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ABSTRACT

Cystic pancreatic neuroendocrine tumors represent 13% of all 
neuroendocrine tumors.

The aim of this study is to analyze the phenotype and biologic 
behavior of resected cystic neuroendocrine tumors.

A systematic review and meta-analysis were conducted until 
September 2016 using a search in Medline, Scopus, and EMBASE 
with the terms “cystic pancreatic endocrine neoplasm”, “cystic islets 
tumors” and “cystic islets neoplasms”.

From the 795 citations recovered 80 studies reporting on 431 
patients were selected. 87.1% (n = 387) were sporadic tumors and 
10.3% (n = 40) corresponded to multiple endocrine neoplasia type 
1. Were diagnosed incidentally 44.6% (n = 135). Cytology was 
found to have a sensitivity of 78.5%.

Were non-functional tumors 85% (n = 338), and among the 
functional tumors, insulinoma was the most frequent. According to 
the European Neuroendocrine Tumor Society staging, 87.8% were 
limited to the pancreas (I-IIb), and 12.2% were advanced (III-IV).

Disease-free survival at 5 years in stages (I-IIIa) and (IIIb-IV) was 91.5% 
and 54.2%, respectively; and was significantly lower (p = 0.0001) in 
functional tumors. In patients with multiple endocrine neoplasia there 
was a higher incidence of functional (62.5%) and multifocal (28.1%) 
tumors. Disease-free survival at 5 and 10 years was 60%.

Cystic pancreatic neuroendocrine tumors exhibit phenotypical 
characteristics which are different to those of solid neuroendocrine 
tumors. 

Key words: Cystic pancreatic neuroendocrine tumors. Multiple 
endocrine neoplasia type 1. Cystic tumors. Oncologic outcomes. 
Evidence base medicine.

INTRODUCTION

Cystic pancreatic neuroendocrine tumors (cPNETs) 
account for between 13% and 17% of pancreatic neuro-
endocrine tumors (PNETs) and 9-10% of resected cystic 
tumors (1,2).

Due to the widespread use of diagnostic methods with 
greater sensitivity and specificity the incidence of such 
tumors has risen in recent years and has led to the publi-
cation of cases and clinical series.

Establishing a differential diagnosis with regard to other 
cystic and solid lesions of the pancreas may be difficult 
as in many cases cPNETs are diagnosed incidentally and 
exhibit great clinical variability: functional, non-function-
al, sporadic or hereditary (3-5).

The aim of the present study is to carry out a systematic 
review and meta-analysis of resected cystic pancreatic neu-
roendocrine tumors reported in the literature, including 5 
cases from our own center, with the objective of obtaining 
the most exhaustive scientific knowledge on their clinical, 
pathologic and prognostic characteristics.

MATERIAL AND METHODS

The systematic review was carried out following the recommen-
dations reported in the “Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses” (PRISMA) adapted to surgical series 
and cases (6,7).

Cystic pancreatic neuroendocrine tumor was defined as any neu-
roendocrine tumor which had a cystic pattern (purely cystic or mixed 
cystic-solid lesions) in the macroscopic study or the imaging studies 
and confirmed by histology.

–  Inclusion criteria: all published cases of cystic pancreatic 
neuroendocrine tumors which were treated with surgery and 
with histologic confirmation were identified. Non-resected 
tumors or those where histologic confirmation was lacking 
were excluded.

–  Methods use to search for and identify studies: up to 22nd Sep-
tember 2016, the following databases were consulted: Medline, 
Scopus, and EMBASE. Studies in English, German French and 
Spanish were included. A search of the “grey” literature was 
also undertaken with the inclusion of cases reported at con-
ferences, letters to the editor or chapters in books. The search 
terms used were “cystic pancreatic endocrine neoplasms”, 
“cystic islets tumors”, and “cystic islets neoplasms”.

   The articles identified were recorded in an Excel® database 
and duplicates were eliminated. In the database, the titles and 
abstracts of the articles were independently reviewed by two 
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authors (LH, JAC) in order to assess the validity and quality 
of the case series. The full text of all the articles selected was 
printed to ensure the inclusion criteria had been met. When 
doubts arose, the possible reasons for excluding the article 
were discussed by the team, and a final decision was taken 
by consensus. If multiple case series were published from the 
same center with overlapping study periods, the publication 
with the largest number of cases was selected.

