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Thallium-201 SPECT in advanced non-small cell lung cancer:
In relation with chemotherapeutic response, survival,
distant metastasis and pS3 status
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Purpose: The aim of this study was to evaluate the relationship between 2°'TI tumor uptake,
chemotherapeutic response, metastasis, pS3 status and survival in non-small cell lung cancer
(NSCLC). Methods: A total of 23 patients underwent 2°'TI SPECT. In 9 patients, 2nd 2°'T1 SPECT
study were performed 1 week after the 3rd cycle of chemotherapy (ChT), and early (ER) and delayed
(DR) tumor/normal lung ratios and retention indices (RI) were obtained. In 15 patients p53 status
was assayed with immuno-histochemical staining. The patients were divided into subgroups after
the 3rd cycle of ChT; responders [R(+) (n = 10)] and non-responders [R(-) (n = 13)], distant
metastasis [(M1) n= 11] and [(Mo) n = 12], and mutant p53 status [p(+) n=7, p53(-) n = 8]. Results:
The differences for ER, DR and RI values between all of the subgroups were not statistically
significant. ER and DR of responders decreased significantly after ChT; from to 2.46 to 1.36 (p =
0.04) and 2.29 to 1.53 (p = 0.04), respectively. In the non-responder group, both ER and DR slightly
increased after ChT (p > 0.05). Conclusion: Our results suggest that in NSCLC, there was a weak
correlation between higher 2°! Tl ratios and positive response to chemotherapy, absence of distant
metastasis, and p53(-) status. Significant 2°'T] uptake decrease after chemotherapy indicates that
delayed °'TI uptake can be used in evaluating the chemotherapeutic response.
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INTRODUCTION

NoN-SMALL CELL CARCINOMAS (NSCLC) account for 75—
80% of all lung cancer, and surgical cure is achieved in
only 15-20% of the patients.! Chemotherapy may be
applied as a palliative treatment in patients with advanced
disease (stage III and IV). Chemotherapeutic failure and
development of resistance are significant problems in
patients with NSCLC. Thus, predicting chemotherapeutic
response of NSCLC is important in clinical practice in
order to determine further management of the patients.
The response of the therapy is evaluated on the basis of
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physical examination and radiological imaging. How-
ever, these morphological assessment methods do not
sufficiently reflect the metabolic changes. Currently, '®F-
FDG-PET is a commonly used imaging tool for diagnos-
ing, staging and recurrence detecting in primary lung
cancer,” but is still an expensive and not widely available
imaging tool in most nuclear medicine clinics. This imag-
ing modality has limited usage in routine practice. Addi-
tionally, FDG accumulates not only in malignant tumors
but also in many benign conditions, such as active inflam-
matory or infective lesions.*©

201T] is a potassium analogue; it is, therefore, trans-
ported into the cell in a competitive way with potassium
regulated by Na-K ATPase. This transport system is
related to tumor uptake.” In the detection of primary lung
cancer and mediastinal lymph node metastases 2°' Tl was
used first by Salvatore et al.® and Tonami et al.?

Mutation of the p53 tumor suppressor gene is found in
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about 50% of all types of lung cancer.!%!! Recent studies
indicate that p53 protein is involved in several vital
functions, such as gene transcription, DNA synthesis and
repair cell cycle arrest, and programed cell death
(apoptosis). Mutation of p53 gene can abrogate these
functions and may contribute to genomic instability and
progression of cancer. 21

The purpose of this study was to assess the value of the
20IT] SPECT in predicting the chemotherapeutic response,
and its relationship with the metastatic potential, p53
status and survival in untreated advanced NSCLC.

MATERIALS AND METHODS

This study included 23 NSCLC patients (stage III or IV)

without any previous treatment by any therapeutic ap-
proach. Their age ranged from 40 to 79 years (mean age:
62.34 + 10.54 yr). All patients underwent a detailed
physical examination, chest X-ray and thoracic CT scan.
Diagnosis was made by cytological or histopathological
analysis of sputum and/or specimens taken with broncho-
scopy or CT-guided needle biopsy samples. 21 patients
had squamous cell cancer and 2 had adenocarcinoma. The
lung lesions were staged according to TNM classification.
The local ethical committee had approved this study, and
all patients gave their informed consent prior to participa-
tion.

