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Abstract
Solid pseudopapillary tumors (SPT) are rare, unique pancreatic tumors with benign entity and low 
malignant potential. Limited information is available in the literature reporting their accumulation 
of fluorine-18 fluoro deoxyglucose (18F-FDG) using positron emission tomography/computed tom-
ography (PET/CT). The aim of this retrospective study was to define the uptake-accumulation of 18F-
FDG PET/CT in a comparatively large cohort of SPT, and to compare their uptake with the uptake of 
18F-FDG in pancreatic ductal adenocarcinomas (PAC) and neuroendocrine tumors (PNET). Between 
June 2007 and January 2013, 18 pathologically proven SPT were identified from the total of patients 
studied by PET/CT in our Center, including 13 women and 5 men, aging from 23 to 56 years old (mean 
age, 38.5 years). Malignant SPT was histologically classified using the WHO criteria. Eighty-six PAC pa-
tients and 28 PNET patients were also identified and included in this study for comparison. Positron 
emission tomography results were considered as positive if focal accumulation of 18F-FDG exceeded 
the surrounding normal pancreatic tissue. Regions of interest were drawn on the pancreatic lesions, 
and the maximal standardized uptake values (SUVmax values) were calculated. The mean values of 
SUVmax were compared with independent-samples t test or with the nonparametric Mann-Whitney 
U method. Correlation of SUVmax values and tumor size were analyzed in cases of SPT. Receiver op-
erating characteristics (ROC curve) were used to study the efficiency of SUV values for the differential 
diagnosis between SPT versus (vs) PAC and SPT vs PNET. A value of P<0.05 was considered statistically 
significant. All SPT cases were 18F-FDG-PET positive, with SUVmax values ranging from 3.5-18.3. The 
SUVmax values of SPT had poor correlation with tumor size, and no significant difference by gender 
and age. Areas under the curve ROC were 0.619 and 0.526, respectively for the differentiation of SPT 
from PNET and PAC tumors. Five SPT tumors were malignant, and exhibited relatively low 18F-FDG 
uptake (SUVmax range, 3.0-4.5) except a tumor after recurrence (SUVmax 17.7). Images of CT were 
of low dose and thus were not evaluated. In conclusion, our results suggest that SPT benign or ma-
lignant are consistently hyperaccumulating 18F-FDG above SUVmax 3. Differentiation from PAC and 
PNET if only based on the higher SUVmax values was not possible but if based on lower SUVmax, of 
≤2.6 (in 14%) and ≤2.5 (in 21.4%) of PAC and PNET, respectively, these pancreatic tumors could be 
differentiated from SPT.

Introduction

S olid pseudopapillary tumors (SPT) of the pancreas are rare, accounting for 0.13%-
2.7% of all pancreatic tumors [1]. As PET (PET/CT) is becoming more and more popu-
lar in pancreatic tumors detection, it is important to better understand the imaging 

characteristics of this rare tumor when interpreting the PET images of the pancreas. Cur-
rently, information about the metabolic feature of SPT is limited, with no more than 15 
cases found in the literature [2-9]. The limited available information reveals that SPT has 
high uptake of 2-deoxy-2-[18F]-fluoro-D-glucose (18F-FDG), despite of its benign nature. So, 
based on the present knowledge of SPT, there are two questions. First, if SPT consistently 
have this kind of hyperaccumulation of 18F-FDG in a cohort study. Second, if so, can SPT be 
differentiated from other solid pancreatic tumors such as ductal adenocarcinomas (PAC) or 
neuroendocrine tumors (PNET), which are the most common pancreatic tumors with very 
different prognosis. 

We retrospectively studied 18 patients with pathologically proven of SPT selected from 
all patients who underwent 18F-FDG PET/CT studies in our center during the last 5 years. 
We compared these patients with patients with histologically proven PNET and PAC of the 
pancreas with the aim to confirm the metabolic features of SPT and differentiate them 
from PAC and PNET of the pancreas using PET/CT. 

