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Evaluation of tumor extent before treatment and its response to therapy is important. The aim of this
report is to assess the usefulness with thallium-201 (T1-201) imaging study including whole body
scan and pelvic single photon emission computed tomography (SPECT) in patients with uterine
cervical cancers treated by radiation therapy. Before irradiation, eleven patients received detailed
physical examination and T1-201 imaging studies. A 4-score grading system was set for evaluation.
The interval between T1-201 imaging follow-up and completion of radiotherapy is one to four
months, and its findings were compared with those from CT scan and clinical evidence. Before
radiation, left supraclavicular and paraaortic lymphadenopathy was identified in one patient from
whole body scan. Accumulation of T1-201 uptake is observed from pelvic SPECT in all patients.
It seems that patients with more tumor bulk had more intense uptake, except for one case with history
of suspected pelvic inflammatory disease (PID). After radiotherapy, complete or partial regression
is observed. For 6 patients with complete regression (score = 0), no evidence of recurrence is
confirmed by follow-up examinations. For three patients with little residual uptake (score = 1), one
is suspected with residual density and she is under close follow-up, the other two patients seem due
to uterine myoma or short latency. These three patients received another T1-201 scan 6 months after
irradiation completion and the score became zero. One patient with residual intense uptake (score
=2) suffered from relapse in the pelvis and abdomen. This preliminary report indicates that T1-201
whole body scan and pelvic SPECT has potential in the assessment of response to radiotherapy in
patients with uterine cervical cancers. However, further studies including more cases and longer
follow-up are needed.
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INTRODUCTION

RADIOTHERAPY remains the important role in the treatment
of uterine cervical cancer. Factors that affect prognosis
include tumor stage, volume of the primary mass, histo-
logic grade and status of anemia.'? Currently the staging
system of the International Federation of Gynecology and
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Obstetrics (FIGO) is well accepted for its convenience.
Though FIGO has prohibited the use of CT scan and MRI,
etc. However, the anatomic information gained with CT
scan and MRI can aid in the treatment and follow-up.>*

On the other hand, whole body functional imaging can
use metabolic data to show the location, size and aggres-
siveness of the tumor. In addition, distant metastatic
lesions beyond the pelvis can be discovered. Single pho-
ton emission computed tomography (SPECT) imaging
with thallium-201 (T1-201) is valid in the evaluation of
several malignancies.>®

In this preliminary article, we report the results of
application of TI-201 whole body scan with pelvic SPECT
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in a group of the patients with uterine cervical cancers
who had received radiotherapy. Clinical information and
findings of CT scans are applied for comparison.

MATERIALS AND METHODS

Patients

From December 2001 to April 2002, eleven patients with
uterine cervical cancer (age: 42—83 years; median: 58
years) were enrolled in this study. Histology of biopsy
specimens confirmed all of squamous cell carcinoma.
Patients were initially evaluated with physical and pelvic
examinations by gynecologist and radiation oncologist
for staging (FIGO 1B: 2, ITA: 3, IIB: 3, IIIB: 2, IVB: 1).
The routine work-up consisted of blood counts, chemistry
profile, serum squamous cell carcinoma (SCC) antigen
level, chest X-ray, abdominal-pelvic CT scan and T1-201
whole body scan with pelvic SPECT. The maximal di-
mension of the enhanced tumor volume was measured
from the CT scans.

External beam irradiation (EBRT)

The radiation strategy consisted of external beam irradia-
tion (EBRT), followed by high dose rate intracavitary
brachytherapy (HDRICB). Initially, the whole pelvis was
treated via AP/PA two portals or box fields for 45 Gy/25
Fr/5 weeks. For patients with FIGO staging IIB to IIIB,
additional radiation boost to parametrium with central
shielding is prescribed. After the completion of whole
pelvis EBRT, HDRICB was performed using Ir-192 re-
mote afterloading technique for 3 to 4 times with dose of
5-6 Gy to point A/each fraction at 1-week intervals. Total
cumulative point A dose ranged from 60 Gy to 70 Gy.
Concurrent chemotherapy with weekly Cisplatin, 50 mg/
m?2, was prescribed in 8 patients.

CT scan

After radiation, all patients received regular follow-up
including physical and pelvic examinations. The latency
between second T1-201 imaging and the completion of
radiotherapy is one to four months. Ten patients also
received CT scan again for comparison.

