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We preliminarily evaluated the usefulness of 2°'TI SPECT in the
investigation of pancreatic cancers. Methods: The subjects in-
cluded 32 patients with malignant tumors, 16 with benign disor-
ders and 10 controls. SPECT was performed 10 min after the
injection of 148—222 MBq of 2°'Tl; subjects had fasted to mini-
mize intestinal activity. In addition, subtracted SPECT using
8mTc-phytate to separate the boundary of abnormal uptake
from liver activity was carried out in 14 patients. Results: Thal-
lium-201 did not accumulate in the pancreatic bed of the con-
trols. In contrast, 29 of the 32 patients with malignant tumors
showed positive phytate uptake with a sensitivity of 90.6% in the
detection of malignancy. Of the 16 benign disorders, only four
patients showed abnormal uptake; however, the mean value of
the lesion-to-hepatic ratio (0.43 + 0.06; range, 0.35-0.51), as an
index of the degree of uptake, was lower than that in positive
malignant tumors (0.72 + 0.16; range, 0.53—1.28). Thallium-201
activity per milligram of resected cancer tissue in two patients
was 2-3 times greater than in normal tissue. Follow-up 2°'Tl
SPECT in the five treated patients demonstrated similar alter-
ations between 2°'T1 uptake and tumor markers. Conclusion:
Our results suggest that 2°'TI SPECT may have clinical potential
in the investigation of pancreatic cancers.

Key Words: thallium-201-chloride; pancreatic cancer; chronic
pancreatitis; single-photon emission computed tomography;
technetium-99m-phytate

J Nuci Med 1995; 36:762-770

T:le diagnostic work-up of patients with pancreatic can-
cer remains a difficult clinical challenge, even with the use
of many imaging techniques. A radionuclide study is infre-
quently used in pancreatic cancers because of the absence
of suitable radiopharmaceuticals that can depict them
positively. Selenium-75-selenomethionine and ['%I}-N,N,
N'-trimethyl-N’~(2-hydroxy-3-methyl-5-iodobenzyl)-1,3-pro-
panediamine (*2I-HIPDM) accumulate in normal pancreatic
tissue, but neither agent can positively depict tumors (/-3)
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and are not currently utilized. The high affinity of '®F-deox-
yglucose for pancreatic cancers has been demonstrated (4).
Unfortunately, PET is not a routine procedure due to its
complexity and limited availability.

There are numerous reports of 2! Tl-chloride avidity in
various malignant tumors, especially in adenocarcinomas
(5-8). Rotational SPECT has improved the ability to depict
radiopharmaceutical distribution from structures deep
within the body. Thus, it is expected that **Tl accumulates
in pancreatic tumors and that 2°'T1 SPECT can sensitively
detect it, even in the deeply located pancreatic beds.

Thallium-201 accumulates in malignant tumors mainly
by sodium-potassium adenosine triphosphatase activity in
cell membranes (9-14), and its uptake is considered to be
related to the viability and proliferative potential of tumor
cells (12-16). Recent studies have shown that a change in
2017} in treated tumors indicates therapeutic response (17-
21). Therefore, this agent may play a role in monitoring
treatment response in pancreatic cancers when such as-
sessment is difficult with other imaging modalities.

METHODS

Subjects

Fifty-eight subjects were investigated from July 1991 to May
1994 at our institution, and all participants gave informed consent.
Malignant tumors were found in 30 patients with pancreatic can-
cer, 1 with choleductal cancer of tubular adenocarcinoma and 1
with primary malignant lymphoma (18 men and 14 women, ages
43-87 yr) (Table 1). Of the 30 patients with pancreatic cancer, the
diagnosis in 27 was surgically proven. Nine of the 27 patients were
diagnosed as having adenocarcinomas that were still indetermi-
nate as papillary or tubular type. The remaining three tumors were
not proven histologically, but were diagnosed by clinical course,
markedly elevated serum levels of CA 19-9 and typical malignant
appearance on x-ray computed tomography (CT), magnetic reso-
nance (MR) imaging, ultrasonography (US), endoscopic retro-
grade-pancreatography (ERP) and angiography.

