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Difficulties are encountered in the detection of
tumor recurrence on chest wall in patients treated
for lung cancer. Computed tomography (CT) is
currently the imaging method of choice in
following up of patients who treated lung cancer.
However, current imaging studies including CT
provide valuable information but it is usually no
specific enough to aid in the clinical management.
Therefore, many patients undergo invasive
procedures to determine the tumor recurrence and
help guide patient care after treatment for lung
cancef.

Several PET studies have confirmed that
FDG-PET is reasonably good predictors of residual
tumor or tumor recurrence’ . Patz et al showed a
sensitivity of 97% and specificity of 100% for
FDG-PET in distinguishing tumor recurrence from
residual fibrosis in 38 patients treated for
bronchogenic cancer’. However, FDG-PET remains
a relatively expensive and complicated procedure
and is available at only a very limited number of
sites.

Several studies have been performed to
investigate the use of TI-201 imaging in the
detection of malignancy’®. The potential clinical

utility of TI-201 is probably related to its
mechanism of localization, which passes intr-
acellularly to viable tumor, although mechanism
of TI-201 uptake are not clearly defined®.
Moreover, attempts had been made to distinguish
tumor recurrence and radiation fibrosis especially
in brain tumors” .

In this work, we report the result of the
studies designed to evaluate the tumor recurrence
of chest wall in patients who underwent
treatment for bronchogenic carcinoma and were
suspected for tumor recurrence on chest wall or
were found to have residual or newly developed
abnormalities on chest radiographs or CT scan.
This study focused on the ahility of TI-201
SPECT imaging for the detection of the
postoperative tumor recurrence on chest wall and
for differentiation malignant from benign pleural

effusion.
PATIENTS AND METHODS
28 patients (21 male, 7 female: age 38-69 years)

including 10 with suspected recurrence of tumor
in the chest wall on postoperative chest CT scan,
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Table 1. Postoperative chest CT findings of each groups

CT findings Suspected Benigp postoperative  Chronic tuberculous
tumor recurrence effusion empyema
Operation
Pneumonectomy 11 0
Lobectomy 3 1 0
Pleural thickening
Trregular 14 4 2
Smooth 0 6 2

10 with postoperative pleural effusion which
proved benign on radiologic, cytologic and labo-
ratory findings, and 4 with chronic tuberculous
empyema as control group were included. Patients
who were suspected tumor recurrence on chest
wall or had benign postoperative pleural effusion
had performed pneumonectomy or lobectomy for
lung cancer 9 to 25 months prior to TI-201 lung
SPECT. TI-201 SPECT and chest CT scan were
performed within a week. Suspicion of tumor
recurrence was based on a deteriorating clinical
course, a suspicious change in CT examination,
or both. Informed consent was given by all
patients. Chest CT scans were obtained with GE
9800 scanner (General Electrics, Milwaukee, WI,
USA). Continuous 1-cm-thickness sections were
obtained at 1-cm interval from the lung apices to
the adrenal glands. Contrast material (Optiray 320,
Mallinkrodt Medical Inc., Quebec, Canada) was
intravenously administered (total amount, 100ml).
A SPECT study of the lung was obtained 30
minutes and 4 hours after intravenous injection of
111IMBg (BmCi) of TI-201 on a dual-headed
gamma camera (ADAC, Milpitas, CA) equipped
with a high-resolution, low-energy parallel hole
collimator. Sixty—four projections with an acqui-
sition time of 40 sec/view were acquired in 64 X

64 matrices with a 56-degree of angular incre-
ment. The images were reconstructed with a
filtered back projection method wusing a
Butterworth filter (cut-off frequency of 035
cycle/cm at order nob). Attenuation correction
was not performed. Thallium activity of the
tumor was visually graded by two nuclear
medicine physicians and scored as follows: no
uptake:0, intensity similar to that of the
contralateral lung:l, higher than that of the
contralateral lung but less than that of heart:2
and similar to that of the heart:3. In two patients,
follow-up T1-201 SPECT was performed after
radiation therapy of the recurrent tumor mass on
the chest wall to evaluate treatment response.

