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Liver Tumor Imaging
by Thallium-201
Chloride with High Resolution
Three-headed SPECT

Tomoko Takechi

Thallium-201 chloride (T1) is useful in tumor
imaging. The purpose of this study was to evaluate
its usefulness in liver tumor imaging with T1, **"T¢
(Tc)-phytate (colloid), and three-headed SPECT.

To evaluate the method, we imaged three spheri-
cal phantoms with inner/outer diameters of 8/10,
16/20, and 26/30 mm, respectively, in an aqueous
solution background of 37 MBgq/1 T1 and 74 MBq/
I Tc. All lesions in the phantoms were highlighted
by the subtraction.

Clinical materials consisted of 44 patients with
102 lesions: 31/73 with hepatocellular carcinoma
(HCC), 8/21 with metastatic tumors (Meta), 2/2
with cholangiocarcinoma (CC), and 3/6 with heman-
gioma (HG). Tl accumulation in HCC was the
highest, followed by Meta, CC and HG in that order.
Ring type accumulation was observed in 17/21
Meta lesions. Mean tumor/non-tumor ratios were
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as follows: HCC (non-therapy) 1.454:0.33 (mean+
SD), HCC (post-therapy ; transcatheter arterial em-
belization and percutaneous ethanol injection ther-
apy) 0.47+0.22, HCC (recurrence) 1.35+0.52, Meta
1.074:0.25, CC 0.454:0.64, HG 0.48:£0.13.

T1, therefore, is useful for liver tumor imaging,
and Tec-phytate is essential in discriminating TI
tumor uptake from normal liver accumulation.
Image subtraction (T1-T¢) is helpful in depicting
diffuse and small HCC.
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Fig. 1
illustrated. Inner diameter of spherical phantom (d) are
8, 16, 26mm. Outer diameter of spherical phantom (D)
are 10, 20, 30mm.

The tumor phantoms and the container are
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Table 1 Results of #*'T] imaging in various malignant and benign tumors

Patients  Lesions | 3+ 2+ 1+ —
Hepatocellular carcinoma 31 73 P33 19 4 17
Non-Therapy 17 41 24 16 1
nodular type 17 37 V22 14 1
massive type 4 4 i 2 2
Post-Therapy (TAE, PEIT) 13 17 i 17
Recurrence 13 15 9 3 3
Metastatic tumours 8 21 5 7 9
Gastric cancer 1 1 1
Colon cancer 1 1 : 1
Pancreas cancer 1 6 2 4
Lung cancer 1 1 1
Breast cancer 2 7 P 5
Leiomyosarcoma 1 1 1
MFH 1 4 2 2
Cholangiocarcinoma 2 2 2
Hemangioma 3 6 . 6
Total 44 102 (38 2 15 23

TAE ; transcatheter arterial embolization PEIT ; percutaneous ethanol injection therapy

MFH ; malignant fibrous histiocytoma
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Fig. 2 Schema of regions of interest
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Table 2 Detectability of tumor phantom on visual

examination
(A)
“_ TI concentration
—_ 0.0 0.5 1.0 1.5 2.0
size (mm) \
8 ND ND ND ND ND
16 C ND ND ND H
26 (& C ND H H
(B)
“_TI concentration
Se— 00 05 1.0 15 20
size (mm) \
8 ND ND ND ND ND
16 C ND ND ND H
26 C ¢ ND ND H
(03]
size (mm)
10 (&
20 C
30 (&
(D)
\ T1 concentration
R e 0.0 0.5 1.0 1.5 2.0
size (mm) \
8 ND ND H H H
16 ND H H H H
26 ND H H H H

C: Detected as cold area H: Detected as hot area
ND: Not detected

HAPE s 05 64 % 55 14 %
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Fig. 3 (A) Eight/ten (inside/outside diameter], 16/20 and 26/ 30mm tumor phantoms fills
with thalliom-201 (0, 0.5, 1.0, 1.5 and 2.0 times of *™7T1 concentration against the
background), using single mode (*'T1 only)

Fig. 3 (B) Same as A)using dual FT1 and ™= Te) acquisition mode with *'T1 window

Fig. % (C) Images using dual acquisition mode with *™Tc window. Tumor phantoms are

detected as lower pixel count lesions

FREGF12 A2 H
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(D) Subtracted images {B) dual mode **7T]

summarized in Table 2,

() dual mode *™Te).

