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Abstract
Background Physiological focal radiopharmaceutical uptake in the head and uncinate process of the pancreas may be seen 
on somatostatin receptor-based PET/CT and might lead to false-positive results for neuroendocrine tumours (NETs). We 
aimed to perform a systematic review and a meta-analysis about the prevalence of this finding.
Methods We performed a comprehensive computer literature search across several databases until July 2020. Pooled preva-
lence of physiological focal uptake on somatostatin receptor-based PET/CT in the pancreas was calculated on a per-exami-
nation-based analysis and 95% confidence interval values (95% CI) were reported.
Results Six studies (684 patients and 829 PET/CT scans) were included. The pooled prevalence of physiological uptake in the 
head and uncinate process of the pancreas on somatostatin receptor-based PET/CT imaging was 34% (95% CI 19.5–48.7%) 
with average SUVmax values ranging from 5 to 12.6. Heterogeneity was seen across the selected studies.
Conclusions High radiopharmaceutical uptake in the head and uncinate process of the pancreas is frequent at somatostatin 
receptor-based PET/CT and it should be recognized by nuclear medicine physicians to prevent unnecessary additional inves-
tigations. In addition, next generation PET/CT tomographs might increase the prevalence of this finding.
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Introduction

Neuroendocrine tumors (NETs) originate from neuroendo-
crine cells and are more frequently located in small intestine 
and pancreas [1, 2]. Recently, there has been an increase 
in the use of somatostatin receptor-based positron emis-
sion tomography/computed tomography (SSTR PET/CT) 
in the setting of NETs including pancreatic tumors [3, 4]. 
The identification and localization of pancreatic NETs using 
SSTR PET/CT might affect patient medical and surgical 
management [2]. Physiological and intense radiopharma-
ceutical uptake in the head and uncinate process (UP) of the 
pancreas at SSTR PET/CT has been reported in the literature 
and this finding could lead to false-positive results, hence 
to additional investigations such as imaging or biopsies [5].

The increased radiopharmaceutical uptake in the head and 
UP of the pancreas seen on SSTR PET/CT can be explained 
by a higher density of cells expressing somatostatin recep-
tors in these sites in comparison to the rest of the pancre-
atic gland [5, 6]. However, pancreatic NETs are sometimes 
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located in the UP and focal radiopharmaceutical uptake in 
the UP should not always be dismissed as physiological.

Therefore, to establish the prevalence of physiological 
radiopharmaceutical uptake in the head and UP of the pan-
creas on SSTR PET/CT, we performed a systematic review 
and meta-analysis to provide useful data for nuclear medi-
cine physicians and radiologists that could be used to better 
discuss diagnostic strategies when confronted to this finding.

Methods

Search strategy

A comprehensive computer literature search of PubMed/
MEDLINE, and Cochrane library databases was performed 
by two authors (SB and GT) to identify published articles 
that investigated the prevalence of physiological uptake in 
the pancreatic head and UP at SSTR PET/CT. A combina-
tion of the following terms was used for the search algo-
rithm: ((DOTATOC) OR (DOTANOC) OR (DOTATATE) 
OR (DOTA) OR (somatostatin)) AND ((PET) OR (posi-
tron)) AND ((pancreas) OR (pancreatic)) AND ((physio-
logical) OR (physiologic) OR (incidental) OR (normal) OR 
(false positive)). The literature search was updated until 31 
July 2020.

Study selection

Original articles within the field of interest reporting the 
prevalence of physiological uptake in the pancreatic head 
and UP at SSTR PET/CT were eligible for inclusion. The 
exclusion criteria were as follow: (a) articles outside of the 
field of interest of this review; (b) case reports and small 
case series; (c) review articles, comments, letters, editorials, 
and conference proceedings. No language or date restrictions 
were used. The titles and abstracts of the recovered articles 
were reviewed independently by two researchers (SB and 
GT) according to the inclusion and exclusion criteria previ-
ously mentioned. Articles which appeared evidently ineli-
gible were rejected. The full-length version of the remain-
ing articles was independently reviewed by two researchers 
(SB and GT) to evaluate their eligibility for inclusion. Any 
disagreements over articles eligibility were resolved during 
a consensus meeting.

