
Value of Fluorine-18-Fluorodeoxyglucose and
Thallium-201 in the Detection of
Pancreatic Cancer
Tetsuro Inokuma, Nagara Tamaki, Tatsuo Torizuka, Tohru Fujita, Yasuhiro Magata, Yoshiharu Yonekura,
Gakuji Ohshio, Masayuki Imamura and Junji Konishi

Departments of Nuclear Medicine and Brain Pathophysiology; First Department of Surgery, Kyoto University Faculty of
Medicine, Kyoto, Japan

This study compares the diagnostic value of 18F-FDG PET im
aging and 201TI-SPECT imaging in patients with pancreatic can

cer. Methods: Twenty-five patients with histologically-proven

pancreatic cancer were studied. Following PET transmission
scanning, 3 mCi of 201TIwere administered after patients had

fasted overnight. Thallium-201-SPECT Â¡mageswere obtained
15 min later. Immediately after ^TI-SPECT imaging, 4 mCi of

FDG were administered and PET images were obtained 60 min
later. The PET and SPECT images were compared qualitatively
and quantitatively. For quantitative analysis, 10x10 mm2 re

gions of interest (ROIs) were selected in areas of the tumor
showing the highest tracer accumulation and in the normal pan
creas. The tumor to nontumor activity ratio (T/N ratio) was cal
culated. Results: Although both techniques delineated focal le
sions with an increase in tracer accumulation in 16 patients, PET
identified eight additional patients in whom ^TI-SPECT images

did not visualize any lesion. Thus, FDG-PET provided signifi
cantly higher sensitivity (96%) than 201TI-SPECT (64%). Among

the patients showing increased tracer accumulation, the T/N
ratio was significantly higher with FDG-PET (3.24 Â±1.27) than
with 201TI-SPECT (1.77 Â±0.37) (p < 0.0001). Conclusion: We

conclude that FDG-PET has a larger clinical value for noninva-
sive detection of pancreatic cancer than 201TI-SPECT. If a PET

camera is available, FDG-PET is considered to be the method of

choice for the evaluation of patients with suspected pancreatic
cancer.
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Xancreatic cancer is one of the most malignant neo
plasms, with an usually poor prognosis (7). Accurate diag
nosis is of clinical importance for appropriate treatment.

PET imaging with FDG has a potential value for delin
eating viable tumor tissue on the basis of increased glucose
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metabolism in the tumor. Experimental (2-7) and human
(8-15) studies have demonstrated an increase in FDG up

take in malignant tumors. A recent preliminary report in
dicated the value of FDG-PET in the diagnosis of human

pancreatic cancer (76). However, the need for an expen
sive PET camera and a cyclotron may limit the clinical
application of this technique to patients with suspected
pancreatic cancer.

Thallium-201 has also been used for the clinical diagno
sis of malignant tumors (17-20). Accumulation of 201T1was

observed in viable tumor tissue (21,22), reflecting the pro-
liferative potential of tumor cells on the basis of Na-K-

ATPase activity (23). Togawa et al. (24) recently reported
the value of 201Tl-SPECr for detection of pancreatic cancer.

MATERIALS AND METHODS

Patients
Twenty-five patients (15 males, 10 females) with histologically-

proven pancreatic cancer participated in this study. Patients age
ranged from 37 to 77 yr, with a mean of 59 yr. All tumors were
histologically confirmed by surgical operation 5 to 26 days after
the radionuclide study. They consisted of 20 pancreatic adenocar-

cinomas, four mucinous cystadenocarcinomas and one ampullary
carcinoma. None of the cases had insulin-dependent diabetes, and

all patients were in a euglycemic condition during the study. Each
patient gave written informed consent as required by Kyoto Uni
versity's Human Study Committee.

Preparation of Fluorine-18-FDG
Fluorine-18 was produced by 20Ne(d, a)18F nuclear reaction,

and 18F-FDG was synthesized by the acetyl hydrofluorite method

(25,26).

Thallium-SPECT

After overnight fasting and with the subject at rest, 111 MBq
(3 mCi) of 20ITI-chloride was injected into a peripheral vein, and
201T1imaging was begun 15 min later. SPECT was performed

using a single-head rotating gamma camera system (General Elec
tric; STARCAM 3000) equipped with a general-purpose collima-
tor, collecting 64 projection images for 20 sec each over 360Â°.

