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One of the main challenges in diagnostic radiology is the early and the accurate detection of pancreatic 

carcinoma, which is indeed difficult by morphologically orientated methods, i.e. US, CT, MRI. Therefore, 

functional imaging using nuclear medicine procedures may be useful. In patients with suspected pancreatic 

cancer, severa/ imaging procedures have been investigated i.e. immunoscintigraphy, receptor scintigraphy, 

unspecific pe,fusion scintigraphy. However, none of them convinced in routine patient management. Best 

diagnostic results with an overal accuracy of about 80% were obtained using F-18-fluorodeoxyglucose 

positron emmission tomography (F-18-FDG-PET). Due to inherent technical limitations PET probably 

cannot depict lesions smaller than 10-15 mm in diameter even when using a high resolution PET scanner. 

Thus, it is probably not suitable far early detection of pancreatic carcinoma. It is not yet clear, whether the 

performance of FDG-PET is high enough to reduce the current number of diagnostic laparotomies. Prospec

tively pe,formed comparative studies with CT, US, ERCP and MRI using state of the art equipment are stili 

needed to establish an optimal diagnostic strategy. Beside lesion detection, FDG-PET may offer valid data 

on both the prognosis of pancreatic masses, and the effectiveness of therapeutic procedures. However, 

further effort is stili necessary to define the exact position of nuclear medicine in the management of 

pancreatic cancer. 
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The clinical problem 

One of the current challenges in diagnostic radio

logy is the early and the accurate detection of pan

creatic carcinoma and its differentiation from mass

forming pancreatitis using noninvasive imaging 

methods. 1
• 

2 The diagnostic accuracy of morpholo

gically oriented imaging techniques is presently sub

optimal. Ultrasonography is hampered by the dor

sal position of the pancreas in the abdomen and the 
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bowel located in front of it. CT and MRI have an 

excellent geometric resolution, but the differentia

tion between malignant and benign lesions remains 

difficult even with this leading edge technology. 

On the other hand, functionally oriented nuclear 

medicine procedures offer the possibility of imag

ing organ metabolism when using appropriate radio

labelled tracers. At the beginning, the aim of radio

isotope studies was merely the visualization of the 

pancreatic tissue. For this pmpose Selenium-75-

selenmethionine and (1-125)-N,N,N' -trimethyl-N' 

(2-hydroxy-3-methyl-5-iodobenzyl)-1,3-propanedi

amine (1-123-HIPDM) were tested. Both tracers are 

accumulated in the normal pancreatic tissue, but 

they can not differentiate between malignant tu-
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mors and benign lesions. 3· 4 Thus, in the era of high 
resolution radiological methods they are of a more 
historical value. Recently, the introduction of sev
era! new types of tracers opened exciting perspec
tives. Therefore, the possibilities of these radio
pharmaceuticals will be discussed. 

Immunoscintigraphy 

Since the mid eighties big expectations have been 
connected to the introduction of radiolabelled mo
noclonal antibodies against tumor associated anti
genes in oncologic nuclear medicine. The charac
teristic feature of these antibodies is their extreme
ly high specificity. Using chemical procedures, they 
can be broken either into Fc and F(ab')2 fragments 
or into Fc and Fab fragments. The F(ab')2 of Fab 
fragments are responsible for the antigen specifici
ty of the antibodies. These antibodies can be _la
belled with I-123, I-131, In-111 or, recently with 
Tc-99m. 

Different types of monoclonal antibodies have 
been tested for the detection of pancreatic cancer. A 
coctail of I-131 labelled F(ab')2 fragments of anti
bodies directed against the tumor associated anti
genes CA 19-9 and CEA was used by Montz.5 De
spite the detection of some large tumors without 
elevated leve! of tumor markers in the peripheral 
blood, this tracer is considered of only limited 
diagnostic value due to its relatively poor sensitivi
ty. Using In-111 for labelling and SPECT acquisi
tion at least 3 days after the tracer injection some 
increase in diagnostic accuracy, due to elimination 
of unspecific early tracer accumulation, was report
ed by Bares in various gastrointestinal carcinomas.6 

As a further attempt, preliminary results have been 
reported with the I-131 labelled murine monoclonal 
antibody AR-3-IgG 1 directed against the mucin
like antigen CAR-3.7 

Investigations with the In-111 or I-131 Iabelled 
F(ab')2 fragments of the monoclonal antibody BW 
494/32, the corresponding antigene which is often 
expressed by pancreatic carcinomas, failed as well 
in presenting a break through in immunoscintigra
phy .8 Nevertheless, in a study with only 3 patients, 
Abdel Nabi and coworkers presented favourable 
images of primary tumors as well as of their metas
tases using In-111 labelled monoclonal anti CEA 
antibody ZCE 025.9 

In conclusion, at present there is no radiolabelled 
monoclonal antibody available with clearly docu
mented high clinical performance necessary for 
routine patient management. Despite of this, 

immunoscintigraphy can be considered as a pos
sible investigation in diagnostically problematic 
cases. 