Chemotherapy: All patients were treated using
etoposide and cisplatin for ChT, but none were treated
with radiation therapy. They were divided into two groups,

Table 1 Demographic data, 2°' Tl uptake and p53 results of all patients

Pt. Age Size Survey pS3
o ) (mm x mm) Response Stage (week)? ER DR RI statusb
1 51 30 x 40 PR v 32 3.71 2.70 -27.22 +
2 68 70 x 90 PR IIIA 40 3.67 4.21 14.71 +
3 65 35 x40 PR v ? 2.50 4.86 94.40 -
4 71 50 x 60 PR 1B 76 5.70 6.47 13.51 -
5 45 45 x 40 PR 1B 44 2.05 2.85 39.02 +
6 70 60 x 80 PR v 64 2.46 3.08 25.20 ?
7 68 30 x 30 CR LI 120 2.52 2.08 -17.46 ?
8 68 30 x 30 PR 111B ? 3.82 4.21 10.21 ?
9 61 20 x 30 PR v 20 2.94 2.29 -22.11 ?
10 57 30 x 30 PR v 32 1.18 1.59 34.75 ?
11 71 50 x 50 NC 1A 32 2.60 3.54 36.15 +
12 57 25 x 30 PD 111B 32 3.44 3.84 11.63 -
13 70 40 x 50 NC 111B 96 4.02 4.38 8.96 -
14 67 45 x 60 PD v 8 4.11 4.22 2.68 -
15 65 50 x 50 NC 1A 76 2.98 3.24 8.72 -
16 79 40 x 40 PD 1B 4 1.89 2.54 34.39 +
17 40 50 x 60 PD v 8 2.12 3.65 72.17 +
18 65 20 x 30 PD v 24 291 2.71 -6.87 -
19 46 70 x 80 PD v 48 2.31 2.61 12.99 +
20 69 50 x 30 PD v 12 2.00 2.12 6.00 -
21 43 110 x 70 PD v 68 2.62 3.02 15.27 ?
22 70 60 x 50 NC 1B ? 1.61 1.51 -6.21 ?
23 68 100 x 80 PD 111B 8 1.76 2.22 26.14 ?

ER: Early ratio; DR: Delayed ratio; RI: Retention index; PR: Partial response; CR: Complete response; PD: Progressive disease;
NC: No change. ? = survival could not be obtained. ®? = not assayed due to limited biopsy material.

Table 2 ER, DR and RI values respecting the response to ChT, distant metastasis and p53 status

ER DR RI
Non-responder (n = 13) 2.64 +0.82 3.04 +0.86 -17.0£21.2
Responder (n =10) 3.05+1.24 3.43+1.49 -16.5+35.8
Mo (n=12) 3.00+1.19 342 +1.33 149+ 16.8
M| (n=11) 2.62 = 0.80 2.98 +0.94 18.8 £37.1
P53(-) (n=28) 345+ 1.15 398 +1.35 173 £31.7
P53(+)(n=7) 2.62 £0.76 3.15 £ 0.64 26.0 = 30.5

ChT: Chemotherapy; Mo: no distant metastasis; M: distant metastasis
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responders (n = 10) and non-responders (n = 13) accord-
ing to morphological changes on CT scan taken 2 weeks
after the 3rd cycle of ChT. Response to ChT [R(+)] was
defined as a disappearance of the tumor or reduction in its
size by >50% on CT scan. No change in tumor size or an
increase in tumor size or decrease in tumor size of <50%
was considered to indicate absence of response to ChT
[RC)].

Scintigraphy: All patients underwent 2°!'T1 SPECT
before the ChT. In addition, 9 patients underwent a 2nd
20IT] SPECT study one week after the 3rd cycle of ChT.
SPECT images were acquired 15 min (early) and 3—4
hours (delayed) after IV injection of 2°'T1 (148—185
MBq). For SPECT images 64 projections were taken by
using 64 x 64 matrixes each for 30 sec with a large field-
of-view gamma camera (Philips Gamma Diagnost Tomo),
with low energy high-resolution collimator. Raw SPECT
data were reconstructed using Butterworth and Ramp
filters, and transverse, coronal and sagittal slices were
obtained. No attenuation correction was performed.

Data analysis: Reconstructed SPECT images were
analyzed visually with respect to CT images. Over the
tumor area (T) and on the contralateral side over the
normal lung area (N) regions of interest (ROI) were drawn
in all transverse images. Using the mean per pixel ob-
tained from these ROIs, early (ER) and delayed (DR) T/
N ratios and retention indices [RI = (DR - ER) x 100/ER]
were calculated.

