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ABSTRACT
Saila Kauhanen: Positron emission tomography in the diagnosis and staging of pancreatic 
and neuroendocrine tumors. 
Department of Surgery and Turku PET Centre, University of Turku
Annales Universitatis Turkuensis
Painosalama Oy, Turku, Finland 2009

Background and aims: Despite development in conventional imaging modalities, the 
diagnosis and staging of pancreatic and neuroendocrine tumors (NETs) are challenging.  
Positron emission tomography-computed tomography (PET/CT) using different tracers is a 
promising method in primary diagnosis, staging, and restaging of these tumors, although its 
role is still evolving. 

The current series of studies was designed to define the feasibility of PET in the diagnosis 
of pancreatic tumors and NETs. To address these issues, a prospective series of patients 
with pancreatic tumors was imaged with PET/CT using tracer 18F-fluorodeoxyglucose 
(18F-FDG) to assess metabolism and radiowater (15O-H2O) to assess blood flow (BF) 
of the tumor. Moreover, further studies were designed to investigate the potential of 
18F-dihydroxyphenylalanine (18F-DOPA)-PET in the diagnosis and staging of different 
types of NETs. 

Results: In primary diagnosis of pancreatic tumors, 18F-FDG-PET/CT had a higher 
accuracy compared to both CT and magnetic resonance imaging (MRI) (89% vs. 76% 
and 79%, respectively). Especially in differential diagnosis of suspected malignant biliary 
stricture, 18F-FDG-PET/CT had a high positive predictive value of 92%. In staging of 
pancreatic cancer, the sensitivity of  18F-FDG-PET/CT was low (30%) in detecting local 
spreading of disease. Instead, 18F-FDG-PET/CT had significantly higher sensitivity than 
CT or MRI in diagnosis of  distant disease (M-staging) (88% vs. 38%). In assessment of 
metabolism and BF of different pancreatic tumors, metabolism/BF ratio was significantly 
higher in malignant lesions than in benign lesions or normal pancreatic tissue (P<0.05), and 
a high ratio was also a strong predictor of poor survival. When patients with insulinoma 
were imaged by 18F-DOPA-PET, seven out of eight patients with insulinoma and two 
patients with β-cell hyperplasia showed increased focal 18F-DOPA uptake. As compared 
to conventional imaging (CT or MRI), 18F-DOPA-PET was a more sensitive diagnostic 
method. Futher, routine use of carbidopa premedication masked insulinoma lesions in 
two out of three patients in 18F-DOPA-PET/CT imaging. In the study of 82 patients with 
suspected/known NET, 18F-DOPA-PET had an overall accuracy of 90%. The accuracy 
was especially high in primary diagnosis of pheochromocytoma and restaging of known 
NET. Further, in 59% of the cases, 18F-DOPA-PET imaging had an impact on the clinical 
management. 

Conclusions: PET/CT using tracers 18F-FDG and 15O-H2O was shown to be applicable in 
the differential diagnosis of pancreatic tumors. Further, 18F-FDG-PET/CT was useful in 
M-staging of pancreatic cancer. This study also supported the efficacy of 18F-DOPA-PET 
imaging in diagnosis of insulinoma, especially when carbidopa premedication was not used. 
Based on this study, 18F-DOPA-PET is feasible method in primary diagnosis and restaging 
of different types of abdominal NETs, especially in patients with inconclusive findings in 
conventional imaging. Further, PET had a significant impact on the clinical management of 
patients with pancreatic tumors and NETs. 

Keywords: pancreatic tumor, neuroendocrine tumor, positron emission tomography, 
fluorodeoxyglucose, dihydroxyphenylalanine, radiowater, diagnostic imaging
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TIIVISTELMÄ
Saila Kauhanen: Positroniemissiotomografia haima- ja neuroendokriinisten kasvaimien 
diagnostiikassa
Kirurgian klinikka ja Valtakunnallinen PET keskus, Turun yliopisto
Annales Universitatis Turkuensis
Painosalama Oy, Turku, Finland 2009

Tutkimuksen tausta ja tavoitteet: Viimeaikaisesta perinteisten kuvantamismenetelmien 
kehityksestä huolimatta sekä haima- että neuroendokriinisten (NE) kasvaimien diagnostiikka 
on haastavaa. Uudentyyppinen kuvantamismenetelmä, fuusio positroniemissiotomografia-
tietokonetomografia (PET/TT), on lupaava näiden kasvainten erotusdiagnostiikassa ja 
levinneisyyden arvioinnissa. Huolimatta alustavista lupaavista tutkimustuloksista, PET/TT:n 
rooli on toistaiseksi vielä epäselvä sekä haima- että NE-kasvaimissa eikä se näin ollen ole 
vakiintunut kliiniseen hoitokäytäntöön. 

Väitöskirjatyön tavoitteena oli selvittää PET/TT-menetelmän käyttökelpoisuutta haima- 
ja NE-kasvaimien diagnostiikassa. Kahden ensimmäisen osatyön prospektiivisessa 
tutkimuksessa, potilaat, joilla epäiltiin haimakasvainta, kuvannettiin PET/TT:llä käyttäen 
merkkiaineena fluorideoxyglukoosia (18F-FDG) kasvaimen aineenvaihdunnan arvioimiseksi 
ja kasvaimen verenvirtausta arviointiin käyttäen merkkiaineena radiovettä (15O-H2O). 
Kolmen muun osatyön tavoitteena oli selvittää dihydroxyfenylalaniini (18F-DOPA)-PET-
menetelmää erilaisten NE-kasvaimien diagnostiikassa ja levinneisyyden arvioinnissa.

Tulokset: Haimakasvaimien ensivaiheen diagnostiikassa 18F-FDG-PET/TT:llä oli korkeampi 
diagnostinen tarkkuus verrattuna tietokonetomografiaan (TT) ja magneettikuvantamiseen (89% 
vs. 76% ja 79%). Etenkin pahanlaatuiseksi epäillyn sappitiehytahtauman erotusdiagnostiikassa 
18F-FDG-PET/TT:n positiivinen ennustearvo (92%) oli korkea. Haimasyövän levinneisyyden 
arvioinnissa 18F-FDG-PET/TT:n herkkyys oli huono (30%) paikallisen taudin osoittamisessa. 
Sen sijaan etäpesäkkeiden osoittamisessa 18F-FDG-PET/TT oli merkittävästi herkempi mene-
telmä verrattuna TT ja magneettikuvantamiseen (88% vs. 38%). Verrattaessa erilaisten haima-
kasvaimien ja normaalin haimakudoksen aineenvaihduntaa ja verenvirtausta, aineenvaihdunta/
verenvirtaus suhde oli merkittävästi korkeampi pahanlaatuisissa haimakasvaimissa (P<0.05). 
Lisäksi kasvaimen korkea aineenvaihdunta/verenvirtaus suhde viittasi huonompaan taudin 
ennusteeseen. 18F-DOPA-PET löysi seitsemän kahdeksasta insulinoomasta ja oli positiivinen 
myös kahdella potilaalla, joilla todettiin haiman saarakesoluhyperplasia. Perustuen alustaviin 
tuloksiin, rutiinikäytössä oleva karbidopa esilääke ennen 18F-DOPA-PET kuvantamista peit-
ti insulinooma löydöksen kahdella potilaalla kolmesta. NE-kasvaiminen diagnostiikassa 82 
potilaan aineisto osoitti 18F-DOPA PET kuvantamisen tarkkuudeksi 90%. Etenkin feokromo-
sytoomien ensivaiheen diagnostiikassa ja NE-kasvaimen uusiutumaa epäiltäessä menetelmän 
tarkkuus oli korkea. Kokonaisuudessaan 59%:lla aineiston potilaista 18F-DOPA-PET kuvanta-
misella oli vaikutusta kliinisiin hoitoratkaisuihin. 

Johtopäätökset: PET/TT käyttäen merkkiaineena 18F-FDG:tä ja radiovettä osoittautui 
käyttökelpoiseksi menetelmäksi haimakasvaimien erotusdiagnostiikassa. Lisäksi 18F-FDG-
PET/TT oli hyödyllinen haimasyövän etäpesäkkeiden löytämisessä. Tutkimus osoitti myös 
18F-DOPA-PET kuvantamisen olevan luotettava menetelmä insulinoomien ja muiden vatsan 
alueen NE-kasvaimien ensivaiheen diagnostiikassa sekä levinneisyyden arvioinnissa, 
etenkin muiden kuvantamislöydösten ollessa ristiriitaisia. PET kuvantamisella oli merkittävä 
vaikutus potilaiden kliiniseen hoitokäytäntöön sekä haima- että NE-kasvaimissa. 

Avainsanat: haimakasvain, neuroendokriininen kasvain, positroniemissiotomografia, 
fluorideoxyglukoosi, dihydroksifenylalaniini, radiovesi, diagnostinen kuvantaminen
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1	INTRO DUCTION
Pancreatic and neuroendocrine tumors (NETs) share common diagnostic problems. 
The differential diagnosis of the lesion and the staging of the disease is a challenge for 
conventional imaging methods such as computed tomography (CT), magnetic resonance 
imaging (MRI), and somatostatin receptor scintigraphy (SRS). These modalities have 
shown limited ability in primary diagnosis of the tumor, or in detection of local invasion 
or small-volume metastatic disease. 

In the case of pancreatic cancer, preoperative evaluation of resectability fails to identify 
up to 25% of patients who are found to be unresectable at surgical exploration. Pancreatic 
adenocarcinoma is an aggressive tumor with a propensity for early dissemination. At 
the time of diagnosis, approximately 40% of patients have metastatic disease, while 
another 40% present with locally advanced disease. Further, in patients with NETs, 
primary tumor is not localized in 20% to 50% of cases using conventional imaging, 
with gastrointestinal (GI) NETs being particularly elusive. The failure of conventional 
imaging to precisely define the primary tumor, and the extent of the tumor burden results 
in unnecessary surgical risk, delay in appropriate systemic oncological treatments, and 
increase in health costs. Therefore, the accurate identification of surgical candidates is 
crucial for the appropriate management of patients with pancreatic tumor or NET.

Diagnostic imaging of both pancreatic tumors and NETs has evolved during recent 
years, but current conventional imaging techniques still lack sensitivity. Positron 
emission tomography (PET) using different tracers has been introduced with promising 
results in these tumors. Especially integrated PET/CT has improved diagnostic accuracy 
with better anatomical orientation in image data. The most commonly used PET tracer, 
fluorodeoxyglucose (18F-FDG), has been widely adopted in oncological imaging, although 
its role in pancreatic cancer is still unclear. Further, radiowater (15O-H2O) as tracer in PET 
imaging is a promising method in assessing tumor blood flow (BF). Antiangiogenesis 
agents are being developed, and the ability to monitor tissue perfusional changes before 
macroscopic changes are evident will be critical in patient management. In addition, 
perfusion imaging could be the method for differential diagnosis of pancreatic lesions. 
Recently, PET using the aminoacid precursor, dihydroxyphenylalanine (18F-DOPA), has 
emerged as a new imaging tool for diagnosis of NETs, with improved tumor detection 
and staging compared to conventional imaging. 

This study was initiated to investigate the role of PET imaging using different tracers 
including 18F-FDG, 15O-H2O, and 18F-DOPA, in patients with pancreatic tumors and NETs. 
The diagnostic accuracy of PET was compared to conventional imaging methods. 
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2	R EVIEW OF THE LITERATURE

2.1	 Positron emission tomography-computed tomography (PET/CT)

2.1.1	Principles of PET/CT
PET is a non-invasive nuclear imaging method, which enables in vivo measurements 
of physiological and biochemical processes quantitatively using short-lived positron 
emitting radionuclides, such as 18F, 11C, and 15O. These radionuclides have a nuclear 
imbalance, i.e. an excess of protons. A wide range of natural substrates, substrate 
analogs or pharmaceuticals that are markers for specific biochemical processes can be 
labeled with a these positron emitting radioisotopes. After intravenous administration 
of the labeled compound, the positrons are emitted from the isotope nucleus. As the 
radioisotope undergoes positron emission decay to stabilize the nucleus, the excess 
proton is converted to a neutron and a positron is emitted. The emitted positron travels a 
short distance (0.35 millimeters) gradually losing its energy and finally it collides with 
an electron. The process is called annihilation, and two 511 kilo-electron volt photons 
are emitted in opposite directions. 

The PET scanner detects the two simultaneously occurring high energy photons from 
the annihilation using detectors arranged in a ring-shaped pattern around the patient. 
The detectors record and send the raw data to the processing unit tomographic image 
reconstruction. To achieve quantitative measurements several corrections using 
mathematical models need to be applied (i.e. tissue attenuation). Standardized uptake 
values (SUVs) are a measure of the concentration of a radiotracer in a defined region 
divided by the injected dose normalized for the patient’s body weight. 

The introduction of hybrid PET/CT in the late 1990s (Beyer et al., 2000) added a major 
dimension to the utility of PET, particularly in abdominal and oncological imaging. With 
PET/CT, areas of abnormal uptake can be localized to specific morphological structures 
such as lymph nodes, further aiding interpretation. CT performance has improved rapidly 
with the advent of multidetector arrays from the early 4-slice to more recent 64-slice 
scanners (2002). The increasing number of detector rows (slices) has been accompanied 
by faster rotation times. Further, significant advances have also been seen in hard- and 
softwares for CT. 

2.1.2	Tracers

2.1.2.1	18F-fluorodeoxyglucose (18F-FDG)
A glucose analogue, 18F-FDG, is the most commonly used tracer in PET imaging. 
The utility of 18F-FDG for imaging tumor cells is based on Warburg’s observation that 
the increased metabolic demands of rapidly dividing tumor cells required adenosine 
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triphosphate generated by glycolysis (Miles & Williams, 2008). Like glucose, 18F-FDG 
passes through cellular membrane and is phosphorylated by glucose 6-hexokinase 
(Figure 1). After phosphorylation, phosphorylated 18F-FDG (18F-FDG-6-PO4) enters the 
glycolytic pathway, but no significant dephosphorylation exists and it remains trapped. 
Therefore, the intracellular 18F-FDG concentration increases with time in tissues with high 
glucose consumption. Malignant cells that demonstrate increased cellular metabolism 
have increased glycolysis and increased glucose transport (Bomanji et al., 2001). The 
usefulness of 18F-FDG-PET/CT in cancer diagnosis is based on this phenomenon. 
Overexpression of glucose transporter and increased enzyme activity of hexokinase 
lead to accelerated glucose and 18F-FDG transport, phosphorylation, and intracellular 
trapping of phosphorylated 18F-FDG. 

Plasma  Cancer Cell

18F-FDG

Glut-1,3

18F-FDG

Glucose 6-hexokinase

18F-FDG-6-PO4

Glycolytic
Pathway

 

Figure 1. 18F-FDG uptake by glucose transporters Glut 1 and 3, with subsequent phosphorylation 
and trapping of the phosphorylated 18F-FDG (18F-FDG-6-PO4) in a cancer cell

2.1.2.1	Oxygen-15 labeled water (15O-H2O)  
15O-H2O is an attractive tracer for monitoring tumor perfusion. It is metabolically and 
chemically inert, freely diffusible and has a short half-life (123 seconds), allowing 
rapid repetition of measurements. The method is based on the difference between 
arterial and tissue activity. 15O-H2O can be given to the patient intravenously as a bolus 
or infusion. To determine the tissue perfusion, blood from the artery is continuously 
withdrawn using a pump to measure radioactivity. The recent developments have also 
enabled extraction of the input curves directly from the images, making the procedure 
more patient-friendly compared to previously used invasive arterial blood sampling, 
and this new method has been found to be suitable for routine clinical applications 
(Liukko K.E et al., 2007). 
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2.1.2.3	18F-hydroxyphenylalanine ( 18F-DOPA)
NETs have the ability to take up amine precursors, like L-DOPA, which is then 
decarboxylated to dopamine. Increased activity of L-DOPA decarboxylase was found to 
be characteristic of NETs (Gazdar et al., 1988). 18F-DOPA was introduced as a specific 
tracer to image these tumors (Ahlström et al., 1995). The radiolabeled DOPA is transported 
across the membrane by an aminoacid transporter, after which it is decarboxylated in 
fluoro-dopamine (FDA) and stored in vesicles (Figure 2). The mechanism that influences 
the uptake of 18F-DOPA in neuroendocrine tissues is not fully understood. 18F-DOPA 
has been used for decades in neurological PET imaging, but so far only few studies 
of 18F-DOPA- PET in NETs have been published. This is partly due to the demanding 
labeling procedure. Previous studies (Örlefors et al., 2006;Koopmans et al., 2006) have 
shown that oral premedication with carbidopa, an inhibitor of amino acid decarboxylase, 
improves the contrast in PET imaging by increasing the concentration and availability 
of 18F-DOPA with NETs. Therefore, carbidopa premedication has become the standard 
procedure in patients undergoing 18F-DOPA-PET imaging.  
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Figure 2. Uptake mechanism of aminoacid precursor 18F-DOPA by NET chromaffin cell. The 
radiolabeled DOPA is transported across the membrane by an aminoacid transporter, after which 
it is decarboxylated in 18F-dopamine and stored in vesicles. 

2.2	 18F-FDG-PET imaging in gastrointestinal (GI)-malignancies
At present, 18F-FDG-PET is indicated in the primary diagnosis and staging of GI-
malignancies by US Medicare in colorectal and esophageal cancer, and lymphoma. 
The National Oncologic PET Registry (NOPR) has been developed in response to the 
proposal to expand coverage for 18F-FDG-PET/CT to include cancers and indications not 
presently eligible for Medicare reimbursement. Table 1 shows coverages for 18F-FDG-
PET/CT in GI-malignancies both in US Medicare and in NOPR. 
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Currently covered by Medicare Covered by NOPR
Colorectal cancer:
diagnosis, staging, restaging

Pancreatic cancer
Gallbladder cancer

Esophageal cancer: 
diagnosis, staging, restaging

Hepatocellular cancer
Cholangiocarcinoma

Lymphoma: 
diagnosis, staging, restaging

Gastric cancer 
Peritoneal carcinosis

2.2.1	 In primary tumor diagnosis
Esophageal cancer. Current clinical practice employs 18F-FDG-PET imaging in preoperative 
staging of esophageal cancer. It has been shown by many to have diagnostic advantages in 
the initial staging of esophageal cancer over conventional imaging especially in detecting 
metastasis. According to a recent prospective multicenter study, the planned management 
was changed on the basis of the PET results in 38% of the patients (Chatterton et al., 2009). 
In primary diagnosis of esophageal cancer, a prospective study of 74 patients reported that 
18F-FDG-PET detected the primary tumor in 95% of the patients but still included four false-
negative findings in patients with pT1 lesions smaller than 8 mm (Flamen et al., 2000). 
Similar poor sensitivities were reported by other study groups in patients with pT1-T2 
tumors (Kato et al., 2005;Pfau et al., 2007). Kato and co-authors showed an association 
between the 18F-FDG uptake and depth of invasion, occurrence of lymph node metastasis, 
and lymphatic invasion, but this finding has not been corroborated by others (Kato et al., 
2002). Nowadays, endoscopic ultrasonography (EUS) provides an accurate and cost-
effective method for T-staging of disease, and has been shown to affect preoperatative 
management (Gan et al., 2007). PET, on the contrary, is limited in its ability to demonstrate 
the depth of tumor invasion due to its reduced spatial resolution. Until recently, there were 
only few studies that had clearly demonstrated the superiority of integrated PET/CT over 
PET and CT performed separately in patients with esophageal cancer. Combined PET/CT 
can suggest the presence of pT4 disease, but has a minor role otherwise in T-staging (Bar-
Shalom et al., 2005). 