Receptor scintigraphy 

New possibilities in tumor imaging have been of
fered recently by the introduction of small receptor 
analogue molecules. A subgroup of these com
pounds, the radiolabelled somatostatine analogues 
can be used for imaging of endocrine tumors i.e. of 
those derived from the so called APUD cells. So
matostatine analogues have been primarily used for 
imaging of carcinoids and islet cell tumors of the 
pancreas. Bakker and coworkers reported the suc
cessful Iocalization of pancreatic tumors in rats with 
I-123-Tyr-3-octreotide. 10 However, the main disad
vantage of this radiopharmaceutical is its predomi
nantly hepatic clearance and therefore its high !iver 
accumulation, which may mask pancreatic tracer 
uptake. 

When labelling octreotide with In-111-DTPA, the 
Ionger halflife of In-111 can be combined with the 
facilitated renal clearance of the DTPA-containing 
compound. These features offer the advantage of 24 
hours imaging when interferring background activi
ty is already minimized by renal clearance. Bakker 
and coworkers reported successful investigations of 
pancreatic tumors in a rat model using (In-111-
DTP A-D-Phe 1 )-octreotide. 11 They documented an 
increasing tracer uptake with tirne within the tumor 
tissue, which could be clearly visualized by gamma 
camera scintigraphy in somatostatin receptor posi
tive rat pancreatic carcinoma. 11 As an attempt for 
supporting surgical interventions, Ohrvall and cow
orkers introduced a non imaging method for the 
intraoperative detection of tumors and its metastas
es by using a hand-held gamma probe. However, 
the feasibility of this interesting method is limited 
by the relatively high background activity. 12 

Unspecific perfusion tracers 

Thallium-201 uptake is considered to reflect the 
regional perfusion as well as the viability of tumor 
cells. 13 The theoretical background of this feature 
of TI-201 is the correlation of the growth of ma
Iignant transformed cells and the activity of the 
Na/K-ATPase. 14 

In 1993 Suga and coworkers demonstrated the 
possibility of monitoring the efficacy of antineopla-
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stic treatment using quantified TI-201 uptake in 
pancreatic cancer. In three patients, the TI-201 up
take by the tumor correlated well with the serum 
leve! of the tumor marker CA 19-9.15 In a subse
quent publication of this group results with subtrac
tion scintigraphy were presented. 16 When the bound
ary between abnormal TI-201 uptake and adjacent 
!iver activity was unclear on the TI-201 SPECT 
image a SPECT image of the !iver using Tc-99m
phytate was acquired and subtracted from the TI-
201 image in order to separate hepatic and pancre
atic TI-201 uptake. Using this technique a favo
rable sensitivity of 91 % could be demonstrated. 
However, in the same study, four of sixteen pa
tients with benign pancreatic disorders exhibited 
abnormal increased TI-201 uptake. Based on these 
<lata, TI-20 l scintigraphy is a nuclear medicine 
method with relatively low cost and acceptable clin
ical performance for detecting pancreatic cancer 
and can be recommended, especially when PET 
facility is not available. 

PET investigations using FDG 

The rational of using radiolabelled glucose ana
logues for tumor imaging is based on the increased 
metabolic activity of tumor tissue. The accelerated 
rate of glykolysis in aggressive malignant trans
formed tumors was published first by Warburg in 
1956. 17 