–  Data extraction: data were extracted using a predefined pro-
tocol which included sex, age, associated genetic disorder, 
symptoms, presentation type, diagnostic methods, fine needle 
punction-aspiration (FNPA) cytology, size and location of the 
tumor, type of surgery, post-operative complications, immuno-
histochemical and pathologic characteristics, stage according 
to ENETS (European Neuroendocrine Tumor Society) (8), 
Ki-67 grade as defined by the WHO (World Health Organiza-
tion) (9), survival and time to tumor recurrence. All data were 
extracted in duplicate to ensure accuracy.

–  Data synthesis and analysis: The continuous variables were 
summarized with means, ranges and standard deviations. In 
the series of patients where individual patient data were not 
provided, these data were not included in the analysis. Categor-
ical variables were analyzed using Pearson’s χ2 test or Fisher’s 
exact test. To compare continuous variables from independent 
samples the Student´s t-test was used or its nonparametric 
equivalent, the Mann-Whitney U test. The two-sided level of 
significance was set at p < 0.05.

   Kaplan-Meier curves were plotted to assess survival, with a 
significance level of p < 0.05, and using the Log-rank test to 
analyze differences in survival depending on different char-
acteristics. 

   All data were analyzed using Stata 12 software (StataCorp. 
Stata Statistical Software: Version 12.1. College Station, TX: 
Stata Corp LP).

RESULTS

A total of 795 citations were identified. Once duplicate 
and unrelated articles had been excluded, 96 studies were 
selected, from which another 5 were discarded as they did 
not deal with cystic PNETs. Of the remaining 91 articles, a 
further 11 were excluded: 6 articles because they reported on 
the same series included in another article, 3 cases because 
they provided no data and 2 cases in which pathologic con-
firmation of the tumor was not performed. Finally, 80 studies 
were included, 67 isolated case reports (10-76) and 13 case 
reviews (1,2,77-87). Of these 80 studies, the full text was not 
available in 15, and so the relevant information was taken 
from the abstract. The 80 studies covered a total of 431 cases 
of cystic pancreatic neuroendocrine tumors. Five cases who 
underwent surgery in our center were also included to make 
a final total on 436 cPNET cases. Figure 1 shows the flow 
diagram of the articles included and reasons for exclusion 
as set out in the PRISMA guidelines (6). 

The demographic and clinical characteristics of the 
436 patients are shown in table 1. Of these patients 194 
(50.9%) were male, and the mean age was 53.2 years  

(SD = 16.1). Male patients were significantly older (57.1 
vs. 49.5; p = 0.001). 

Genetic characteristics were reported in 387 patients: 
337 patients (87.1%) were sporadic, 40 (10.3%) had MEN-
1 (multiple endocrine neoplasis type 1), 7 (1.2%) had Von 
Hippel Lindau syndrome and 3 tuberous sclerosis (0.8%).

Details of the clinical presentation were obtained in 303 
patients, of whom 135 (44.6%) were asymptomatic and 
thus corresponded to “incidentalomas”, 106 (35%) pre-
sented with abdominal pain, 16 (15.3%) with an abdominal 
mass, 14 (4.6%) with weight loss, 10 (3.3%) diabetes on 
diagnosis and 8 (2.6%) pancreatitis. 

Data on the functionality of the tumors were available 
in 339 cases. In 287 cases (85%) they were non-function-
al while in 52 (15.3%) they were functional: 18 insuli-
nomas (5.3%), 12 glucagonomas (3.5%), 10 gastrino-
mas (3%), 7 somatostitomas (2.1%), 3 ACTH-secreting 
tumors (ACTHoma) (0.9%), 1 vasoactive intestinal pep-
tide-producing tumor (VIPoma) (0.3%) and 1 growth hor-
mone-producing tumor (GHoma) (0.3%). 