Colorectal cancer (CRC). The evidence of the usefulness of 18F-FDG-PET in primary 
diagnosis of CRC is limited so far (Abdel-Nabi et al., 1998;Kantorova et al., 2003;Heriot 
et al., 2004). Both 18F-FDG-PET and 18F-FDG-PET/CT are very sensitive with a 
detection rate between 95-100% (Shin et al., 2008). Kantorova and co-authors reported 
that 18F-FDG-PET revealed extra lesions in 11 of 38 patients missed by conventional 
imaging and had an impact on treatment in 16% of the patients (Kantorova et al., 2003). 
Although only a few studies have evaluated 18F-FDG-PET in the initial staging of CRC, 
it is possible to hypothesize that integrated PET/CT may be more effective in primary 
CRC. A prospective study including one hundred patients, who underwent combined 
PET/CT in the evaluation of primary CRC, showed that 24% of the patients management 
was changed compared to the results of CT, and further, PET/CT scan detected 15 intra-
abdominal metastatic lesions more than CT (Park et al., 2006). This finding is extremely 

Table 1. Indications of 18F-FDG-PET in GI-malignancies in US Medicare and the National 
Oncologic PET Registry (NOPR)
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important if neo-adjuvant chemoradiation therapy is being considered. However, PET/
CT has limitations including the fact that small tumors (less than 5-10 mm) and those of 
mucinous type may show significantly lower 18F-FDG uptake than other histologic types. 
PET/CT also has limited value in T-staging due to its weakness in differentiating pT2/
pT3 and pT3/pT4 tumors. Further studies are needed to evaluate the cost-effectiveness 
of PET/CT as a replacement for CT in primary diagnosis of CRC, as well as to select 
most appropriate patients for application of PET/CT. 

2.2.2	 In staging 
Esophageal cancer. In N-staging of esophageal cancer, 18F-FDG-PET has been shown 
to have variable sensitivity of 24-82%, which although disappointing, has been shown 
in the same series to be superior to CT (11-62%) (Chowdhury et al., 2008). According 
to a recent meta-analysis, the pooled sensitivities of EUS, CT, and 18F-FDG-PET for 
regional lymph-node metastases were 80%, 50%, and 57%, and specificities 70%, 83%, 
85%, respectively (van Vliet et al., 2008). An important limitation of 18F-FDG-PET in 
staging occurs in the lymphatic drainage adjacent to the site of the primary lesion. The 
uptake of the primary tumor obscures interpretation of the adjacent regional lymph node 
basins, and therefore EUS has shown better sensitivity in assessing local lymph node 
metastases in these regions (Flamen et al., 2000;Kato et al., 2002). The study of 74 
patients with esophageal cancer showed a sensitivity of 33% for 18F-FDG-PET when a 
corresponding sensitivity of 81% was achieved by EUS in the diagnosis of local nodal 
staging (Flamen et al., 2000). Although the sensitivity of local lymph node spreading 
was lower than in EUS, still 18F-FDG-PET had additional diagnostic value in 22% of 
the study patients according to this study. On the contrary, a prospective study in 48 
patients who underwent esophagectomy and lymph node dissection, showed 18F-FDG-
PET to be more accurate than CT or EUS also in N-staging of disease (Choi et al., 2000). 
The role of integrated 18F-FDG-PET/CT was assessed by Yuan and co-authors and they 
demonstrated an additional value of integrated PET/CT in nodal staging (Yuan et al., 
2006). In M-staging, based on the meta-analysis, pooled sensitivity and specificity were 
71% and 93% for 18F-FDG-PET and 52% and 91% for CT, respectively (van Vliet et al., 
2008). Prospective studies have shown significantly higher sensitivities for 18F-FDG-
PET in detecting metastatic disease compared to combined findings of CT-EUS (78% 
vs. 37%) (Heeren et al., 2004) or CT (100% vs. 29%) (Block et al., 1997). Further, 
combined PET/CT has been shown to have superior accuracy in the staging and restaging 
of esophageal cancer compared with PET and CT performed separately (Bar-Shalom et 
al., 2005). Especially better specificity was obtained by PET/CT compared with PET 
(81% vs. 59%). 

CRC. The European consensus conference categorized 18F-FDG-PET as an established 
technique to detect relapsing CRC (Reske & Kotzerke, 2001). The indications for 
18F-FDG-PET in CRC are staging, restaging, and detection of recurrence (Reske & 
Kotzerke, 2001;Larson et al., 2004;Hustinx, 2004), as well as in recent studies in assessing 
the effect of oncological treatments (Stokkel et al., 2001;Kostakoglu & Goldsmith, 
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2003). A meta-analysis of 11 articles has demonstrated the high accuracy of 18F-FDG-
PET in the evaluation of CRC compared with conventional imaging, with an impact on 
treatment in a third of the study patients (Huebner et al., 2000). In N-staging, several 
study groups have reported low sensitivities combined with high specificities (29-37% 
and 83%-96%, respectively) (Shin et al., 2008). Also limited advantages in N-staging 
have been observed when integrated PET/CT is used. On the other hand, in M-staging of 
CRC, both PET and PET/CT have been very successful. The study by Flamen estimated 
18F-FDG-PET to be more sensitive compared with CT in detecting pathological lymph 
nodes located in mesenterium, retroperitoneum, and peritoneum (Flamen et al., 1999). 
Moreover, extrahepatic metastases located mainly in lungs are detected better using 
18F-FDG-PET compared to multidetector row CT (MDCT) (Lowe et al., 1998;Flamen et 
al., 1999). Several studies has compared 18F-FDG-PET with conventional imaging (CT, 
ultrasonography (US), MRI) in the diagnosis of liver metastases with a sensitivity range 
of 76-90% vs. 52-66%, respectively (Ruers et al., 2002;Kinkel et al., 2002). When all 
metastases were analyzed, a sensitivity of 93% was achieved for 18F-FDG-PET and of 
69% for MDCT (Valk et al., 1999). Very recently, PET/CT has also been compared to 
contrast-enhanced (ce) CT and liver MRI with encouraging results. A study by Kong et 
al. showed high sensitivities of 98% and specificities of 100% in both PET/CT and liver 
MRI, although PET/CT was less sensitive for subcentimeter liver lesions compared to 
liver MRI (Kong et al., 2008).  

Abdominal lymphoma. Based on the International Harmonization Project 
recommendations 18F-FDG-PET is strongly recommended in the initial staging before 
treatment in patients with routinely 18F-FDG avid lymphomas (Hodgkin lymphoma (HL) 
and aggressive non-Hodgkin lymphomas (NHL) such as diffuse large B-cell lymphoma 
as well as in the restaging (assessment of response to treatment after 6 to 8 weeks post-
chemotherapy). Lymphomas differ with regard to their glucose metabolic activity. For 
instance, aggressive forms of NHL (large B-cell, mantle cell, and high-grade follicular 
lymphoma) have approximately three times higher SUVs than some other subtypes of 
NHL, predominantly low-grade lymphomas, marginal zone, or small cell lymphomas 
(Jerusalem et al., 2001). Therefore, the staging accuracy of 18F-FDG-PET is determined 
by the degree of 18F-FDG uptake in individual lesions and potential limitations exist 
in the diagnosis of subtypes of NHL, such as mucosa-associated lymphoid tumor type 
and peripheral T-cell lymphoma (Elström et al., 2003). Still more studies are needed to 
determine the diagnostic performance of 18F-FDG-PET in the staging of the different 
histologic subtypes of NHL. Many studies have demonstrated the role of 18F-FDG-PET 
in the initial staging of lymphoma. According to these studies, clinical management was 
changed in 18% to 40% of the patients (Jhanwar & Straus, 2006). The main advantage 
of the 18F-FDG-PET scan is its ability to detect metabolic changes in areas involved 
in malignant lymphoma before structural changes become visible.  Related to this, 
early studies already reported the usefulness of 18F-FDG-PET in the evaluation of bone 
marrow involvement in lymphoma. In one prospective study of 78 patients, it showed 
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a sensitivity of 81% and a specificity of 100% for detection of bone marrow disease 
(Moog et al., 1998). 

2.2.3	 In restaging 
Esophageal cancer. In the diagnosis of recurrence, a high sensitivity of 18F-FDG-PET 
was observed but it was combined with low specificity. The low specificity is explained 
by the high number of false-positive findings in patients with anastomotic stenosis 
(Flamen et al., 2000). Based on this, reports concerning the usefulness of 18F-FDG-PET/
CT for recurrent esophageal cancer are limited (Flamen et al., 2000;Kato et al., 2004). 
At present, PET/CT is not necessary in the majority of patients with suspected disease 
relapse; most patients can be adequately investigated using MDCT.

CRC. In patients with elevated carcinoembryonic antigen (CEA), the sensitivity of 
18F-FDG-PET was as high as 100% combined with a specificity of 71% in localization 
of disease lesions (Tutt et al., 2004). In addition, based on a study by Selzner and co-
authors, 18F-FDG-PET was a significantly more sentivitive imaging method compared 
to MDCT (93% vs. 53%) in detecting local recurrence (Selzner et al., 2004). Good 
results have also been reported in showing local recurrence after radiotherapy (Moore 
et al., 2003). Recent studies comparing PET and PET/CT, showed increased accuracy 
and certainty of locating lesions of postoperative CRC recurrence (from 74-75% to 90-
96%)(Cohade et al., 2003;Votrubova et al., 2006). The value of contrast-enhancement in 
PET/CT scanning needs to be further studied. A recent retrospective study on recurrent 
CRC reported that cePET/CT revealed additional information in 39 of 54 patients 
compared with non-cePET/CT (Soyka et al., 2008). Promising results are also expected 
in routine follow-up, although prospective studies on the real clinical advantage and 
cost-effectiviness are so far missing. 

Abdominal lymphoma. During the last decade, several studies have shown 18F-FDG-PET 
to be especially sensitive for restaging, in patients with HL sensitivity of 85% (lesion-
based) and 100% (patient-based) and with NHL of 100% (lesion-based) and 60% (patient-
based) (Kwee et al., 2008). Further, the value of  18F-FDG-PET in restaging has been 
shown to be the ability to distinguish between posttreatment fibrosis and residual viable 
tumor tissue (Kwee et al., 2008). Concerning the role of integrated PET/CT, so far only 
five studies have been published on staging or restaging of lymphomas, although none 
of these studies was prospective (Freudenberg et al., 2004;Schaefer et al., 2004;Rhodes 
et al., 2006;la Fougere et al., 2006;Raanani et al., 2006). The addition of PET/CT to CT 
changed the management decisions in 25% of NHL and 33% of HL patients, mostly in 
the early disease stage (Raanani et al., 2006). According to a study by Schaefer et al., 
the sensitivity of non-cePET/CT and ceCT was 88% and 50%, while the specificity was 
100% and 90%, respectively (Schaefer et al., 2004). The role of cePET/CT versus non-
cePET/CT is still unclear; some studies have found considerable impact of intravenous 
contrast in oncological imaging (Pfannenberg et al., 2007). Baseline PET (Hernandez-
Maraver et al., 2006) or PET/CT (Kwee et al., 2008) are observed to be superior to 
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CT for treatment monitoring and response assessment of lymphoma, but further studies 
should focus on measuring the response or prognostic indicator of 18F-FDG-PET on the 
basis of SUV. 

2.3	 Pancreatic tumors

2.3.1	Pathology 
Pathologically, tumors in the pancreas are divided into malignant tumors including 
adenocarcinoma, inflammatory tumors usually caused by e.g. chronic pancreatitis (CP), 
cystic neoplasms (benign, premalignant, malignant), and NETs. However, from the 
clinical point of view, tumors in the ampulla of Vateri, duodenum, and distal biliary tract 
can also be the cause of a pancreatic mass identified on imaging methods. 

Adenocarcinoma. Pattern of spread. Ductal adenocarcinoma of the pancreas is a highly 
aggressive tumor with early local spread beyond the pancreas, predominantly to the 
retroperitoneum, but also with invasion of adjacent great vessels and organs. Tumor 
size and histologic grade influence the extent of spread. Local spread takes place 
predominantly within the pancreatic parenchyma and extension within the pancreatic 
duct. The most frequent direct extension beyond the pancreas involves the retroperitoneal 
tissues. The tumor extends in any direction in the retroperitoneum and may also invade 
great vessels such as the portal vein, the superior mesenteric artery (SMA) and vein, and 
the celiac artery. Anterior extension may lead to perforation of visceral peritoneum and 
spread within the peritoneal cavity. Invasion of intrapancreatic perineural structures and, 
subsequently, the retroperitoneal nerve plexus is a typical finding in pancreatic cancer 
(Hermanek, 1998). Lymphatic spreading of the pancreas is multidirectional. Usually, the 
lymph nodes near the primary tumor are first involved. After lymphatic invasion, isolated 
tumor cells or small clusters of tumor cells may reach the sinus of regional lymph nodes. 
Isolated tumor cells in regional lymph nodes were found in 75% of node-negative patients 
with resection of adenocarcinoma (Hosch et al., 1997). Instead, micrometastases can be 
diagnosed only after the adhesion, implantation, stromal resection, and proliferation of 
tumor cells within specific lymphatic tissue (Hermanek, 1999). Venous invasion is a 
frequent finding both in the advanced and in the early stages. Venous drainage follows 
the portal vein and, therefore, the liver is the first metastatic site. In more than 50% of 
small carcinomas (size less than 2 cm) the regional lymph nodes are involved. Even in 
carcinomas limited to the pancreas, lymph node metastases are frequent. 

CP is an inflammatory process leading to irreversible damage of the parenchyma and 
ducts, and progressive exo- and endocrine functional impairment. The key histologic 
features of CP are pancreatic fibrosis, acinar atrophy, chronic inflammation, and 
distorted and blocked ducts. Additional histologic features have been described such 
as lymphocytic and plasma cell infiltrate in autoimmune pancreatitis (AIP) (Witt et al., 
2007). Understanding of the pathogenesis of CP has improved in recent years. Especially 
important advances have been made with respect to the mechanism responsible for the 
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development of fibrosis following repeated acute attacks of pancreatic necroinflammation, 
the so-called fibrosis-necrosis concept. This concept is supported by both clinical and 
experimental data (Witt et al., 2007). Pancreatic stellate cells play in the main role in 
fibrogenesis, particularly when activated directly by toxic factors (ethanol, oxidant 
stress). 

Cystic neoplasms. Pancreatic cystic tumors are divided into four categories: serous tumors 
(serous cystadenoma (SCA), serous cystadenocarcinoma), mucinous tumors (mucinous 
cystadenoma (MCA), mucinous cystadenocarcinoma, intraductal papillary mucinous 
neoplasm (IPMN)) and solid pseudopapillary tumors (Garcea et al., 2008). Of the cystic 
lesions of the pancreas, 10% are neoplastic including MCA and SCA. MCAs are malignant 
or premalignant, whereas only 1% of the SCAs are considered malignant. Pseudocysts, 
which comprise the majority of all cystic lesions in the pancreas, are collections arising 
from around the pancreas lacking of epithelial lining. Pseudocysts normally contain necrotic 
fat and a mixture of necrotic cells, including neutrophils surrounded by granulation tissue. 
This granulation tissue matures to form a fibrotic pseudocapsule. Serous cystic neoplasms 
are benign lesions in the pancreas with the macroscopic appearance of numerous tightly 
packed small cysts with a stellate scar. Mucinous cystic neoplasms of the pancreas are 
mucin-producing cystic tumors with an ovarian-like stroma, and they are usually found 
in the body and tail of the pancreas. They are solid lesions with a size range of 6-35 cm, 
consisting of several large cysts with thick fibrotic walls. They display no communication 
with the pancreatic ductal system unless fistulation has occurred. The content of the 
cyst is usually thick, haemorrhagic, watery or necrotic. Solid areas could include high-
grade dysplasia or invasive carcinoma. IPMN histologically displays neoplastic mucin-
producing cells arranged in a papillary pattern. Mucin production leads to intraductal mucin 
accumulation and, subsequently, dilation of pancreatic ducts. IPMN produces a lesion over 
1 cm in size with a range of cell atypia (dysplasia → carcinoma), and a different grade of 
cell atypia is seen in the same lesion. The precise rate of dysplasia-carcinoma progression is 
unknown, but it has been estimated to range from 5 to 7 years. IPMN is divided according 
to duct type; branch-, main-, or mixed-duct type. A branch- and mixed-duct type is found 
in younger patients and has a lower malignant potential. They rarely progress towards 
malignancy. On the other hand, the main-duct type is associated with malignant etiology 
and poorer survival. (Garcea et al., 2008) 

Pancreatic NETs have heterogenous microscopic findings, and immunohistochemical 
staining markers, such chromogranin A (CrA), synaptophysin, CD 56 (a neural cell 
adhesion molecule), and neuron-specific enolase, can usually confirm the neuroendocrine 
origin. The malignant nature of pancreatic NETs has been defined by assessing the local 
invasion of the tumor, and metastases to lymph nodes and distant organs. Proliferative 
indices (Ki-67, monoclonal antibody developed against the Ki-67 antigen (MIB)) and the 
mitotic index are important prognostic factors in pancreatic NETs (Table 2). Insulinomas 
are malignant in 5-15%, whereas the other pancreatic NETs are malignant in 50-90%. In 
the latter, metastases usually develop initially in regional lymph-nodes, later in the liver, 
and subsequently, in distant sites such as bone (Öberg & Eriksson, 2005). 
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Table 2. Criteria for assessing the prognosis of pancreatic NETs based on World Health 
Organization (WHO) criteria (according to Klöppel et al., 2007)
Biological 
behavior Metastases Invasion* Histological 

differentiation
Tumor size 

(cm) Angioinvasion Ki-67 
index (%)

Hormonal 
syndrome

Benign - - Well 
differentiated ≤1 - <2 -/+**

Benign or 
low-grade 
malignant

- - Well 
differentiated >2 -/+ <2 -/+***

Low-grade 
malignant + + Well 

differentiated >3 + >2 +***

High-grade 
malignant + + Poorly 

differentiated Any + >20 -

* invasion of adjacent organs (e.g. duodenum, stomach)
** insulinomas
*** insulinomas and other functioning tumors (e.g. glucagonomas)

2.3.2	Classification
Adenocarcinoma. In Western countries the International Union against Cancer (UICC) 
classification is used in pancreatic adenocarcinoma. Classification of anatomic extent 
includes T, N, and M categories (Table 3). 