Data extraction

All the authors contributed to data extraction. Basic study 
information was collected for each eligible study that is 
authorship, year of publication, country, study design, num-
ber of patients recruited and mean patients age. The type of 
PET or PET/CT tomographs and radiotracer used as well as 

the prevalence of physiological uptake in the pancreatic head 
and UP detected on SSTR PET/CT were collected. In addi-
tion, the percentage of these findings found on additional 
evaluation with anatomical imaging, including magnetic 
resonance imaging (MRI) or contrast-enhanced computed 
tomography (CE-CT) was also reported.

Statistical analysis

Pooled prevalence of physiological uptake in the pancre-
atic head or UP detected on SSTR PET/CT, including 95% 
confidence interval values (95% CI), were calculated on a 
per-examination-based analysis. Inconsistency index (I2) was 
used to estimate heterogeneity; it describes the percentage of 
variation across studies that is due to heterogeneity and not 
chance. The Egger’s test was used to assess publication bias 
[7]. Statistical analyses were done using StatsDirect software 
(Version 3, Birkenhead, UK).

Quality assessment

All the authors contributed to the quality assessment. The 
overall quality of the studies included in this systematic 
review was appraised based on the NIH National Heart, 
Lung and Blood Institute Study Quality Assessment Tools.

Results

Literature search

The comprehensive computer literature search from MED-
LINE/PubMed and Cochrane library databases retrieved 
154 articles. After applying the exclusion criteria previously 
mentioned, six original articles were selected and recovered 
in full-text version [8–13]. The detailed process of article 
selection is reported in Fig. 1. There were no additional arti-
cles found after a further screening of the references of those 
selected articles. Thus, 6 studies totaling 829 scans in 684 
patients reported data on the prevalence of physiological 
uptake in the pancreas on SSTR PET/CT and were suitable 
for pooled analysis [8–13]. The characteristics of the studies 
included in this systematic review are showed in Tables 1, 
2 and 3.

Qualitative analysis (systematic review)

The six articles assessing the prevalence of physiological 
uptake in the pancreas on SSTR PET/CT were published 
between 2011 and 2014 [8–13]. All those studies were 
retrospective and monocentric [8–13]. The quality of the 
included studies was judged as moderate using the selected 
quality assessment tool in all cases. Even though, PET/CT 
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was performed in all studies, there was a lack of homogene-
ity between studies, beginning with differences in terms of 
radiotracers used (68Ga-DOTATOC, 68Ga-DOTATATE or 
68Ga-DOTANOC) (Table 2). The studied population also 
differed between studies. Most studies recruited patients 
with NETs except for one study by Kunikowska et  al. 
studying the pancreatic uptake in a general population of 
patients referred for imaging using 68Ga-DOTATATE PET/

CT [8–13]. Average age of patients was 61.5 ± 3.5 years 
with a majority of male patients [8–13]. The prevalence of 
physiological radiopharmaceutical uptake in the pancreatic 
head and UP on SSTR PET/CT ranged from 9 to 70%. Most 
studies used concomitant CT imaging or previous CT/MRI/
ultrasound for morphological comparison of the radiophar-
maceutical uptake seen in the pancreas [8–13]. Malignancy 
findings were very rare in the absence of morphological 

Fig. 1  Flowchart of the literature search
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lesions or abnormalities at the time of the SSTR PET/CT 
[11, 12]. All studies used both visual and quantitative assess-
ment of the uptake seen in the UP with a wide heterogeneity 
across studies for the methodology used. Interestingly, in one 
study, SSTR PET/CT was performed during follow-up with-
out demonstration of malignancy in the site of physiological 
radiopharmaceutical uptake in the pancreas [9].

Quantitative analysis

The pooled prevalence of physiological uptake in the pancre-
atic head and UP at SSTR PET/CT, taking into account 684 
PET/CT scans, was 34.1% (95% CI 19.5–48.7%) (Fig. 2). 
A significant heterogeneity across studies was found by the 
I2 index (95%), whereas a significant publication bias was 
excluded by the Egger’s test. Unfortunately, due to the lim-
ited number of available articles, subgroup analyses to sta-
tistically explore the heterogeneity could not be performed.