In 196 patients a preoperative diagnosis was made 
using FNPA leading to a diagnosis of endocrine tumor in 

Fig. 1. Flow diagram for the inclusion of cases of cPNETs in the systematic 
review following the PRISMA recommendations (6,7).
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(Continue in the next column)

Table 1. Demographics and clinical characteristics  
of cPNET tumor

Variable n (%)

Gender

– Male 194 (50,92)

– Female 187 (49,08)

Age* mean (SD) 53.2 (16.12)

Genetic disorder 

– Sporadic 337 (87.1)

– MEN-1 40 (10.34)

– Von Hippel Lindau 7 (1.81)

– Tuberous sclerosis 3 (0,78)

Clinical symptoms 

– Asymptomatic 135 (44.55)

– Abdominal pain 106 (34.98)

– Abdominal mass 16 (5.28)

– Weight loss 14 (4.62)

– Diabetes 10 (3.3)

– Pancreatitis 8 (2.63)

– Jaundice 5 (1.65)

– GI bleeding 3 (0.99)

– Previous pancreatitis 3 (0.99)

– Nausea/vomiting 3 (0.99)

Incidental diagnosis† 135 (44.55)

Endocrine symptoms

– Non-functioning 287 (84.66)

– Insulinoma 18 (5.31)

– Glucagonoma 12 (3.54)

– Gastrinoma 10 (2.95)

– Somatostitoma 7 (2.06)

– ACTHoma 3 (0.88)

– Vipoma 1 (0.29)

– GHRHoma 1 (0.29)

Citology-FNA‡ 

– Neuroendocrine 154 (78.57)

– Non-concluyent 20 (10.2)

Location 

– Head 100 (26.73)

– Body 77 (20.59)

– Tail 184 (49.2)

– Multiple 13 (3.48)

Diameter (mm)§ mean (SD) 43.76 (36.48)

Necrosis 22 (13.5) 

Table 1 (Cont.). Demographics and clinical characteristics 
of cPNET tumor

Variable n (%)

Hemorraghe 55 (29.7)

Type of surgery

– Enucleation 28 (12.67)

– Whipple 31 (14.03)

– Corporocaudal pancreatectomy 20 (9.05)

– Central pancreatectomy 7 (3.17)

– Distal pancreatectomy 127 (57.47)

– Total pancreatectomy 7 (3.17)

– Marsupialization 1 (0.45)

Ki-67 index

– Low 186 (85.32)

– Intermediate 32 (14.68)

– High 0 (0)

Stage (ENETS)

– I 69 (25.7)

– IIa 98 (36.4)

– IIb 69 (25.7)

– IIIa 2 (0.7)

– IIIb 18 (6.7)

– IV 13 (4.8)

Follow-up, months║, mean (SD) 42.49 (30.25)

Recurrence¶ 15 (8.02)

– Locoregional 5 (2.8)

– Distant 4 (2.1)

– Non-specified 6 (3.2)

Death** 5 (2.67)

*Age: n = 201. †Incidental diagnosis: n = 303. ‡Citology-FNPA: n = 196. §Diam-
eter: n = 193. ║Follow-up in months: n = 185. ¶Recurrence: n = 187. **Death: 
n = 187.

154 patients (78.6%) and inconclusive results in 20 cases 
(10.2%). 

Tumor location was reported in 374 patients. Approx-
imately half of the tumors, 184 (49.2%) were located in 
the tail, 87 (23.3%) in the head, 77 (20.6%) in the body, 7 
(1.9%) in the neck and 6 (1.6%) in the uncinate process. 
Thirteen cases (3.5%) were multifocal tumors. The maxi-
mum diameter reported in 193 patients was 43.8 mm (SD 
= 36.5).

The type of surgical intervention was reported in 221 
patients: in 28 cases (12.7%) the procedure performed was 
enucleation, in 31 cases (14%) Whipple’s procedure, in 
20 cases (9.1%) corporocaudal pancreatectomy, in 7 cases 
(3.2%) central pancreatectomy, in 127 cases (57.5%) distal 
pancreatectomy, in 7 cases (3.2%) total pancreatectomy 
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and in 1 case marsupialization. In 18 cases the procedures 
were performed laparoscopically. 

Information on ENETS staging was available for 269 
patients: 69 (25.7%) were stage I, 98 (36.4%) stage IIa, 
69 (25.7%) stage IIb, 2 (0.7%) stage IIIa, 18 (6.7%) stage 
IIIb and 13 (4.8%) stage IV. Lymph node involvement was 
reported in 295 patients with 268 cases (90.8%) with N0 
and the remaining 27 (9.2%) with N1. Synchronous metas-
tases were found in 13 patients (4.6%) of the 286 for whom 
this information was given.