To investigate benign disorders, four patients with surgically
proven benign tumors, one with a congenital simple cyst, ten
patients with clinically diagnosed chronic pancreatitis and one
with acute pancreatitis were studied (Table 2). The 10 patients
with chronic pancreatitis underwent ERP, and mild or severely
beaded, dilated appearances of the mean pancreatic duct were
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TABLE 1
Thallium-201 Results for Malignant Tumors

Attenuation
'T uptake Lesion- corected
Patient Size to-liver CA 199 L/ lesion
no. Sex Age Site (mm) Histology Planar SPECT ratio (U/mi) ratio
1 F 78 Head 30 Tubul adenoca. - + 0.83 870.0 0982
2 M 54 Uncus 30 Papil adenoca. - + 0.62 . 0.64
3 M 64 Uncus 45 Tubul adenoca. - + 0.85 3470 092
4 F 52 Head 30 Papil adenoca. - + 0.65 3355.0 0.68
5 F 43 Body 75 Unknown - + 0.62 1520.0 0.75
6 M 61 Body 50 Papil adenoca. - + 0.59 2147 0.70
7 F 7 Head 95 Papil adenoca. + + 128 . 144
8 F 60 Head 30 Papil adenoca. - + 0.84 373 0.94
9 F 52 Head 30 Papil adenoca. - + 0.78 80.1 0.85
10 M 70 Head 50 Papil adenoca. + + 0.96 411 1.08
1 M 63 Head 55 Papil adenoca. - + 0.61 10067.0 0.73
12 F 59 Head 60 Adenoca. + + 0.81 54318.1 0.91
13 M 87 Head 28 Tubul adenoca. - + 0.59 95.0 0.70
14 F 61 Head 25 Tubul adenoca. - + 0.73 1817.2 0.79
15 M 7 Head 35 Adenoca. - + 0.81 608.3 0.92
16 M 67 Head 34 Papil adenoca. - + 0.58 373.1 0.68
17 M 58 Head 40 Papil adenoca. - + 0.75 109.4 0.78
18 M 78 Uncus 45 Adenoca. - + 055 528 0.66
19 M 4! Head 30 Papil adenoca. + + 0.92 . 1.03
20 F 78 Head 30 Papil adenoca. - + 0.59 8184 0.70
21 F 69 Uncus 32 Adenoca. - + 0.87 163.7 0.98
22 M 63 Head 60 Unknown - + 0.65 11260.2 0.73
23 M 68 Head 30 Adenoca. - + 0.66 20.7 0.69
24 F 63 Uncus 35 Unknown - + 1.01 40073.1 1.21
25 M 52 Head 53 Adenoca. - + 0.55 17800.0 0.67
26 M 62 Head 30 Mucinous - + 0.57 419 0.69
cystadenoca.
27 F 69 Uncus 28 Adenoca. - + 0.53 561.8 0.65
28 M 63 Head 25 Choleductal - + 0.66 54.0 0.75
tubul adenoca.
29 F 48 Head 40 Malignant - + 0.64 124 0.72
lymphoma
30 M 43 Head 18 Adenoca. - - — 10.0 —_
31 M 79 Head 28 Adenoca. - - — . —_
32 F 76 Tall 30 Tubul adenoca. - - — 11829 -

*Normal value of serum CA 19-9 level: <37 U/mi. Patients No. 2, 7, 19, 28 and 31 had Lewis biood type negative, which resulted in a lack of

elevated serum CA 19-9 levels.

Tubul adenoca. = tubular adenocarcinoma and Papil adenoca. = papiilary adenocarcinoma.

demonstrated, with or without calcification. One patient had a
pseudocyst concomitantly, and two formed a focal mass with
calcification.

Furthermore, 10 patients, who had undergone 2°*T1 SPECT for
lung cancer and whose lung tumors were located in the lower lung
field adjacent to the diaphragm (7 men and 3 women, ages 54-78
yr), were used as controls. The upper abdomen was depicted
concomitantly on the SPECT image so that the presence or ab-
sence of 2Tl uptake in the pancreatic bed could be evaluated
(Fig. 1). For these patients, the pancreas appeared normal on US
and CT, and serum amylase levels were within normal limits.