Discussion

The increase in SSTR PET/CT scans prompt to a better 
understanding of physiological uptake and pitfalls to mini-
mize the number of unnecessary follow-up investigations 
[1–4]. In that setting, the physiological radiopharmaceuti-
cal uptake in the pancreatic head and UP on SSTR PET/
CT should be recognized and further investigations should 
only be done in case of a strong suspicion of malignancy 
especially in patients with NETs (Fig. 3). We performed a 
systematic review and meta-analysis on the prevalence of the 
physiological radiopharmaceutical uptake in the pancreatic 
head and UP on SSTR PET/CT to increase the statistical 
power compared to single-centre studies, hence providing 
evidence-based data for the nuclear medicine physician in 

routine practice [8–13]. Though the prevalence of physi-
ological uptake in the pancreatic head and UP varied across 
studies, it was relatively frequent, seen in up to 70% of the 
patients in the study by Jacobsson et al. [10]. Most of the 
studies except for one included NETs patients, which might 
induced a bias especially since no direct comparison to a 
control group without history of NETs was done [8–13].

Regardless, we should underscore that there was a wide 
heterogeneity in the methodology across studies, as reported 
visual and quantitative assessment criteria varied signifi-
cantly [8–13]. Indeed, not all studies had a clear definition of 
what should be considered as an increased uptake in the UP 
by visual assessment. Only some of the studies used a refer-
ence value for the quantitative assessment, which might have 
lead to variation in the accurate prevalence of physiological 
findings in the pancreas on SSTR PET/CT. For instance, 
in the study by Jacobsson et al., there was no distinction 
according to the uptake pattern of the UP on visual analy-
sis whereas Al-Ibraheem et al. distinguished between focal 
and irregular pattern of uptake [8, 10]. Other factors that 
might interfere with a correct assessment of prevalence of 
physiological uptake in the pancreatic head and UP on SSTR 
PET/CT are the different radiotracers used in the studies 
included in this systematic review (68Ga-DOTATATE, 68Ga-
DOTATOC or 68Ga-DOTANOC) [3, 8–14]. Interestingly, it 
seems that the reported prevalence was higher in the stud-
ies using 68Ga-DOTATOC as a radiotracer in comparison 
to other tracers [8–14]. Further investigations comparing 
similar population of patients undergoing different SSTR 
radiotracers might help determine the impact of the radi-
otracer on prevalence of UP physiological uptake. The delay 
between radiotracer injection and PET/CT acquisition might 
also have played a part [3, 8–14]. Indeed, we found that even 
for studies using the same radiotracers, the delay between 
radiotracer injection and PET/CT acquisition varied which 

Table 1  Basic study and patient characteristics of the included studies

NET neuroendocrine tumour, NR not reported

Authors Year Country Study design Numbers 
of patients 
included

Patients with 
pancreatic 
NET

Patients with 
non-pancreatic 
NET

Average age 
[range]

Male/female

Al-Ibraheem 
et al.

2011 Germany Retrospective Monocentric 43 3 40 64 [28–81] NR

Castellucci 
et al.

2011 Italy Retrospective Monocentric 100 0 100 NR [35–78] 60/40

Jacobsson 
et al.

2012 Sweden Retrospective Monocentric 50 0 50 59 [14–88] 26/24

Krausz et al. 2012 Israel Retrospective Monocentric 103 40 63 58.6 [16–89] 50/46
Kunikowska 

et al.
2012 Poland Retrospective Monocentric 250 NR NR 55.5 ± 14.1 

[NR]
90/160

Mapelli et al. 2014 UK Retrospective Monocentric 138 38 100 55.8 ± 15.4 
[20–84]

77/61
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might be an additional a bias for a direct comparison of the 
prevalence of the physiological uptake of the UP between 
studies [8–14]. The lack of direct comparison between pan-
creatic uptake on SSTR PET/CT and morphological imaging 
(contrast-enhanced CT or MRI at time of PET/CT) is also 

problematic as NETs are known to be hyperarterialized and 
small tumors might not be seen on a standard low-dose CT 
[9, 11–13]. Moreover, follow-up was not available in some 
studies and pathological confirmation of suspicious physi-
ological uptake in the pancreas on SSTR PET/CT was very 

Table 3  Physiological uptake in the pancreas at somatostatin receptor-based PET/CT in the included studies

NR not reported, CT computed tomography, MRI magnetic resonance imaging, PET positron emission tomography, SUVmax/mean standardized 
uptake value maximum/mean

Authors Incidental physi-
ological uptake in 
the pancreas

SUV values of inci-
dental findings in the 
pancreas (range)

Comparison to 
morphological 
imaging

Somatostatin 
receptor-based 
PET/CT performed 
at follow-up

Somatostatin 
receptor-based 
PET/CT performed 
at follow-up

Pathological 
confirmation

Al-Ibraheem et al. 20/43 SUVmean = 5.8 ± 7.6 
(1.5–39.3); SUV-
max = 9.8 ± 12.5 
(2.4–62.2)