Table 3. TNM classification according to UICC (according to Sobin, 2008)
TNM clinical classification for  pancreatic adenocarcinoma

T – 	 Primary tumor

TX   	Primary tumor cannot be assessed

T0   	  No evidence of primary tumor

Tis    	 Carcinoma in situ

T1    	Tumor limited to pancreas, 2 cm or less in diameter

T2    	Tumor limited to pancreas, more than 2 cm in diameter

T3    	Tumor extends into any of the following: duodenum, bile duct, peripancreatic tissue 

T4    	Tumor extends into any of the following: stomach, spleen, colon, adjacent large vessels

N – 	 Regional lymph-nodes

NX 	 Regional lymph-nodes cannot be assessed

N0	 No regional lymph node metastasis

N1 	 Regional lymph node metastasis

 	 N1a    Metastasis in a single regional lymph node

	 N1b    Metastasis in multiple regional lymph nodes 

M – 	Distant metastasis
MX 	 Distant metastasis cannot be assessed
M0 	 No distant metastasis
M1 	 Distant metastasis      

Cystic neoplasms. Many forms of classification of pancreatic cysts exist at present. One 
form of classification is based on the nature of the cyst wall lining (degenerative changes 
in solid tumors, no lining, mucinous epithelium-, serous-, squamous-, and acinar-
cell-lined), and the other according to origin (epithelial-, exocrine-, unknown/mixed-, 
endocrine-, and mesenchymal origin). 
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Pancreatic NETs. Pancreatic NETs are divided clinically into functional and non-functional 
forms. Functional forms secrete biologically active peptides (gastrin, insulin, glucagon, 
vasoactive intestinal peptide (VIP), somatostatin, growth hormone releasing factor, 
adrenocorticotropic hormone, serotonin, prostaglandins) causing syndromes. Even over 
70% of non-functional pancreatic NETs secretes substances, e.g. pancreatic polypeptide, 
neurotensin, ghrelin, neuron-specific enolase, Crs, each of which does not cause specific 
symptoms (Klöppel & Anlauf, 2005). In general, histologic classification of pancreatic NETs 
has failed to predict growth patterns for a given tumor. However, this classification will allow 
a more standardized comparison of results of different studies. A TNM classification for 
pancreatic NETs has also been proposed, which provides a more standardized assessment of 
patients and has prognostic clinical value (Rindi et al., 2006) (Table 4).

Table 4. TNM classification of pancreatic NETs according to WHO classification
pTNM classification for pancreatic NETs

T – 	 Primary tumor

TX   	Primary tumor cannot be assessed

T0     	No evidence of primary tumor

T1    	Tumor limited to pancreas and size less than 2 cm

T2    	Tumor limited to pancreas and size 2-4 cm in diameter

T3    	Tumor limited to pancreas and size over 4 cm or invading duodenum or bile duct

T4   	Tumor extends to the wall of adjacent large vessels, stomach, spleen, colon, adrenal gland

N – 	 Regional lymph nodes

NX    	Regional lymph nodes cannot be assessed

N0    	No regional lymph node metastasis

N1    	Presence of regional lymph node metastasis

M – 	Distant metastasis
MX   	Distant metastasis cannot be assessed
M0   	No distant metastasis
M1   	Distant metastasis      

2.3.3	Epidemiology
Worldwide, adenocarcinoma of the pancreas causes more than a quarter of a million 
deaths annually and is the 13th most common cancer (Parkin et al., 2005). In 2007, 
the prevalance in the Finnish population was 691 cases and the incidence 6.7 and 
9.2 cases per 100,000, respectively, for females and males (Finnish Cancer Registry, 
2007). Smoking, family history, and chronic pancreatitis are unequivocal risk factors 
for pancreatic adenocarcinoma. Smoking is consistently reported as an environmental 
risk factor accounting for approximately 25% of all pancreatic cancers (Lowenfels 
& Maisonneuve, 2006). Cigarette smoking doubles the risk of pancreatic cancer, the 
effect being related to its duration and intensity. Over the past 30 years, incidence rates 
of pancreatic cancer have been decreasing in males and remained stable in females in 
Nordic countries (Nagenthiraja et al., 2007). This is worth noticing considering the 
changes in smoking habits which have occurred over the last decades. It emphasizes our 
lack of understanding of the aetiology of pancreatic cancer. At the same time as smoking 
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is decreasing in the population, obesity is increasing. Recently, it has been observed that 
an excess bodyweight is associated with increased risk of malignancies also including 
pancreatic cancer (Renehan et al., 2008). A family history of pancreatic adenocarcinoma 
in a first-degree relative is associated with a 2.5-5.3-fold increased risk of pancreatic 
cancer (Fernandez et al., 1994; Silverman et al., 1999; Schenk et al., 2001; Ghadirian 
et al., 2002). The number of genetic disorders, such as hereditary pancreatitis, familial 
adenomatous polyposis, familial multiple mole melanoma, Peutz-Jeghers syndrome, 
hereditary nonpolyposis CRC, familial breast cancer, and cystic fibrosis, is associated 
with increased risk of pancreatic adenocarcinoma. In contrast, there is a little evidence 
of alcohol consumption being associated with pancreatic cancer (Michaud et al., 2001). 
The data showing that the risk of pancreatic cancer is similar in patients with alcohol-
related and non-alcohol-related CP argue against a role for the direct effects of alcohol 
as a cause (Karlson et al., 1997). There are studies documenting a positive association 
with diabetes mellitus (Huxley et al., 2005) and CP (Karlson et al., 1997) in pancreatic 
adenocarcinoma, although the etiologic evidence is still unclear. 

The reported incidence of CP in western countries ranges from 3.5-10:100,000 (Witt 
et al., 2007). The incidence of pancreatic cystic lesions according to an autopsy study 
is high, up to 24% (Kimura et al., 1995) and, according to a radiological series, up to 
1% (Spinelli et al., 2004). Pancreatic NETs account for only 1-3% of all neoplasms 
of the pancreas with a clinical detection rate of 1:100,000. Asymptomatic pancreatic 
NETs appear to be much more common according to large autopsy studies, occurring 
in 0.5-1.5% of autopsies, and are undiagnosed (Öberg & Eriksson, 2005). The relative 
frequency of pancreatic NETs varies in different series, but most studies suggest a 
relative order of: non-functional pancreatic endocrine tumors > insulinoma > gastrinoma 
> glucagonoma > VIPoma, somatostatinoma > others (Metz & Jensen, 2008). Inherited 
disorders like multiple endocrine neoplasia type 1 (MEN1), von Hippel-Lindau disease, 
von Recklinghausen’s disease, and tuberous sclerosis, have an increased incidence of 
pancreatic NETs. In patients with MEN1, 80-100% develops non-functional pancreatic 
NET, 50-60% gastrinomas, and 20% insulinomas.

2.3.4	Diagnosis
The main issue in the diagnosis of pancreatic tumors is whether it is benign, premalignant, 
or malignant, and if pre- or malignant, is it operable. In addition, some benign pancreatic 
tumors have functional activity, and therefore operation is required. The diagnosis is 
based on symptoms, in combination with biochemical and imaging findings. 

2.3.4.1	Tumor markers, cyst fluid analysis, and biochemical diagnosis
In pancreatic adenocarcinoma, the sialylated Lewis blood group carbohydrate antigen 
19-9 (Ca19-9), is expressed in more than 80% of pancreatic cancers (Gattani et al., 
1996), although it lacks specificity. Ca19-9 is often elevated in several other types of 
cancers, including hepatocellular cancer, gastric cancer, CRC, and ovarian cancer. Also 
patients who are Lewisa-b- blood group (approximately 4% of the general population) do 
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not produce this antigen (Tempero et al., 1987). In addition, only half of cancers less 
than 2 cm in diameter are associated with elevated Ca19-9 levels (Egawa et al., 2004). It 
has been observed that Ca19-9 levels over 150 kU/l are associated with unresectability 
(Forsmark et al., 1994;Schlieman et al., 2003). However, biliary obstruction leading 
to jaundice also raises Ca19-9 levels, therefore in these patients, the cut-off has been 
increased to 300 kU/l (Kim et al., 1999). A recent study by Halloran  showed that Ca19-
9 levels help to select patients with pancreatic malignancy for surgery or laparoscopic 
US (Halloran et al., 2008). There are several novel tumor markers, like serum human 
chorion gonadotrophin β, Ca72-4 (Louhimo et al., 2004) and syndecan-1 expression 
(Juuti et al., 2005), which have been reported to be as strong and independent prognostic 
factors in pancreatic cancer. 

In differential diagnosis of cystic lesions, cyst fluid analysis (viscosity, amylase, tumor 
markers) has proved to be beneficial (Sand & Nordback, 2005).  In a meta-analysis of 
van der Waaij et al. they performed a pooled analysis of 450 patients from 12 studies 
who underwent cyst fluid analysis (van der Waaij et al., 2005).  A cyst fluid amylase 
concentration of less than 250 U/l was able to exclude pseudocyst with a sensitivity 
of 44% and a specificity of 98%. Further, a CEA less than 5 ng/ml suggested a benign 
etiology with an accuracy of 67%, whereas CEA levels over 800 ng/ml suggested a 
mucinous neoplasm (premaligant/malignant etiology) with an accuracy of 79%.  In a 
study by Brugge et al. Ca19-9 less than 37 U/ml strongly suggested benign etiology with 
a specificity of 97% combined with a low sensitivity of only 19% (Brugge et al., 2004). 
In addition, serum Ca19-9 has also been reported to have a high positive predictive value 
of 96% in differentiating malignant and benign pancreatic cystic lesions (Fernandez-
del Castillo et al., 2006). With regard to cytology, the same study showed a sensitivity, 
specificity, and accuracy of 35%, 83%, and 58%, respectively. It has also been observed 
that a combination of viscocity and CEA is the best marker of mucinous neoplasms. 
According to a study by Räty and co-authors, a novel marker, tumor-associated trypsin 
inhibitor, appears to be promising in the differential diagnosis of benign from malignant 
cystic pancreatic lesions (Räty et al., 2004).

In pancreatic NETs, specific tumor markers, such as CrA, are described in detail on page 
35. Insulinomas ectopically secrete insulin, resulting in inappropriate hyperinsulinemia, 
which causes hypoglycemic episodes. Biochemical diagnosis is based on 72-hour fast. 
A serum glucose level of less than 2.5 mmol/l with a concomitant insulin level greater 
than 6 mU/ml, combined with an increased C-peptide level greater than 0.33 nmol/l, 
establishes the diagnosis. Gastrinomas secrete gastrin, which causes hyperchlorhydria, 
thereby producing the Zollinger-Ellison syndrome. Fasting hypergastrinemia occurs in 
97-99% of patients so this is usually the initial study arousing suspicion of gastrinoma 
(Metz & Jensen, 2008). Diagnosis of glucagonoma is based on an inappropriately 
increased serum glugacon level greater than 177 ng/l. The diagnosis of VIPomas requires 
specific symptoms (secretory diarrhea) associated with an increased VIP level greater 
than 50 pmol/l. Somatostatinomas produce somatostatin, although there is no reliable 
provocative test to confirm the presence of somatostatinoma in patients with typical 
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symptoms and no observable mass. Related to the role of pre- or perioperative fine-needle 
aspiration (FNA), a study by Saleh and co-workers showed that immunohistochemical 
staining was able to successfully distinguish NET from pancreatic adenocarcinoma in a 
small series of patients (Saleh et al., 1996). 

2.3.4.2	Non-invasive imaging
2.3.4.2.1 Multidetector row computed tomography (MDCT)
CT is the initial and most common imaging method used when abnormalities of the 
pancreas are suspected. Over the past two decades the use of helical CT has been replaced 
by MDCT. MDCT scanners have markedly improved the speed and quality of cross-
sectional imaging. Intravenous contrast combined with faster scanners make it possible 
to acquire data over a large volume of tissue during different circulatory phases in the 
span of a single breath-hold. Following the administration of contrast, pancreatic tumor 
is relatively hypovascular (low attenuation), while normal pancreatic tissue increases in 
density. However, approximately 10% of pancreatic tumors are not seen by CT because 
they are isoattenuating to the surrounding parenchyma. In these cases, secondary signs 
need to be examined (ductal dilatation, ductal interruption, tail atrophy, abnormal 
contour of pancreas) (Prokesch et al., 2002). CT-based criteria for resectable pancreatic 
cancer include: 1)  the absence of tumor extension to the SMA, celiac axis, and common 
hepatic artery; 2) a patent superior mesenteric–portal vein confluence; 3) absence of any 
metastatic disease (liver, lung, peritoneum, or other distant sites) (Varadhachary et al., 
2005). The criteria for resectability are under continous reassessment and differ between 
institutions. Numerous studies have examined the efficacy of CT in preoperative staging 
of pancreatic cancer. Helical CT has a high negative predictive value (NPV) for cancer 
resectability ranging from  93 to 96% (Raptopoulos et al., 1997; Lu et al., 1997), and 
also good results have been observed later on using MDCT. In a meta-analysis of 68 CT 
and MRI studies, sensitivities of 84% for MRI and 91% for helical CT were observed 
in primary diagnosis of pancreatic cancer. The sensitivities of assessing resectability 
of the tumor were equal for both imaging methods (82% vs. 81%) (Bipat et al., 2005). 
One of the common reasons for failed resection is the presence of vascular invasion. No 
prospective studies have been published using MDCT in assessing vascular involvement. 
The retrospective study by Vargas et al. reported NPV of 100% and accuracy of 99% in 
vascular invasion (Vargas et al., 2004). In M-staging of pancreatic cancer, CT has limited 
value in the characterization of small liver lesions (Jones et al., 1992) or peritoneal 
dissemination (Michl et al., 2006). 

In cystic lesions, the sensitivity of both CT and MRI is limited due to the fact that a 
substantial percentage of cystic pancreatic lesions have a nonspecific appearance on 
cross-sectional imaging (Visser et al., 2007). 

In pancreaticoduodenal NETs, at present high resolution CT is highly effective in the 
diagnosis of liver metastases (sensitivity up to 94%) but less effective in identifying primary 
tumors because the more common functional tumors are small. However, a recent study 
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using MDCT showed a sensitivity of 84% in primary diagnosis (Rappeport et al., 2006). 
Non-functioning NETs are typically larger and their detection approaches 100%. 

2.3.4.2.2 Magnetic resonance imaging (MRI)
MRI is typically used as a problem-solving tool, when a pancreatic mass is suspected, 
but not identified on MDCT. The use of MRI on the pancreas has undergone an important 
evolution due to the improved performance of gradient and phased-array coils, as well 
as in fast MRI techniques. Furthermore, the addition of extracellular contrast agents 
(gadolium chelates) and hormonal stimulation with secretin enables morphology and 
function to be combined in a single examination. MRI has increased tissue contrast 
resolution over CT, which is its primary imaging advantage. A pancreatic tumor 
almost invariably appears hypointense in contrast to bright pancreas on fat-suppressed 
T1-weighted images and as isodense or mildly hyperintense in T2-weighted images. 
Pancreatic adenocarcinoma appears hypointense due to hypovascularity of the tumor 
during the arterial phase of enhancement when the pancreas itself is maximally enhanced 
(hyperintense) after gadolium administration (Sahani et al., 2008). In primary diagnosis 
of pancreatic cancer, studies reveal that the sensitivity of MRI when a contrast agent 
is utilized is better than CT, although the majority of direct comparative studies were 
not performed using MDCT (Schima et al., 2007). In M-staging of pancreatic cancer, 
Lopez-Hänninen and co-authors reported a positive predictive value (PPV) of 90% and 
NPV of 83% in assessing resectability (Lopez-Hänninen et al., 2002). In cases of hepatic 
metastasis, MRI was able to improve specificity to 98% compared to MDCT (77%), 
although the sensitivity to lesions under 1 cm was similar (Mehmet et al., 2006). 

In diagnosis of CP, MRI has advantages including assessment of signal changes of the 
parenchyma with or without contrast agent in order to evaluate fibrosis, ductal anatomy, 
and structural changes (main pancreatic duct, side-branches). More recently, the 
possibilitity of quantifying the secretory response to secretin stimulation has improved 
the assessment of exocrine pancreatic reserve. The limitation of MRI in diagnosis of CP 
is lack of sensitivity in detecting calcification, as well as the cause of non-calcified filling 
defects. By magnetic resonance cholangiopancreaticography (MRCP) the structural 
changes in ducts could be evaluated; smooth and incomplete stenosis, irregular contour, 
pseudocysts, and filling defects due to calculi, protein plugs or debris, often reflect CP 
more than pancreatic cancer. Delayed enhancement after gadolium administration may 
be observed when an inflammatory mass is suspected (Matos et al., 2006). 

As mentioned above, in diagnosis of cystic lesions, MRI has limited sensitivity and has 
no advantage over CT (Boellaard et al., 2008). On the contrary, in diagnosis of IPMN, 
several reports have described the superiority of MRI and MRCP over endoscopic 
retrograde cholangiopancreaticography (ERCP) and helical CT in the evaluation of the 
malignant etiology of IPMN (Matos et al., 2006). 

In primary dignosis of pancreatic NETs, MRI has been reported to have a sensitivity of 
85% in the detection of hepatic metastases (Dromain et al., 2005). However,  conventional 



28	 Review of the Literature	

imaging for pancreatic NETs localizes only 10-60% of primary tumors (Modlin et al., 
2008). Due to rapid advances in CT, as well as in MRI technology, many of the prior 
comparative studies need to be reevaluated.

2.3.4.2.3 Ultrasonography (US)
The usefulness of transabdominal US in the diagnosis and staging of pancreatic 
adenocarcinoma is limited. Even prospective studies concerning US during the last 
decade are lacking. US as first-line imaging has sensitivities that vary between 57-83% 
(Haycox et al., 1998). CeUS has been used as an alternative to a more expensive imaging 
modality. Based on studies by Rickes and co-authors, sensitivities were 87%, 85% and 
95-100% for ceUS in adenocarcinoma, pancreatitis and cystic lesions, respectively 
(Rickes et al., 2006). In cystic lesion, US has been found to be particularly valuable in 
showing internal septae, mural nodules, and solid areas within cysts. 

Currently, in the case of pancreatic NET, US performed intraoperatively was superior in 
detecting radiographically occult insulinomas with sensitivity of 95% (Hiramoto et al., 
2001). 

2.3.4.2.4 Positron emission tomography (PET)
During the last fifteen years, several studies have been published concerning 18F-FDG-
PET in diagnosis of primary pancreatic adenocarcinoma. In the detection of primary 
tumor, the sensitivity of 18F-FDG-PET is similar to that of CT scan, ranging from 65% to 
100%, but the specificities seem to be higher (Table 5). The early and delayed scanning 
has proved to be advantageous in different cancers (Kubota et al., 2001). Optimation 
of scanning protocols in pancreatic adenocarcinoma has given controversial results. 
One study showed a significant increase in uptake at two-hour over one-hour image 
(Nishiyama et al., 2005a), while another study showed a decreased uptake of 18F-FDG at 
two-hour image in pancreatic cancer explained by the washout of tracer (Higashi et al., 
2002). Recent advances in PET/CT imaging have strengthened the value of 18F-FDG-
PET/CT (Table 6). Further, the clinical significance of respiratory artifacts has been 
studied for an early PET/CT design (Osman et al., 2003) and respiratory gating could 
also be valuable when the pancreas is imaged, although prospective studies are lacking. 
Hosten and co-authors reported a case study of a patient with adenocarcinoma in the 
head of the pancreas seen in retrospective fusion of PET and CT images (Hosten et 
al., 2000). Later, the same group evaluated the clinical benefit of retrospective PET/
CT image fusion in the diagnostic workup of pancreatic cancer (Lemke et al., 2004). 
In their retrospective study, 104 patients with suspected pancreatic lesion underwent 
preoperative helical CT and 18F-FDG-PET. The sensitivity of the CT and PET imaging 
was 77% and 84%, respectively, and with the retrospective fusion of these two imaging 
modalities, the sensitivity improved to the level of 89%. So far, only two prospective 
studies have been conducted to evaluate the value of combined PET/CT in the diagnosis 
of pancreatic malignancy. Heinrich and his study group demonstrated a PPV of 91% 
for PET/CT, but a NPV of only 64% for pancreatic cancer but still estimated that PET/
CT was a cost-effective method in this patient group (Heinrich et al., 2005). Recently, 
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Schick compared prospectively PET/CT, EUS, ERCP, and US in a series of 46 patients. 
PET/CT had a sensitivity of 89% and a specificity of 74% in the evaluation of solid 
pancreatic lesions of over 1 cm in diameter, which was not significantly different from 
conventional imaging methods (Schick et al., 2008).