Tumor or lesion size was measured at the longest axis of the
tumor on the US, CT or MR images. In the initial phase of
dynamic contrast-enhancement CT and MR studies, 28 of the 32
malignant tumors showed lower attenuation or intensity than nor-
mal parenchyma, indicating hypoperfusion; although two of the
three benign tumors (serous cystadenoma and insulinoma) were

Thallium-SPECT and ™ Tc-Phytate Subtraction Imaging * Suga et al.

markedly enhanced. Secondary dilatation of the pancreatic duct
in the caudal pancreatic parenchyma was noted in 19 of the 32
malignant tumors.

Thalllum-201 SPECT

Each patient fasted prior to ?*'Tl scintigraphy for more than 12
hr to suppress °'Tl uptake in the small intestine (7,22 23),
whereas 14 patients did not need this preparation since they had
already fasted and had received hyperalimentation intravenously.

Thallium-201 was intravenously injected at a dose of 148-222
MBq, which is higher than usual doses used for myocardial per-
fusion imaging, to obtain better counting statistics and image
quality. Five minutes later, the planar image was initially taken by
a rotating gamma camera system fitted with a low-energy, high-
resolution collimator with a single-head detector using a one-peak
energy window centered over 80 keV with a width of 20%. A preset
count of 1,000,000 was used for anterior and posterior views.
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TABLE 2

Thallium-201 Results for Benign Disorders

2017) yptake Lesion- Attenuation
Size _— to-liver CA 199 corrected
Patient Sex Age Site (mm) Histology Planar  SPECT ratio (U/mi) L/H ratio
1 M 73 Tail 55 Insulinoma - + 0.35 908.6 0.39
2 F 73 Uncus 90 Serous - + 0.51 46.2 0.58
cystadenoma
3 M 44 Diffusety Acute - + 0.48 — 054
swollen
4 M 44 Head ~ 40 Focal chr. - + 0.41 441 0.48
Body pancreatitis
(caicified)
5 M 70 Tail 32 Mucinous - - — * —
cystadenoma
6 F 7 Uncus 20 Papil adenoma - - — 04 —
7 F 75 Body 50 Simple cyst - - — — —
8 M 53 Head 25 Pseudocyst with - - — 145.2 —
chr. pancreatitis
9 M 48 Diffusely Chr. pancreatitis - - — 56.3 —_
(calcified)
10 M 68 Head ~ 35 Focal chr. - - — 324 —
Uncus pancreatitis
(calcified)
11 M 56 Diffusely Chr. pancreatitis - - — 31.8 —
12 M 7% Diffusely Chr. pancreatitis - - — 25 —
(calcified)
13 M 61 Diffusely Chr. pancreatitis - - — 37.1 —
14 M 57 Diffusely Chr. pancreatitis - - —_ 246 —
15 M 64 Diffusely Chr. pancreatitis - - — — —
16 F 42 Diffusely Chr. pancreatitis - - — 415 —_

*Normal value of serum CA 19-9 levels <37 U/ml.

Chr. pancreatitis = chronic pancreatitis. Patient 5 had Lewis blood type negative.

Subsequently, the SPECT image was acquired using 360° rota-
tion at 60 intervals in a 64 x 64 matrix. The acquisition time of
each projection was 30 sec. Projection data were preprocessed
with a Butterworth filter (order, 8; cutoff frequency 0.25) and the
transaxial and coronal images were reconstructed by ramp filter
backprojection; the slice thickness was 6.4 mm. The FWHm of
the system was 12.5 mm at the center of rotation with a rotation
radius of 20 cm; attenuation correction was not performed.