No direct compari-
son

No No Yes

Castellucci et al. 31/100 SUVmax focal 
uptake = 12.6 ± 2.2; 
SUVmax diffuse 
uptake = 5.0 ± 1.6

Previous CT or 
MRI showing 
normal pancreatic 
density without 
evidence of 
disease

Yes, with confirma-
tion of physi-
ological uptake

Yes, with confirma-
tion of physi-
ological uptake

No

Jacobsson et al. 35/50 SUVmax = 9.2 ± 2.9; 
SUVmean 
75% = 7.8 ± 2.6;

SUVmean 
50% = 6.0 ± 2.0

No suspicion of any 
pathology of the 
pancreatic head at 
the concomitant 
CT study

No No No

Krausz et al. 38/103 SUVmax = 6.6 ± 2.2 
(2.2–12.6)

CT, MRI and 
ultrasound only in 
36 cases

No No No

Kunikowska et al. 41/250 SUVmax = 9.2 ± 3.3 CT, MRI and 
ultrasound only in 
30 cases

No No No

Mapelli et al. 13/138 SUVmax = 6.4 
(2.1–17.9)

Unclear No No No

Fig. 2  Pooled analysis on the prevalence of physiological uptake in the pancreas at somatostatin receptor-based PET/CT
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rare [8]. However, it is clear that increased uptake in the 
pancreatic head and UP on SSTR PET/CT with no morpho-
logical correlation seen on conventional imaging was rarely 
associated with malignancy during follow-up [11, 12].

Besides, more research is needed with new generation 
PET/CT tomographs as all the studies included in this 
systematic review were done using older generation PET/
CT tomographs. The introduction of next generations 
tomographs implemented with digital detectors and more 
performant reconstructions algorithms (such as Bayesian-
penalized likelihood reconstruction or point spread func-
tion correction) might affect both visual and quantitative 
assessment of the uptake in the pancreatic head and UP at 
SSTR PET/CT [15, 16]. Thus, original research studies on 
the impact of next generation silicon photomultiplier (SiPM) 
with time of flight PET/CT machines on the prevalence of 
this physiological finding are needed to assist the nuclear 
medicine physician in routine practice. The advent of PET/
MRI tomographs might also play a part in improving the 
characterization of radiopharmaceutical uptake in the UP as 
physiological at SSTR PET, with a better anatomical defi-
nition on the corresponding MRI images in comparison to 
low-dose CT.

Lastly, we should report several limitations in our 
review, which could limit the scope of our results. First, 
our selection and exclusion criteria lead to a very small 
number of original articles eligible for inclusion in this 
systematic review. Second, as previously mentioned, there 
was significant heterogeneity across studies in terms of 

patient population, PET radiotracers and protocols but 
also in image interpretation, which could have affected 
our analysis. Additionally, the quality of the six studies 
included is moderate, as they were single centre and retro-
spective [8–13]. Nonetheless, in our opinion, the strength 
of this mini-review was to highlight that physiological 
radiopharmaceutical uptake in the UP of the pancreas at 
SSTR PET/CT is frequent. Nuclear medicine physicians 
should recognize this finding a SSTR PET/CT to avoid 
unnecessary and costly additional investigations especially 
since this examination is becoming routine practice across 
institutions.

Conclusion

This systematic review showed that a physiological radi-
opharmaceutical uptake in the pancreatic head and UP on 
SSTR PET/CT is relatively frequent and should be acknowl-
edged by nuclear medicine physicians interpreting these 
images especially in NETs patients as to avoid unnecessary 
and costly additional investigations. Moreover, next gen-
eration PET/CT scanners implemented with SiPM-based 
detectors and more performant reconstructions algorithms 
might increase the prevalence of this physiological find-
ing and further investigations are needed to assist imaging 
interpretation.

Fig. 3  Somatostatin receptor-
based PET/CT and contrast-
enhanced CT axial images 
showing an area of increased 
radiopharmaceutical uptake 
corresponding to a pancreatic 
neuroendocrine tumour in the 
uncinate process of the pancreas 
at CT images (yellow arrows) 
and an area of physiological 
radiopharmaceutical uptake 
in the uncinate process of the 
pancreas without abnormalities 
at CT images (white arrows)
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