Hyperaccumulation of 18F-FDG in order to differentiate 
solid pseudopapillary tumors from adenocarcinomas and 
from neuroendocrine pancreatic tumors and review of the 
literature

Zhi-wei Guan1 PhD,
Bai-xuan Xu1 MD,
Rui-min Wang1 PhD,
Lu Sun2 MD,
Jia-he Tian1 MD

1. Department of Nuclear Medi-
cine and
2. Department of Pathology, 
Chinese PLA General Hospital, 
Beijing, China

                         ***
Keywords: Solid pseudopapillary 
tumor 
- 18F-FDG - Pancreatic ductal 
adenocarcinoma 
- Neuroendocrine tumor

Correspondence address:
Jia-he Tian MD,
Fuxing Road 28, 
Beijing, China. 100853
Email: 13718806573@139.com

Received:
      22 March 2013
Accepted revised:
      14 May 2013

Hell J Nucl Med 2013; 16(2): 97-102 Published on line:  20 July 2013Εpub ahead of print: 21 May 2013



Hellenic Journal of Nuclear Medicine www.nuclmed.gr98 May - August 2013

skull base to midthigh. Attenuation correction was per-
formed using a low-dose helical CT protocol (90mAs, 
110kV, 0.9pitch) under normal breathing. The PET images 
were reconstructed using the true X method (3 iterations, 
21 subsets), and postfiltered with a 5.0mm full width at 
half maximum (FWHM) in a matrix of 168. The attenuation 
corrected PET images, CT images and integrated PET-CT 
images were displayed in 3-dimensional planes. Positron 
emission tomography results were recorded as positive if 
any focal tracer accumulation exceeded normal regional 
tracer uptake in the pancreas [10]. Lesions outside the pan-
creas with focal 18F-FDG accumulation higher than the sur-
rounding normal tissues, if there was no other reasonable 
explanation, e.g. physical uptake, inflammation, other be-
nign or secondary tumors, were diagnosed as metastases 
[11]. The region of interest was placed on the area with the 
highest 18F-FDG uptake. The maximal standardized uptake 
value (SUVmax) was calculated. Images of PET/CT were re-
viewed by two nuclear medicine doctors experienced in 
PET/CT image reading. Disagreement was resolved by dis-
cussion between them. 

The diagnosis of SPT was based on the histopatho-
logical examination as well as the immunohistochemical 
staining. Malignant SPT was classified according to the 
WHO criteria, including perineural invasion, angioinva-
sion, deep invasion into the surrounding tissue, and dis-
tant metastases.

Quantitative variables were expressed as means±sta-
ndard deviations, and categorical variables were expressed 
as counts and proportions. Patients of SPT were classified 

Subjects and methods

This study was approved by the institutional Review Board 
of the Chinese PLA General Hospital. The requirement of in-
formed consent from patients was waived due to the retro-
spective nature of the study. 

We retrospectively reviewed the patients referred to this 
center for 18F-FDG PET/CT studies between June 2007 and 
January 2013 to identify the patients of pathologically prov-
en solid pancreatic tumors including SPT, PNET and PAC. 
Because PAC were much more common than SPT and PNET, 
the inclusion period for PAC ended in June 2012 rather than 
January 2013. Eighteen patients of SPT (5 men, 13 women; 
mean age, 38.5±11.9 years; range, 23-56 years) were includ-
ed in the study. The PET/CT studies were done for staging 
in 9 cases, differential diagnosis in 7 cases, restaging in 1 
case and primary tumor screening in 1 case according to 
the prescription of the clinical doctors. Pathological results 
were obtained from resection of the tumor in 13 cases and 
from fine needle biopsy in 5 cases. Eighty-six patients with 
PAC (53 men, 33 women; mean age, 61.4±10.8 years; range, 
35-80 years) and 28 patients with PNET (16 men, 12 women; 
mean age, 50.9±10.4 years; range, 37-73 years) were includ-
ed in the study and were compared with the SPT patients. 