The mitotic index as defined by Ki-67 was reported in 
218 of the tumors and was low in 186 (85.3%) and inter-
mediate in 32 (14.9%). Twenty-two foci of necrosis (n = 
163) and 55 foci of hemorrhage (n = 185) were identified.

Follow-up was reported in 187 cases with a mean dura-
tion of 42.5 months (SD = 30.3) and a range of 1 to 168 
months. Out of these 187 cases, there were 15 cases of 
relapse (8%): 5 (2.8%) were locoregional, 4 (2.1%) distant 
and in 6 cases (3.2%) no location was given. Overall sur-
vival (OS) could be obtained for 185 cases, and 4 deaths 
were recorded (2.2%).

Overall survival as calculated by ENETS staging in 
stages I and II at 5 and 10 years was 100%. In stage III, 
OS at 1 and 5 years was 100% and 85.7%, respectively. In 
stage IV, OS at 1 and 5 years was 100% and 75% respec-
tively (p = 0.05). Disease-free survival rates (DFS) at 1 and 
5 years in stages I-IIIa (without lymph node involvement) 
were 98.5%, 91.5% and 91.5% respectively while in stages 
IIIb-IV (with lymph node involvement) DFS at 1, 5 and 6 
years was 100%, 54.2% y 54.2% respectively (p = 0.001) 
(Fig. 2).

Analyses by specific subgroup

Functional vs. non-functional tumors

Table 2 summarizes the demographic and clinical char-
acteristics of the 339 cases for whom the degree of func-
tionality was reported. We found no significant differences 
regarding mean age at presentation between the two tumor 
types (49.2 vs. 50.3) (p = 0.896).

Of the 35 functional tumors, 12 (34.3%) corresponded 
to patients with MEN-1, while in the group of 262 patients 
with non-functional tumors 20 were identified as having 
MEN-1 (7.7%) (p = 0.001).

When location was compared, a greater proportion of 
multifocal tumors was found in the functional tumor group 
as compared to the non-functional group: 6 multifocal cas-
es (17.6%) in the functional group (n = 34) as opposed to 
7 multifocal cases (2.7%) in the non-functional groups (n 
= 260) (p = 0.016). No significant differences were found 
regarding size: in the non-functional tumor group (n = 84) 
mean tumor size was 51mm (SD = 46.3) in contrast with 
45.8mm (SD = 31.6) in the functional tumor group (n = 
27) (p = 0.984).

Fig. 2. Kaplan Meier curve for overall survival (A) and disease-free survival 
(B) following the ENETS classification for cPNET tumors.

Comparison of both groups with regard to ENETS stag-
ing revealed that 41 cases (26.3%) were in stage I, 95 cases 
(60.9%) in stage II, 14 cases (9%) in stage III and 6 cases 
(3,8%) in stage IV in the non-functional group, whereas in 
the functional group there were 5 cases (15%) in stage I, 
17 cases (51%) in stage II, 4 cases (12%) in stage III and 
7 cases (21%) in stage IV (p = 0.007). 

Overall survival was similar in both groups (p = 0.68). 
In contrast, when we compared DFS in the non-func-
tional and functional cPNET, we found that patients with 
non-functional tumors had a significantly greater survival 
(p = 0.0001) than those with functional tumors.

MEN-1 patients

Table 3 summarizes the characteristics of the 40 cases 
of hereditary MEN-1. The mean age of the 27 patients with 
data was 41.7 years (SD=15). As for the degree of func-
tionality, 20 patients (62.5%) had non-functional tumors 
and 12 (38.7%) functional tumors: 5 insulinomas (15.6%), 
5 gastrinomas (15.6%), 1 glucagonoma (3.1%) and 1 GHo-
ma (3,1%). Five cases (15.6%) were located in the head, 
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6 (18.8%) in the body, 12 (37.5%) in the tail and 9 (28.1%) 
were multifocal. The mean diameter reported for 26 of the 
patients was 40.2 mm (SD = 29.9).

According to the ENETS classification (n=26), 7 cases 
(26.9%) were stage I, 16 (61.5%) stage II, 2 (7.7%) stage 
III and 1 (3.8) stage IV. The Ki-67 index score was low 
in the 18 cases for whom this information was available.