Table 5. Studies comparing the sensitivities and specificities of 18F-FDG-PET and CT in the 
diagnosis of pancreatic tumors

Author, year N Design Comparative imaging methods PET
Se (%)

PET
Sp (%)

CT
Se (%)

CT
Sp (%)

1. Bares et al. 1993 15 prospective CT, US, ERCP 92 100 95 50
2. Bares et al. 1994 40 prospective CT, US (n=36) (retrospective) 89 85 100 23
3. Inokuma et al. 1995 46 prospective CT, US, EUS (n=40) 94 82 89 73
4. Kato et al. 1995 24 prospective* CT, MRI 93 78 not stated not stated
5. Friess et al.1995 80 prospective none 94 88
6. Stollfuss et al. 1995 73 propective CT 95 99 80 74
7. Ho et al. 1996 14 prospective CT 100 67 25 100
8. Zimny et al. 1997 106 prospective none 89 53
9. Rajput et al. 1998 13 retrospective CT, ERCP (n=8), EUS (n=5) 82 100 73 0**
10. Keogan et al. 1998 37 prospective CT 88 83 75 83
11.  Rose et al. 1998 65 retrospective CT 92 85 65 62
12. Imdahl et al. 1999 48 prospective CT (retrospective), US, ERCP (n=36) 96 100 50 44
13. Delbeke et al. 1999 65 prospective CT 92 85 65 61
14. Diederichs et al. 2000 122 prospective*** CT (n=103), ERCP (n=101) 88 73 88 87
15. Sendler et al. 2000 42 prospective CT, US 71 67 74 46
16. Nakamoto et al. 2000 47 prospective**** none 100 (delayed) 75 (delayed)
17. Koyoma et al. 2001 86 not stated CT, MRI (n=37) 82 81 91 62
18. Kasperk et al. 2001 103 prospective CT, US, ERCP 92 58 85 89
19. Papos et al. 2002 22 not stated CT, US, ERCP 100 88 100 50
20. Kalady et al. 2002 54 retrospective CT 88 86 90 62
21.  Lytras et al. 2005 112 retrospective CT 73 60 89 65
22.  Borbath et al. 2005 59 retrospective MRI, EUS, laparoscopy 88 55 88 (MRI) 91 (MRI)
23.  Maenura et al. 2006 42 prospective none 87 67
24.  Bang et al. 2006 102 prospective CT 97 78 80 44
25. Wakabayashi et al. 2008 53 retrospective***** CT 93 - 89 -
26.  Seo et al. 2008 56 retrospective***** none 91 -
Se; sensitivity
Sp; specificity

* included nine patients with CP
** included two patients with CP
*** patients with elevated plasma glucose (>130 mg/dl) or C-reactive protein >3 mg/L excluded
**** two PET scans (early and delayed)
***** included only patients with confirmed primary pancreatic adenocarcinoma

Table 6. Studies evaluating the usefulness of 18F-FDG-PET/CT in the diagnosis of pancreatic 
adenocarcinoma
Author N Design Comparative imaging methods Se 

(%)
Sp

(%)
PPV
(%)

NPV
(%)

1. Lemke et al.  2004 104 retrospective none 89 64 81 76
2. Heinrich et al. 2005 59 prospective CT 89 69 91 64
3. Schick et al. 2008 46 prospective US, EUS, (ERCP) 89 74 83 82
4. Strobel et al. 2008 50 retrospective ce PET/CT 100 56 66 100
5. Farma et al. 2008 82 retrospective CT 89 88 97 68
Se; sensitivity
Sp; specificity
PPV; positive predictive value
NPV; negative predictive value
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In N-staging of disease, PET as well as PET/CT has not proved to be beneficial.  However, 
opposite result have also been published, in a recent study by Strobel using PET/CT 
in the diagnosis of pancreatic cancer (Strobel et al., 2008). They showed that arterial 
infiltration was diagnosed in all five patients using cePET/CT. Another study  reported 
PET/CT to be significantly less sensitive in the evaluation of local regional disease than 
EUS (Farma et al., 2008). 

In M-staging of disease, Nishiyama and co-authors reported a sensitivity of 82% in the 
detection of metastatic disease for 18F-FDG-PET, while CT had a sensitivity of 64% 
(Nishiyama et al., 2005b). However, the same study showed that 18F-FDG-PET has a 
weakness in diagnosing a small liver lesion under 1 cm with a sensitivity of 50%. On the 
contrary, a recent study showed that cePET/CT had higher sensitivity and specificity in 
detecting liver metastasis (82% and 97%, respectively) than PET alone or non-cePET/
CT (Strobel et al., 2008). CePET/CT detected all seven patients with lung metastasis, 
while PET alone showed metastasis in only one patient. 

Prediction of survival in pancreatic adenocarcinoma; Lyshchik and co-authors  showed 
that combining staging information with ratios of 18F-FDG uptake at one- and two-hour 
images after injection was predictive of patient survival (Lyshchik et al., 2005). Sperti 
and co-authors confirmed the former finding (Nakata et al., 2001) and reported in a 
study of 118 patients, that survival was significantly influenced by SUV, and was also an 
independent predictor of survival (Sperti et al., 2003). 

In the diagnosis of cystic lesions a recent study suggests, that 18F-FDG-PET may 
offer a high degree of differentiation between malignant and benign cystic lesions 
with sensitivities and a PPV over 90% (Sperti et al., 2005), although a lower 
sensitivity of 57% has also been reported (Mansour et al., 2006). Studies have also 
shown  promising results of 18F-FDG-PET in the diagnosis of IPMN (Sperti et al., 
2007; Baiocchi et al., 2008). The evidence of 18F-FDG-PET in cystic lesions is still 
lacking, especially its role in clinically important premalignant cystic lesions, and 
no prospective studies using combined PET/CT machine have been done so far. 
The study by Tann and co-authors compared CT, PET and retrospective fusion of 
combined images in thirty patients with cystic lesions of the pancreas (Tann et al., 
2007).  Sensitivities of CT, PET, and combined images of PET and CT were 67-71%, 
57%, and 86%, respectively. 

As noted earlier, patients with CP have an increased risk of developing pancreatic cancer 
and, currently, no imaging study can reliably differentiate a malignant tumor from CP. 
A study by van Kouwen and co-authors reported that 18F-FDG-PET can differentiate 
between neoplastic and inflammatory tumors with a sensitivity of 91% and a specificity 
of 87% (van Kouwen et al., 2005). 

Limitations. Imaging of the pancreas using 18F-FDG-PET has several limitations. 
Uptake of the 18F-FDG is not specific for cancer, being seen also in inflammatory and 
granulomatous processes, as well as in normal tissues. As is well known, inflammatory 
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conditions such as pancreatitis (van Kouwen et al., 2005) form the main limitation in 
18F-FDG-PET imaging of pancreatic tumors. Secondly, hyperglycemia (Zimny et al., 
1998; Delbeke et al., 1999) where endogenous glucose competes with the 18F-FDG 
lowers the sensitivity. Some of these limitations could be avoided using integrated PET/
CT. Further, an optimal scanning protocol could include delayed imaging, and possible 
respiratory gating, as well as glucose, and C-reactive protein (CRP) measurement before 
imaging.

In most pancreatic NETs, the use of 18F-FDG is limited because of the low glucose 
turnover. 18F-FDG-PET has been useful in cases of high-proliferative activity and low 
differentiation (Sundin et al., 2007). Pancreatic β-cells can take up amine precursors 
and convert these into amines by aminoaciddecarboxylase (AADC) (Ericson et al., 
1977; Borelli et al., 1997; de Lonlay et al., 2006). Based on this, aminoacid precursor 
tracers are useful in PET imaging. The most used aminoacid precursor tracers in the 
imaging of pancreatic NETs are 11C-5-hydroxytryptophan (11C-5-HTP) (Örlefors et al., 
2005; Koopmans et al., 2008a), and 18F-DOPA (Otonkoski et al., 2006; Koopmans et al., 
2008a). Because NETs express somatostatin receptors (SR), they have been tradionally 
studied using somatostatin receptor scintigrapy (SRS). The study using somatostatin 
(SST) analog, 68Ga-DOTA-D-Phe1-Tyr3-octreotide  (8Ga-DOTA-TOC) as a tracer 
included 23 patients with pancreatic NETs, and it showed that 68Ga-DOTA-TOC was 
significantly more sensitive than SRS (overall sensitivity 97% vs. 55%) (Gabriel et al., 
2007). In addition, the new method showed all pancreatic lesions, while single photon 
emission computed tomography missed two patients and CT four patients. As shown in 
Table 8, page 38, several aminoacid precursor tracers have been tested in the diagnosis of 
pancreatic NET, but most studies included only few patients. No prospective studies have 
been conducted using integrated PET/CT, but it is likely that such scanning will play an 
increasingly important role in the future for imaging pancreatic NETs. In addition, the 
routine use of carbidopa premedication in the diagnosis of pancreatic NETs needs to be 
further evaluated. 

2.3.4.3	Invasive imaging
2.3.4.3.1 Endoscopic retrograde cholangiopancreaticography (ERCP)
During the last decades, ERCP has been important in the workup of patients with 
pancreatic malignancy. The major advantage of ERCP is that diagnostic and therapeutic 
procedures can be carried out at the same time. Brushing biopsies can be obtained and 
stent insertion can be performed simultaneously. In addition, it obtains high resolution 
images of the pancreatic duct and is considered as a gold standard for evaluating the 
pancreatic duct (Kwon & Scheiman, 2006). ERCP allows the accurate delineation 
of the site of biliary obstruction and aids in excluding obstruction at multiple levels.  
ERCP allowed correct differentiation of malignant from benign lesions in 76% of the 
patients according a prospective study (Domagk et al., 2004), and it is useful in detecting 
tumors, if there is main ductal involvement. Especially in the diagnosis of IPMN, ERCP 
is considered a standard procedure. It reveals any dilatation of the main pancreatic duct 
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or branches with filling defects due to the presence of either mural nodules or mucin. 
The diagnostic accuracy can be further improved using the balloon-catheter technique, 
according to one study depending on main- or branch-duct type neoplasms, up to 84% 
and 82%, respectively.

ERCP is regarded as the gold standard for the detection of CP. Typical alterations of 
pancreatic ducts are; dilatation, stenoses, and abnormalities of the side-branches. 

2.3.4.3.2 Endoscopic US and fine-needle aspiration (FNA)
Recently, the benefits of EUS for the diagnosis and staging of pancreatic lesions have 
been well proven. Aside from tumor detection, EUS-guided FNA (EUS-FNA) may 
be indicated when tissue sampling is required. FNA is appropriate for cytological 
evaluation (needle; less than 1 mm in diameter, 20-25 Gauge), whereas 14-19 Gauge 
needles (core biopsies) are used to obtain tissue cores for histopathological analysis. 
FNA is often preferred when sampling is deeply located, in sites adjacent to major 
vessels, or in situations in which the needle is to be passed through the bowel wall. 
DeWitt and co-authors showed as high sensitivity as 98% for EUS in a series of 
104 patients (DeWitt et al., 2004). The role of EUS-guided FNA is still evolving. 
Several studies have shown high sensitivity in the range 75-90%, and specificity in 
the range 82-100% with a mean accuracy of 85% for diagnosis of pancreatic lesions 
(Boujaoude, 2007). Benign pathology in EUS-FNA biopsies does not always exclude 
the malignancy. EUS has several limitations; invasiveness of the technique including 
risks of bleeding and perforation, operator dependency, and lack of assessment of 
distant metastasis (Sahani et al., 2008). Later, studies  have shown EUS to be more 
sensitive in primary pancreatic tumor detection than 18F-FDG-PET (93-98% vs. 
87%) (Mertz et al., 2000;Borbath et al., 2005). However, both of these studies were 
conducted before the 18F-FDG-PET/CT era. 

In the detection of pancreatic cystic lesions, the demonstration of a solid component, 
invasion outside the pancreatic parenchyma, or pancreatic duct obstruction is suggestive 
of malignancy. However, in the absence of these features the ability of EUS to diagnose 
malignancy is limited with an overall sensitivity, specificity, and accuracy of 56%, 45%, 
and 51%, respectively (Brugge et al., 2004). 

The role of EUS in diagnosing early stage CP is not well defined. According to a recent 
review article (Rizk & Gerke, 2007), EUS was accurate in ruling out CP if no pancreatic 
abnormalities exist, and in diagnosing CP, if multiple criteria (i.e. hyperechoic foci, 
heterogeneity, cysts, calcification, ductal dilatation) are present. These criteria are highly 
sensitive (up to 85%), but they lack specificity in early stages (<60%). 

In detection of pancreatic NETs, EUS has shown a high sensitivity of 93% and a 
specificity of 95% (Anderson et al., 2000). EUS combined with FNA is reported to have 
a poor diagnostic accuracy of 46% for pancreatic NETs (McLean & Fairclough, 2005). 
FNA is rarely needed with functional pancreatic NETs because diagnosis is made by 
biochemical testing. 
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In addition to EUS guidance, FNA biopsies can be taken using US or CT guidance 
percutaneously. CT- and US-guided FNAs of pancreatic lesions have both been reported 
with an accuracy ranging from 61% to 98%, but a NPV of only 58% was observed 
(Hartwig et al., 2009). Percutaneus FNA has been proposed for detecting malignancies 
when the lesion is large and located in the body or tail of the pancreas, in cases where 
pancreatic lesion is unresectable on imaging methods, when the patient is unfit for surgery, 
or neoadjuvant chemoradiation is planned.  According to a recent review, preoperative 
tissue diagnosis of potentially resectable pancreatic tumors is not generally advisable, as 
malignancy cannot be ruled out with adequate reliability (Hartwig et al., 2009). 

2.3.4.3.3 Staging laparoscopy
In order to minimize the number of patients with imaging occult disease that undergo 
unnecessary laparotomy, laparoscopy was incorporated early in staging of pancreatic 
cancer. A review article showed that laparoscopy identified 10-36% of the patients 
with unresectable disease who were spared a laparotomy (Stefanidis et al., 2006). The 
added value of staging laparoscopy has been better sensitivity in diagnosing peritoneal 
carcinosis and small liver lesions; still, it does not affect the management of the majority 
of patients examined. The review concluded that selective use of staging laparoscopy may 
therefore be more appropriate. Predictors identified in this review included large tumor 
size (>3 cm), tumor location in the body or tail of the pancreas, or Ca19-9 level >150 
U/ml. In patients with locally advanced pancreatic cancer without distant disease who 
are considered for chemoradiation, laparoscopy may effectively identify imaging-occult 
Stage 4 disease, and thus prevent the morbidity and cost associated with unnecessary 
treatments. However, prospective studies are not available to validate preoperative 
predictors of those patients, who benefit most from staging laparoscopy and the main 
controversy today is whether it should be used routinely or selectively. 

2.4	N euroendocrine tumors (NETs)

2.4.1	Pathology
NETs originate from the diffuse neuroendocrine system. The function of cells of this 
system is to regulate neighbouring cells by the excretion of biologically active amines and 
hormones. In the GI-tract and pancreas, 15 neuroendocrine cell types producing different 
hormones but all expressing the general neuroendocrine marker synaptophysin can be 
distinguished. Especially the presence of CrA, is widely used to identify GI NETs (Klöppel 
& Anlauf, 2005). Tradionally, they are separated into benign or malignant neoplasms. 
Most NETs are well-differentiated tumors that are characterized by a solid trabecular or 
glandular structure, tumor cell monomorphism with absent or low cytological atypia, 
and a low mitotic activity (< 2 mitoses/10 high-power field) and proliferative status 
(Ki-67 < 2%). Only in the presence of metastasis and/or invasive growth of the tumor is 
defined as a well-differentiated NE carcinoma. Poorly differentiated NE carcinomas are 
characterized by a predominantly solid structure with abundant necrosis, cellular atypia 
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with high mitotic index, and proliferative status (Ki-67>15%). A third of the entire tumor 
cell population consists of mixed exocrine-endocrine carcinomas, which are epithelial 
tumors with predominant exocrine and endocrine component mixed  (Öberg et al., 
2004). A recent standard WHO classification has proposed GI NETs be assigned to one 
of three categories (well-differentiated tumor, well-differentiated carcinoma, and poorly 
differentiated carcinoma) based on histology, size, and proliferative indices (Klöppel 
et al., 2007) (Table 7). Prognostic factors include tumor size, angioinvasion, mitotic 
activity, and Ki-67/MIB proliferative indexes.

Table 7. Classification of NETs of the GI-tract based on WHO criteria (according to Klöppel et 
al., 2007)

Biological 
behavior Metastases

Invasion of 
muscularis 

propria

Histological 
differentiation

Tumor 
size (cm) Angioinvasion

Ki-67 
index 

(%)

Hormonal 
syndrome

Benign - -

Well 
differentiated

endocrine 
tumor

≤1* - <2 -*

Benign or 
low-grade 
malignant

- -

Well 
differentiated

endocrine 
tumor

≤2 -/+ <2 -

Low-grade 
malignant + +**

Well 
differentiated

endocrine 
carcinoma

>2 + >2 +

High-grade 
malignant + +

Poorly 
differentiated

endocrine 
carcinoma

Any + >15 -

* Exception: malignant duodenal gastrinomas are usually smaller than 1 cm and confined to submucosa
** Exception: benign NETs of the appendix usually invade the muscularis propria

2.4.2	Classification
The classification of NETs has been under continuous modification. First, Williams 
and Sandler attempted a systemic classification of gastroenteropancreatic (GEP) NETs 
in 1960. They subdivided NETs (then called ‘carcinoid’ tumors) according to the 
section of the embryonal primitive gut (fore-, mid-, and hindgut). In 1980, the WHO 
suggested a classification system in which carcinoid tumors were separated from 
pancreatic tumors, Merkel cell carcinomas, paragangliomas, and others. Because of 
the lack of histopathological and prognostically relevant information, Capella and co-
authors created a new classification, which considered size and metastases of the tumor, 
and histopathological features, as well as clinical features (including the presence of 
hormone hypersecretion syndrome). Based on this, in 2000, the WHO published a new 
classification (Table 7) as mentioned earlier. However a widely accepted classification 
system presented in 2006 by Rindi and co-authors taking into consideration both a 
staging system and a grading system is even more useful (Rindi et al., 2006). The latter 
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characterizes the proliferative potential of NETs using either a mitotic count or the Ki-
67 labeling index. A more detailed classification of pancreatic NETs is shown in Table 
2 and Table 4. 

2.4.3	Epidemiology
The incidence of NETs has increased during the last 30 years. A recent study based 
on the Surveillance Epidemiology and End Results (SEER) Program of the National 
Cancer Institute (US) registries reported the annual incidence of NETs from 1973 to 
2004 increasing from 1.09/100,000 to 5.25/100,000 (Yao et al., 2008). Another recent 
study showed that NET incidence was observed to be 3.24/100,000 in a Norwegian 
population, which is similar to the US Caucasian population (Hauso et al., 2008). Ileal 
and appendiceal NETs are the most common, accounting for 45% of all NETs in the 
GI-tract. While NETs in the colon are rare, NETs of the rectum account for 20% of the 
GI-tract NETs. The incidence of gastric NETs is increasing due to increased application 
of endoscopy and it may become the most common GI-tract NET in the future. Further, 
also the incidence of pancreatic NETs is increasing (Klöppel et al., 2007).