Before imaging, patients fasted for 6h and their blood 
glucose levels were as tested, below 7mmol/L. Positron 
emission tomography/CT scans were performed on a 
dedicated PET/CT scanner (Biograph Truepoint, Siemens) 
with 64-slice CT 60min after the intravenous injection of 
18F-FDG (5.55MBq/kg). The scan covered the trunk from 
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Table 1. Clinical characteristics of the patients with SPT

No. Sex Age Tumor in pancreas Tumor size(cm) Tumor SUVmax Management Pathology

1 F 46 Neck 3.4 5.4 Resection Benign

2 » 49 Uncinate process 2.0 4.2 Biopsy    »

3 » 25 Neck 5.5 7.5 Resection    »

4 » 56 Tail 8.5 4.0     »    »

5 M 37 Neck 2.4 8.2     »    »

6 F 23 Head 5.2 7.0     »    »

7 » 24 Neck 3.2 6.5     »    »

8 » 38 Head 2.0 4.1 Biopsy    »

9 » 30 Uncinate process 1.7 7.4    »    »

10 M 47 Head 2.6 18.3 Resection    »

11 F 50 Body 8.0 11.4    »    »

12 » 24 Tail 10 8.6    »    »

13 M 31 Head 4.5 7.6    »    »

14 » 56 Tail 5.0 3.5 Biopsy Mal.(h. m.)

15 F 49   » 4.0 3.7    »  »     »

16 » 26 Head 3.5 4.5 Resection  » (p. in.)

17 M 42   » 3.0 4.0    »  » (c. in.)

18 F 34   » 3.4 17.7    » Recurrence

SPT: solid pseudopapillary tumors, Mal. h. m: malignant hepatic metastases, p.in: perineural invasion, c: capsule, M: male, F: female
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into younger and elderly groups by comparing their mean 
age. Independent-samples t test was used to compare the 
SUVmax values between SPT groups defined by age and 
sex. Nonparametric Mann-Whitney U method was used to 
compare the SUVmax values between the tumor groups 
of SPT, PNET and PAC. Correlation between SUVmax value 
and tumor size (maximum diameter of the tumor) was ana-
lyzed by the method of linear regression. The ROC curve 
was used to analyze the efficiency of SUVmax value for dif-
ferential diagnosis between SPT and PAC and also between 
SPT and PNET. A significant difference was indicated by 
P<0.05. Statistical analysis was performed using SPSS for 
Windows (version 11.5).

Table 2. Studies of SPT with 18F-FDG information retrieved from the database of Medline and Embase

Reference of study Number of patients Gender/age Tumor size (cm) SUVmax value

[2] 1 Female/40 3.5 2.6

[3] 2    »/31
   »/37

5.8
5.3

4.2
3.0

[4] 1    »/16 1 3.6

[5] 6 0.9-42.8*

[6] 1    »/34 6.7 4.8

[7] 1    »/65 large 11.4

[8] 1  Male/58 2.4 4.4

[9] 2    »/58
   »/75

12
4.5

3.4
negative

Total 15 F/M 12/2

M: male, F: female, *One tumor was 18F-FDG negative with the SUVmax value as 0.9

Figure 1. A pathology proven benign SPT located in the pancreatic tail (arrow) 
of a 26 years old woman showed avid 18F-FDG uptake in the peripheral zone (B, 
solid white arrow, SUVmax of 7.5), corresponding to the solid part of the tumor 
enhanced after contrast administration (C-D). The spleen vessel was suppressed 
but not invaded.

Figure 2. A pathology proven malignant SPT with hepatic metastasis located 
in the pancreatic tail of a 55 years old woman showed mild 18F-FDG uptake with 
SUVmax value as 3.7 (B, solid white arrow), and exhibited hypoattenuation at 
the arterial phase after contrast administration (C, solid white arrow). The PET 
image failed to display the lesions in the liver which were identified as hyperen-
hanced small nodules or circles at the arterial phase after contrast administration 
(D, empty white arrows). Another pathology proven malignant SPT with capsule 
invasion located in the pancreatic neck of a 42 years old man exhibited hypovas-
cular enhancement at the arterial phase after contrast administration (E, solid 
white arrow), and also showed mild 18F-FDG uptake with SUVmax value as 4.0 (F, 
solid white arrow). 
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Results

Our results showed that all SPT tumors exhibited positive 
18F-FDG uptake (Fig.1), with the SUVmax values varying from 
3.5 to 18.3 (Table 1). Statistical results showed no correlation 
between the SUVmax value and the tumor size (r=0.002, 
P=0.994). Eight patients were much elder than the mean 
age, but their SUVmax values were not significantly different 
from those of the younger patients (P=0.632). Comparison of 
the values between male and female patients also showed 
no significant difference (P=0.683). According to the WHO 
criteria, 5 SPT tumors were classified as malignant because 
2 had hepatic metastases confirmed on biopsy, 2 had mi-
croscopic capsule or perineural tumor invasion, and 1 had 
recurrence, 4 years after the primary tumor resection, con-
firmed by pathology. 