RESULTS

Clinical data and radiological findings including
postoperative chest CT scan of all patients are
summarized in Table 1.

Initial agreement was complete between two
readers in the interpretation of each of the TI-201
SPECT scan except one patient, which was
resolved by consensus. In early SPECT images
taken 30 minutes after intravenous injection of
T1-201, markedly increased T1-201 uptake was
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Table 2. T1-201 SPECT findings of each groups

T1-201 SPECT Suspected Benign postoperative Chronic tuberculous
findings tumor recurrence effusion empyema
30 minutes SPECT
Grade 3 11 0 0
2 2 0 1
1 1 4 3
0 0 6 0
4 hours SPECT
Grade 3 10 0 0
2 3 0 0
1 1 4 4
0 0 6 0
Pattern of uptakes
Focal, Irregular 14 0 0
Diffuse, Smooth 0 2 4

noted in all patients with suspected recurrence of
tumor in the chest wall, grade 3 in eleven
patients and grade 2 in two patients(Table 2, Fig.
1A, B). In two patients who had received
radiation therapy for the recurrent tumor mass on
the chest wall after initial TI-201 SPECT,
follow-up SPECT 3-4 weeks after cessation of
radiation therapy revealed disappearance of
increased thallium uptake (Fig. 1C). In other two
patients, TI-201 SPECT depicted additional
recurrent tumor mass lesions that were barely
perceptible on chest CT scan (Fig. 1B, D). No
significant difference was noted in uptake of
T1-201 by the recurrent tumor between early and
delayed SPECT. Of those 14 patients in whom
recurrence of the tumor on chest wall was
suspected, 8 patients performed biopsy and
confirmed the recurrence of the tumor. Whereas
no (8 patients) or grade 1 (2 patients) uptake
along the collapsed lung were seen in patients
with postoperative benign pleural effusion (Table
2, Fig. 2). Patients with chronic tuberculous

empyema showed increased TI-201 uptake as
well, but in lesser degree (grade 1 or 2), when
compared to recurrent tumor uptake, and depicted
relatively smoothly marginated increased uptake
along the chest wall in all four patients.

DISCUSSION

Response to therapy is continually reassessed
with imaging studies such as chest radiography,
CT and MRI. These modalities provides important
anatomic and morphologic information but cannot
always help distinguish residual or recurrent
tumors from benign post-treatment changesma.
Some patients may undergo a biopsy to determine
tumor viability, although invasive procedures,
which include transthoracic needle biopsy, pleural
biopsy and open lung biopsy, have associated
risks. These procedures, however, do not always
provide a definite answer, particularly when
residual abnormalities are seen on radiographs,
because sampling errors may occur. A new,
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Fig. 1. 60-yvear old male patient who had received right pneumonectomy 1 year ago for known
squamous cell carcinoma. Postoperative chest CT scan revealed irregular marginated chest wall
mass with enhancement on anterior and posterior chest wall (A). 4-hour delayed SPECT
images showed grade 3 increased T1-201 uptakes on anterior and posterior chest wall which
were corresponded to chest CT scan abnormalities (B). However, additional focus of grade 3
increased uptake was depicted on lower posterior thorax and meticulous retrospective review of
chest CT scan showed another recurrent tumor mass lesion (D). The patient had received
radiation therapy for the recurrent tumor mass on the chest wall after initial T1-201 SPECT,
follow-up SPECT 3-4 weeks after cessation of radiation therapy revealed complete
disappearance of previously increased uptakes (C).

noninvasive technique with the ability to help
assess treatment efficacy would be invaluable.
TI-201 has been used to evaluate the tumor
viability since it passes intracelluarly to viable
tumor. The mechanism of thallium uptake in
tumor cells, although details have not been
entirely elucidated. Several studies have been
performed to investigate the use of TI-201
imaging in the detection of malignancy and