When the boundary between abnormal 2Tl uptake and adja-
cent liver activity was unclear on the first °*TI SPECT image, 111
MBq of ¥™Tc-phytate were injected and a subsequent SPECT
image was acquired for differentiation 20 min later. Patients re-
mained on the imaging table throughout both imaging sessions and
were instructed not to move during and between sessions to
minimize artifacts. Phytate SPECT images were acquired using
the same collimator as the initial °'TI SPECT image, with a
one-peak energy window of 140 keV *15% (24). Acquisition
conditions were the same for both scans. The transaxial liver
image was reconstructed in the same manner as the 2'T1 SPECT
image.

The ?'T1 and phytate images were compared slice-by-slice
onscreen. A 5 x 5 pixel region of interest (ROI) was drawn over
the liver areas on the phytate image, avoiding areas of large
vessels, and the same sized ROI was superimposed in registry on
the corresponding 2°'Tl image. The constant for subtraction,
which is multiplied by the phytate images, was decided by the
20171 Tc-phytate ratio in the liver, and the phytate images were
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subtracted from 2°'T1 images in all slices. Subtraction imaging was
performed in the 11 patients with malignant tumors and the three
with benign disorders. In these patients, it generally took about
100 min to complete these procedures.

In addition to visual assessment for semiquantitative estimation
of the degree of lesional ?*'Tl uptake, lesion-to-hepatic (L/H)
ratios of 2°'T] activity were measured from the average counts per
pixel obtained by ROIs manually drawn in the abnormal radioac-
tivity in the pancreatic bed and in the ventral portion of the right
hepatic lobe (Sg) on the axial sections. Because attenuation cor-
rection was not performed, we used those ratios as an index to
show the degree of lesional 2°'T1 uptake.

In tumors with centrally reduced radioactivity, the ROIs were
drawn along the contour of abnormal radioactivity, including both
the peripheral intense uptake site and the centrally reduced uptake
site, because it was difficult to objectively choose the most intense
uptake site. The ROIs were placed three times each by three
observers, and the mean value of the L/H ratios was calculated.

Attenuation Correction

Attenuation correction in 2*TI SPECT, despite low-energy
gamma rays, may be a valid way to ensure more accurate quan-
titation and to improve image quality (25,26). We attempted at-
tenuation correction for all 48 patients with the postcorrection
method proposed by Chang (27), which uses the GMS 5500-A
data processor (Toshiba, Tokyo, Japan). In this procedure, a
constant value for effective attenuation coefficient (x) and an
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FIGURE 1. Thallium-201 planar (A-a) and SPECT (B) images of
a control subject (a 57-yr-old man) after fasting. The planar image
demonstrates diminished 2°'T1 activity in the small intestine com-
pared to the nonfasted control (A-b, a 53-yr-old male). SPECT did
not show any abnormal 2°' T uptake in the pancreatic bed.

elliptical contour over the abdomen in each patient was used. The
p value was determined in a body phantom (elliptical torso, major
axis dimensions: 28.5 cm, minor axis: 20 cm, length, 30 cm) filled
with a uniform concentration of approximatety 10 kBg/ml of *T1
to mimic the patient’s abdomen and resulted in u = 0.11 cm™.
The values of L/H ratios on the corrected images, which were
measured using the same ROIs as on the uncorrected images,
were compared to the uncorrected values.

Image Interpretation

For prospective evaluation of *T1 SPECT images, three nu-
clear medicine specialists experienced in 2°'T1 scintigraphy (KS,
KN and NK) and blinded to the diagnoses and results from other
imaging modalities interpreted all images for the presence or ab-
sence of abnormal *'T1 uptake in the pancreatic bed and for
location of ROI placement. Any disagreement was resolved by
consensus. Any focal or diffuse increased uptake in the pancreatic
bed was considered abnormal. These findings were then com-
pared with CT and/or MR findings.

Thallium-201 Activity in Resected Specimens

Thallium-201 activity in the resected specimens was investi-
gated in the two patients with pancreatic cancer (Patients 9 and
17). These patients underwent partial tumor resection and total
duodenopancreatectomy. Thallium-201 (148 MBq) was injected
intravenously 2 hr before resection, and three sample pieces (5.3-
191.5 mg) obtained from solid viable tumor tissue, necrotic tumor
tissue and surrounding normal pancreatic tissue were weighed
immediately. The radioactivities were counted for 10 min in a
well-type scintillation counter.