Fluorodeoxyglucose (FDG), a glucose analogue, 
is supposed to enter the cells by the same transport 
mechanisms as used by native glucose. After phos
phorylation, however, FDG-phosphate is trapped 
intracellulary due to its extremely slow dephospo
rylation as compared to native glucose. This feature 
enables imaging of FDG distribution by positron 
emission tomography (PET). Experimental and hu
man studies have demonstrated an increase in FDG 
uptake in various malignant tumors. 18-20 Ali of these 
studies have confirmed that an increased FDG up
take is a reliable indicator of the presence of viable 
malignant tumor tissue. In contrast, benign process
es or metabolically less active neoplasms generally 
have lower or even normal levels of glucose up
take.21 The mechanism of FDG accumulation in tu
mors is prabably multifactorial. First, it is induced 
by activation of glucose transporter proteins and 
elevated glucose consumption, which both are con
sidered to be early and praminent features of an 
oncogene-mediated malignant transf01mation in celi 

culture systems.22 Second, tumor associated tissue 
inflammation praduces an increased FDG uptake as 
weJJ.23 

The value of Fl8-FDG for the detection of malig
nant pancreatic pracesses was first documented in 
patients by Zanzi and coworkers in 1990. 24 Based 
on the results of Fl8-FDG-PET, Klever and cow
orkers reported clear differentiation of pancreatic 
carcinoma and chronic pancreatitis.25 Bares and co
workers26 found focally increased FDG accumula
tion in 12 out of 13 patients with histologically 
praven pancreatic adenocarcinoma. Eight of nine 
known lymph nodes and four of five known !iver 
metastases were detected in their study. In contrast, 
in two patients with chranic pancreatitis no FDG 
uptake was documented. One patient suffering from 
an adenocarcinoma and lacking of FDG uptake had 
diabetes, probably because the fasting state could 
not be established sufficiently prior to the study. In 
a second study with 40 patients investigated by the 
same group,27 PET helped to correctly classify 25 
of 27 malignant pancreatic tumors and 11 of 13 
benign disorders of the pancreas. False negative 
findings were obtained again in 2 patients with 
insulin-dependent diabetes. False-positive findings 
were associated either to retraperitoneal fibrosis or, 
in one patient, to pancreas divisum with chronic 
pancreatitits. However, FDG-PET was shown to be 
superior to both CT and ultrasound in the detection 
of lymph node metastases. These results have been 
confirmed by Friess and coworkers.28 Fourty one of 
fourty two patients with pancreatic cancer and four 
of six patients with a periampullary carcinoma pre
sented a focally increased FDG uptake. In contrast, 
in 28 of 32 patients with chronic pancreatitis no 
FDG accumulation occured. 

In a comparative study of 46 patients suspected 
of having a pancreatic cancer the diagnostic per
formance of FDG-PET was superior to both CT and 
transabdominal and endoscopic ultrasound.29 This 
superiority of FDG-PET over CT was also demon
strated by Stollfuss and coworkers.30 Based on the 
result of a recent comparative study with FDG-PET 
and TI-201 SPECT in patients with histologically 
praven pancreatic cancer it can be concluded that, 
if PET facility is available, FDG-PET is at present 
the nuclear medicine method of choice.31 

An exciting and widely discussed possibility to 
increase the performance of PET studies is the use 
of quantitative methods to obtain numerical values 
of the phosphorylation rate of deoxyglucose. For 
this purpose, severa! methods have been suggested. 
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Most of them are based on the three-compartment 
model introduced by Sokoloff.32 However, there are 
some practical and theoretical difficulties connect
ed to the application of the three compartment mod
el of FDG metabolism, especially to the determina
tion of the velocity constants of the biochemical 
reactions and to that of the lumped constant.33-

35 

Therefore, most investigators are simply using ra
tios of FDG uptake in tumors as compared to that in 
normal tissue. A further possibility of quantifica
tion is the estimation of the net tumor uptake of 
FDG in the tumor tissue normalized to the body 
surface or body weight. 

The most widely used quantitative method of 
estimation of FDG uptake in tissue is the determi
nation of standardized uptake values (SUV). The 
main advantage of the SUV method is its methodo
logic simplicity. The main disadvantage is the fact, 
that the SUV itself is time-dependent and, there
fore, potentially subject to error if images are not 
obtained at the same tirne interval after tracer injec
tion.36, 37 

The impact of quantification of FDG uptake by 
SUV could be shown in patients with pancreatic 
cancer. The tumor region exhibited significantly 
higher values compared to pancreatic regions in 
patients with pancreatitis.28 Using ROC analysis it 
could be demonstrated that an SUV value of about 
1.5 optimally separates malignant and benign pan
creatic processes. 30 

However, very recent investigations in clinical 
patients report a lower accuracy as found in the 
early works. 38