TI-201 whole body scan and pelvic SPECT

TI-201 whole body scan and pelvic SPECT were per-
formed with a vertex dual-head gamma camera (ADAC,
Milphas, CA) equipped with low-energy, high-resolution
collimators on 2—3-hour after 2-3 mCi (74-111 MBq) TI-
201 was injected intravenously. Acquisition of SPECT
images was based on 360° noncircular rotation with 7°
step angles, 60 sec per frame, 64 x 64 x 64 matrix and
zoom factor of 1.85. Reconstruction was performed with
Butterworth filter, order 5, cutoff 0.35, one-pixel images,
obtained in the sagittal, coronal and transverse planes.
Accumulation of T1-201 in the suspicious lesions was
interpreted to give a score of 0 to 3 (Fig. 1). Significant
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Fig. 1 The 4-score grading system of T1-201 uptake.

higher T1-201 uptake than in the surrounding normal soft
tissue was given a score of 3. A score of 2 was given to
areas with higher T1-201 uptake, and T1-201 uptake equal
to the surrounding normal soft tissues was given a score
of 1. Total absence of T1-201 uptake was given a score of
0. Scores 3 and 2 were considered as positive findings and
scores 1 and O were considered as negative findings. The
SPECT image was introduced in all patients to avoid
false-positive effect by physiological uptake in the uterus,
bladder or alimentary tract. Interpretation was performed
by the agreement of at least 2 or 3 experienced nuclear
medicine physicians who were blinded to the other clini-
cal data.

RESULTS

Results of individual patient are summarized in Table 1.
The median length of follow-up is 15 months. Before
radiation, the size of primary tumor estimated by CT scan
ranged from 2 to 6 cm, which is not so coordinated with
FIGO staging. The patient with stage IVB was found to
have multiple pelvic and paraaortic lymphadenopathy.
SCC marker increased in 8 cases.

Ten patients were found to have positive finding by TI-
201 pelvic SPECT with scores ranged from 2 to 3 except
for one case (No. 3, score = 1) whose tumor size is 3 cm
as measured by CT scan. It seems that patients with small
tumor burden (diameter not larger than 3 cm) had lower
score, ranged from 1 to 2. However, one patient (No. 2)
with small tumor has a high score of 3. Beyond the pelvis,
left supraclavicular and paraaortic lesions were clearly
identified in one case (No. 11, Fig. 2).

Complete or partial regression of T1-201 uptake after
radiation is observed. For 6 patients with score of 0, no
evidence of recurrence is confirmed by follow-up exami-
nations. For three patients with score of 1, one of them is
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Table 1 Patient characteristics and follow-up

Pre-RT Post-RT
Case  Age  FIGO TI-201 Tumor Dlt):e Latency T]-201
No. (years) stage SPECT sizeby SCC (G (monh) SPECT SCC  CT scan finding Follow-up
score  CT scan Y score (months/status)
1 70 1B 2 3.5cm 2.33% 68 2 0 1.58* Well response 17m/NER
2 77 1B 3 2 cm 5.11%* 65 2 2 0.53 Patient refuse 17m/NER
3 66 ITA 1 3cm 1.19 69 2 0 0.45 Well response 17m/NER
4 47 ITA 3 6 cm 1.25 65 4 0 0.58 Well response 16m/NER
5 54 ITA 2 3cm 0.47 69 2 1# 1.17  Well response 15m/NER
6 53 1IB 2 3cm 3.47% 69 1 0 0.18  Well response 15m/NER
7 58 1IB 2 3cm 2.07* 66 1 1* 1.22 Well response 14m/NER
8 51 1IB 2 3 cm 10.07* 69 2 1# 2.54* Residual density 14m/NER
9 42 111B 3 6 cm 11.55%* 70 1 0 0.86 Well response 17m/NER
10 58 I11B 2 5cm 45.59% 69 2 0 0.37 Well response 15m/NER
11 83 IVB 3 4 cm 16.64* 60 4 2 10.66*  Multiple lesions 8m/DWD

*Cut-off level of SCC: 1.50

#Case 5, 7, 8 received third TI-201 scan 6 months after radiotherapy completion and the score became 0.