The 2 malignant tumors with liver metastases were diag-
nosed in elderly patients and the SPT tumors were located 
in the tail of the pancreas. These tumors showed low 18F-
FDG uptake with the lowest SUVmax values of 3.5 and 3.7, 
respectively (Fig. 2). The hepatic metastases in one of these 
2 patients were identified with slightly higher 18F-FDG accu-
mulation than the surrounding hepatic tissue. 

The 2 malignant tumors with perineural and capsule in-
vasion were both located in the pancreatic head and also 
exhibited relatively low 18F-FDG uptake with the SUVmax 
values of 4 and 4.5, respectively (Fig. 2). 

The tumor after recurrence showed high 18F-FDG accumu-
lation with a very high SUVmax value of 17.7. 

No significant difference was found in general, between 
total SUVmax values of SPT and of PNET (P=0.209), or SPT 
and PAC (P=0.734) (Fig.3). For the differential diagnosis of 
SPT vs PNET and vs PAC by the SUVmax value, the ROC areas 
were 0.619 and 0.526, respectively (Fig. 4). 

It was noticed that 74/86 PAC tumors (86%) had higher 
18F-FDG uptake with SUVmax between 3.1-17.7. A SUVmax of 
≤2.6 (2-2.6) was noticed in 12 (14%) of PAC cases. 

For PNET, tumors 22/28 (78.6%) patients had higher 18F-
FDG uptake with SUVmax 3-49.4. A SUVmax of ≤2.5 (1.2-2) 
was noticed in 6 (21.4%) of the 28 PNET patients.

Discussion

Hyperaccumulation of 18F-FDG in SPT was first reported by 
other researchers in 2005 [2] and later by others (Table 2) 
[3-9]. From the database of Medline and Embase, 8 studies 

with a total of 15 cases of SPT were retrieved by using the 
keywords: “solid pseudopapillary tumor”, “solid and cystic 
tumor”, with “18F-FDG”. According to the literature, all 15 
tumors except for 2 exhibited hyperaccumulation of 18F-
FDG, with SUVmax ranging from 2.6 to 42.8. It was not clear 
if the hyperaccumulation of the SPT was an arbitrary find-
ing considering that most of the studies were case reports. 
In the present retrospective study we included 18 patients 
with SPT all of which exhibited hyperaccumulation of 18F-
FDG, while 14% of PAC and 21.4% of PNET patients did not. 
So, it was interesting that SPT, a type of tumor with largely 
benign character, could accumulate 18F-FDG so markedly 
both at its benign and malignant state. As SPT predomi-
nantly occurs in young women [1], we showed that the 
SUVmax value was not affected by age or gender. There 
was a poor correlation between the SUVmax value and 
the tumor size. It is well known that glucose transporter-1 
(Glut-1) and hexokinase-II (HK-II) play key roles in 18F-FDG 
uptake and trapping in the tumor cells. Immunohisto-
chemical staining showed that SPT tumor cells had poor 
expression of Glut-1 and moderate expression of HK-II, but 
were rich in mitochondria [3]. Cells with high density, rich 
in mitochondria, and the hypervascular nature of the tu-
mor may contribute to the accumulation of 18F-FDG in SPT 
tumor cells [3, 4]. Some PAC tumors may be negative in the 
18F-FDG PET scan or have very low SUVmax as in our study, 
because of their small size, or having small number of tu-
mor cells and large amount of fibrous components [12]. 
Some PNET tumors may also be negative in the 18F-FDG 
scan because well-differentiated tumors do not accumu-
late 18F-FDG [13, 14]. 