Follow-up Thalllum-201 SPECT

Five patients with pancreatic cancer who had positive 2°'Tl
uptake were treated with irradiation and/or hyperthermia. Thalli-
um-201 SPECT was performed to investigate tumoral 2 T] uptake
change after this conservative treatment. Imaging occurred 22-45
days after treatment, and the change in L/H ratios was compared
with concomitantly measured serum levels of tumor markers
(Table 3).

RESULTS

On 2°'T1 SPECT, physiological T uptake was always
noted most intensely in the kidneys and less intensely in
the stomach, liver and spleen. Varying degrees of *'Tl
uptake in the small intestine, which formed a continuous
loop both on axial and coronal images, were seen; although
patients with positive malignant tumors had the most in-
tense uptake. The location of the pancreatic bed could be
identified by these positive landmarks and the defective
contours of the gallbladder, vertebrae and abdominal great
vessels such as aorta and vena cava inferior (Figs. 1-6).
Subtracted SPECT imaging allowed us to clarify bound-

TABLE 3
Follow-up Results After Treatment
Tumor size (mm) Tumor-to-liver ratio CA 19-9 (U/mli)
Patient no. Treatment Pre. Post. Pre. Post. Pre. Post.
3 IORT 45 x 40 70 x 40 0.85 1.04 347 1032
4 IORT, IOHT 30 x 30 30 x 30 0.65 0.39 3355 564
5 RT, HT 75 x 52 44 x 40 0.62 0.47 1520 821
1 IORT 55 x 50 57 x 54 0.61 0.88 10067 26123
23* IORT, IOHT 30x28 34 x 30 0.66 0.57 (390)
(CA-125)

*Serum CA 125 levels were used to monitor the effect of treatment because CA 19-9 levels before treatment were low (20.7 U/ml).
IORT = intraoperative radiation therapy (20 Gy); IOHT = intraoperative hyperthermia therapy; RT = radiation therapy (40 Gy); HT = hyperthermia

therapy (42—43°C for 30—40 min).

Thallium-SPECT and **™Tc-Phytate Subtraction Imaging * Suga et al.
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FIGURE 2. A 78-yr-old woman with a tubular adenocarcinoma.
(A) Enhanced CT shows a low attenuated 30 x 30-mm tumor in the
pancreas head (#). (B) Thallium-201 SPECT image shows intense
uptake corresponding to the tumor, with an L/H ratio of 0.83 ().

aries of abnormal uptake from physiological liver activity
(Figs. 4, 5).

Abnormal 2Tl uptake sites corresponded to the lesions
seen on CT and/or MR images in all patients. The coeffi-
cient of variation of the values of the L/H ratios measured
by three observers was 5.2%.

Malignant Tumors

Although the 10 controls did not show 2°'T] uptake in the
pancreatic bed (Fig. 1), abnormal uptake was seen in 29
(sensitivity, 90.6%) of the 32 patients with a malignant
tumor on 2°'T1 SPECT. In contrast, planar images showed
that only four (13.7%) of those tumors were positive. The
L/H ratios in the 29 SPECT-positive malignant tumors
ranged from 0.53 to 1.28, and the mean value was 0.72 +
0.16. The two smallest positive malignant tumors were 25
mm in diameter (Patients 14 and 28). In the 19 malignant
tumors with secondary dilatation of the caudal pancreatic
duct, no obvious abnormal uptake was seen in caudal pa-
renchyma, with or without atrophy. The three negative
tumors ranged in size from 18 to 30 mm (Patients 27-29).
There seemed to be no clear correlation between L/H ratio
and tumor size, histological type or serum CA 19-9 levels.