Follow-up was recorded for 25 cases, with a mean of 
46.8 months (SD = 39.6) and a range of 1 to 120 and 7 
relapses (28%) and 1 death (4%) occurred.

Overall survival at 1, 5 and 10 years in this group of patients 
with MEN-1 was 100%, 91.7% and 91.7%, respectively. DFS 
at 1, 5 and 10 years was 100%, 60% and 60%, respectively.

Table 2. Comparison of non-functioning and functioning 
cystic pancreatic neuroendocrine tumors

Variable Non-functioning Functioning p 

Gender, n (%) 0,99

–  Male 135 (51.5) 18 (51.4)

–  Female 49.5 (15.8) 17 (48.6)

Age* mean (SD) 49.5 (15.8) 50.3 (16.4) 0.896

Genetic disorder, n (%) 0.001

–  Sporadic 240 (91.6) 23 (65.7)

–  MEN-1 20 (7.7) 12 (34.3)

–  Von Hippel Lindau 1 (0.4) 0 (0)

–  Tuberous sclerosis 1 (0.4) 0 (0)

Location, n (%) 0.016

–  Head 75 (28.8) 8 (23.5)

–  Body 48 (18.5) 3 (8.8)

–  Tail 130 (50) 17 (50)

–  Multifocal 7 (2.6) 6 (17.6)

Mean diameter (mm)† 
(SD)

51 (46.3) 45.8 (31.6) 0.983

Ki-67, n (%) 1

–  Low 134 (86.5) 15 (88.2)

–  Intermediate 21 (13.5) 2 (11.7)

–  High 0 (0) 0 (0)

Regional lymph node 
N, n (%)

0.003

–  N0 157 (90.8) 20 (69)

–  N1 16 (9.2) 9 (31)

Stage, n (%) 0.007

–  I 41 (26.3) 5 (15.2)

–  IIa-IIb 95 (60.9) 17 (51.5)

–  IIIa-IIIb 14 (9) 4 (12.1)

–  IV 6 (3.8) 7 (21.2)

*Age: functioning (n = 89), non-functioning (n = 28). †Diameter: functioning (n 
= 84), non-functioning (n = 27).

Table 3. Clinical and pathological characteristics  
of MEN-1 related cPNET

Variable n (%)

Gender

– Male 14 (51.9)

– Female 13 (48.1)

Age*, mean (SD) 41.7 (15)

Endocrine manifestations

– Non-functioning 20 (62.5)

– Insulinoma 5 (15.6)

– Gastrinoma 5 (15.6)

– Glucagonoma 2 (3.1)

– GHRHoma 2 (3.1)

Location

– Head 5 (15.6)

– Body 6 (18.8)

– Tail 12 (37.5)

– Multifocal 9 (28.1)

Diameter (mm)† mean (SD) 40.23 (29.9)

Ki-67 

– Low 18 (100)

Stage

– I 7 (26.9)

– IIa-IIb 16 (61.5)

– IIIa-IIIb 2 (7.7)

– IV 1 (3.8)

Follow-up (months)‡ mean (SD) 46.8 (39.6)

Recurrence§ 7 (28)

Death║ 1 (4)

*Age: n = 27. †Diameter (mm): n = 26. ‡Follow-up in months: n = 25. §Recur-
rence: n = 25. ║Death: n = 25

DISCUSSION

cPNETs account for 13-17%% of pancreatic neuro-
endocrine tumors and 9-10% of resected cystic tumors 
(1,2). Given their low incidence, their biological behavior 
is largely unknown. Although the first reports date from 
1940, such tumors were not recognized as a specific entity 
until 2008 (1,88). Most cases have been reported as isolat-
ed cases, and only 13 authors have published series with 
more than 10 cases (1,2, 77-87). 

In the literature two well defined periods can be iden-
tified: up until 2000 reports were of large symptomatic 
tumors and from 2000 onwards there was a predomi-
nance of small tumors, diagnosed incidentally due to the 
use of more sensitive imaging techniques, as a result of 
which there has been an increase in pancreatic “inciden-
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talomas” and their management has generated certain 
controversy (89). 

On the occasion of treating 5 cases in our center, and 
with the aim of investigating the phenotype and oncolog-
ic outcomes of these tumors, we performed a systematic 
review and a meta-analysis of published cases.