NER: no evidence of recurrence, DWD: died with disease

Fig. 2 A case of cervical carcinoma defined by CT scan and high uptake from T1-201 pelvic SPECT
presenting with a left supraclavicular metastatic lymph node (arrows).

suspected with residual density by CT scan and is under
close follow-up. The other two patients seem due to
uterine myoma (No. 5) or short latency (No. 7). These
three patients received another T1-201 scan 6 months after
the completion of irradiation and the score became zero.
The patient (No. 11) with multiple distant metastatic
lesions, despite the early well response to palliative radio-
therapy, suffered from relapse in the pelvis and abdomen
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(4 month latency, score = 2) and expired 6 months after
treatment. One (No. 2) with the small mass and high
accumulation of T1-201 still remains with high uptake
after RT. She refused further CT scan, but physical
examination didn’t show abnormality. Tracking her his-
tory, she didn’t remove her insertion of intrauterine de-
vice and was suffered from low abdominal pain for long
time.
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DISCUSSION

Clinical stage and size of tumor are critical factors in
therapy efficacy for patients with uterine cervical cancers.
Early diagnosis and accurate identification of recurrent
tumor after radiotherapy are essential for proper manage-
ment. Death of cells after radiation is linked with the
mechanism of reproductive death or apoptosis.” Unlike
surgical excision, malignant tumor received radiotherapy
doesn’t disappear abruptly, but just in a much slower
manner which is influenced by the four R’s: repair,
regeneration, redistribution and reoxygenation.® Ana-
tomical imaging such as CT scan and MRI are nowadays
considered as the modality of choice for surveillance in
the treatment of cervical cancer. However, tumor necro-
sis, tissue fibrosis and inflammatory reaction may be
within the tumor and interfere with the interpretation.’
Besides, distant metastases may clearly affect prognosis,
which cannot be identified by localized image modalities.
T1-201 scan is a functional imaging method that de-
pends on metabolic alternation. The primary mechanism
of T1-201 uptake is thought to link to the Na-K-ATPase
pump in the cell membrane. ' Because of the physical and
biological similarity of thallium and potassium,!! tumor
cells with high Na-K-ATPase activity can collect T1-201
and potassium ions into high concentration. Radiotherapy
or chemotherapy will affect the activity of Na-K-ATPase
on tumor cells, thus decrease the uptake of T1-201.'2In a
same manner, areas of necrosis do not accumulate T1-201
due to nonfunctioning of the ATPase cell membrane
pump.'3 This prevents active transport of TI1-201 into
areas of necrosis. Thus, T1-201 uptake appears to reflect
the viability of the metabolic activity of the tumor. There-
fore, T1-201 SPECT is considered to have the advantage
of differentiation between viable and nonviable parts.
Recently, positron emission tomography (PET) with
18-fluoro-2-deoxyglucose (FDG) proved its role in the
treatment of uterine cervical cancer.!*!5 However, there
are many economic and practical problems associated
with its widely application. TI-201 whole body scan with
SPECT, as a potential tumor-imaging agent, is more
available than FDG-PET in some situations considering
the cost-benefit effect. Both of them will show the whole
body image instead of local image modalities. Pelvic
abnormalities may be more easily imaged by T1-201
SPECT without interference by excreted FDG in the urine
that may be problematic in some cases.!® However,
evaluation of TI-201 uptake may be limited by smaller
lesion in relation to the resolution of the camera and
partial-volume effects. Significant scatter effects from
physiologic but normal T1-201 uptake of the GI tract may
disturb the evaluation. Inflammed tissue with much blood
flow will also decrease the specificity of T1-201 SPECT.
In addition, determining the precise location and the
relationship between the primary tumor or metastatic
lesions and the surrounding structures was difficult using

616 Ji-An Liang, Chia-Hung Kao, Shang-Wen Chen, et al

T1-201 imaging alone. Therefore, it is advised to use a
combination of conventional anatomic imaging and TI-
201 whole body scan with pelvic SPECT. The use of
serum SCC marker was shown to be valid for assessing
radiation response,!” especially when it combined with
image findings to localize the site of the disease.

It is undefined for the optimal timing of post-irradiation
T1-201 scintigraphy. The time interval more than two
months might be suggested to avoid false-positive effect
lead by slow regression or inflammation process of cervi-
cal tumor according to our data.

In this preliminary report, we have first applied T1-201
whole body scan with SPECT in radiotherapy of uterine
cervical cancer. It appears to be promising in evaluating
tumor viability and distant metastatic lesions. However,
further studies including more cases and longer follow-up
are needed
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