Detectability is

Fig. 3 Images obtained by the phantom study are demonstrated by

Table 2 (A)—(INiza L =,
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(81%) =) ¥ 7RO EMARH b iz, JEHM
B3 2 W53 T/N i3 0.45 & 0.64, FFMENE 6 97
3 T/N 13 0.48+0.13 TH Y, RiGHO M

rP<0.001 7
3r —P<0.001 —
o}
2
T/N
1
0 ] i ] ]

HCC Meta CC Hemangioma

Fig. 4 Tumor / non-tumor ratios (T/N) in each cate-
gory are plotted in the figure. TI SPECT image shows
nodular uptake (O) and ring uptake (@). Untreated
hepatocellular carcinoma (HCC) shows T/N over 0.85
and higher T/N than the other disease. Eighty one
percentage of metastasis (Meta) shows ring uptake. CC;
cholangiocarcinoma
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Nodular Massive

Fig. 6 T/N of nodular type HCC and massive type
HCC are plotted in the figure
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Non-Therapy Post-Therapy Recurrence
Fig.5 T/N of untreated HCC, treated HCC by TAE or
PEIT, and recurrent HCC are plotted in the figure. T/
N of post-therapy was below 0.85 while the untreated
HCC and most recurrent HCC shows over 0.85.

=-0.17

300

0 i L i ]
0 100 200

Size(mm)
Fig. 7 T/N of untreated HCC versus tumor sizes are
plotted in the figure
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Table 3 Detectability of HOC basing on T/N and T/N with uptake pattern
| Finding |
True Positive False Negative False Positive True Negative | Sensitivity(%)  Specificity(%) |
| T/N 55 1 17 20 982 63.0
| T/N, Ring 55 1 L] 42 982 91.3

47+0.22, TAE & 32w+ PEIT ;iR o
Frm e 154 ey T/N (2 1364052 Th - =
(Fig. 5)., ®BE#oOFMla®s L oris E
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T/N & 0.85 LI Lo dy&- 12 B e, 0.85 Ko
WAl o s ET S &, &R
Table 3 ==k { T4 Y, Sensitivity i1 98.2%,.
Specificity i 63.0% Th =2, S HIZT/N 0.
85 Rl Ao mE T Y > ik Mol L g
WL omE rME T 5 L Sensitivity (3 98.
2%, Specificity (% 91.3% & 4 1, Specificity {1
AL,

Fig.6 Ik aoird#ia®o - b, #Hfo
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Fig. 8 Caze 1 A 65-year-old male patient with untreated nodular hepatocellular car-

cinoma is demonstrated. Visual accumulation score was (3+) and N was 1.41. CT (lower
right) demonstrates a nodule at the dome of the liver. Tl SPECT image (upper left) shows

abnormal uptake, Te SPECT image (upper right) shows cold zpot in the same legion, and

the subtraction image (lower left) clearly demonstrates a hot spot,

68
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= Subtraction
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Fig. 9 Case 2 A 62-vear-old male patient with recurrent hepatocellular carcinoma is
demonstrated. Around the necrosis caused by the prior TAE, recurrence 1s evident. Visual
accumulation score is (3+) and T/N is 2,68 in the recurrence and 0.43 in the necrosis, CT
{lower right) demonstrates low density area of the necrosis, however, the diffuse recur-
rence is unclear. T1 SPECT image (upper left) shows defect of the necrosis and abnormal
high uptake of the recurrence, Te SPECT image (upper right) shows a cold area, and the
subtraction image (lower left) clearly highlights a hot area of the recurrence.

Subtraction

s 4
&

Fig. 10 Case 3 A 79-vear-old female patient with metastatic from pancreatic cancer. Tl
is accumulated in the non-necrotic area but not accumulated in the central necrotic area.
T accumulation score is (1) and T/N of the non-necrotic area was 0.82 in S, of the liver.
T accumulation score is (2+4) and T/N was 0.85 in 5. Solid tumors with central necrosis
are shown by CT (lower right), T1 SPECT images (upper left) are smaller than those of
Te SPECT image (upper right) ; forming a ring uptake in the non-necrotic area. The ring
uptake is evident by the subtraction image (lower left).
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