Immuno-histochemical staining: Sections with a size
of 5 um were obtained from paraffin-embedded tissue
blocks, and stained by immuno-staining streptavidin-
biotin peroxidase complex method.!” The sections for p53
were judged positive when 5% or more tumor nuclei were
stained.

Table 3 Survival rate respecting to response to ChT, distant
metastasis and p53 status

Survival rate (week)

Statistical analysis: All quantitative data were ex-
pressed as the mean + standard deviation. Comparison of
the ER and the DR 2°!T1 uptake and the values before and
after therapy were assessed using the Wilcoxon matched
test for paired data. Comparison of the uptake ratios and
survival rate between responders and non-responders,
between no-distant metastasis (Mp) and distant metastasis
(M), and between p53 status (=) and (+) were performed
using the two tailed Student’s t-test for unpaired data. The
relationship between the survival and 2°!' Tl uptake values
were compared with Pearson correlation test. Probability
values below 0.05 were considered statistically significant.

RESULTS

Distribution of patients according to tumor stage was as
follows: 4 in stage IIIA, 8 in IIIB, 11 in IV. Demographic
data, T1-201 tumor uptake and p53 status of all patients
were shown in Table 1. The smallest tumor size was 20 x
30 mm. In all patients uptake of 2°'TI was clearly demon-
strated in lung lesion. The mean + SD values of ER, DR
and RJ were 2.82 + 1.02, 3.21 = 1.16, and 16.8 = 27.8,
respectively. DR was significantly higher than ER 2°!T1
(p = 0.01). ER, DR and RI values with respect to the
chemotherapeutic response, distant metastasis status
and p53 status were shown in Table 2. Although in the
responder group ER and DR were higher than those of the
non-responder group, there was no significant difference
between the responder and non-responder groups in ER or
DR. Both ER and DR in My were slightly higher than
those of in M; group. Although both ER and DR values
tended to be higher in p53(-) group than in p53(+) group,
there was no significant difference in ER, DR or RI
between these two groups (Table 2). Survival ratio (SR)
of responder group was longer, but statistically insignifi-
cant, than that of the non-responder group (Table 3).
Similarly My group had longer, but statistically insignifi-
cant, SR than the M; group (Table 3). No significant
correlations were found between SR of either ER or DR

Non-responders (n = 12) 34.6 +30.8 (r=0.40,p=0.07,r=0.33, p=0.14, respectively). ER and
Responders (n = 8) 53.5+324 DR of the responder group decreased significantly after
M; (n=10) 31.6 £21.9 ChT (AT) to before ChT (BT); from 2.46 to 1.36 (p =0.04)
Mo (n = 10) 52.8 +£37.9 and 2.29 to 1.53 (p = 0.04), respectively (Table 4). In the
P33(+) (n=7) 29.7+17.3 non-responder group, there were slight increase in ER
P53(-) (n=6) 462+355 and DR after ChT (p > 0.05). There were no significant
Table 4 ER, DR and RI values before and after ChT
Non-responders (n = 4) Responders (n = 5)
BT median AT median BT median AT median
[range] [range] [range] [range]
ER 3.02 [1.894.02] 3.59 [2.23-5.58] 2.46 [1.94-2.94] 1.36 [1.04-2.12]*
DR 3.69 [2.54-4.38] 4.62 [3.10-6.54] 2.29 [1.78-3.08] 1.53 [0.98-2.28]*
RI 18.0 [8.2-26.5] 18.4 [6.7-35.6] 5.6 [-41.5-20.1] 5.3 [-6.1-17.1]

*p=0.04 BT: Before therapy, AT: After therapy
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Fig. 1 Transverse 20!TI SPECT images of R(+) and p53(+)
patient 1 with a tumor (P) in the left middle lung area: early
(upper row) and delayed (below row) images.

Fig. 2 Transverse 20!T1 SPECT images of R(-) and p53(-)
patient 15 with a tumor () in the left middle lung area: BT
(upper row) and AT (below row) images.

differences between BT RI and AT RI for the responder
and non-responder groups (Table 4). Figure 1 shows early
and delayed T1-201 transverse SPECT images of R(+) and
p53(+) patient 1. Figure 2 shows before and after ChT TI-
201 transverse SPECT images of R(-) and p53(-) patient
15.

