
Abstract. Background/Aim: Somatostatinomas (SSomas)
constitute a rare neuroendocrine tumor. The purpose of this
study was to evaluate the current published literature about
pancreatic SSomas and report epidemiologic and clinico -
pathologic data for this entity. Patients and Methods: A
combined automated and manual systematic database search
of the literature was performed using electronic search
engines (Medline PubMed, Scopus, Ovid and Cochrane
Library), until February 2020. Statistical analysis was
performed using the R language and environment for
statistical computing. Results: Overall, the research revealed
a total of 36 pancreatic SSoma cases. Patient mean age was
50.25 years. The most common pancreatic location was the
pancreatic head (61.8%). The most frequent clinical
symptom was abdominal pain (61.1%). Diagnostic algorithm
most often included Computed Tomography and biopsy;
surgical resection was performed in 28 cases. Out of the 36
cases, 22 had been diagnosed with a metastatic tumor and
metastasectomy was performed in 6 patients with a worse
overall survival (OS) (p=0.029). In total, OS was 47.74
months. Conclusion: Patients with metastatic disease did not
benefit from metastasectomy, but the sample size was small

to reach definite conclusions. However, further studies with
longer follow-up are needed for a better evaluation of these
results.

Neuroendocrine tumors (NETs) derive from multipotent cells
that are located throughout the entire gastrointestinal (GI)
tract, they belong to the diffuse endocrine system and have the
ability to secret peptides. The majority of NETs are non-
functional and detected in imaging studies as incidentalomas;
however, a functional group which is related with various
endocrine syndromes has been described (1). Among these,
somatostatinoma (SSoma) constitutes an extremely rare tumor,
representing 4% of NETs with an estimated incidence of
1/40,000,000 individuals per year in the general population. It
is located in the pancreas or the GI tract, while 60% of cases
originate in the ampulla and periampullary region (2, 3).
Malignancy is encountered in 60-70% of affected cases and
pancreatic SSomas present with higher malignancy rates in
comparison to duodenal lesions (4). Moreover, SSomas are
often found in patients with multiple endocrine neoplasia type
1 (MEN-1) or von Hippel-Lindau syndrome (vHL), whereas
only a few cases are associated with neurofibromatosis type 1
(NF-1; von Recklinghausen’s disease) (5-7). Usually, patients
do not present with an associated clinical syndrome and 67%
of them appear with metastatic disease at the time of diagnosis
(8). However, overproduction of somatostatin leads to the
typical SSoma syndrome, which consists of diabetes mellitus
(DM), steatorrhea and diarrhea, cholelithiasis, weight loss,
hypochlorhydria and achlorhydria and is apparent in less than
10% of patients (9, 10). 

Patients with a non-functioning SSoma can be completely
asymptomatic or experience symptoms related to the tumor
mass effect, the metastases or the invasion of contiguous
structures (1, 8). Therefore, the tumors are detected by
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Computed Τomography (CT), Magnetic Resonance Imaging
(MRI) or, on occasion, Somatostatin Receptor Scintigraphy
(SRS) and Endoscopic Ultrasonography (EUS) (1, 11, 12).
Management of SSomas includes treatment of the excess
somatostatin production, surgical interventions and adjuvant
therapy when needed (11, 13-15). The purpose of this study
was to evaluate the published literature about pancreatic
SSomasand and report on epidemiologic and clinicopathologic
data for this rare entity. Biological behavior of SSomas as well
as available treatment modalities, are also analyzed.

Patients and Methods

A combined automated and manual systematic database search of
the relevant medical literature was performed using electronic
search engines (Medline, PubMed, Scopus, Ovid and Cochrane
Library), until February, 1st, 2020. Publications of interest included
randomized and non-randomized studies, systematic reviews, meta-
analyses, case series, case reports, letters to the editor and
conference abstracts. Nevertheless, only data extracted from case
reports or series were available for use with the pooled analysis.
Search criteria initiated for PubMed were: (somatostatinoma OR
(neuroendocrine [Title] AND (tumour [Title] OR tumor[Title] OR
tumours [Title] OR tumors[Title]))) AND (“case report” OR “case
series” OR “trial” OR “case-control” OR “Case Reports”[pt] OR
study OR review OR meta-analysis OR letter OR conference) 
For other databases: (somatostatinoma OR (neuroendocrine AND
(tumour OR tumor OR tumours OR tumors))) were used.

We identified all studies that reported on surgical or conservative
management of SSoma tumor patients. Papers not written in English
as well as cases of SSomas located in periampullary region or
duodenum were excluded from our survey (Figure 1). Data extracted
from eligible studies included tumor patient characteristics such as
age, sex, associated diseases, clinical symptoms on presentation,
diagnostic approach, tumor size, stage and location, surgical
intervention type, adjuvant therapy details, tumor recurrence
information, and survival (overall and disease-free) outcomes.

Statistical analysis. Statistical analysis was performed using the R
language and environment for statistical computing (R Foundation
for Statistical Computing, Vienna, Austria,  http://www.R-
project.org). For continuous variables, Shapiro-wilk test for
normality was used, and univariate analysis was performed using t-
test or the non-parametric Mann-Whitney U-test as appropriate.
Categorical variables were examined using chi-square test. Survival
analysis was performed using Kaplan-Meier curves and log-rank
test was used for statistical comparisons. Multivariate comparisons
were performed using cox proportional hazards models.