TI-201 chloride has been described as a positive
indicator for lung neoplasms irrespective of
histology. Differentiation of tumor recurrence from
benign postoperative changes is important in the
management of patients who treated lung cancer.
Attempts have been made to distinguish tumor
recurtence and post-treatment changes using
thallium-201 SPECT in brain tumors and found

useful in the evaluation of treatment responseg "

— 546 —



— Thallium-201 SPECT in the evaluation of postoperative tumor recurrence on the chest wall in lung cancer —

Fig. 2. 57-year old male patient who had received nght pneumonectomy 2 year ago for known
squarmous cell carcinoma. Postoperative chest CT scan revealed small amount pleural effusion
without evidence of chest wall mass or abnormal focal thickening or enhancement of pleura or
chest wall (A). 4-hour delayed SPECT images showed no abnormal increased T1-201 uptakes
on chest wall (B).

Several PET studies have confirmed that FDG-
PET is reasonably good predictors of residual
tumor or tumor recurrence**, However, FDG-
PET remains a relatively expensive and compli-
cated procedure and is available at only a very
limited number of sites. The technology needed to
perform SPECT with TI-201, on the other hand,
is widely available and cost-efficient. Moreover,
in a study of Kahn et al about recurrent brain
tumor, they demonstrated no statistically signifi-
cant difference in sensitivity or specificity betwe -
en the TI-201 SPECT and FDG-PET".

On the basis of these considerations, we
performed TI-201 lung SPECT for the evaluation
of tumor recurrence and benign postoperative
changes. The results of our study showed that
recurrent tumor on chest wall revealed signifi-
cantly increased thallium uptake, whereas benign
postoperative pleural effusion or tuberculous
empyema revealed no or faint smoothly margi -
nated uptake of thallium.

Although other entities can cause an increase
of TI-201 uptakew. our results suggest that
TI-201 lung SPECT can play an important role in
guiding patient care after treatment for lung
cancer and, if necessary, can direct biopsy for
pathologic confirmation. TI-201 SPECT more
accurately represents post-therapy viable tumor
burdens than do other imaging modalities such as
CT. Thus, at this time, we consider abnormal
findings on postoperative TI-201 SPECT after
operation to be indicative of tumor recurrence
until proven otherwise. Patients with residual
abnormalities on radiographs and normal findings
on TI-201 SPECT scans will almost certainly be
considered as absence of tumor recurrence.

In conclusion, T1-201 lung SPECT seems to be
useful to detect postoperative tumor recurrence on
chest wall and to differentiate malignant from
benign pleural effusion and may provide additional
information to the morphologic data obtained by
CT.
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Summary

Purpose : The purpose of our study was to
assess the usefulness of the T1-201 SPECT for
the detection of the postoperative tumor recur-
rence on chest wall.

Methods : 28  patients 14 with
suspected recurrence of tumor in the chest wall

including

on postoperative chest CT scan, 10 with posto-
perative pleural effusion which proved benign on
radiologic, cytologic and laboratory findings, and 4
with chronic tuberculous empyema as control
group were included. All patients underwent
SPECT 30 minutes and 4 hours after intravenous
injection of 111IMBq of TI-201. Tumor uptake
was visually graded by two interpreters and
scored as follows no uptake:0, similar to
contralateral lung:1, higher than contralateral lung
but less than heart:2 and similar to heart:3.
Results : Markedly increased (grade 3 or 2)
TI-201 uptake was noted in patients with
suspected recurrence of tumor in the chest wall
(13/14) whereas no (&10) or minimal (2/10)
uptake along the collapsed lung in patients with
postoperative benign pleural effusion. In two
patients, TI-201 SPECT revealed additional
recurrent tumor mass lesions that were barely
perceptible on chest CT scan. Patients with
chronic tuberculous empyema showed relatively
smoothly marginated increased uptake along the
chest wall (4/4), but lesser in degree (grade 1 or
2), when compared to recurrent tumor uptake.
Conclusion : TI-201 lung SPECT seems to be
useful to detect postoperative tumor recurrence on
chest wall and to differentiate malignant from
benign pleural effusion and may provide additional

information to the morphologic data obtained by
CT.
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