· 
39 Dohmen and coworkers found an 

accuracy of about 80% regarding the differentiation 
of pancreatic cancer from chronic pancreatitis. Fur
thermore, they could not demonstrate any advant
age of using quantitative parameters as compared 
to the simple visual analysis. 38 The limited per
formance of the SUV was also reported by Vomocil 
and coworkers.39 

PET tracers for endocrine pancreatic tumors 

Results with C-11-labelled L-dihydroxyphenyl
alanine (L-DOPA) and hydroxytryptophane (HTP) 
have been recently reported in pancreatic endocrine 
tumors with promising results particularly regard
ing glucagonomas.40 These findings, based on the 
investigation of 22 patients, suggest further possi
bilities in metabolic characterization of tumors. 

However, the role of FDG in this type of tumors has 
not yet been explored. 

Multimodality imaging 

The combination of morphologic and functional in
formation is a very new and exciting trend in diag
nostic imaging. It is especially helpful in the exact 
anatomic localization of functional disorders. De
tailed morphologic information presented by the ex
cellent geometric resolution of CT or MRI can be 
combined with the visualization of metabolic param
eters and presented in one single image. However, 
for the coregistration of tomographic images from 
different modalities sophisticated extemal or ana
tomical markers are needed. The first successful fu
sion of F-18-FDG-PET and MR images using a sys
tem of surface markers in patients with pancreatic 
adenocarcinoma was demonstrated by Benyounes and 
coworkers.41 The combined images were impressive 
for exact delineation of the tumor on the high quality 
slices of the MR study. Thus, multimodality imaging 
might be of increasing interest in future studies. 

References 

l. Megibow AJ. Pancreatic adenocarcinoma: designing 
the examination to evaluate the clinical question. Radi
ology 1992; 183: 297-303. 

2. Steiner E, Stark DD, Hahn, Haini S, Simeone JF, Muel
ler PR, Wittenberg J, Ferrucci JT. Imaging of pancreat
ic neoplasms: comparison of MR and CT. AJR 1989; 
152: 487-91. 

3. Yamamoto K, Shibata T, Saji H, Kubo S, Aoki E, Fujita 
T, Yonekura Y, Konishi J, Yokoyama A. Human pan
creas scintigraphy using iodine-123-labelled HIPDM 
and SPECT. J Nucl Med 1990; 31: 1015-9. 

4. Antunez AR. Pancreatic scanning with selenium-75-
methionine, utilizing morphine to enhance contrast: a 
preliminary report. Clevenland Ciin Quart 1964; 31: 
213-8. 

5. Montz R, Klapdor R, Kremer B, Rothe B. Immunoszin
tigraphie und SPECT bei Patienten mit Pankreaskarzi
nom. Nuklearmedizin 1985; 24: 232-7. 

6. Bares R, Fass J, Truong S, Etili U, Schumpelick V. 
Radioimmunszintigraphie mit SPECT: Methodik, Prob
leme und klinische Erfahrungen. Nuklearmedizin 1987; 
26: 202-5. 

7. Mariani-G, Molen N, Bacciardi D, Boggi U, Bonino C, 
Costa A, Viacava P, Castagna M, Bodei L, Tarditi L. 
Biodistribution and pharmacokinetic screening in hu
mans of monoclonal antibody AR-3 as a possible im-



Value ofscintigraphic imaging in the detection ofpancreatic tumors- the role of FDG-PET 25 

munoscintigraphy agent in patients with pancreatic can
cer. J Nucl Biol Med 1994; 38 (4 Suppl 1): 145-50. 

8. Montz R, Klapdor R, Rothe B, Heller M. Immunoscin
tigraphy and radioimmunotherapy in patients with pan
creatic carcinoma. Nuk/earmedizin 1986; 25: 239-44. 

9. Abdel-Nabi HH, Schwartz AN, Wechter DG, Higano 
CS, Ortman-Nabi JA, Unger MW. Scintigraphic detec
tion of gastric and pancreatic carcinomas with In-111 
ZCE 025 monoclonal antibody. World J Surg 1991; 
15: 122-7. 

10. Bakker WH, Krenning EP, Breeman W A, Koper JW, 
Kooij PP, Reubi JC, Klijn JG, Visser TJ, Docter R, 
Lamberts SW. Receptor scintigraphy with a radioiodi
nated somatostatin analogue: radiolabeling, purifica
tion, biologic activity, and in vivo application in ani
mals. J Nucl Med 1990; 31: 1501-9. 