2.4.4	Diagnosis

2.4.4.1	Biochemical diagnosis
Diagnosis of NETs is based on clinical presentation, hormone assays, and pathology. In the 
diagnosis of NETs the demonstration of elevated levels of peptides and biogenic amines 
in the blood is essential. The most widely used marker is plasma CrA. CrA is an acidic 
soluble protein found in large secretory granules of NET cells. It has an overall diagnostic 
sensitivity of 60-100% in patients with metastatic disease, but less than 50% in patients 
with localized and early disease (Zatelli et al., 2007). Further, CrA levels reflect tumor 
burden and it has been used to assess recurrences, tumor growth, and changes in tumor 
size (Campana et al., 2007). Other specific markers are plasma neuron-specific enolase 
(increased in 83-100%), pancreatic polypeptide, pancreastatin, and in the more malignant 
phenotype, human chorionic gonadotropin (increased in 25-40%) (Öberg et al., 2004; 
Modlin et al., 2008; Metz & Jensen, 2008). 

2.4.4.2	Anatomical imaging
At present, the primary tumor is not localized in 20-50% of GEP NETs. Conventional 
imaging, such as CT, MRI, and US detect only less than 50% of NETs in small gut and 
pancreas. Better sensitivity is observed in bronchial and thymic tumors. Approximately 
80-90% of liver metastases larger than 1-2 cm are detected by conventional imaging 
(Öberg et al., 2004). EUS is used in the diagnosis of primary tumors, as well as in local 
tumor invasion and regional lymph-node metastases with a sensitivity and specificity of 
more than 80% (Öberg et al., 2004). 
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2.4.4.3	Functional imaging
2.4.4.3.1 Somatostatin receptor scintigraphy (SRS) and metaiodobenzylguanidine 
(MIBG) scintigraphy 
Nowadays, SRS and MIBG scintigraphy are routine in patients with suspicion of a NET, 
and their sensitivity exceeds that of CT and MRI (Krenning et al., 1993;van der Harst 
et al., 2001).  Currently, SRS imaging is the method of choice for the staging of NETs 
(Kumbasar et al., 2004). Somatostatin (SST) is a small regulatory peptide, which is widely 
distributed in the human body. NETs frequently express a high density of SST receptors 
(SR), which is exploited by imaging techniques using SST analogues. Based on the high 
receptor expression, SR imaging using 111In-octreotide provides important information on 
the tumor localization of many NETs. SRS is based on the expression of SR in endocrine 
tumors and, therefore, the density of these receptors determines the efficacy of this imaging 
method. Octreotide analogues bind with high affinity to SST2 and with varying affinity to 
the SST5, SST3 and SST4 receptors.  Due to this, SRS has low sensitivity in localizing 
small tumors lacking the SST2 receptor, which is the case in 20-50% of NETs (Reubi et 
al., 1994). SRS is widely available, and yields the best results in paragangliomas and GI 
NETs, being least suitable in medullary thyroid cancer (MTC). SRS is particular useful for 
showing liver metastases with a sensitivity of almost 90% (Gibril & Jensen, 2004). Besides 
the staging of disease, SRS is used to assess the efficacy of treatment with SST analogue. 

Further, the labeled catecholamine analogue, MIBG, is another well-established tracer for 
scintigraphy visualization. MIBG scintigraphy has become the imaging method of choice 
for neuroblastoma and pheochromocytoma, but its sensitivity to all NETs is inferior to 
that of SRS. According to a recent review, up to 30% of NETs had no accumulation of 
MIBG (Rufini et al., 2006), and MIBG scintigraphy seems to have limited sensitivity 
for the diagnosis of metastasized disease due to decreased expression of norepinehrine 
transporters by less-differentiated cells. The sensitivity of MIBG scintigraphy was 57% 
in metastatic pheochromocytoma, and 92-96% in nonmetastatic disease, based on the 
findings from a series of 75 patients (van der Harst et al., 2001). 

2.4.4.3.2 PET; Aminoacid precursor and somatostatin receptor (SR) tracers
Aminoacid precursor tracers. NETs have the capacity to take up and decarboxylate amine 
precursors, based on the amine precursor uptake and decarboxylation (APUD) concept 
introduced by Pearse (Pearse, 1969). Several study groups have published results of patients 
with NET using aminoacid precursor tracers in PET scanning (Table 8). First, 11C-5HTP, 
aminoacid precursor, has been successfully used in the diagnosis of NETs. The study by 
Örlefors and co-workers reported that 11C-5-HTP-PET could detect more tumor lesions than 
SRS and CT in 58% of the study patients (Örlefors et al., 2005). Since the pioneering study 
of Ahlström in 1995 using carbon-11 labeled -DOPA (Ahlström et al., 1995), 18F-DOPA, 
has been used for diagnosis of carcinoid tumors (Hoegerle et al., 2001a;Becherer et al., 
2004;Koopmans et al., 2008a), pheochromocytomas (Hoegerle et al., 2002;Timmers et 
al., 2007), MTCs (Hoegerle et al., 2001b;Beuthien-Baumann et al., 2007;Koopmans et 
al., 2008b), and glomus tumors (Hoegerle et al., 2003). During recent years, PET based 
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imaging with labeled amino acid precursors has become a success story in the localization 
and staging of NETs (Hoegerle et al., 2001a;Becherer et al., 2004;Koopmans et al., 2006). 
A PET study by Sundin and co-workers demonstrated that AADC decarboxylates in vivo 
5-HTP and DOPA to 5-HT (serotonin) and dopamine, respectively (Sundin et al., 2000). 
In addition to the FDA metabolite, DOPA is also the origin of many other metabolites 
such as 3-O-methyl-fluorodopa (OMFD), 6-fluoro-L-3,4-dihydroxyphenylacetic acid 
(FDOPAC), 6-fluorohomovanillic acid (FHVA), as well as sulfated conjugates (Miletich 
et al., 1993) (Figure 3). Referring to Figure 2 on page 15, when the AADC pathway is 
blocked with carbidopa, the amount of metabolites changes (Neels et al., 2008). So far, the 
accumulation of these other metabolites than FDA into various types of NETs is largely 
unknown. Although the results are promising, experience with these PET tracers is still 
limited. It is foreseeable that in the future the first step in imaging of NETs will be with the 
use of aminoacid tracers, such as 18F-DOPA, on a PET/CT machine. 
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Figure 3. Different metabolites of 18F-DOPA. FDOPA; 6-fluoro-L-DOPA, FDA; 6-fluorodopamine, 
3OMFD; 3-O-methyl-fluorodopa, FDOPAC; 1.3.4-dihydroxy-6-fluorophenylacetic acid, FHVA; 
6-fluorohomovanillic acid, AAAD; aminoacid decarboxylase, COMT; catechol-O-methyl-
transferase, MAO; monoamine oxidase, PST; phenolsulfotransferase, and AD; alhehyde 
dehydrogenase (Haaparanta-Solin, 2006. © Reprinted with permission.)

SR tracers. Based on the high density expression of SRs in NETs, currently SR PET 
imaging has become the method of choice for staging of disease (Plockinger et al., 
2004).  When chelators such as DOTA are coupled to SST analogues, these molecules can 
thereafter be labeled with positron-emitting isotopes such as 68Ga. Thereafter the labeled 
SST analogues can be used for PET imaging. Thus far, the tracers 68Ga-DOTA-TOC and 
68Ga- DOTA -1-Nal3-octreotide  (68Ga-DOTA-NOC) have been studied most and the 
results for these tracers are promising (Hofmann et al., 2001;Gabriel et al., 2007;Fanti 
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et al., 2008;Ambrosini et al., 2008). The study by Gabriel and co-authors showed a 
sensitivity of 97% and a specificity of 92% for 68Ga-DOTA-TOC (Gabriel et al., 2007).  
Since their mechanism is receptor-based, they provide a good visualization of well-
differentiated NET and data on receptor status, which are important in the assessment 
of disease and in the planning of targeted radionuclide therapy. Moreover, the synthesis 
of 68Ga-DOTA peptides is easier compared to 18F-DOPA because of the advantage of in-
house prepation (commercial generator) of 68Ga without the need for a cyclotron. 

Table 8. Different aminoacid precursors used in PET scanning in patients with NET
Author, year N NET type Tracer Design Comparative 

imaging methods
PET

Se (%)
PET

Sp (%)
1. Ahlström et al. 1995 22 pancreatic NET 11C-DOPA prospective 11C-HTP (n=6), CT 77 100
2. Anderson et al. 2000 8 different types

(pancreatic NET n=3)
64Cu-TETA-Octreotide SRS 75 100

3. Pacak et al. 2001 28 pheochromocytoma 18F-dopamine not stated 100 not stated
4. Hoergerle et al. 2001 11 MTC 18F-DOPA prospective 18F-FDG-PET, SRS, 

CT/MRI
63 100

5. Hoergerle et al. 2001 14 pheochromocytoma 18F-DOPA prospective MRI, MIBG 
scintigraphy

100 100

6. Hoergerle et al. 2001 17 different types 18F-DOPA prospective 18F-FDG PET,  SRS, 
CT/MRI

65
not stated

7. Hoergerle et al. 2003 10 glomus tumors 18F-DOPA prospective SPECT, MRI 100 100
8. Becherer et al. 2004 23 different types 

(pancreatic NET n=6)
18F-DOPA prospective CT, SRS 20-

100*
81-

100**
9. Örlefors et al. 2005 42 different types 15C-HTP prospective SRS, CT 95 100
10. Örlefors et al 2006 6 different NET (pancreatic 

NET n=7)
15C-HTP with / without 

carbidopa
prospective 100/100***

11. Koopmans et al. 2006 53 different types
(advanced)

18F-DOPA prospective SRS, CT 100 not 
stated

12. Montravers et al. 2006 30 carcinoid/
non-carsinoid

18F-DOPA retrospective SRS 93/25 75/100

 13. Timmers et al. 2007 11 pheochromocytoma 18F-DOPA with/ without 
carbidopa

prospective CT, MRI 47/50 not 
stated

14. Beuthien-Baumann 
et al. 2007

15 MTC 18F-DOPA/
18F-OMFD 

retrospective 18F-FDG-PET 100**** not stated

15. Gabriel et al. 2007 84 different types
(insulinoma n=23)

68Ga-DOTA-Tyr3-
Octreotide

prospective MDCT 97 92

16. Koopmans et al. 2008 21 MTC 18F-DOPA prospective 18F-FDG-PET,  SRS, 
CT/MRI

62 (patient-based)/
71 (lesion-based)

not 
stated

17. Koopmans et al. 2008 47 carsinoid tumor (n=24)
pancreatic islet cell tumors 

(n=23)

18F-DOPA/
15C-HTP

prospective SRS, CT 96/100 (carsinoid) 
89/100 

(islet cell tumor)

not stated

18. Ilias et al. 2008 53 pheochromocytoma 18F-dopamine prospective CT/MRI, SRS, 
MIBG scintigraphy

90 not stated

19. Kayani et al. 2008 38 different types
(pancreatic NET n=9)

68Ga-DOTA-TATE prospective 18F-FDG-PET/CT 82 not stated

20. Ambrosini et al. 2008 13 GEP
(pancreatic NET n=8)

68Ga-DOTA-NOC/
18F-DOPA

prospective CT, US 100/69 not 
stated

21. Timmers et al. 2009  99 pheoochromocytoma 18F-dopamine prospective CT/MRI, MIBG 
scintigraphy (n=77)

92 90

Se; sensitivity
Sp; specificity
* 20% in lungs, 100% in skeletel, mediastinal lesions
** 81% in liver, 100% pancreas, lymph nodes, mediastinal lesions
*** a significant increase in SUV after carbidopa administration
**** only two out of seven patients have histological verification



	 Objectives of the Study	 39

3	O BJECTIVES OF THE STUDY
The purpose of the present study was   

1)	 To compare the accuracy of 18F-FDG-PET/CT, MDCT and MRI in the diagnosis, 
staging and assessment for surgery in patients with suspected pancreatic malignancy 
(I) 

2)	 To study blood flow and metabolism in malignant and benign pancreatic lesions 
and to determine their prognostic value (II)

3)	 To study the potential of 18F-DOPA-PET in identifying and localizing the insulin 
secreting tumors or ß-cell hyperplasia of the pancreas in adults (III)  

4)	 To evaluate the effect of carbidopa pretreatment prior to 18F-DOPA-PET/CT 
imaging in patients with primary hyperinsulinemic hypoglycemia (PHH) (IV)

5)	 To evaluate the clinical value of 18F-DOPA-PET/(CT) in primary diagnosis, 
staging, and restaging in patients with different types of NETs (V) 
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4	SU BJECTS AND STUDY DESIGN

4.1	S tudy patients and design
This study was carried out to study the role of PET/(CT) in GI-malignancies, specifically, 
pancreatic tumors and NETs. Three tracers (18F-FDG, 15O-H2O, 18F-DOPA) were used in 
PET/(CT) imaging, and the findings of PET/(CT) scans were compared to conventional 
imaging (Table 9). 

Table 9. Patient groups in different studies (number of patients shown in parenthesis)
Study I Study II Study III Study IV Study V

Indication Pancreatic tumor Pancreatic tumor Pancreatic NET Pancreatic NET
NET; primary 

diagnosis, staging, 
restaging                                             

Design Prospective Prospective Prospective Prospective Retrospective
Number of 
study patients 38 26* 10 study patients                     

7 control patients 3 82 
(93 PET studies)

Tracer 18F-FDG
18F-FDG      
15O-H2O

18F-DOPA 18F-DOPA 18F-DOPA

Carbidopa 
pretreatment - - no yes (3)

no (3)
yes (19)
no (74)

PET scanner PET/CT PET/CT PET PET/CT PET (26) 
PET/CT (67)

Other imaging 
methods

MDCT (38) 
MRI (38)

MDCT (10)  
MRI (7)  
SRS (2)  

EUS/IOUS (4)

MDCT (3) 
MRI (2)   
EUS (2)

MDCT (75)    
MRI (23) 

SRS/MIBG (5)

* Patients of study II were also included in study I

Studies I-IV. Both the study protocol and the informed consent form were approved by 
the ethics committee of the Hospital District of Southwest Finland. All patients gave 
written informed consent before entering the study. Study V was retrospective and data 
collection was approved by the joint ethical Committee of Turku University Hospital.

4.1.1	 (I-II)
Principle. Study I was carried out to compare prospectively 18F-FDG-PET/CT to 
MDCT and MRI in the evaluation of 38 consecutive patients with suspected pancreatic 
malignancy between September 2006 and October 2007. Twenty-six of the patients in 
study I also participated in study II, where pancreatic blood flow (BF) was measured 
using 15O-H2O-PET/CT and metabolism using 18F-FDG-PET/CT, in different pancreatic 
lesions, to determine the prognostic value of these parameters. 

Study design (Figures 4 and 5). A total of 40 patients was enrolled in this study and 38 
patients were included in the final analysis. All the patients underwent both comparative 
MDCT and MRI imaging. The therapeutic work-up was performed according to the 
usual procedures of our institution. Results of imaging methods were compared to 
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operative and histopathological findings or follow-up. In study II, 15O-H2O-PET/CT 
was conducted in order to assess BF, and 18F-FDG-PET/CT to assess the metabolism of 
different pancreatic lesions. 

 

 
 * CTA; computed-tomography angiography 
 ** indication for unresectability; 1. distant metastasis, 2. invasion into the large vessels 
(including SMA, celiac axis, common hepatic artery and superior mesenteric-portal vein 
confluence)  

Patients with clinical 
suspicion of pancreatic cancer (n=40) 

PET/CT using 18F-FDG (n=40) and  
15O-H2O (n=26) 

MDCT with CTA* 

ERCP 
and stenting 

Exploratory laparotomy  
or laparoscopy 

Unresectable** Resectable 

Biopsies Resection 

 * CTA; computed tomography angiography
 ** indication for unresectability; 1. distant metastasis, 2. invasion into the 
large vessels (including SMA, celiac axis, common hepatic artery and superior 
mesenteric-portal vein confluence) 

Figure 4.  Design of Studies I and II

 

I II III

C
T
A

C
T
A

C
T
A*6 min

15O-H2O
infusion

0 min 60 min 110 min

M
D
C
T

18F-FDG
injection

whole body
PET/CT

pancreatic PET/CT

* no blood pump

 min; minutes
CTA; computed tomography angiography

Figure 5. Flow chart of imaging protocol (Studies I and II)
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4.1.2	 (III-IV)
Principle. Study III was set up to determine the potential of 18F-DOPA-PET in identifying 
and localizing the insulin secreting tumors or ß-cell hyperplasia of the pancreas in adults, 
and to compare the technique with the established conventional imaging methods. Study 
IV was carried out to study the effect of carbidopa premedication on 18F-DOPA-PET/CT 
imaging in patients with insulinoma.

Study design. Study III included ten consecutive patients with confirmed PHH and 
presumed insulin-secreting tumor, and they were prospectively imaged using 18F-DOPA-
PET. All patients were operated on and histological verification was available in each 
case. Semi-quantative PET results using SUV were compared to uptake values of seven 
consecutive patients with nonpancreatic NET. In study IV, we imaged three patients with 
PHH using 18F-DOPA-PET/CT with and without carbidopa premedication. 

4.1.3	 (V)
Principle. Study V was set up to determine the potential of 18F-DOPA-PET in primary 
diagnosis, staging and, restaging of different types of NETs.

Study design. In this retrospective study 82 patients were imaged with PET/CT and 
PET using 18F-DOPA. A total of 93 PET images was analyzed. The diagnostic accuracy 
of the PET/(CT) was assessed by comparing the histopathological reports and clinical 
follow-up. Indication for PET/(CT) in most cases was negative or inconclusive findings 
in conventional imaging methods.
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5	M ETHODS

5.1	 Positron emission tomography (III, V) -computed tomography (I-V)

5.1.1	Production of positron-emitting tracer

5.1.1.1	18F-FDG (I, II)
18F-FDG (half-life=110 minutes) was synthesized by the modified method of Hemacher 
(Hamacher et al., 1986). The radioactivity of synthesis was 76 gigabecquerel (GBq)/
µmol, and the radiochemical purity exceeded 95%. 

5.1.1.2	15O-H2O (II)
A low-energy deuteron accelerator Cyclone 3 (Ion Beam Application Inc., Louvain-La-
Neuve, Belgium) was used for production of 15O (half-life=123 seconds). To synthesize 
radiowater for BF imaging, a diffusion membrane technique in a constantly working 
water module was applied (Radio Water Generator, Hidex Oy, Finland). H2O was 
produced using the dialysis technique in a continuously working water module (Sipilä 
et al., 2001). Sterility and pyrogenity tests were performed to verify the purity of the 
product. The radiochemical purity of the 15O-H2O was approximately 97%.

5.1.1.3	18F-DOPA (III-V)
18F-DOPA (half-life=110 minutes) was synthesized according to the method of Chirakal 
(Chirakal et al., 1986) with some modifications by Bergman (Bergman et al., 1994). The 
specific radioactivity was 44 MBq/µmol, and the radiochemical purity approximately 
95%. 