Benign Disorders

Twelve of the 16 patients with benign disorders had
negative 2! Tl images, resulting in a specificity of 76.9% for
malignancy detection. Although two benign neoplasms,
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FIGURE 3. A 61-yr-oid woman with a tubular adeénocarcinoma,
which was one of the smallest cancers positively depicted in our
series. (A) Dynamic contrast-enhanced, three-dimensional, fast,

image obtained 25 sec p.i. (10/4/1; TR/TE/excitation, flip

angle; 16°) shows a hypointense 25 x 20-mm tumor in the pancreas
head (#). (B) Thalium-201 SPECT image shows intense uptake
corresponding to the tumor, with an L/H ratio of 0.73 ($).

one acute pancreatitis and one focal chronic pancreatitis
showed positive °'T1 uptake, the L/H ratios ranged from
0.35 to 0.51 and were lower than the L/H ratios in positive
malignant tumors. One patient with acute pancreatitis
showed diffuse but faint uptake throughout the entire pan-
creas. No abnormal ?'T1 uptake was noted in the 10 pa-
tients with chronic pancreatitis, except for one patient with
focal chronic pancreatitis.

Attenuation Correction

Attenuation correction resulted in 2'T1 SPECT images
with increased lesional count densities and reduced hot rim
artifacts seen at the edge of the liver (25). Attenuation
correction did not, however, affect the sensitivity for de-
tecting abnormal 2Tl uptake nor its distribution within the
lesions. The corrected L/H values increased in all patients
and differed 3.2%-22.6% (mean * s.d., 13.6% *+ 5.4%)
from uncorrected values (Tables 1, 2).

Thallium-201 Activity in Resected Specimens
For Patient 9, the radioactivity (cts/mg/min) in solid vi-
able tumor tissue was 498 + 57, in necrotic tumor tissue
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FIGURE 4. A 79-yr-old male with an adenocarcinoma. (A) En-
hanced CT shows a 35 x 30 mm tumor in the pancreas head (¥).
Secondary dilatation of the pancreatic duct is seen in the caudal
portion. (B) On the 2°'TI SPECT image (a), the boundary of 2°'Tl
uptake in the tumor () was not clearly distinguished from liver
activity. In contrast, the subtracted SPECT image (c), which was
obtained using the ®**Tc-phytate image (b), subtracts the liver and
an abnormal uptake site was clearly visualized (9). The L/H ratio
acquired on the 2°'T1 SPECT image (a) was 0.81. Incidentally, no
clear abnormal uptake was noted in the caudal portion of the pan-
creas.

357 + 13 and in normal parenchyma 189 + 34. For Patient
17, the values for these tissues were 191 + 34, 85 + 32 and
59 + 21, respectively. In both patients, 2°'T1 activity in the
solid viable portion of the tumors was two- or three-fold
greater than the normal parenchyma.

Follow-up Thalllum-201 SPECT

Table 3 shows the follow-up results for five patients with
cancer. All patients had a residual or growing tumor on CT
after treatment, but showed a similar alteration in L/H
ratios as the serum level of the tumor markers. Particu-

Thallium-SPECT and ®*™Tc-Phytate Subtraction Imaging * Suga et al.

FIGURE 5. A 73-yr-old female with a serous cystadenoma. (A)
Enhanced CT shows a large, markedly enhanced mass composed
of numerous cystic lesions (#), measuring 90 x 55 mm in the
pancreatic uncus. (B) Tumor uptake of 2°'T| () was not clearly
distinguished from liver activity on °'TI SPECT (a). The subtracted
SPECT image (b) subtracted the liver and an abnormal uptake site
was clearly visualized (#). The L/H ratio acquired on the 2°'Tl
SPECT image (a) was relatively 0.51.

larly, three patients (nos. 4, 11, 23) had a similar sized
tumor as in pretreatment; however, two of these patients
showed diminished tumoral 2'T1 uptake with decreased
tumor marker levels (Fig. 6); the remaining patient showed
increased 2'T1 uptake with increased tumor markers.

DISCUSSION

Thallium-201 SPECT had a sensitivity of 90.6% in the
detection of malignant tumors. Negative uptake in malig-
nant tumors seems to be caused by the relatively small size
of the tumors. The sensitivity is comparable with a previ-
ously reported sensitivity of 69%—89% on conventional CT
or MR imaging (28, 29). Additionally, greater 2°'T] activity
in viable cancer tissue compared to normal tissue was
confirmed in two resected specimens. These findings indi-
cate that 2°'T1 has a high affinity for malignant tumors in the
pancreas and that 'T1 SPECT has potential for positive
imaging of pancreatic tumors.