Figure 3. Scatter plot of SUVmax values in the 3 groups of pancreatic tumors. 

Figure 4. ROC curves of SUVmax to differentiate between all SPT vs all PNET 
(A) and vs all PAC tumors (B), the areas under curve were 0.619 and 0.526, re-
spectively. 
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Fluorine-18-FDG PET/CT has been shown to be useful in 
pancreatic cancer staging or in differential diagnosis be-
tween inflammation and pancreatic cancer [10, 11]. For dif-
ferential diagnosis on pancreatic tumors, 18F-FDG PET/CT 
plays only an additional role as dynamic CT and MRI exami-
nations are usually the first choice. Different from 18F-FDG 
PET, which reflects glucose metabolism of the tumor cells, 
CT and MRI reflect their anatomical structures and tumor 
components [15, 16]. In case of SPT, dynamic MRI seems 
more able than CT to display the pseudocapsule cystic 
changes, hemorrhage, as well as the progressively periph-
eral enhancement after contrast administration, which 
were the most important imaging features of SPT and helps 
to differentiate them from other pancreatic tumors such as 
PAC and PNET [16, 17]. From the clinical point of view, the 
differentiation of SPT from PAC or from PNET is quite im-
portant, because their prognosis and treatment are quite 
different. Patients with SPT can benefit from resection of 
both the primary tumor and metastatic lesions in case that 
SPT becomes malignant and metastatic [1, 18], with much 
better prognosis than PAC and PNET [19, 20]. Unfortunately, 
we found it impossible to differentiate between these kinds 
of tumors if only based on higher SUVmax values of more 
than 3.5. But still, it was important that SPT always exhibits 
hyperaccumulation of 18F-FDG, while PAC and PNET may 
show lower SUVmax equal or lower than 2.6 in 14% and in 
21.4% of cases, respectively. 

In our study, the incidence of malignant SPT was 5/18, in 
good proportional agreement with previous studies [18, 21]. 
Malignant pancreatic tumors are more often found in old 
and male patients [21], and often located in the tail of the 
pancreas having a size of more than 6cm [22]. A relationship 
between SUV and histological malignancy was suggested ac-
cording to a study of 14 patients, among which 6 underwent 
a 18F-FDG PET scan [5]. In that study, tumors with microscopic 
venous and perineural invasion were found to have more in-
creased 18F-FDG uptake as compared with tumors without 
these characteristics. Our results seemed different, as the 
malignant tumors with local invasion and hepatic metastas-
es exhibited relatively low uptake of 18F-FDG compared with 
the tumors without the above characteristics. Furthermore, 
only the recurrent tumor 4 years after resection of the pri-
mary exhibited avid 18F-FDG uptake. Considering the small 
number of malignant SPT patients in the previous as well as 
in our studies, further studies of 18F-FDG-PET are needed to 
clarify the relationship between SUV and SPT potential for 
malignancy.

There were some limitations in our study. First, it was ret-
rospective. Second, the SPT patient number was still small, 
though it is the largest till today reported cohort with 18F-
FDG PET/CT results. Third, we did not discuss the CT part of 
our PET/CT study, because the CT scan integrated in our PET/
CT procedure was used mainly for attenuation and location 
using a very low dose, and thus with poor quality. Further-
more, we did not include the dynamic CT and MRI imaging 
results on our patients, because many such studies have al-
ready been reported, illustrating the radiological features 
of SPT as well as their differentiation from other pancreatic 
tumors [17, 23, 24]. Other PET tracers such as 68Ga-DOTA-TOC, 
specific for somatostatin receptors in PNET and such as the 
18F-FLT specific for cellular proliferation in PAC patients, re-
spectively, may help to differentiate between different pan-
creatic tumors [25, 26]. 

In conclusion, our study showed that SPT tumors either at a 
benign or malignant stage, hyperaccumulated 18F-FDG PET, 
and was thus difficult to differentiate them from PAC and 
PNET if only based on high SUVmax. On the other hand, 14% 
of PAC tumors and 21.4 of PNET showed lower SUVmax of 
less or equal to 2.6 or to 2.5, respectively and in this aspect 
differed from SPT.

The authors declare that they have no conflicts of interest.
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