5.1.2	PET/(CT) image acquisition and processing 

Studies I-II
PET/CT studies were performed at the Turku PET Center. The imaging device was a 
Discovery VCT PET-CT (General Electric Medical Systems, Milwaukee, WI, USA). 
After six-hour fasting, approximately 370 MBq of 18F-FDG was injected intravenously 
to each patient. Static PET/CT imaging covering the upper torso from eyebrows to mid-
thighs was started approximately 60 minutes after 18F-FDG injection (3-minute emission 
scan/position). Delayed PET emission images of the upper abdomen were acquired at 
approximately 110 minutes after administration of 18F-FDG. Transaxial, coronal, and 
sagittal sections were obtained for visual analysis. Any abnormal focal 18F-FDG activity 
was considered as positive for tumor. To perform the semiquantitative analysis, the 
maximum and mean SUVs were calculated in the suspected neoplastic focus. 18F-FDG 
activity concentration values were corrected for radioactive decay and SUV were 
calculated (SUV=Activity Concentration / (Injected Dose / Body Mass)). Retention 
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index (RI) using early and delayed SUVs was calculated (RI=100X(SUV2h-SUV1h)/
SUV1h). In studies I and II, the resulting values were normalized to plasma glucose levels 
according to the formula SUVX(plasma glucose/5) (Boellaard et al., 2008). For definite 
assessment of a pancreatic tumor, both the SUV and visual aspects were considered. The 
radiation dose of low-dose CT and 18F-FDG injection was approximately 15 millisievert 
(mSv). 

In study II, the methods of measuring BF with 15O-H2O are based on the principle of 
inert gas exchange between blood and tissues (Kety and Smith, 1945), and BF images 
were calculated using the linearized one-tissue compartment model (Blomqvist, 1984). 
Lawson-Hanson non-negative least squares were used to calculate general linear least 
squares functions. The input time-activity curves (TACs) for 15O-H2O scans were 
obtained directly from transaxial PET images using a threshold method to locate the 
aorta. Suitable planes were selected visually with the help of PET and CT images. 
The diameter of the aorta in these planes was measured using the CT image, and the 
value was used in the threshold process as well as the correction of partial volume and 
spill-over effects during extraction (Liukko K.E et al., 2007). After extraction of the 
pancreatic TAC from the image series and comparison to arterial TAC, no delay was 
observed in the ascending part of the TAC, and no correction was performed. Images 
were analysed on computer using a non-commercial research imaging software (Vinci, 
Max-Planck-Institut für Neurologische Forschung, Cologne, Germany). Perfusion and 
SUV of 18F-FDG for different tissues were obtained by positioning a round 3-plane 
region of interest (ROI) with a diameter of 1 cm (0.77 cm3) on the area of the lesion 
with the highest 18F-FDG uptake, and copying it onto the corresponding region in the 
perfusion image using  the CT image as anatomical reference. This was facilitated by 
the good co-registration of PET and CT images from the PET/CT scanner. To calculate 
metabolism/blood flow ratio (SUV/BF), 18F-FDG SUVs normalized to plasma glucose 
were divided by the blood flow values to obtain the SUV/BF ratio. Effective radiation 
dose per injection of 15O-H2O was 1.2 mSv.

Studies III-V
Patients fasted for at least six hours before the PET or PET/CT scan. If the patient was 
under medication that prevents pancreatic insulin release (diazoxide, somatostatin 
analogues or cortisone), the medication was withdrawn for the study day (24 hours). 
Plasma glucose level was monitored and a glucose (G5%-G10%, 40-100 ml/h) infusion 
was given, if needed, to keep plasma glucose between 4.0-5.0 mmol/l. The average 
administered dose of 18F-DOPA was approximately 234 MBq. Scanning began 60 minutes 
after injection. Patients underwent a whole body PET scan from the level of the eyes to 
the mid-thigh with a GE Advanced PET scanner operated in 2D mode. The GE Advance 
PET scanner consists of 18 rings of bismuth germinate detectors yielding 35 transverse 
slices spaced at 4.25 mm intervals. The imaging field of view is 55 cm in diameter and 
the axial length is 15.2 cm. To obtain images for visual and semi-quantitative analysis 
the data were corrected for deadtime, decay, and photon attenuation, and reconstructed in 
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a 128 x 128 matrix. The final in-plane resolution in the segmented attenuation correction 
and iterative-reconstructed and Hann-filtered (4.6 mm) image was 5 mm full-width 
half-maximum (FWHM) when scanned with GE Advance. After May 2005 scans were 
acquired on a Discovery VCT PET-CT (General Electric Medical Systems, Milwaukee, 
WI, USA) operated in 3D mode. A fully 3D reconstruction algorithm (VUE Point) was 
used when scanning with PET-CT. Images were reconstructed using two iterations and 
28 subsets with a 6.0 mm FWHM postfilter. In combined PET-CT, a CT-based scan 
was used for attenuation correction purposes and to help in anatomical localization 
of 18F-DOPA uptake. Immediately after the CT, an emission PET scan was acquired 
in 3-dimensional mode over the same anatomical regions starting at the level of the 
mid-thigh. The decarboxylase inhibitor, carbidopa, was given as a premedication in all 
patients in study IV and in 19 patients in study V.

In study III, PET images were analyzed visually and semi-quantitatively by calculating 
mean and maximum SUVs in the ROIs drawn separately on the pancreatic head, body, 
and tail. Axial, coronal, and sagittal views were evaluated, with the pancreas invariably 
having a sufficiently high uptake of 18F-DOPA to distinguish it from the liver, duodenum, 
and kidneys. Variable uptake was seen in the gallbladder and biliary duct. Pancreatic 
tissue uptake of PET images was always correlated side by side with anatomical reference 
images of CT or MRI. Interpretation was based on consensus of two specialists with 
significant experience in PET imaging, and there was no disagreement.

In study V, PET images were analyzed visually and semi-quantitatively by calculating 
mean and maximum SUVs in the ROI. ROIs were placed around the regions of increased 
18F-DOPA uptake for SUVmax and SUVmean determination.  Any focal tracer accumulation 
exceeding normal regional tracer uptake was interpreted as a pathological finding. 
Whenever PET/CT was available, a clear uptake in the area where CT suggested bone 
fracture or degenerative bone lesions was not regarded as a positive finding. 

5.2	M ultidetector row computed tomography (MDCT) (I, III, V)
In studies I and II, diagnostic abdominal MDCT with pancreas protocol was performed 
as part of clinical routine. At the same time, CTA was done. MDCT examination was 
performed with a multisection scanner with four- or 16-section capability (GE medical 
Systems, Milwaukee, Wis). Non-ceMDCT of the upper abdomen is performed with 5-mm 
section thickness and 5-mm spacing. An intravenous contrast agent was administered 
and imaging was started in three phases half-automatically. The first two phases were 
imaged in a thin-sliced section (64 X 0.625 mm) of the upper abdomen (arteriography 
and parenchymic imaging) and the third, venous phase imaging of the whole abdomen. 
Radiation dose was approximately 15-20 mSv. 

In study III, all patients were examined with CT. Seven out of ten patients were imaged on 
a four-row CT scanner (Siemens Volume Zoom, Erlangen, Germany), and three patients 
were imaged on a one-row CT scanner (Siemens Somatom Plus, Erlangen, Germany). In 
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all examinations the reconstructed final transverse slice thickness was either 5 or 6 mm.  
Four patients were imaged without contrast injection and after contrast administration in 
both the arterial and venous phase. Six patients were imaged without contrast and post-
contrast venous phase. 

Due to the retrospective nature of study V, CT was performed in different radiology 

clinics, and consequently no uniform protocol could be described. CT was performed on 
75 patients.

5.3	M agnetic resonance imaging (MRI) (I-III)
In studies I and II, MRI of pancreas and MRCP were performed using a 1.5 Tesla system 
(Intera, Philips Co Ltd, Netherlands) using a phased-array surface coil. T1-weighted 
coronal and axial fast field (dual) echo images were obtained. Gadolium-enhanced 
dynamic T1-weighted imaging was performed in three phases (arterial, parenchymal, 
and venous) concentrating on the pancreatic parenchyma. The last phase was obtained 
in the axial plane. Axial fat saturated T2-weighted MRI and MRCP was performed using 
a single-shot fast spin-echo sequence before contrast agent administration. 

In study III, MRI imaging was performed at 1.5 Tesla (Vision or Symphony, Siemens 
Medical System, Erlangen, Germany) on six patients and at 1.5 Tesla (Genesis Signa, 
GE Medical Systems, Milwaukee, USA) on one patient. Five patients were imaged on 
Symphony with the following pulse sequences: transverse T2-weighted images with 
and without fat saturation, and transverse T1-weighted images with slice thickness of 5 
mm, in addition to axial T1-weighted images with and without administration of contrast 
agent, gadopentetate dimeglumine (Magnevist, Schering AG, Berlin, Germany). The T1-
weighted sequence was performed after intravenous administration of Magnevist followed 
by a saline flush in pre-contrast, arterial, venous, and steady state phases. One patient was 
imaged with Vision with the following pulse sequences: transverse and coronal T2-weighted 
images with slice thickness of 5 mm, transverse T2-weighted images with slice thickness 
of 6 mm, and T1-weighted images with fat saturation with and without Magnevist. One 
patient was imaged with Genesis Signa with the following pulse sequences: transverse 
T2-weighted images with and without fat saturation, transverse T1-weighted phase images, 
coronal T2-weighted images with fat saturation, and transverse T1-weighted GR images 
with fat saturation. This last sequence was performed with and without administration of 
Magnevist in pre-contrast, arterial, venous, and steady state phases. 

In the retrospective study V, MRI was performed on 23 patients with different imaging 
protocols. 

5.4	 Biochemical status
Studies I and II. All patients had blood samples taken including complete blood count, 
CRP, Ca19-9, CEA, and liver values (alkaline phosphatase, alanin transferase, total 
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bilirubin, international normalized ratio) and amylase.  Extra serum samples were 
collected from each patient. 

Studies III-V. Endocrine status of the study patients was collected based on the type of 
NET, shown in more detail in articles III-V. In study V, in the primary diagnosis and 
staging group, only patients with biochemical confirmation of disease were included. 
The restaging group also included patients with negative biochemistry (n=17). 

5.5	S tatistics
Statistical analyses were performed using SAS/STAT statistical analysis program 
package, version 8.2 (SAS Institute Inc., Cary, NC, USA) in studies I, II, IV and V 
and SPSS statistical software (version13.0; SPSS Inc, IL, USA) in study III. Specificity 
and sensitivity of different imaging methods were calculated using a 2X2 contingency 
table. A Mc Nemar’s test was performed to compare different imaging methods (studies 
I, III, V) and κ coefficient was determined to quantify agreement of imaging mathods 
(studies III, V). In study I, for the receiver operating characteristics (ROC) analysis, 
sensitivities and specificities for different cutoff points were calculated. Both in study I 
and study II, the survival analyses were carried out using Kaplan-Meier estimates and 
the association of SUVmax, SUV/BF ratio and survival was assessed by log-rank test. 
P<0.05 was considered statistically significant. Student’s unpaired t-test was used for 
normally distributed parameters, while correlations for different groups separately were 
calculated using Pearson correlation. The Wilcoxon signed rank test was used to evaluate 
the number of regions and lesions diagnosed by different imaging methods in study V. 
The 95 % confidence interval was calculated for the absolute mean difference between 
groups. P values of less than 0.05 were considered statistically significant. Results are 
expressed as mean±standard deviation. 
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6	 RESULTS

6.1	 PET/CT using 18F-FDG and 15O-H2O in primary diagnosis and 
staging of pancreatic tumors (I, II)

6.1.1	Primary diagnosis 

6.1.1.1	Glucose uptake in pancreatic tumors (I)
Out of 38 study patients, pancreatic adenocarcinoma was diagnosed in 17, NET in three, 
mass-forming pancreatitis in four, cystic lesion in six, and fibrosis in two. Six patients 
had a finding of normal pancreas. The diagnostic accuracy of 18F-FDG-PET/CT for 
primary pancreatic malignancy was 90% compared to 77% and 79% for MDCT and 
MRI, respectively. Patients were divided into two groups depending on indication; 1. 
pancreatic tumor seen in US or/and CT in referring center, and 2. patients with jaundice 
and suspected malignant biliary stricture seen in ERCP.

In the group of 17 patients with suspicion of pancreatic tumor in US or CT in the 
referring center, the PPV and NPV of 18F-FDG-PET/CT to differentiate between benign 
and malignant tumor were 100% and 90%, respectively (Table 10). The specificity was 
higher in 18F-FDG-PET/CT (100%) than in MDCT (80%) or MRI (90%). On the other 
hand, the sensitivity of 18F-FDG-PET/CT was lower than that of MDCT or MRI (86% vs. 
100%).  In this group, a lesion pathologically verified as a low-grade NET led to a false 
negative finding in 18F-FDG-PET/CT. 

Table 10. Ability of 18F-FDG-PET/CT to differentiate benign and malignant tumor seen in MDCT 
(n=12) and/or US (n=10) in referring center (n=17)

Malignant
18F-FDG-PET/CT  +  -    

 + 6 0 100% (6/6) PPV

 - 1 10     90% (10/11) NPV

86% (6/7) 100% (10/10)

sensitivity specificity    

Twenty-one patients with jaundice underwent ERCP and in all cases the stricture was 
suspected to be malignant. 18F-FDG-PET/CT was able to distinguish between a benign 
and a malignant stricture with a sensitivity of 85%, and with a PPV of 92% (Table 11). 
The corresponding sensitivities of MDCT and MRI were 77% and 86%, respectively. 
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Table 11. Ability of 18F-FDG-PET/CT to differentiate benign and malignant biliary stricture (n=21) 
(© Reprinted with permission of the copyright holders.)

Malignant
18F-FDG-PET/CT  +  -    

+ 11 1  92% (11/12) PPV
- 2 7  78% (7/9) NPV

85% (11/13) 88%  (7/8)
sensitivity specificity    

Distributions of SUVs in the normal pancreas, benign, and malignant pancreatic lesions 
are shown in box-plots (Figure 6). Average SUVmax1h was significantly higher in malignant 
lesions (4.9±2.8) compared to normal pancreas (2.0±0.6, P=0.003) and benign lesions 
(2.3±0.8, P=0.009). When delayed SUVmax2h was used, the significant difference between 
benign and malignant lesions remained; although at the same level as in SUVmax1h (Figure 
6).Delayed imaging did not add anything to diagnosis. Glucose-corrected SUVmaxs and 
SUVmeans were analyzed and a strong correlation was observed without any significant 
difference between the compared groups. 

Figure 6.  Box-plot images of early (1h) and delayed (2h)  SUVmaxs in patients with normal 
pancreas, benign lesion,  and adenocarcinoma (three patients with pancreatic NET were excluded)
(© Reprinted with permission of the copyright holders.)

6.1.1.2	Pancreatic flow (II)
In a series of 26 patients, BF patterns varied between groups of normal pancreatic tissue, 
benign, and malignant lesions. The average BF was 113.8±48.2 ml/min/dl in patients 
with normal pancreas. Instead, significantly lower BF was observed in patients with a 
benign or a malignant lesion of the pancreas (59.0±26.7 ml/min/dl and 45.7±18.5 ml/
min/dl, respectively). The BFs of a benign and a malignant lesion were not significantly 
different. In addition, the lesions in the head of the pancreas also decreased BF of the 
non-tumoral part of the pancreas. (Figure 7)
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Figure 7. Blood flow of normal pancreas and different types of pancreatic lesions (© Reprinted 
with permission of the copyright holders.)

6.1.1.3	Association between metabolism (SUV) and blood flow (BF) (II)
Because the pattern of glucose uptake and perfusion were opposite in patients with 
pancreatic adenocarcinoma, we tested whether the ratio of SUV and BF could be useful 
for the assessment of type of tumor. SUV/BF ratio was significantly different in normal 
pancreas and benign lesions compared to malignant lesions, but the ratio was not 
significantly different between normal pancreas and benign lesions (Figure 8).  Figure 9 
shows is an example of the SUV/BF image, which is calculated by realignment of tumor 
in both images and reslicing. To obtain the resulting ratio image, the individual 18F-FDG 
SUVmax voxel values were divided by the BF voxel values of the same anatomical 
position in the BF image.  

Figure 8. Metabolism (SUV) and blood flow (BF) ratio of normal pancreas, benign, and malignant 
lesion (© Reprinted with permission of the copyright holders.)
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Figure 9. A 64-year old male with a history of abdominal pain and significant weight loss 
developed jaundice. MDCT showed a tumor in the head of the pancreas (A), and 18F-FDG uptake 
was observed in PET (B). Reduced BF of the tumor was detected compared to the non-tumoral 
part of the pancreas in 15O-H2O-PET/CT (C). Further, SUV/BF ratio was high, 0.58, as a sign 
of aggressive disease (D). At operation, radical resection was not possible and the biopsy of the 
tumor revealed adenocarcinoma gradus 2. The patient died three months after diagnosis. 

Furthermore, when the SUVmax was plotted against the BF values of the same lesion, a 
clustering of values according to the lesion pathology was observed. However, there was 
no significant correlation between 18F-FDG SUVmax and BF in any of the three groups. 
Corresponding SUVmax and SUVmean were calculated and the results were similar. 

6.1.2	 18F-FDG-PET/CT in staging (I)
N-staging: In 17 patients with advanced pancreatic adenocarcinoma, all three imaging 
methods (MDCT, MRI, and 18F-FDG-PET/CT) had a sensitivity of 30% for N-staging.  
Clinical/pathological N-stage changed in five out of eight patients after 18F-FDG-PET/
CT or MDCT, and in six patients after MRI. 

M-staging: 18F-FDG-PET/CT had significantly superior sensitivity (88%) in M-staging 
of disease compared to MDCT and MRI (38%). Overall clinical/pathological M-stage 
changed in one out of 14 patients after 18F-FDG-PET/CT compared to four patients 
after MDCT and MRI. Figure 10 shows an example of a patient with additional liver 
metastasis seen in 18F-FDG-PET/CT. 

	 A. MDCT	 B. 18F-FDG-PET	 C. Blood flow	 D. SUV/BF Ratio
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6.1.3	 Impact on patients’ management (I)
The clinical management of 10 out of 38 patients (26%) was altered after 18F-FDG-PET/
CT compared to findings of MRI, and in eleven patients (29%) when compared to results 
of MDCT. Six patients’ (16%) operations would have been avoided if 18F-FDG-PET/CT 
findings had been relied on. Three of these patients had additional liver metastases seen 
in 18F-FDG-PET/CT and three patients had benign disease (1 CP, 2 SCA). In addition, in 
two patients with biliary stricture, MDCT suspected a tumor in the head of the pancreas, 
while 18F-FDG-PET/CT was negative. Neither of these patients was operated on and no 
malignancy has been observed in follow-up. 