Results
The literature search revealed 36 SSoma cases during the
period from January 1977 to February 2020. Eligible articles
were 36, among which one paper involved two separate
cases, while two other case reports were merged as a
recurrence of the same patient 16 years after resection,
resulting in 36 unique cases (Table I) (4, 6, 9, 21, 28-59).
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Figure 1. Flow diagram depicting all included surveys with regard to pancreatic SSoma cases or case series.



Patients’ mean age was 50.25±14.39 years with a female
predominance of 2:1 (24 females vs. 12 males). It is worth
noting that 44.4% of cases referred to patients younger than
50 years old, while 38.9% of patients were between 50 and
64 years old. Patients older than 65 years were only 16.7%
of the cases. Two patients were diagnosed with MEN1, one
with Neurofibromatosis 1 (von Recklinghausen’s disease or
NF1) and one with vHL syndrome.

Tumor characteristics analyzed in our study include
pancreatic location, size, stage, metastasis and possible
recurrence. The predominant pancreatic location was the
pancreatic head (21 cases, 61.8%), followed by pancreatic tail
(13 cases, 38.2%) and body involvement (6 cases, 17.6%)
with minor overlap (11.1%). Mean tumor size was 5.21±3.26
cm. Tumor stage was markedly under-reported (55.5%), with
18 patient tumors categorized as Stage IV (90%) and only
two as Stage II (10%). Out of the 36 cases, 18 had been
diagnosed with a metastatic tumor (50% of total), the
majority of which included a liver metastasis. Overall,
possible tumor recurrences were not reported (91.7%), mainly
due to the nature of the publications which did not include
any cohort or trial that methodologically perform rigorous
follow-up. The three reported cases of recurrence included
local recurrence, liver and brain metastases.

The most common clinical symptom on admission was
pain, mainly located in the abdomen (22 patients, 61.1%),
while 3 patients (8.3%) presented with back pain and only 1
patient (2.8%) complained of chest pain. Other common
symptoms included steatorrhea (41.7%), weight-loss (38.9%)
and new onset of diabetes mellitus (DM) (33.3%). Moreover,
four patients presented with jaundice (11.1%) and 7 reported
cholelithiasis (19.4%); one patient (2.8%) diagnosed with
MEN1 syndrome reported bilateral galactorrhoea. Diagnostic
approach most often included CT (29 cases, 80.6%), biopsy
(20 cases, 55.6%), ultrasonography (US) (16 cases, 44.4%),
endoscopy (11 cases, 30.6%) and other methods. Surgical
resection was performed in 28 cases (77.8%), 14 of which
underwent Whipple’s pancreatoduodenectomy (50%), 10
distal pancreatectomy (35.7%), two cases were submitted to
tumor enucleation (7.1%) and two underwent other surgical
interventions (7.1%). Metastases were evident in 18 patients
at the time of diagnosis (50%) while metastasectomy was
performed in 6 of them (33.3%). Regarding adjuvant therapy,
streptozocin was given in 9 cases, 5-FU in 4 cases and
mitomycin-c in 3 cases. Additionally, there was 1 patient that
was administered 111-ln octreotide. Eleven deaths were
reported among the patients (36.7%) with a mean survival of
47.7 months (0.1-240 months).

Statistical analysis. In addition to the systematic review, a
statistical analysis was performed. The analysis was limited
by the nature of the publications which did not include any
cohort or trial that evaluated patients at regular intervals for

a long-term assessment. Therefore, individual data was
pooled from the available case studies. Univariate analysis
of the independent variables (Table II) did not reveal any
significant predictors for death, apart from a significantly
worse survival in metastasectomized patients (p=0.029).
Multivariate analysis adjusting for age, sex and tumor size
confirmed the same results (p=0.049, HR=14.5, 95%
CI=1.01-207) (Table III).

Discussion

NETs derive from multipotent cells that are located
throughout the entire GI tract. Even though the majority of
NETS are non-functional, there is a functional group which
is related with various endocrine syndromes due to the
ability to secret peptides (1). SSomas represent 4% of NETs
with an estimated incidence of 1/40,000,000 individuals per
year in the general population (3). These tumors are the
result of overproduction of somatostatin, which is a cyclic
peptide of 14 amino acids secreted from delta cells of the
pancreas under normal conditions. SSomas can be detected
in both the pancreas and the GI tract (8, 9). Previous studies
estimated that NETs’ incidence is higher among older age
groups with a significant rise during the last decades (16).
However, in contrast to those data, our analysis revealed a
tendency of pancreatic SSoma towards younger ages. Patient
mean age was 50.25 years, ranging from 22 to 72 with a
female predominance of 2:1. Our research indicated that
SSomas were least common among older ages, while 44.4%
of patients were younger than 50 years. To the best of our
knowledge, this is the first study that analyzes all the
reported cases of pancreatic SSomas since the first one,
described in 1977. 