Total acquisition time was approximately 25 min. The slice thick
ness was 5.8 mm. A series of transverse slices were reconstructed
with filtered back-projection using a Ramp Hanning filter with a
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TABLE 1
Patients Characteristics and Radionuclide Imaging Results

Patientno.12345678910111213141516171819202122232425Age/Sex68/M72/M68/F76/F66/M44/F58/M55/F42/M60/F69/M46/M59/F64/F57/M67/F37/M45/M42/M54/M77/M72/M67/F69/F62/MSite
of

tumorBodyTailUncusHeadHeadHeadBodyBodyHeadUncusBodyHeadHeadBodyHeadHeadBodyUncusHeadBodyHeadTailHeadAmpullaBodySize(mm)556050707037505580408070504020805070351003080201510Histologicaltypeadenoca.moderately

diff.tubular
adenoca.moderately
diff.tubular
adenoca.moderately
diff.tubular
adenoca.poorly
diff.tubular
adenoca.poorly
diff.tubular
adenoca.adenoca.moderately

diff.tubular
adenoca.adenoca.adenoca.moderately

diff.tubular
adenoca.adenocapoorly

diff.tubular
adenoca.poorty
diff.tubular
adenoca.moderately
diff.tubular
adenoca.adenoca.adenoca.mucinouscystadenoca.moderately

diff.tubular
adenoca.moderately
diff.tubular
adenoca.mucinouscystadenoca.adenoca.mucinouscystadenoca.well

diff.tubular
adenoca.mucinouscystadenoca.PET(T7NR)+

(3.49)+
(2.18)+(3.17)+(2.33)+

(5.84)+

(1.65)+

(3.61)+
(3.45)+

(2.49)+
(3.99)+(5.84)+

(4.02)+
(4.00)+(2.72)+(3.65)+

(3.77)+
(4.51)+
(2.09)+(1.85)+(2.74)+(1.87)+

(5.14)+
(1.62)+(1.67)â€”SPECT(T/NR)+

(1.77)+(1.72)+

(1.30)+

(1.50)+

(1.30)+

(2.00)+

(1.80)+
(2.52)+

(1.61)+
(1.49)+
(1.65)+

(2.44)+
(2.01)+

(2.19)+

(1.42)+

(1.65)â€”â€”â€”â€”â€”â€”â€”â€”â€”

cut-off frequency of 0.5 cycle/pixel. No attenuation correction

was performed.

FDG-PET
On the same day, PET was performed using a whole-body PET

camera (PCT 3600W, Hitachi Medico Co., Tokyo, Japan), which
has 8 rings; providing 15 tomographic slices at 7-mm intervals.

The intrinsic resolution was 4.6 mm FWHM at the center, and the
axial resolution was 7 mm FWHM. The effective resolution after
reconstruction was approximately 10 mm. Each subject was po
sitioned on the PET camera using the ultrasound technique and
underwent transmission scanning for attenuation correction for
20 min. Immediately after the transmission scan, approximately
150 MBq (4 mCi) of FDG were administered intravenously, and
static scan was performed 60 min later for 15 min.

Data Analysis
For qualitative analysis, any obvious foci of increased FDG or

201T1uptake over background not located in areas of physiological

tracer uptake and/or excretion to the gastro-intestinal tract were
considered positive for tumor. The degree of FDG and 201T1

activities in the tumor were visually scored using a four-point

grading system: no uptake (grade 0), equivocal (grade 1), mildly
increased (grade 2) and definitely increased uptake (grade 3).
Uptake rated as grade 2 or 3 was considered to represent signifi
cant tracer accumulation.