Figure 10. Representation of a patient 
with additional liver metastasis seen in 
segment IV. A. contrast enhanced MDCT 
image with normal finding, B. in T2 fat-
saturated MRI image (diagnosed as liver 
cyst preoperatively), and C. a corresponding 
18F-FDG-PET/CT image.
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6.1.4	Survival (I-II)
In study I, the association between SUVmax and the overall survival was calculated in 
patients with pancreatic adenocarcinoma, with the mean follow-up time at the close-out 
date being 15.8±3.4 months. In this group, one patient had RO (complete) resection, 
while two patients had R1 (a distance of the tumor from the resection margin of less 
than 1 mm) and R2 (incomplete; remaining macroscopic tumor tissue) resection. In 14 
patients, resection was not possible. All seventeen patients had systemic chemotherapy 
with gemcitabine lasting from two weeks to 12 months. Kaplan-Meier analysis was 
performed taking account of the small sample size limiting the interpretation of the 
results. Median SUVmax (4.27) was used as cut-off value. Kaplan-Meier survival analysis 
showed significantly poorer survival in patients with high SUVmax (>4.27) than in patients 
with low SUVmax (<4.27) (P=0.029) (Figure 11).

Figure 11. Kaplan-Meier survival analysis of all patients with pancreatic adenocarcinoma (n=17) 
according to SUVmax of primary tumor (Study I)

In study II, eleven patients with pancreatic malignancy were followed for at least 13 months 
after the diagnosis, and five of these patients were alive at the time of analysis. One patient 
died soon after 18F-FDG-PET/CT imaging due to postoperative complications. The remaining 
ten patients were divided into two groups using survival at 12 months after diagnosis as cut-
off. The SUVmax and BF between the groups living less or longer than 12 months were not 
significantly different (10.6±5.7 vs. 6.7±2.7, P=0.202 and 34.2±14.3 ml/min/dl vs. 55.6±18.7 
ml/min/dl, P=0.077, respectively). By contrast, when the SUV/BF ratio was compared 
between these two groups, a high SUV/BF was associated with poorer prognosis (0.3±1.6 vs. 
0.1±0.5; P=0.024).  Similarly, when Kaplan-Meier analysis was performed, taking account 
of the small number of patients, for all three measurements (18F-FDG SUVmax, BF, and SUV/
BF ratio) using the respective median values as cut-off, only the SUV/BF ratio showed 
borderline significance in log-rank test (P=0.056) (Figure 12). 
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Figure 12. Kaplan-Meier survival analysis of 10 patients with pancreatic cancer using 18F-FDG 
SUVmax, BF, and SUV/BF ratio (Study II)

6.2	 18F-DOPA-PET/(CT) in diagnosis of pancreaticoduodenal NET 
(I, III-V)

Studies I, III-V. The overall series of studies included 26 patients with functional and three 
patients with non-functional pancreaticoduodenal NET (Table 12). In studies III-V, ten 
patients had a solitary benign insulinoma, and one malignant insulinoma with metastasis. 
Furthermore, three patients had histological verification of focal ß-cell hyperplasia. Eight 
patients did not have a finding of pancreatic NET. By visual inspection of 18F-DOPA-PET 
images, it was possible in 16 out of 18 patients (89%) to localize the pancreatic lesion, 
subsequently confirmed by histological analysis. All patients with ß-cell hyperplasia 
showed increased focal uptake of 18F-DOPA in the affected areas (Figure 13). As compared 
to CT or MRI, 18F-DOPA-PET was more sensitive in localizing diseased pancreatic tissue. 
Additionally, 18F-DOPA- PET was also more accurate than EUS and SRS. (Table 12)

Table 12. Accuracy of different imaging methods in patients with pancreatic NET both primary 
diagnosis and suspicion of recurrence (Studies I, III-V)
Pancreaticoduodenal
NET

18F-DOPA-PET
Ac %

18F-FDG-PET
Ac %

CT
Ac %

MRI
Ac %

IOUS/EUS
Ac %

SRS
Ac %

functional* n=26 85 (22/26) ND 44 (11/25) 50 (6/12) 43 (3/7) 50 (4/8)
non-functional** n=3 100 (1/1) 33 (1/3) 100 (3/3) 100 (3/3) ND ND

* including: suspicion of insulinoma n=5, suspicion of residive insulinoma n=3, insulinoma n=11,  β-cell hyperplasia 
n=3, vipoma n=1, residive gastrinoma n=1, hepatic metastasis of formerly operated pancreatic NET n=1, multiple 
pancreatic NET (MEN1 syndrome) n=1
** including: low-grade NET n=2 and high-grade NET n=1
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Figure 13. A. The histology of patient 
#1 (Study III) with β-cell hyperplasia. 
Histological analysis of the pancreas was 
otherwise normal (1, 3) except for a focal 
islet excess seen in the head of the pancreas 
(2, 4). Original magnification 200 and 
400. The histology agreed with the focal 
18F-DOPA uptake in the functional PET 
imaging (B). (© Reprinted with permission 
of the copyright holders.)

Figure 14. A. Focal 18F-DOPA uptake in 
the body of the pancreas without carbidopa 
premedication. B. Subtotal pancreatic 
resection was done and histological analysis 
showed low-grade malignant insulinoma 
Ki-67 9% (Patient #1, Study IV) 
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Study IV. This prospective study tested the effect of carbidopa on pancreatic 18F-DOPA 
uptake in patients with suspected islet cell tumor. All patients had strong biochemical 
proof of an insulinoma. Three patients were imaged and two patients had well-
differentiated insulinoma (Figure 14), and one patient had histological verification of 
β-cell hyperplasia. Prevention of 18F-DOPA decarboxylation by carbidopa prohibited 
accumulation of radioactivity into the disease focus in two out of three patients. In one 
patient with insulinoma both PET scans showed the lesion. 

6.3	 18F-DOPA-PET/(CT) in primary diagnosis, staging, and restaging 
of abdominal NET (V)

In study V, 93 18F-DOPA-PET/(CT) scans were analyzed in patients with NETs and 
overall accuracy of 18F-DOPA-PET/(CT) was 90%.  For primary diagnosis and staging of 
clinically suspected NET, the 18F-DOPA-PET/(CT) has an accuracy of 88% (n=32), and 
92% for restaging of disease (n=61). The indications for 18F-DOPA-PET/(CT) imaging 
of restaging included suspicion of recurrence (n=51), and follow-up studies (n=10).  In 
this group, 18F-DOPA-PET/(CT) detected advanced stage of disease in 31 patients, while 
in four patients, the PET scan failed to detect metastasis either partly (n=2) or completely 
(n=2). In these patients with advanced stage of disease, 18F-DOPA-PET/(CT) detected 
significantly more affected regions and lesions compared to the combined results of CT 
and MRI. Additionally, 18F-DOPA-PET/(CT) detected a mean value of 0.9 regions and 
1.9 lesions more than SRS and MIBG scintigraphy (n=15) (Table 13).

Table 13. Number of affected regions and lesions detected in 18F-DOPA-PET/(CT) compared to 
combined CT/MRI (A) and SRS/MIBG (B) in patients with advanced stage of NET 

18F-DOPA-PET/(CT)    
N=31

CT/MRI        
N=31

region* 2.7 1.1 P<0.0001
lesion 5.0 1.7 P<0.0001

A
18F-DOPA-PET/(CT)       

N=15
SRS/MIBG         

N=15
region* 3.0 2.1 P=0.076
lesion 5.5 3.6 P=0.075

B
* different body region (i.e. lung, head-neck region, mediastinum, abdomen, bone)

6.3.1	Other GI-tract NETs and pheochromocytoma (V)
Study V included 26 patients with GI-tract NET. Most of the patients (n=24) had 
18F-DOPA-PET/(CT) imaging for restaging of disease. In the restaging group, ten patients 
had suspicion of recurrence, and 14 patients restaging for treatment planning or follow-
up. In the restaging group, the primary tumor originated from the appendix in eight, 
from the small intestine in five, from the esophagus in two, was of gastric origin in one, 
and of colorectal origin in two. The rest of the patient had a primary tumor of unknown 
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origin. In restaging, the sensitivity and specificity were 86% and 100%, respectively. 
The serum CrA levels were significantly increased in 71% of the patients (73.7±211.1 
nmol/l). In GI-NETs, neither biochemical proof of disease nor presence of symptoms 
was associated with the sensitivity of 18F-DOPA-PET/(CT). 

Twenty-five patients with suspicion of primary or recurrent pheochromocytoma were 
imaged using 18F-DOPA-PET/(CT).  In primary diagnosis of disease (n=16), all patients 
had biochemical proof of disease with elevated urinary metanephrine levels (11.1±15.3 
µmol/day). 18F-DOPA-PET/(CT) had an accuracy of 100%, and five patients had a finding 
of pheochromocytoma. In the restaging group, eight patients had suspicion of recurrence 
and one patient had a follow-up study. In restaging of pheochromocytoma the accuracy 
was 89%. In three patients with suspicion of residive extra-adrenal pheochromocytoma, 
18F-DOPA-PET/(CT) achieved an accuracy of 100%. 

6.3.2	 Impact on patients’ management (V)
In 44 patients 18F-DOPA-PET/(CT) scans gave additional information compared to 
conventional imaging methods, and in an additional 11 patients, 18F-DOPA-PET/CT 
gave information for clinical diagnosis without comparative conventional imaging, thus 
the clinical management was changed in 55/93 (59%) cases. In addition, 18F-DOPA-
PET/(CT) confirmed the diagnosis in 29 obscure cases with inconclusive findings in 
conventional imaging. In 35 patients with biochemical proof of disease and negative 
conventional imaging, 18F-DOPA-PET/(CT) had a PPV of 92% and a NPV of 95%.  
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7	 DISCUSSION
In recent years, PET has gained acceptance as a promising modality for oncological 
imaging. In the field of GI-malignancies, the method has been applied in the diagnosis 
of esophageal and colorectal cancer, as well as lymphoma. Promising results have also 
been gained in the diagnosis of pancreatic cancer and NETs, although the role of PET is 
still evolving. The use of PET has been extensively studied since the 1990’s in pancreatic 
cancer and NETs, but controversial results have been obtained in the clinical trials. 

In the present series of studies, different PET tracers were used in the diagnosis and 
staging of pancreatic tumors and NETs. Metabolisms of pancreatic tumors were studied 
using tracer 18F-FDG (I) and BF of these tumors using 15O-H2O (II). In studies III-V 
aminoacid precursor tracer, 18F-DOPA, was used in PET/(CT) imaging to assess the role 
of this method in different types of NETs, especially among pancreatic NETs (III-IV).  

7.1	T he role of PET in pancreatic tumors (I-V)

7.1.1	Diagnosis of primary pancreatic tumor
Differential diagnosis of pancreatic diseases remains a difficult problem in clinical 
practice. The purpose of studies I and II was to study the role of 18F-FDG-PET/CT 
in primary diagnosis of pancreatic tumors, as well as 15O-H2O-PET/CT in assessing 
BF of different types of pancreatic lesions. Studies III and IV were designed to study 
insulinoma and β-cell hyperplasia using 18F-DOPA-PET/(CT) with and without 
carbidopa premedication. Study V was a retrospective analysis of 18F-DOPA-PET/(CT) 
in the diagnosis of different types of NETs, and included 13 patients with suspicion of 
primary or residive pancreatic NET. 

7.1.1.1	Pancreatic adenocarcinoma (I, II)
The main finding was that 18F-FDG-PET/CT had significantly higher accuracy compared 
to MDCT and MRI in a group of 38 patients (90% vs. 77% and 79%) (Study I). Especially 
in 21 patients with suspected malignant biliary stricture, 18F-FDG-PET/CT was able to 
differentiate a malignant and a benign biliary stricture with a high PPV of 92%. So 
far, only two prospective studies have been conducted using combined PET/CT in the 
diagnosis of pancreatic cancer with encouraging results (Heinrich et al., 2005;Schick et 
al., 2008). In addition to the improvements in the PET/CT technique, both CT and MRI 
have also undergone significant technical developments. Related to this, the strength of 
our study was that we used the most dedicated scanners not only in PET/CT but also in 
MDCT and MRI. Concerning patients with jaundice and biliary stricture, the results of 
our study are in good agreement with former studies. Study by Wakabyashi reported a 
sensitivity of 86% for 18F-FDG-PET in 30 patients with biliary stricture (Wakabayashi et 
al., 2005). Later, the same group reported that delayed scanning could be advantageous 
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in the diagnosis of biliary stricture for those patients with negative or equivalent early 
imaging achieving a sensitivity of 86% for delayed scanning (Nishiyama et al., 2007). 
Former studies have shown the advantage of delayed scanning in the differentiation of 
malignant and benign lesions (Nakamoto et al., 2000;Lyshchik et al., 2005). In our study 
delayed imaging did not provide any significant benefit in the diagnosis of pancreatic 
lesions. Furthermore, study I included three patients with non-functional pancreatic NET, 
and it is well-known that 18F-FDG-PET/CT is poor in detecting low-grade NETs (Adams 
et al., 1998). Accumulation of 18F-FDG in tumors is an index of increased glucose uptake 
reflecting tumor aggressiveness, and, therefore 18F-FDG-PET/CT is more sensitive in 
detecting high-grade NETs. In accordance with previous studies, in study I, only one 
out of the three NETs was detected using 18F-FDG-PET/CT, and histology in that case 
confirmed a high-grade NET with a proliferation index Ki-67 of 25% (Table 12).

For the first time, the differences in BF and its relationship to metabolic activity both 
in pathological pancreatic lesions and in the normal pancreas were evaluated using 
combined 15O-H2O- and 18F-FDG-PET/CT imaging (Study II). The study showed that both 
benign and malignant pancreatic lesions had decreased perfusion compared to normal 
pancreatic tissue. No significant difference between the BF of benign and malignant 
lesion was observed. However, the SUV/BF ratio seemed to differentiate benign findings 
from malignant tumors. Studies on the relationship between the metabolism of tumors 
and their BF have provided rather variable results; both a positive correlation (Zasadny et 
al., 2003) and a negative correlation (Hirasawa et al., 2007). Study II did not demonstrate 
any correlation between these two parameters, and this finding was in agreement with a 
study by Hoekstra et al.  (Hoekstra et al., 2002). 

7.1.1.2	Pancreatic NETs (III-V)
Study IV reported the novel finding that the use of carbidopa premedication in 18F-DOPA-
PET/CT could mask a finding of insulinoma or β-cell hyperplasia. Prevention of 18F-DOPA 
decarboxylation using carbidopa totally prohibited accumulation of radioactivity into 
the disease focus in two out of three patiens. This report was the first to describe this 
important phenomenon. In accordance with this finding, de Lonley reported in a study of 
DOPA decarboxylase in infants with congenital diffuse and focal hyperinsulinism, that 
in one child with diffuse form,  18F-DOPA uptake disappeared completely after carbidopa 
administration (de Lonlay et al., 2006). The explanation behind this phenomenon could 
be that carbidopa decreases the production of FDA and may potentially cause false 
negative findings if the visualization of the tumor is related to the storage of FDA in 
vesicles. Furthermore, vesicular monoamine transporter type 2 (VMAT2) is expressed at 
dopamine nerve terminals in the central nervous system and β-cells but is absent in the 
exocrine pancreas and many abdominal tissues (Souza et al., 2006). It is assumed that 
FDA is required for the imaging of β-cells and insulinomas, while uptake of radioactivity 
is related to the storage of FDA into vesicles. Therefore, the routine use of carbidopa 
premedication before 18F-DOPA should be avoided when there is a suspicion of an 
insulinoma or β-cell hyperplasia in adults or in infants. A suggested imaging protocol for 
patients with suspicion of insulinoma is presented as a case report in Figure 15. 
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A 46-year-old female with a 10-year history of 
episodes of fatique, dizziness, and seizures after 
exercise. The symptoms relieved after eating. 
The fasting glucose level was 2.3 mmol/l with 
a concomitant insulin level of 5.8 mU/l, and 
C-peptide level 0.66 nmol/l. Biochemical tests 
and symptoms revealed an insulinoma. Neither 
MDCT (A) nor MRI (B) was able to detect a 
pancreatic tumor. The patient also underwent 
EUS without any significant findings in the 
pancreas. Therefore, the patient was referred to 
18F-DOPA-PET/CT. 18F-DOPA-PET/CT without 
carbidopa premedication showed an increased 
18F-DOPA uptake in the tail of the pancreas 
(C). Patient was operated on and the tail of 
the pancreas was resected laparoscopically.  
Histolological analysis showed typical findings 
of well-differentiated insulinoma (WHO1) with 
a size of 6 mm (D) (1. hematoxylin-eosin -, 2. 
chromogranin A -, 3. insulin -, 4. MIB-1 stains). 
Postoperatively, patient has remained entirely 
asymptomatic. 

Figure15. Imaging protocol of insulinoma 
presented as a case report
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In patients with insulinoma or β-cell hyperplasia, 18F-DOPA-PET was a significantly 
more sensitive imaging method to identify the disease focus compared to CT or MRI. 
It has been shown recently by us (Otonkoski et al., 2006) and others (Ribeiro et al., 
2005;de Lonlay et al., 2006) that 18F-DOPA-PET is a useful non-invasive diagnostic 
method in infants with PHH. Study III was the first to study prospectively 18F-DOPA-
PET in adult patients with PHH. This study showed focal accumulation of 18F-DOPA 
in the pancreas of nine out of ten patients, and the focal lesion was confirmed 
histologically as an insulinoma or ß-cell hyperplasia in all ten patients. In line with 
infant studies, experience with adult patients indicates that the functional imaging with 
18F-DOPA-PET might help to optimize surgical treatment of focal ß-cell hyperplasia. 
So far, ß-cell hyperplasia is a rare and poorly characterized disease, and the existence 
of focal ß-cell hyperplasia in adults has been questioned. Recently, there has been 
a rising interest in ß-cell hyperplasia as a cause of PHH in adults (Jabri & Bayard, 
2004;Tsujino et al., 2005;Anlauf et al., 2005;Service et al., 2005). A novel finding was 
reported by Service et al. when six cases of ß-cell hyperplasia were found in patients 
after gastric-bypass surgery as treatment for severe obesity (Service et al., 2005). The 
use of bariatric surgery for treating severe obesity has increased dramatically over 
the past decade, and related to this, the number of patients with ß-cell hyperplasia is 
also growing. Accurate localization of islet cell tumors provides important support 
for the surgery. Concerning the importance of biochemical proof of disease before 
18F-DOPA-PET imaging, the retrospective study V showed lower diagnostic accuracy 
than study III in a group of patients with pancreatic NETs (63% vs. 90%, respectively). 
This is explained by the fact that patients with suspicion of insulinoma had rather 
weak biochemical proof of disease in study V because the patients with histologically 
verified insulinoma and β-cell hyperplasia reported in study III were excluded. It is 
very important to have a strong biochemical proof of functional pancreatic NET to 
obtain the greatest benefit from 18F-DOPA-PET/CT. 

7.1.2	Staging of pancreatic adenocarcinoma (I)
T- and N-staging: In study I, in 12 patients out of 17 with malignant disease, clinical 
T-stage could be assessed, and it was altered in nine patiens after 18F-FDG-PET/CT (8 
underestimated, 1 overestimated). 18F-FDG-PET/CT had no additional value compared 
to MDCT or MRI in T-staging of pancreatic adenocarcinoma. Clinical N-stage was 
changed in five out of eight patients after 18F-FDG-PET/CT. Related to this, 18F-FDG-
PET/CT was not able to assess the clinically important resectability of the tumor due to 
low sensitivity in detection of the local spreading of disease. The high signal intensity 
of the primary tumor hides the active lymph nodes near by. In line with this, there are 
no previous data supporting the usefulness of 18F-FDG-PET in detecting local spread of 
pancreatic cancer because of the lack of detailed anatomical information (sensitivities 
46-71%) (Bares et al., 1994;Diederichs et al., 2000;Wakabayashi et al., 2008). However, 
it seems that when PET was combined with CT, the ability to show local spreading of 
disease was still very poor (sensitivity 21-68%) (Lemke et al., 2004;Heinrich et al., 
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2005). A recent retrospective study by Farma and co-workers reported that by combining 
different imaging methods (CT, EUS, 18F-FDG-PET/CT) it was possible to increase the 
detection rate of local disease to 53% compared to 4% when using only 18F-FDG-PET/
CT (Farma et al., 2008). 