DISCUSSION

Positive chemotherapeutic response is a very important
prognostic indicator in the follow up of lung cancer
patients. Although several studies investigated the use of
201T] SPECT in the evaluation and staging of lung can-
cer,!82! evaluation of limited number of studies used it
for the chemotherapeutic effects in a limited number of
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studies.??23 201T] SPECT imaging compared to '*F-FDG-
PET imaging is cheaper, but it has a limited role in evalu-
ating lesions measuring less than 2 cm. However, a malig-
nant lesion over 2 cm could be evaluated with close
sensitivity and specificity to '®F-FDG-PET.?! Hanada
et al.>* found a significant inverse correlation between
cisplatin 50% inhibitory concentration values and thal-
lium cellular accumulation. On the other hand, they did
not find significant correlation between the cellular accu-
mulation of cisplatin and thallium. Ishibashi et al.> showed
that while delayed 2°'T1 uptake was correlated with the
cancer cell proliferation ratio in patients with SCLC, there
was no correlation in patients with NSCLC. Nishiyama et
al.?326 reported that no significant correlation was present
between the 2°! Tl ratio and the ChT response in NSCLC.
Similarly, in our study although in the responder group
ER, DR and SR were higher than in the non-responder
group, the differences were not significant.

Some authors assessed the role of 2°'TI SPECT before
and after therapy in evaluating the treatment response.
Shimizu et al.?’ concluded that this method could be very
useful as their complete remission group showed signifi-
cantly lower uptake ratios after radiotherapy than the
groups with partial response or no change. Yamaji et al.?8
showed a significantly lower RI in patients without recur-
rence compared to the patients with early recurrence, but
no significant difference was found in ER and DR. They
suggested that RI after treatment was useful for the eval-
uation of the therapeutic effect in primary lung cancer.
Suga et al.?’ reported that a significant decrease in DR
and RI halfway through the therapy was observed com-
pared to pre-therapy in the responder group. In contrast,
there was no significant change in the non-responder
group for any of these parameters. In the present study, we
evaluated only the ChT response in the early stage (after
3rd course of ChT), and found that only DR decreased
significantly after ChT in responder. However, after
therapy ER tended to decrease, and RI did not change. In
the non-responder group, although ER and DR increased
after ChT, these increases were statistically insignificant.
Similarly, RI did not change.

Takekawa et al.3” found that higher retention index of
201T] is a useful indicator for lymph node metastasis in
patients with adeno-carcinoma, and therefore, it facili-
tates the prediction of prognosis. Yamamoto et al.3! found
that patients with distant metastasis had significantly
higher ER and DR values for 2°'Tl, but not for **™Tc-
MIBI. They suggested that 2°'T1 is more effective than
99mT¢c-MIBI in predicting the metastatic potential in
NSCLC. Takekawa et al.3% noted that patients with lower
201T] uptake survived longer than those with higher 2°!T1
uptake, and added that 2°'TI uptake is an independent
factor. In conflict with the above-mentioned studies, we
found no significant difference between RI values of Mg
and M; groups. Moreover, Mo group had higher, but
statistically insignificant, ER and DR values as well as
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survival rate than those of M; group. Additionally, in
conflict with Yamamoto et al. we could not find any
relationship between high 2°'T1 uptake and distant me-
tastasis. Henceforth, in respect to the results of the above-
mentioned studies, and ours we thought that although
higher 2°!T1 uptake is associated with higher intracellular
accumulation of chemotherapeutic agents, it does not
reflect the tumor aggressivity.

The relationship between p53 status and ChT is con-
flicting in NSCLC. Brattstrom et al.>? noted that tumors
with p53 mutation were more resistant to cisplatin and
cyclophosphamide. Additionally, a p53 alteration was
frequently found in close association with the topo-
isomerase II alpha expression.3* Since etoposide is a
topoisomerase II alpha inhibitor, its intracellular concen-
tration might be affected by p53 status. There was no
study in which the relationship between p53 types and
201T] was evaluated, and to our knowledge this was the
first study on this topic. We found that in p53(+) group
201T] uptake was lower than the p53(-) patients and the
p53(+) group tended to have shorter SR than the p53(-)
group. The lower uptake of 2°'Tl in p53(+) group supports
our suggestion that higher 2°' T1 uptake does not reflect the
tumor aggressivity.

CONCLUSION

Our results suggest that in NSCLC, higher 2°!'TI tumor
uptake had a weak correlation with positive response to
chemotherapy, absence of distant metastasis, and p53(-)
status. With respect to the pre-therapeutic ER and DR
values 2°!'T1 could not be used as an efficient method for
predicting the response to ChT. Significant decrease of
DR value after chemotherapy indicated that delayed
201T] uptake could be used in the evaluation of the chemo-
therapeutic response, but this needs to be confirmed in
larger series of patients.
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