For quantitative analysis of the FDG uptake, the standardized
uptake value (SUV = tumor activity concentration/injected dose/

body weight) was calculated. Following 10 x 10 mm square ROIs
were selected in areas of the tumor showing the highest FDG
activity and in the normal pancreas; the SUVs were calculated
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FIGURE 1. (A) CE-CT Â¡mageshows a heterogeneously-enhanced mass (arrow) in the

head of the pancreas (Patient 13). (B) Low magnification of the tumor (H&E stain, 100x).
Poorly-differentiated tubular adenocarcinoma is seen. (C) FOG-PET (four serial images)

shows significantly hot accumulation in the tumor (arrow) with a T/N ratio of 4.00. (D)
Thallium-201-SPECT also reveals good visualization in the tumor (arrow) with a T/N ratio

of 2.01.

using a calibration factor between PET counts and radioactivity
concentration. In addition, tumor to nontumor activity ratio of the
SUV (T/N ratio) was calculated. On the other hand, for semiquan
titative analysis of 201T1-SPECT, the radioactivity was measured
for areas of the tumor showing the highest 20IT1accumulation and
in the normal pancreas by taking a 10 x 10 mm2 ROI to calculate

the tumor to nontumor ratio of the activity (T/N ratio).

Statistical Analysis
Comparison of differences in the T/N ratio of FDG and ^"Tl

uptakes was performed using the two-tailed Student's t-test for

unpaired data. Probability values of less than 0.05 were consid
ered to be statistically significant.

RESULTS

Table 1 summarizes the results of the radionuclide and
pathological findings for the 25 patients studied.

Visual Analysis
FDG-PET showed an increase in tracer uptake in the

tumor in 24 of 25 patients (96%) (Table 1). An FDG-nega-

tive case (Patient 25) of one mucinous cystadenocarcinoma
papillary grown into the main pancreatic duct of 10 mm in
diameter was not visualized by CT, US or MRI images
except in endoscopie ultrasonography.

On the other hand, 201T1-SPECT showed an increase in

tracer uptake in 16 patients (64%). In those patients, in
creased tracer accumulation was also observed by FDG-

PET (Fig. 1). Among the nine remaining patients with no
significant 201T1uptake on SPECT, spotty accumulation of

FDG was detected in a solid component (15-25 mm in size)

of three mucinous cystadenocarcinomas (Patients 18, 21
and 23, Fig. 2), and definite FDG accumulation was ob-
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FIGURE 2. (A) MRI (T1 weighted image) shows multi-cystic mass (arrow) in the uncus

of the pancreas (Patient 18). Small solid component is seen in the peripheral portion of the
mass (arrow). (B) Resected specimen (cut slice) shows a cystic mass containing mucus
(arrow) and a solid component (arrow head). (Ã“) FDG-PET (four serial images) shows

spotty tracer accumulation in the solid component of the mass (arrow). Cancer cells with
accelerated glucose metabolism were proven to exist. (D) No accumulation of ^Tl in the

tumor site.

served in four adenocarcinomas (Patients 17,19,20 and 22,
Fig. 3). In case of ampullary carcinoma (15 mm in size)
located in the end of the common bile duct, obstructive
jaundice was the first clinical manifestation. At first eval
uation, pin-point uptake of FDG was not considered posi

tive for tumor. Although comparison with the corresponding
CT images proved that FDG accumulation clearly indicated
the tumor site with the T/N ratio of 1.67 (Patient 24).

The mean visual score of 201T1-SPECT (2.31 Â±0.48) was

significantly lower than that of FDG-PET (2.79 Â±0.38) in

the positive cases (p < 0.005).

Quantitative Analysis
The T/N ratio of FDG ranged from 1.62 to 5.84 with a

mean of 3.24 Â±1.27 (n = 24) in the FDG-positive cases

(Fig. 4). Meanwhile, the T/N ratio of 201T1ranged from 1.30

to 2.52, with a mean of 1.71 Â±0.37 (n = 16), which was

significantly less than that of FDG (p < 0.0001) (Table 1).

DISCUSSION
The present study demonstrated that pancreatic cancer

can be visualized as an increase in tracer accumulation by
both 201T1-SPECTand FDG-PET. However, FDG-PET

provided better sensitivity for detecting pancreatic cancer
and a higher T/N ratio than 201T1-SPECT.