11. Bakker WH, Krenning EP, Reubi JC, Breeman W A, 
Setyono HB, de Jong M, Kooij PP, Bruns C, van Hagen 
PM, Marbach P. In vivo application of ('"In-DTPA-D
Phe')-octreotride for detection of somatostatin recep
tor-positive tumours in rats. Life Sci 1991; 49: 1593-
601. 

12. Ohrvall U, Westlin JE, Nilsson S, Wilander E, Juhlin C, 
Rastad J, Akerstrom G. Human biodistribution of 
('' 'In)diethylenetriaminepentaacetic acid-(DTPA)-D
(Phe 1 )-octreotide and perioperative detection of endo
crine tumors. Cancer Res 1995; 55 (23 Suppl): 5794s-
800s. 

13. Ito Y, Muranka A, Harada T, Matsudo A, Yokobayashi 
T, Terashima H. Experimental study on tumor affinity 
of TI-201 chloride. Eur J Nucl Med 1978; 3: 81-6. 

14. Elligsen JD, Thomson JE, Frey HE, Kruuv J. Correla
tion of Na-K ATPase activity with growth of normal 
and transformed cells. Exp Celi Res 1974; 87: 233-40. 

15. Suga K, Fujita T, Nakada T, Yoneshiro S, Uchisako H, 
Nishigauchi K, Nakanishi T, Hamada Y. Prliminary 
TI-201 SPECT for assessment of treatment efficacy in 
three patients with pancreatic cancer. Ciin Nucl Med 
1993; 18: 771-5. 

16. Suga K, Nishigauchi K, Kume N, Fujita T, Nakanishi 
T, Hamasaki T, Suzuki T. Thallium-201 SPECT and 
technetium-99m-phytate subtraction ]iver imaging in 
the evaluation of pancreatic cancer. J Nucl Med 1995; 
36: 762-70. 

17. Warburg O. On the origin of cancercells. Science 1956; 
123: 309-14. 

18. Som P, Atkins AD, Bandoypadhyay D, Fowler JS, Mac
Gregor RR, Matsui K, Oster ZH, Sacker DF, Shiue CY, 
Turner H, Wan CN, Wolf AP, Zabinski SV. A fluori
nated glucose analogne, 2-fluoro-2-deoxy-D-glucose 
(Fl 8): nontoxic tracer rapid tumor detection. J Nucl 
Med 1980; 21: 670-5. 

19. Strauss LG, Conti PS. The application of PET in clini
cal oncology . .1 Nucl Med 1990; 32: 623-48. 

20. Hawkins RA, Hoh C, Dahlbom M, Choi Y, Glaspy J, 
Tse N, Slamon D, Chen B, Messa C, Maddahi J, Phelps 
M. PET cancer evaluation wirh FDG. J Nucl Med 1991; 
32: 1555-8. 

21. Hawkins RA. Pancreatic Tumours: Imaging with PET 
(editorial). Radiology 1995; 195: 320-2. 

22. Flier JS, Mueckler MM, Usher P, Lodish HF. Elevated 
levels of glucose transport and transporter messenger 
RNA are induced ras or src oncogenes. Science 1987; 
235: 1492-5. 

23. Kubota R, Yamada S, Kubota K, Ishiwata K, Tama
hashi N, Ido T. Intratumoural distribution of fluorine-
18-fluorodeoxyglucose in vivo: high accumultation in 
macrophages and granulation tissues studied by micro
autoradiography. J Nucl Med 1992; 33: 1972-80. 

24. Zanzi I, Robeson W, Vinciguerra V. Positron tomogra
phy (PET) imaging in patients with carcinoma of the 
pancreas (abstr.). Proc ASCO 1990; 9: A434. 

25. Klever P, Bares R, Fass J, Btill U, Schumpelick V. PET 
with fluorine-18 deoxy-glucose for pancreatic disease. 
Lancet 1992; 340: 1158-9. 

26. Bares R, Klever P, Hellwig D, Hauptmann S, Fass J, 
Hambuechen U, Zopp L, Mueller B, Buell U, 
Schumpelick V. Pancreatic cancer detected by positron 
emission tomography with 18F-labelled deoxyglucose: 
method and first result. Nucl Med Commun 1993; 14: 
596-601. 