Nearly 50% of the patients in this study required the
subtraction technique in order to clarify the boundary be-
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FIGURE 6. A 52-yr-old female with a
papillary adenocarcinoma. (A) Pretreatment
enhanced CT shows a heterogeneously en-
hanced 30 x 30 mm tumor in the pancreas
head (#). (B) Pretreatment 2°'TI SPECT
shows abnormal uptake in the tumor ($),
with an L/H ratio of 0.65. Serum level of CA
19-9 was elevated to 3355 U. Thallium-201
also accumulated in the stomach (>). The
patient underwent intraoperative radiation
with a single dose of 20 Gy by electron
beam and concomitant hyperthermia at
43°C for 40 min. (C) Enhanced CT per-
formed 14 days after radiation treatment did
not show any obvious change in tumor size
(#). (D) The 2°'T1 SPECT image, however,
shows diminished tumor uptake (#>) with an
L/H ratio of 0.39. CA 19-9 serum levels also
decreased to 564 U. Intense 2°' Tl uptake in
the stomach was seen ().

tween abnormal uptake in the pancreatic bed from liver
activity (Figs. 4, 5). It is possible that abnormal uptake in
these patients might be misinterpreted as a portion of liver
activity, which diminishes the sensitivity of the technique.
Therefore, we consider that the favorable sensitivity we
observed is due to the introduction of this technique. This
procedure should be performed when 2Tl SPECT images
are uncertain, although it requires a more technically com-
plex process.

In our series, 9 of the 10 patients with chronic pancre-
atitis showed negative results. One patient with acute pan-
creatitis and one with focal chronic pancreatitis showed
positive 2! Tl uptake, but the degree of °'T] uptake was
less intense than that in positive malignant tumors. Com-
plicated pancreatitis in the caudal portion of the tumors is
well known (28). In our series, however, no clear abnormal
accumulation was seen in the caudal portion with second-
ary dilatation of the pancreatic duct. Togawa et al. (7)
reported on five of seven patients with chronic pancreatitis
that were who had negative images, and Bom et al. (8) also
reported on five patients with chronic pancreatitis who had
negative 2Tl SPECT findings. These results indicate that
there is little intense accumulation of 2'Tl in pancreatic
inflammatory disorders. Previous animal and clinical inves-
tigations in other organs or sites have also demonstrated
that 2°'T1 accumulated less intensively in inflammatory le-
sions than in malignant tumors (15,30-35).

Although, our findings showed positive 2°'T1 uptake in
two benign tumors, the degree of uptake is less intense
than that in positive malignant tumors. Moreover, previous
clinical studies have demonstrated a tendency of less up-
take in benign tumors than in malignant tumors (31-37).
Therefore, the assessment of the degree of °'T1 uptake
might be useful in the differentiation of malignant tumors
from benign disorders in the pancreas. Further investiga-
tion is necessary, however, since we have not yet studied
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a great number of benign disorders such as pseudotumor-
ous pancreatitis or variable benign neoplasms. Therefore,
additional delayed SPECT imaging might also be useful for
differential diagnosis. In fact, Bom et al. (8) reported sev-
eral cases of pancreatic cancers in which Z'T] tumor up-
take was positive on the delayed image (3 hr postinjection),
despite the absence of tumor uptake on the early image.

Frequently, there are many instances of unresectable
pancreatic cancers treated conservatively. Therefore, a
suitable indicator for monitoring therapeutic outcome is
necessary. Tumor markers, especially CA 19-9, have been
widely used as one such indicator (38-43). Morphologic
modalities such as US or CT are routinely used to estimate
local tumor response by measuring tumor size. These tech-
niques are of limited value because of the difficulty in
adequately differentiating residual viable tumor tissue from
necrotic and fibrotic tissues (44-47). Thallium-201 may
reflect the viability or proliferative potential of the tumor
cells (9-15), and recent studies have shown that a change
in 2°'T] uptake in treated tumors can indicate therapeutic
response (17-21). In the present study, 2°'T1 uptake in the
treated tumors showed alterations similar to those using
tumor markers, even in patients with unchanged tumor
size.