Noninvasive diagnosis of pancreatic cancer is of clinical
importance for early and curative treatment. However, it is
sometimes difficult to differentiate pancreatic tumors ma
lignant or benign. A number of PET and SPECT studies
have been attempted to identify pancreatic lesions using
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RGURE 3. (A) CE-CT showing a large mass (arrow) with poor-enhanced necrotic
portion in the body of the pancreas (Patient 20). (B) FDG-PET (four serial images) shows
hot accumulation in the tumor (arrow) with a T/N ratio of 2.74. (C) Thallium-201-SPECT
image correlative CT slice reveals no ^Tl accumulation. (D) Histotogical specimen (H&E

stain, 40x) shows dominant necrotizing tissue with scarce cancer cells.

"C-methionine or 123I-HIPDM (27,28). Since these tracers

accumulated in the normal pancreatic tissue and focal le
sions were seen as cold spots, it is difficult to differentiate
focal tumor lesions from generalized decreased function of
the pancreas, such as chronic pancreatitis in the case of
decreased tracer accumulation in the pancreas. FDG and
201T1have the potential to identify malignant tumors as

areas of tracer accumulation.

Value of FDG-PET
FDG has found widespread use in PET and is consid

ered to be a standard radiopharmaceutical for metabolic
studies. Its role as a tumor-seeking agent has been es

tablished in many different types of malignant tumors
(8-15). FDG accumulation in tumors is induced by ac

tivation of glucose transporters and elevated glucose

consumption, which are considered to be early and
prominent features of oncogene-mediated malignant

transformation in cell culture systems (31 ).
A recent report demonstrated an increase in glucose trans

porter one gene expression in human pancreatic cancer cells
(52), and FDG is clearly accumulated in pancreatic cancer
(76). Because of its low rate of dephosphorylation, FDG is
transported, phosphorylated and metabolically trapped in
tumor cells as fluorodeoxyglucose-6-phosphate. Therefore,

pancreatic cancer can be visualized clearly with FDG.
In this study, 24 of 25 pancreatic cancers were detected

as an increase in FDG accumulation. The tumors of only
one patient (Patient 25) were not visualized in the PET
study. In such a case, the tumor was too small in size (10
mm in diameter) to be detected by the current PET system,
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FIGURE 4. (A) CE-CT shows irregular-

margined low density mass (arrow) in the
body of the pancreas (Patient 8). (B) FDG-

PET shows significantly hot accumulation in
the tumor (arrow) with a T/N ratio of 3.45. FDG
accumulation in the left ureter is also observed
centrally (arrow head). (C) Comparison of
^TI-SPECT images using a single-head

camera system (C-1) and a three-head cam
era system (C-2). The image quality is supe

rior in the latter, however, the T/N ratio of the
activity has not improved. Significantly high
tracer accumulation in the stomach and intes
tine is observed on both SPECT images (ar
row head).

B

C-1 C-2

which has poor spatial resolution compared with x-ray CT

imaging. However, the sensitivity value of 96% seems to
be satisfactory.

Value of Thallium-201-SPECT
Thallium-201 uptake is considered to reflect the regional

perfusion and viability of tumor cells (17,18,26). This tech
nique has been shown to be useful for detecting malignant
tumors in the lung and thyroid (17-20). Regarding the
mechanism of 2()IT1accumulation in tumors, a relationship

to Na-KATPase has been reported (23). In a study of

pancreatic cancer, Togawa et al. (24) reported preliminary
results showing the value of 201T1-SPECT in the delineation

of the tumor as a hot spot. Our results are in accord with
their preliminary data. Because of the low expense and
ready availability of SPECT cameras in most clinical cen
ters, 201T1-SPECT may offer alternative means for evalua

tion of suspected pancreatic cancer. Another advantage of
2()1T1-SPECT is to provide coronal and sagittal slices.

These images are helpful to identify pancreatic head and
tail lesions separately from adjacent organs.