27. Bares R, Klever P, Hauptmann S, Hellwig D, Fass J, 
Cremerius U, Schumpelick V, Mittermayer C, Btill U. 
F-18 fluorodeoxyglucose PET in vivo evaluation of 
pancreatic glucose metabolism for detection of pancre
atic cancer. Radiology 1994; 192: 79-86. 

28. Friess H, Langhans J, Ebert M, Beger HG, Stollfuss J, 
Reske SN, Buchler MW. Diagnosis of pancreatic can
cer by 2(18F)-fluoro-2-deoxy-D-glucose positron emis
sion tomography. Gut 1995; 36: 771-7. 

29. Inokuma T, Tamaki N, Torizuka T, Magata Y, Fujii M, 
Yonekura Y, Kajiyama T, Ohshio G, Imamura M, Kon
ishi J. Evaluation of pancreatic tumours with positron 
emission tomography and F-18 fluorodeoxyglucose: 
comparison with CT and US. Radio/ogy 1995; 195: 
345-52. 

30. Stollfuss JC, Glatting G, Friess H, Kocher F, Berger 
HG, Reske SN. 2-(flourine-18)-fluoro-2-deoxy-D-glu
cose PET in detection of pancreatic cancer: value of 
quantitative image interpretation. Radiology 1995; 195: 
339-44. 

31. Inokuma T, Tamaki N, Torizuka T, Fujita T, Magata Y, 
Yonekura Y, Ohshio G, Imamura M, Konishi J. Value 
of Fluorine-18-Fluorodeoxyglucose and Thallium-201 
in the detection of pancreatic cancer. J Nucl Med 1995; 
36: 229-35. 

32. Sokoloff L, Reivich M, Kennedy C, Des Rosiers MH, 
Patlak CS, Pettigrew KD, Sakurada O, Shinohara M. 
The (C-14)-deoxyglucose method for the measurement 
of local cerebral glucose utilization: theory, procedure 
and normal values in the conscious and anesthetized 
albina rat. .1 Neuroclzem 1977; 28: 897-916. 

33. Huang SC, Phelps ME, Hoffmann EJ, Side1is K, Selin CJ, 
Kuhi DE. Noninvasive determination of local cerebral 
metabolic rate of glucose in nonnal human subjects with 
18-F-Fluoro-2' -Deoxyglucose and emission computed to
mography. Amer J Plzysiol 1980; 238: E69-E82. 

34. Blomquist G. On the construction of functional maps 
in positron emission tomography . .1 Cerebr Blood Flow 
Metah 1984; 4: 629-32. 



26 Bohuslavizki KH et al. 

35. Patlak CS, Blasberg RG, Fenstermacher JD. Graphic 
evaluation of blood to brain transfer constants from 

. multiple tirne uptake data. J Cerebr Blood Flow Metah 
1983; 3: 1-7. 

36. Hawkins RA, Choi Y, Huang SC, Messa C, Hoh CK, 
Phelps ME. Quantitating tumour glucose metabolism with 
FDG and PET (editorial). J Nucl Med 1992; 33: 339-44. 

37. Hamberg LM, Hunter GJ, Alpert NM, Choi NC, Babich 
JW, Fischman AJ. The dose uptake ratio as an index of 
glucose metabolism: useful parameter or oversimplifi
cation; J Nucl Med 1994; 35: 1308-12. 

38. Dohmen BM, Bares R, Teusch M, Buell U. Classifica
tion of pancreatic tumours by FDG-PET: Comparison 
of visual and quantitative image interpretation by ROC 
analysis (abstr.). J Nucl Med 1996; 36: 140P. 

39. Vomocil B, Hiibner KF, Adams LJ, Smith GT, Buono
core E. The complimentary role of PET using C-11-
aminocyclobutanecarboxylic acid (C-11-ACBC) and 
F-18-FDG in suspected pancreatic cancer (abstr.). J 
Nucl Med 1995; 36: 193P. 

40. Ahlstrom H, Eriksson B, Bergstriim M, Bjurling P, 
Langstrom B, Oberg K. Pancreatic · neuroendocrine 
tumours: diagnosis with PET. Radiology 1995; 195: 
333-7. 

41. Benyounes H, Smith FW, Campbell C, Evans NT, 
Mikecz P, Heys SD, Bruce D, Eremin O, Sharp PF. 
Superimposition of PET images using l 8F-fluorodeox
cyglucose with magnetic resonance images in patients 
with pancreatic carcinoma. Nucl Med Commun 1995; 
16: 575-80. 