The etiopathogenesis of cPNETs is controversial. Kami-
sawa et al. (62) proposed that the slow, expansive growth 
of neuroendocrine tumors led to the development of a 
fibrous capsule compromising blood flow to the tumors 
and giving rise to infarction and central necrosis. Similarly, 
Buetow et al. (87) in a series of 133 pancreatic neuroendo-
crine tumors concluded that the presence of cystic degener-
ation or necrosis was correlated with the size of the tumor. 
In contrast, Iacono et al. (53) suggested that hemorrhage is 
the initial event in the development of the tumor’s cystic 
form. Other authors propose that cPNETs are caused by the 
intraductal growth of a neuroendocrine tumor.

Furthermore, pathologic staging of pancreatic neuro-
endocrine tumors was not published until 2010 (ENETS) 
(8), which also led to confusion until the classification was 
widely adopted.

X-ray diagnosis has low specificity as the images are 
similar to those of other cystic lesions of the pancreas 
such as solid pseudopapillary tumors, mucinous tumors, 
intraductal mucinous papillary neoplasms and pancreatic 
metastases, among others. In the review by Singhi et al. 
(1) 43% of cPNETs were wrongly diagnosed. Khashab et 
al. (90) reported the diagnostic superiority of ultrasound 
endoscopy with an increase in yield over computed tomog-
raphy of 36% and over nuclear magnetic resonance imag-
ing of 54%. 

In their review, Morales-Oyarvide et al. (81) reported 
a sensitivity of 71% using cytology as opposed to a sensi-
tivity of 38% when only using endoscopic ultrasound and 
concluded that cytologic diagnosis with FNPA is the most 
appropriate diagnostic test. In our review, we obtained sim-
ilar data, with a diagnostic sensitivity when using FNPA of 
78.5%, a figure similar to that reported by Singhi, Chen, 
Morales-Oyarvide and Muthusamy (1,79,81,90).

Although the management of cPNETs has generally 
been surgical, the increased sensitivity and greater use of 
imaging techniques has led to a rise in the incidental diag-
nosis of cPNETs, and as a result their treatment has become 
a matter of controversy especially in elderly patients with 
a high surgical risk. The therapeutic decision will depend 
on factors such as potential malignancy, life expectancy, 
tumor location, the presence of symptoms and the expe-
rience of the surgeon. Ligneau et al. (86) proposed that 
cPNETs should be treated with surgical resection given 
their possible malignant progression.

Cloyd et al. (77) were the first to classify PNETs depend-
ing on their cystic component and concluded that purely 
cystic PNETs represent a subgroup that may be monitored 
clinically and radiologically without immediate resection, 
given their benign progression.

In our review, we found no differences between sex-
es. The mean age of presentation was 53.2 years (SD = 
16.1) but was significantly higher in men (57.1 vs. 49.5; 
p = 0.001). Of note, 135 cases (44.6%) were diagnosed 
incidentally, a figure consistent with that from the largest 
series of solid tumors (3,5). Abdominal pain (35%) was 
the most frequent symptom. Other phenotypical features of 
the tumors described are that 87.1% are sporadic and only 
7.74% are hereditary and that 85% were non-functional 
tumors, figures that are higher than those reported for solid 
tumors (1,2). Another striking characteristic is that the size 
of non-functional and functional tumors was similar (51 
mm vs. 45.8 mm; p = 0.983) when it is well known that in 
solid tumors non-functional tumors are generally larger. 
This could be due to the more rapid growth of such tumors 
because of their hemorrhagic or necrotic component of 
cPNETs (62,91).

According to the ENETS classification, most tumors 
correspond to initial stages limited to the pancreas (I, IIa 
and IIb), with a good prognosis following resection and a 
1, 5 and 10 year DFS of 98.5%, 91.5% y 91.5%, respec-
tively. In more advanced stages (IIIb and IV) 1, 5 and 10 
year DFS was significantly lower: 100%, 54.2% and 54.2% 
(p = 0.001) (Fig. 2). The ki-67 index was low in 85.3% of 
cases and intermediate in 14.9%, figures similar to those 
reported for solid tumors. These data confirm the prog-
nostic value of the ENETS and WHO classifications for 
cPNETs (92).