Comparison of These Techniques
Although 201T1-SPECT detected pancreatic cancer in the

majority of these patients, the sensitivity of ^'Tl-SPECT was

inferior to that of FDG-PET, with a lower visual score for
20IT1-SPECT than for FDG-PET in the positive cases. Fur

thermore, quantitative data also indicated a lower T/N ratio
on ^'Tl-SPECT than that on FDG-PET. In the FDG-nega-
tive case, 20IT1-SPECT also did not show significant accu

mulation. On the other hand, in eight FDG-positive cases of
15-100 mm in diameter, 2()1T1uptake was not seen. Histolog-

ical studies suggested the presence of necrotic tissue around
the tumor cells in most of these cases, as shown in Figure 3,
except for several tiny tumors. This is in agreement with the
preliminary report of Togawa et al. (24) showing that pre

dominantly necrotized tumors with scarce viable tissue re
veal no accumulation of 201T1.CE-CT showed poor enhance

ment in these cases. In such cases, FDG-PET should play an

important role in delineating viable tumors.
Several reasons for the discordance between FDG and

201T1distributions are possible. First, the mechanisms of

the accumulation of these tracers in tumors are completely
different, as described previously. As a marker of exoge
nous glucose utilization, FDG accumulates in high-grade

malignant tumors (29) and therefore seems to be a more
specific marker to characterize tumor malignancy. Second,
differences in the background activity may strikingly alter
the T/N ratio. While mild accumulation of FDG was ob
served in the surrounding tissue, 201T1background-accu

mulation in tissues such as the stomach and intestine was
quite high. To minimize such background activity, each
patient was fasted overnight prior to the tests. However,
high accumulation was still observed in these tissues,
which could obscure the tumor activity on 201T1-SPECT

images. Less FDG activity in the stomach and intestine
caused a much higher T/N ratio. Third, the spatial resolu
tions between PET and SPECT were strikingly different.
The effective resolution after reconstruction was about 10
mm with PET and 17 mm with SPECT. The lower resolu
tion with 201T1-SPECT may cause a greater partial volume

effect, and thus lower the target to nontarget count ratio.
Fourth, the sensitivities of the cameras were also strikingly
different. PET showed about 10 times greater counts per
slice than SPECT within similar acquisition times, which
may cause a great difference in image quality. In the cur
rent study, we used a single-head rotating gamma camera,
though it was suggested that a newer multi-head SPECT
camera may improve the image quality of 201T1-SPECT. In
the latter seven cases, 201T1-SPECT was performed contin

uously with three-head SPECT camera (PRISM 3000,
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Shimazu Co., Kyoto, Japan). Although, the image quality
of 201T1-SPECT was improved to a certain degree, sensi

tivity and T/N ratio of tracer uptake did not change (Fig. 4).

Limitations
This study has a number of limitations. First, 201T1-

SPECT was performed only during the first 15 min after
tracer administration for comparison with FDG-PET. The
value of delayed 201T1scan 3 hr after tracer administration

has been reported for differentiating malignant from benign
tumors (19,30). However, a higher background of 201T1in

the surrounding tissue may obscure the tumor activity on
the delayed scan. In addition, each patient would have to
wait an additional 3 hr (a total of 5 hr) for the whole PET
and SPECT studies, which may be rather impractical for
clinical investigations.

Second, this study included only cases of histologically-
proven pancreatic cancer. Therefore, while the true-posi
tive rate for these studies can be calculated, the true-

negative rate could not be evaluated. In this respect, a
prospective analysis of patients with suspected pancreatic
cancer may be warranted for comparing the diagnostic
accuracy of these techniques.

Third, in blinded evaluation without CT and/or MRI
imaging, signal-to-noise ratio of 201T1-SPECT is too low to

distinguish the tracer uptake of the tumor from significantly
high tracer excretion and accumulation to the stomach and
intestine. This is quite a limitation of 201T1for the intra-

abdominal tumor seeking agent. In our study, correct im
age correlation between CT and SPECT images was nec
essary for detailed evaluation. On the other hand, FDG
accumulation of the tumor was high enough to evaluate the
images without other imaging results.

CONCLUSIONS

In this comparative study, both techniques (FDG-PET
and 20IT1-SPECT) delineated tumors as sites of high tracer

accumulation. Yet, FDG-PET provided significantly higher
sensitivity and higher contrast than 201T1-SPECT. There
fore, both FDG-PET and 201T1-SPECT should be consid

ered to have clinical value for the noninvasive detection of
pancreatic cancer. However, if a PET camera is available,
FDG-PET is considered to be the method of choice for the

evaluation of patients with suspected pancreatic cancer.
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