One disadvantage of using °'T1 SPECT in pancreatic
carcinoma is that there might be an interruption of proper
visualization of lesional uptake due to small intestinal up-
take of Z'T1. Thallium-201 tends to accumulate in the in-
testine because of active potassium uptake by intestinal
mucosa (7,22,23), which similarly behaves as 2°'T1 (12, 14)
moreover, this uptake increases after a meal (7). This up-
take, however, may be suppressed by fasting (Fig. 1)
(7,22). In the present study, we employed a lengthy fasting
procedure and we did not see more intense intestinal up-
take of 2Tl than that in positive malignant tumors.

Our analysis using L/H ratios is problematic for accurate
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estimation of the degree of 2°'T1 uptake because ROIs over
the liver will be less affected by an attenuation artifact than
those over the pancreatic bed, and the ratio of this atten-
uation difference may vary from patient to patient. We
should emphasize, however, that the L/H ratio acquired
with 2'T1 SPECT without attenuation correction was used
as a semiquantitative index to show the degree of lesional
2017} uptake. On the other hand, our attempt at attenuation
correction resulted in SPECT images with an increased
count density of 2! Tl in pancreatic lesions with accompa-
nying increased L/H ratios. A simultaneous transmission-
emission SPECT system, however, can produce more de-
tailed attenuation maps in each patient and will provide
more accurate quantitation of lesional Tl uptake (48, 49).

CONCLUSION

We have evaluated 2'T1 SPECT in a group of patients
with known pancreatic tumors. Although important mor-
phologic information and high detectability of pancreatic
tumors have been offered by other imaging techniques,
these modalities do not provide functional information
about the tumors, and there are instances in which differ-
ential diagnoses could not be clearly confirmed
(44-47,50,51). Particularly, differentiating between pan-
creatic cancers and focal pancreatitis on the basis of imag-
ing appearance alone is difficult and may be possible only
in typical cases (28 29). Similarly, differentiation of com-
plicated pancreatitis from neoplasms may be difficult be-
cause of overlapping morphologic features (29). Therefore,
pancreatic scintigraphy is still important for adequate eval-
uation of pancreatic diseases, and pancreatic 'T1 SPECT,
which has shown good detection capability for malignant
tumors and negative or lesser uptake in chronic pancreati-
tis, is expected to play a role in these issues. Moreover,
possible correlation between tumoral 2**T1 uptake and tu-
mor markers in patients suggests the use of this modality in
monitoring response to treatment.
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Scatter

(Continued from page 34)

to a more strenuous exercise program. His physician ordered a thallium stress test. During
treadmill exercise, his EKG remained normal except for the preexisting Q waves and he
reached the appropriate pulse rate. A small defect is seen in the anteroapical myocardium
consistent with the history of the previous infarction. No ischemic areas are seen. There is
no evidence of additional physiologic significant coronary artery disease. APPROVED.

Case 3: A 19-yr-old college freshman had a history of persistent right hip pain. The x-ray
of the area was abnormal: probable osteogenic sarcoma in the right ischium. A bone scan is
requested to evaluate further the extent of involvement prior to planned chemotherapy and
resection of the lesion. He is to undergo amputation of the right leg and hemipelvectomy.
The scan is technically excellent, revealing no other areas of involvement. The resident’s
report is correct and concise. My choices are to “approve, disapprove, edit or skip.” How
can I simply type “A” for “APPROVE.” The scan is correct, but I do not approve of a 19-yr-
old man having his leg and hemipelvis amputated. I do not approve of osteogenic sarcoma.
Nor do I approve of the pain and suffering in the imaging rooms, the waiting area and
elsewhere throughout the center.

After a few more moments of frustration and silent rage, I sigh quietly. I type the letter
“A” and call up the next case.

Stanley J. Goldsmith, MD
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