When we analyzed the series according to the degree 
of functionality, we observed no differences in sex and 
mean age of presentation. A larger proportion of patients 
with MEN-1 was observed in the functional tumor group 
(34.3% vs. 7.3%; p=0.001) and a significantly greater pro-
portion of multifocal tumors (17.6% vs. 2.6%; p=0.016) in 
the functional tumor group as compared to the non-func-
tional group. When ENETS stage was assessed, we found 
a higher percentage of functional tumors in stage IV as 
compared to non-functional tumors (21.2% vs. 3.8%; p = 
0.007). DFS was significantly lower in functional tumors 
(61.9% at 6 years) as compared with non-functional tumors 
(91.7% at 5 years) (p = 0.001); which is not consistent with 
the experience reported for solid neuroendocrine tumors 
(3,93). Perhaps these differences may be explained by the 
significantly greater proportion of multifocal and MEN-1 
tumors in the functional group (p = 0.016 and p = 0.001 
respectively).

cPNETs may present as sporadic tumors or in the context 
of hereditary tumors. The analysis of hereditary cPNETs 
focused on multiple endocrine neoplasms type 1 (MEN-1) 
as reports of other entities (Von-Hippel Lindau syndrome 
or Neurofibromatosis type 1) are anecdotal. Ligneau et al. 
(86) report that the phenotype of cPNETs associated with 
MEN-1 syndrome is clinically and pathologically differ-
ent to that of sporadic cPNETs as they present in younger 
patients, with a greater percentage of functional tumors 
which are multiple and generally located in the tail of the 
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pancreas. In our review there were no differences with 
regard to sex; the mean age of presentation was 41.7 years 
–lower than in sporadic PNETs due to the high frequency 
of functional tumors and possible to the better and longer 
follow-up in patients with this syndrome. The incidence 
of non-functional cPNET tumors in this subgroup (62.5%) 
is similar to that reported in other series of patients with 
MEN-1, although great variability exists in the literature 
(5,77,94,95). The mean size (42 mm) is not very represen-
tative as they are surgical series they reflect the clinical 
guidelines to treat tumors ≥ 2 cm (5,94). 

Disease-free survival in hereditary tumors was lower 
than that reported for sporadic tumors due to the presence 
of multifocal tumors and lymph node metastases, a finding 
in line with that reported by other authors (5,77,95).

We are aware of the limitations of this study such as 
the great heterogeneity of the data reported in the case 
reports and in the case reviews and inter-study variability. 
However, the information reported in case report is more 
accurate than in large case reviews.

Secondly, this review only includes cases of cPNETs 
that were resected and histologically confirmed, and thus 
the real prevalence of cPNETs may not be fully reflected. 
Furthermore, the cystic morphology seems to be a marker 
of lower biologic aggressiveness, reducing the number of 
surgical resections in this type of tumor.

Thirdly, given the size of the sample and the lack of 
event or loss of follow-up in the patients, it was decided 
not to undertake a multivariate analysis to determine inde-
pendent associations.

In contrast to these limitations, case reports and 
case series are a valuable source of information for evi-
dence-based medicine investigating disorders which are 
not very prevalent as is our case and which are not subsid-
iary to randomized studies (6,7,96-99). 

To our knowledge, the current review represents the 
largest number of patients with cPNETs reported in the 
English literature.

CONCLUSIONS

Cystic pancreatic neuroendocrine tumors are an uncom-
mon entity which in 44.5% of cases present incidentally. 
They represent an entity that is both clinically and patho-
logically different to solid tumors and must be included in 
the differential diagnosis of cystic lesions of the pancreas. 
It seems advisable to follow the same criteria in staging 
and resectability (≤ 2 cm) in both sporadic and hereditary 
(MEN-1) tumors. Endoscopic ultrasound in association 
with FNPA has a high sensitivity and specificity. 

Unlike solid tumors, functional cPNETs have a lower 
overall survival possibly due to the greater incidence of 
MEN-1 in functional cystic neuroendocrine tumors. In 
functional cPNETs, the diagnosis of MEN-1 should be 
ruled out.

In spite of the biologic heterogeneity of cPNETs, the 
pathologic classification as established by ENETS effec-
tively predicts long-term prognosis in these patients, which 
confirms the prognostic value of this classification.
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