI in lung cancer

thus cannot be explained solely on the basis of Pgp
expression.

Although non-small cell lung cancer is well known to be

generally unresponsive to chemotherapy, Pgp expression in
non-small cell lung cancer has been reported to be less
frequent (16,22-24). Furthermore, no correlation between

the Chemosensitivity of lung cancer and mdrl gene expres
sion as measured by ribonucleic acid analysis has been
reported (24,25). Classic MDR is thus considered to play
only a minor role in the Chemosensitivity of lung cancer
(19,26). Our results also suggest that both "Tc-MIBI and

W

FIGURE 3. Patient2, 74-y-old man withadenocarcinoma(stage I, T1 NOMO). Immunohistochemicalfindingsshowed patient to be
Pgp-negative. Chemosensitivity determined by SDÃŒtest was 97.3% for ADR, 77.5% for MMC, 86.4% for VDS, 88.4% for VP-16,51.8%
for CPA and 87.6% for CDDP. (A) CT scan shows tumor in upper lobe of right lung. (B) Early SPECT Â¡mageshows intense uptake of
"mTc-MIBI in tumor (L/Ne = 2.85). (C) Delayed SPECT image shows faint 99mTc-MIBIuptake in tumor (LVNd= 1.98), suggesting rapid
washout of 99mTc-MIBIfrom tumor (L/Nwr = 30.5%).
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FIGURE 4. Patient 3, 79-y-old man withadenocarcinoma(stage I, T1 NOMO). Immunohistochemicalfindingsshowed patientto be
Pgp-negative. Chemosensitivity determined by SDÃŒtest was 49.5% for ADR, 58.4% for MMC, 57.7% for VDS, 70.1% for VP-16,35.7%
for CPA and 52.6% for CDDP. (A) CT scan shows tumor in upper lobe of right lung. (B) Early SPECT image shows intense uptake of
"Tc-MIBI in tumor (L/Ne = 2.15). (C) Delayed SPECT image also shows intense 99mTc-MIBIuptake in tumor (LVNd = 2.03),
suggesting slow washout (L/Nwr = 5.9%).

MMC may be extruded from lung cancer mainly by a
mechanism different from that in classic MDR, although
these chemicals are known substrates for Pgp. Some mecha
nisms of MDR without an overexpression of Pgp, such as
MRP (6,7) and atypical MDR (4,5), have been found. For
example, MRP expression in non-small cell lung cancer was
found by both molecular biology techniques and immunohis-

tochemical analysis (7,19,27,28). Further examinations are
required to clarify the major mechanism by which "mTc-

MIBI and MMC are extruded from lung cancer cells in
relation to drug resistance.

In contrast to an in vitro study, an in vivo study of the
mechanism of uptake and washout of radiopharmaceuticals
in tumors is quite complex. Both the in vivo biodistribution
and the in vivo kinetics of radiopharmaceuticals depend on
various biologic factors, such as blood flow to the tumor,
blood volume in the tumor, the necrotic and stromal
components of the tumor and the inflammatory reaction
around tumor cells. The results of 99mTc-MIBI scintigraphy

can be altered by these factors independently of Pgp
expression.

The scanning time of ^'Tc-MIBI scintigraphy differs

among studies, with early image acquisition ranging from 10
to 60 min after administration and delayed image acquisition
ranging from 2 to 4 h after administration (9â€”12,16,20,29).
Because washout of WmTc-MIBI from some tumors was

rapid, the varying results obtained even when similar
subjects were examined may be caused by the differences in
scanning time. Further examinations are required to deter
mine the scanning time that is optimal for assessing chemo-

sensitivity on both early and delayed images. A technical
problem with "'"Tc-MIBI scintigraphy is underestimation of

uptake because of the partial-volume effect resulting from

the relatively low spatial resolution of nuclear medicine
devices. Further development of these devices should im
prove accuracy.

CONCLUSION

The preliminary results suggest that "Tc-MIBI scintigra

phy, a method of noninvasive in vivo examination, can
predict the chemosensitivity of lung cancer to MMC. Also
suggested is the possibility that the main mechanism of
extrusion of Wr"Tc-MIBI and MMC from lung tumors may

be different from that of Pgp expression. Further examina
tions are required to elucidate the mechanism for the
chemosensitivity of lung cancer.
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