M-staging: In study I, 18F-FDG-PET/CT missed the presence of liver metastasis in one 
out of seven patiens, while both MDCT and MRI missed four of these metastatic liver 
lesions.  In support of our results, several studies (Jadvar & Fischman, 2001;Nishiyama et 
al., 2005b;Wakabayashi et al., 2008) have shown that 18F-FDG-PET has a complementary 
role in M-staging. 18F-FDG-PET leads to a more accurate preoperative diagnosis and 
avoids unnecessary non-curative operations with sensitivities ranging from 70 to 82% 
and specificities from 95 to 98%  (Diederichs et al., 2000;Nishiyama et al., 2005b). With 
respect to the results of study I and previous findings, 18F-FDG-PET/CT is a very useful 
method when assessing distant disease. 

7.1.3	 Impact of PET/CT on patients’ management (I)
In study I, in 10 out of 38 patients, the result of a preoperative 18F-FDG-PET/CT scan 
would have significantly influenced patients’ treatment protocol. The greatest advantage 
using an additional 18F-FDG-PET/CT was gained in the group of patients with biliary 
stricture with unknown etiology and inconclusive findings in conventional imaging. In 
four out of 21 patients with biliary stricture, the additional use of 18F-FDG-PET/CT 
affected the treatment planning by confirming the adenocarcinoma (n=2) not seen in 
MDCT or MRI, or by confirming benign etiology (n=2) with a false positive finding in 
MDCT and MRI. Another group with additional benefit of 18F-FDG-PET/CT imaging 
was in patients with distant spreading of disease. Strengthening our results, Heinrich 
et al. also evaluated the impact of 18F-FDG-PET/CT on patients’ management, with the 
finding that five out 59 study patients avoided operation because of metastasis diagnosed 
by 18F-FDG-PET/CT. In addition, the sum of $1,066 per patient was finally saved by 
the additional use of 18F-FDG-PET/CT (Heinrich et al., 2005). Based on former studies, 
11-16% of the study patients’ management was changed by using 18F-FDG-PET/CT 
(Heinrich et al., 2005;Farma et al., 2008). In terms of the clinical relevance of study II, 
combined 15O-H2O- and 18F-FDG-PET/CT imaging seems to be a reliable method in the 
differential diagnosis of pancreatic lesion related to the finding that the SUV/BF ratio 
was significantly different between these groups. Furthermore, 15O-H2O-PET/CT could 
also be utilized in assessing the effect of oncological treatments. However, these findings 
needs to be studied further. In this respect, tumor BF and metabolism seem to be among 
the most relevant clinical parameters (Hoekstra et al., 2002;Miles & Williams, 2008).

In study I, in 17 patients with pancreatic adenocarcinoma, Kaplan-Meier survival 
analysis showed poorer survival with high SUVmax (cut-off value >4.27). A similar trend 
was noticed in study II when the SUV/BF ratio was calculated in a subgroup of 11 
patients with the finding that a higher ratio predicted poorer survival.  This result in study 
II could explain in part the resistance of pancreatic cancer to oncological treatments, 
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such as antiangiogenic therapy (Kindler HL, 2007). Due to the small number of patients 
conclusions regarding survival should be drawn with caution. In accordance with our 
finding, former studies have shown a correlation between high SUV in pancreatic tumor 
and poor survival (Nakata et al., 2001;Sperti et al., 2003). This finding strengthens the 
idea that repeated 18F-FDG-PET/CT during oncological treatments could be used in 
assessing the effect of the therapy.  

7.2	T he role of 18F-DOPA-PET in other forms of abdominal NETs (V)

7.2.1	 In the primary diagnosis and staging (V)
On the basis of study V, 18F-DOPA PET is a very powerful tool for the primary diagnosis 
of NETs with an accuracy of 88%. We have used 18F-DOPA for almost a decade as 
a tracer in PET imaging of NETs. Our experiences are in accordance with previous 
studies. However, all larger previous studies (Hoegerle et al., 2001a;Becherer et al., 
2004;Montravers et al., 2006;Koopmans et al., 2006) included mostly patients with 
advanced NETs. To our knowledge, the current study is the first to assess 18F-DOPA-
PET in primary diagnosis of NETs in various organs, and the largest in the diagnosis 
of pheochromocytoma using 18F-DOPA-PET. Results of this study, especially the high 
sensitivity of 100% for 25 patients with suspected pheochromocytoma, are in concordance 
with previous findings. However only one study has been conducted on the primary 
diagnosis of pheochromocytoma using 18F-DOPA-PET with a reported sensitivity of up 
to 100% (Hoegerle et al., 2002). Recently, Montravers and co-workers concluded, in 
their study of 33 patients, that 18F-DOPA-PET seems to be significantly more accurate in 
well-differentiated than in poorly-differentiated NETs with an accuracy of 89% and 36%, 
respectively (Montravers et al., 2006). The results of study V support this finding; five 
out of six patients with false negative finding in 18F-DOPA-PET imaging had advanced 
neuroendocrine carcinoma.  

7.2.2	 In restaging (V)
In study V, the ability of 18F-DOPA-PET/(CT) in the restaging of NETs was analyzed. 
The current data showed an accuracy of 92% in a group of 61 patients. Furthermore, in 
patients with a formerly known NET and increasing tumor markers, 18F-DOPA-PET was 
a highly sensitive first-line imaging method in detecting a recurrent NET.  Previously, 
it has been shown by others that 18F-DOPA-PET is more sensitive than conventional 
imaging in detecting skeletal lesions (Becherer et al., 2004), and it also found more tumor 
lesions per region compared with combined SRS and CT (96% vs. 65%) (Koopmans 
et al., 2006) in patients with advanced stage of NETs. The finding of this study is in 
agreement with these previous studies, since 18F-DOPA-PET detected significantly more 
tumor regions and lesions than combined CT/MRI imaging (p<0.0001) (Table 13).
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7.2.3	 Impact of patients’ management (V)
In study V, the main goal was to analyze the clinical value of 18F-DOPA-PET/(CT) in 
patients with suspicion of primary NET and positive biochemistry as well as restaging 
of disease. Overall, the clinical treatments of 55 of the 93 study patients were affected. 
The greatest added value of 18F-DOPA-PET/(CT) was in the group of patients with 
biochemical proof of disease and inconclusive findings in conventional imaging. In 
35 patients with biochemical proof of disease and negative conventional imaging, 
18F-DOPA-PET/(CT) achieved both high PPV and NPV (92% and 95%, respectively). 
Most studies so far have focused on patients with a known NET and extensive metastatic 
disease. The current study further expands previous studies by assessing the clinical 
application of 18F-DOPA-PET in patients with only a suspected NET with specific 
symptoms and positive biochemistry. Previous studies with advanced NET have shown 
excellent detection properties of 18F-DOPA-PET for liver, bone, and abdominal regions 
(Becherer et al., 2004;Koopmans et al., 2006). Related to more accurate lesion and region 
detection, the diagnosis of extrahepatic disease may lead to cancellation of planned liver 
surgery or other debulking procedures, which are becoming more common for NETs.  
In addition, more precise determination of the amount and type of tumor burden has an 
impact on medical treatment choices and may also affect patients’ prognosis.  

7.3	M ethodological considerations, limitations, and strengths of PET 
in pancreatic tumors and NETs

From the methological point of view imaging of the pancreas using the PET technique is 
many-sided, and there are several general limitations. First of all, hyperglycemia related 
to diabetes lowers the sensitivity of 18F-FDG-PET imaging (Diederichs et al., 1998). 
In study I, plasma glucose was measured but we did not use the glucose correction of 
SUV in the final analysis due to the similar results without glucose correction and the 
similar level of glucose values between groups (patients with normal pancreas, benign 
or malignant lesion). In addition, nowadays, clinical 18F-FDG-PET/CT protocol does not 
include routine glucose corrections. However, those patients selected for study II (26 
out of 38 patients with additional 15O-H2O-PET/CT imaging) had significantly different 
glucose values between patients with benign and malignant lesions, and therefore glucose 
correction was used to avoid bias. 

Secondly, inflammation due to pancreatitis could cause false positive findings in 18F-FDG-
PET/CT imaging because inflammatory foci in the pancreas also accumulate 18F-FDG 
(Friess et al., 1995;Shreve, 1998;Diederichs et al., 1998;Yokoyama et al., 2005). Further, 
the role of 18F-FDG-PET in AIP is still evolving. Recently, encouraging results have 
been reported on the differential diagnosis of pancreatic adenocarcinoma and AIP using 
18F-FDG-PET with a typical finding of multiple, diffuse and heterogenous 18F-FDG 
accumulation in patients with AIP (Ozaki et al., 2008). In study I, all four patients with 
mass-forming CP had a negative PET scan. On the other hand, one patient with cystic 
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lesions due to CP was false positive and one adenocarcinoma was misdiagnosed as a 
CP. 

Thirdly, biliary stenting or other benign inflammatory conditions may have 18F-FDG 
uptake in PET imaging (Anderson et al., 2004). In our series of patients with jaundice, 
cholestasis was treated by endoscopic stenting before 18F-FDG-PET/CT scanning, and 
the placed stent did not cause any problems in interpretation due to the corresponding 
anatomical CT image. The role of preoperative biliary stenting is under discussion 
and there is no general consensus. Some studies have shown a positive intraoperative 
bile culture to be associated with higher mortality and morbidity rates following 
pancreaticoduodenectomy (Sewnath et al., 2002;Jagannath et al., 2005). 

Finally, movement of the pancreas due to respiration is observed to produce artifacts 
in the area of the diaphragm, and can be decreased by half if optimized breath-holding 
protocols are used (Beyer et al., 2003). A new gating technique to account for respiratory 
motion during the PET/CT scan could improve the diagnostic accuracy of pancreatic 
imaging, although prospective studies have not yet been done. 

In study II, tumor perfusion was conducted using 15O-H2O-PET/CT, which has several 
benefits compared to other methods. First, 15O-H2O-PET/CT is currently the most 
quantitative and best validated method to measure perfusion with applications in several 
tissue and tumor types, even though this method is feasible only in a few centers. An 
additional advantage of PET imaging is the possibility to concurrently measure metabolic 
activity using tracer 18F-FDG. In study II, the dynamic 15O-H2O-PET scan was combined 
with a static 18F-FDG-PET scan. The dynamic 18F-FDG-PET data and calculation of the 
glucose extraction index would potentially provide more information.Unfortunately, due 
to lack of longer scanning time, and limited patient compliance this was not possible in 
this study protocol.

A methodological improvement of 18F-DOPA-PET imaging is the use of the AADC 
inhibitor, carbidopa, as a premedication. In neurological 18F-DOPA-PET studies, 
carbidopa has been used for decades to decrease metabolism of 18F-DOPA in the 
periphery. This increases the cerebral accumulation of labeled amino acids and largely 
reduces extraction of radioactive metabolites into urine (Örlefors et al., 2006). Carbidopa 
increases plasma levels of DOPA and OMFD (Hoffman et al., 1992), reduces urinary 
radioactivity concentration, and thereby improves the visualization of NETs (Örlefors 
et al., 2006). Several studies have shown that the image quality improves markedly 
following pretreatment with carbidopa, based on equivalent metabolic pathways (Brown 
et al., 1998;Koopmans et al., 2006). The high radioactivity in the urinary system might 
also cause reconstruction artifacts in abdominal scans. Therefore, carbidopa pretreatment 
has become the standard protocol in PET imaging of NET also in our institute. There 
is also some evidence that increased formation of OMFD by blocking decarboxylation 
with carbidopa might have a distinctive role in the imaging of NETs (Bergmann et al., 
2004). 18F-fluorine-labeled OMFD has also been tested as a PET tracer for NETs, but 
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the results are controversial (Bergmann et al., 2004;Beuthien-Baumann et al., 2007). As 
discussed above, the effect of carbidopa is different when the pancreas is imaged (Study 
IV). 

The studies of this thesis have several limitations. First of all, studies I and II included a 
heterogenous group of patients and only few patients with a finding of cystic lesions and 
mass-forming CP. A larger number of patients having cystic lesions or CPs would have 
been interesting and challenging to image using 18F-FDG-PET/CT. Thus, conclusions 
should not be drawn even though 18F-FDG-PET/CT seems to be a reliable method also in 
these diseases. Increasing the number of study patients could have improved the power 
of the statistical analysis, but it is unlikely that the major conclusions of these studies 
would have changed. Furthermore, due to the small number of patients, the study did 
not assess the role of 18F-FDG-PET/CT in the diagnosis of premalignant lesions of the 
pancreas, which would have been a very important aspect from the clinical point of view. 
In addition, only three out of 17 patients with pancreatic adenocarcinoma had radical 
resection, and no venous resection was done in our institution. These facts make the 
reliablity of the T- and N-staging assessment controversial. Another limitation is that in 
studies III and V, conventional imaging studies were not performed systematically in all 
patients, and study V was conducted retrospectively. Furthermore, the main limitation 
of study V was the lack of a pathological reference standard, but obtaining a biopsy 
specimen for histological verification from all participants with negative tests and several 
lesions was not feasible. 

Apart from the aforementioned limitations, the current studies offered several benefits. 
Studies I and II were prospectively performed in highly standardized conditions using 
a combined PET/CT imaging modality and the results compared to dedicated MDCT 
and MRI.  In study I, the interpretation of different imaging methods was done blindly. 
Studies III and IV were also conducted prospectively, and the small sample size was due 
to the rarity of pancreatic NETs. Furthermore, since May 2006, carbidopa has been used 
in our institute as a premedication among NET patients to improve visualization of the 
tumor, and in study V, carbidopa was given to 19 patients.

7.4	F uture aspects
The introduction of inline PET/CT scanners and tumor-specific tracers offers a great 
potential for the PET/CT technique to become standard usage in the primary diagnosis 
of pancreatic lesions and different types of NETs, in addition to the staging of these 
diseases.

On the basis of the encouraging results, combined 18F-FDG-PET/CT together with 
contrast-enhanced MDCT is promising as an ‘all-in-one’ imaging technique for the 
detection of primary tumor, and for showing the distant metastases of pancreatic cancer. 
Optimized scanning protocols including control of blood glucose and motion of organs 
in the upper abdomen can further improve the diagnostic sensitivity of 18F-FDG-PET/
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CT, and might enable more accurate detection of early-stage pancreatic cancer, although 
larger studies are needed to confirm the results of this study. As new therapeutic agents 
targeting angiogenic mechanisms of pancreatic tumors are being introduced, it is 
becoming obvious that careful classification and selection of patients prior to treatment 
is necessary for these therapeutic strategies to be successful (Nalluri et al., 2008). Since 
some parameters related to BF have been shown to correlate with microvascular density 
(Folkman, 2002), the use of drugs targeting angiogenesis could be optimized by pre-
treatment measurement of BF, which could be measured reliably by the 15O-H2O-PET/
CT technique. Both BF and vascularisation of tumors vary strongly, and therefore poor 
selection of patients might also explain why many clinical trials have failed to demonstrate 
any significant benefit of anti-angiogenic therapies in the case of pancreatic malignancy 
(Kindler HL, 2007). Further studies are needed to evaluate the role of combined 15O-H2O- 
and 18F-FDG-PET/CT in assessing the effect of oncological treatments. 

New tracer developments are continuously taking place in oncological imaging but 
there is no strong evidence of new PET tracers in pancreatic cancer. 18F-fluorothymidine 
has been proposed as a promising new positron-emitting radiopharmaceutical, based 
on assessment of the proportion of cells undergoing active proliferation. Unfortunately, 
preliminary results in pancreatic cancer are poor with a sensitivity of only 40% (Quon et 
al., 2008).  In the diagnosis of NETs, several promising tracers have been investigated. 
Receptor-based tracers such as SST analog can now be labeled with positron-emitting 
isotopes. Thus far, the published results are promising (Gabriel et al., 2007), but only 
one study has been conducted to compare a receptor-based tracer, 68Ga-DOTA-NOC, to 
18F-DOPA showing advantages over 18F-DOPA (Ambrosini et al., 2008). A comparison 
of the metabolic and the receptor-based approach would be interesting to give more 
information on inter- and intra-patient heterogeneity of receptor expression, and on 
metabolic activity within tumor lesions. Further studies are needed to resolve which 
types of NETs are better visualized by receptor-based tracers and which by metabolic 
tracers such as 18F-DOPA or 11C-5-HTP. Thus, comparisons between metabolic and 
receptor-based imaging methods for the detection of NETs are needed in the near future. 
New targeted drug therapies for NETs are being developed but, up to now, no nuclear 
medicine techniques have been tested for their value for in the treatment monitoring of 
NETs. 
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8	CONC LUSIONS
On the basis of the present investigations, the following conclusions can be drawn

1. Study I evaluated the impact of 18FDG-PET/CT, MDCT, and MRI in the primary 
diagnosis and staging of pancreatic cancer. The clinical management was altered in one 
fourth of patients using additional 18F-FDG-PET/CT. MRI did not have any additional 
value compared to MDCT. Based on this study, 18F-FDG-PET/CT, combined with 
diagnostic MDCT, is an efficient first-line imaging tool in the differentiation of primary 
pancreatic tumors and the detecting of distant metastasis in pancreatic cancer, but 
18F-FDG-PET/CT could not assess the local resectability of the tumor.

2. Study II presents data on BF and metabolism in the normal pancreas and pancreatic 
lesions, measured using 15O-H2O- and 18F-FDG-PET/CT. BF of a malignant lesion is 
significantly reduced compared to the normal pancreas. In contrast, BF of a benign and 
a malignant lesion does not differ. On the other hand, the SUV/BF ratio is significantly 
higher in malignant lesions than in benign lesions or in patients with a normal pancreas. 
Furthermore, it seems that in malignant lesions the SUV/BF ratio could predict 
survival. 

3. Study III patients with PHH were imaged using 18F-DOPA-PET/(CT). 18F-DOPA-PET/
(CT) detected  the disease focus in the pancreas in nine out of ten patients as subsequently 
confirmed by histology. Based on this study, 18F-DOPA-PET/(CT) is a useful method in 
the diagnosis of insulinoma and β-cell hyperplasia in adult patients. 

4. Study IV demonstrates the novel finding that prevention of 18F-DOPA decorboxylation 
by means of carbidopa totally prohibited accumulation of radioactivity into the disease 
focus in two out of three patients with PHH. Therefore, carbidopa premedication should 
not be used in 18F-DOPA-PET/CT imaging when islet cell tumor of the pancreas is 
suspected.

5. In study V, ninety-three 18F-DOPA-PET/(CT) scans in patients with NET were 
evaluated. The diagnostic accuracy was assessed by comparing histopathological reports 
(n=30) and clinical follow-up (n=63). In patients having 18F-DOPA-PET/(CT) for the 
primary diagnosis, the accuracy was 88%, and for restaging 92%. This study indicates 
that 18F-DOPA-PET/(CT) is a sensitive first-line imaging method in both the primary 
diagnosis and the restaging of NET.
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