These tumors are mainly silent and diagnosed incidentally
or present with vague, non-specific symptoms that make the
diagnosis challenging (17). However, somatostatin inhibits
insulin, glucagon, cholecystokinin and gastrin, so many
symptoms can occur through those mechanisms of action.
Consequently, SSomas, when functional, typically present
with cholelithiasis, weight loss, diarrhea, steatorrhoea and
anemia. Furthermore, some patients also present with
diabetes mellitus (DM) (9). According to our data, the most
common clinical symptom on admission was abdominal
pain. Other frequent symptoms or signs included
steatorrhoea, weight-loss and new onset of DM.
Consequently, in case these symptoms are present in a
patient, SSomas should be included in the differential
diagnosis. Interestingly, 3 patients experienced severe back
pain and 1 patient documented chest pain, which could
complicate and challenge the differential diagnosis.
Moreover, 4 patients presented with jaundice, probably due
to the obstruction of the biliary tract; galactorrhoea appeared
to be a rare symptom mostly among patients diagnosed with
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MEN 1 syndrome. Our analysis also revealed that pancreatic
head was the predominant pancreatic location, a result that
agrees with the current literature. 

Official diagnosis requires measuring fasting plasma
somatostatin hormone concentration, which should be 3 times
over the normal limits for diagnosis (4). In case of an
indeterminate test result, stimulatory examinations such as
secretin or calcium stimulation tests can be used. Other
modalities that may contribute to the diagnostic procedure are
CT or MRI as well as EUS and SRS (11, 12). SRS leads to
localization of the disease and possible metastases, but cannot
provide data about the tumor size and its invasive potential.
EUS on the other hand, is the best option in locating tumors
at the head of pancreas and can obtain biopsies via fine-
needle aspiration (11). Generally, though, pathological
examination after surgery or biopsy provides the definitive
diagnosis (18, 19). According to our study, the majority of
cases relied on CT for diagnosis. Other common diagnostic
means utilized were endoscopy and EUS-guided biopsy. MRI,
magnetic resonance cholangiopancreatography (MRCP),
endoscopic retrograde cholangio-pancreatography (ERCP)
and fluorodeoxyglucose PET-SCAN (FDG-PET) were also
proposed in few cases. Strangely enough, SRS was not
popular among patients, as there was no reported case in
which it constituted a mean of diagnosis. 

Management of SSomas includes an attempt for relief of
symptoms combined with surgical interventions and targeted
adjuvant therapy (11). Regarding small tumors (less than 2
cm), surgery is the best treatment option. Nonetheless, 70-92%
of patients present with advanced disease and extensive
metastases, for which systemic therapy is implemented.
Tumors with a size of more than 2 cm in the head of pancreas
or smaller tumors with lymph node metastases will mandate a
Whipple’s pancreaticoduodenectomy (20). Tumors at the body
or tail of the pancreas are either enucleated (<2 cm) or removed
by distal pancreatectomy (13). In our study, 18 out of 36
patients presented without metastases or locally advanced
disease. With the exception of one patient that died before
being operated, due to comorbidities, the remaining 17 were
managed with either enucleation or with a more extensive
surgery such as Whipple’s procedure or distal pancreatectomy. 

Regarding patients with metastatic disease, except for
systemic adjuvant therapy, more treatment options are taken
into consideration (13, 21). In our study, 18 out of 36
patients presented with hematogenous metastatic lesions at
the time of diagnosis. Out of 14 patients that presented with
liver metastases, 1 case was managed with transcatheter
arterial chemoembolization, 1 with radiofrequency ablation
and chemoembolization and another 1 with ablation and
cryotherapy. Metastasectomy was performed in a total of 6
patients, among the 18 cases that had been diagnosed with
metastatic foci. Metastasectomy was the only factor that
predisposed to higher risk of death (HR=14.5, 95% CI=1.01-
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207), even after adjusting for patient age, sex, and tumor
size. That could be attributed to higher perioperative
mortality, worse patient’s performance status among those
who were submitted to metastasectomy, or other
comorbidities that were not reported. Further studies with
longer follow-up, better documentation of tumor staging,
patient comorbidities and performance status should be
designed, so as to better take those covariates into account
and reach more accurate conclusions.

In general, SSomas’ biological behavior and prognosis are
less aggressive than carcinomas, but they appear to metastasize
to distant organs. This observation can be explained by the
classical ‘anatomical’ hypothesis, according to which primary
NETs are usually drained by the portal venous system. As a
result, liver involvement is a common finding and often defines
SSomas’ metastatic pattern. However, the treatment strategy is
challenging and difficult to be established due to the rarity of
liver metastases. A recent large review on surgical management
of neuroendocrine liver metastases demonstrated similar
outcomes and encouraged hepatectomy when technically
feasible (22). Similar results were also presented in a review
of 116 studies, which recommended metastasectomy as the
potentially curative therapeutic option for patients with
metastatic NET if technically feasible (23). Although these
results need to be further evaluated in order to reach definite
conclusions, metastasectomy seems to ameliorate symptoms
caused by the excess hormonal secretion. Surgical debulking
of liver metastases might alleviate the symptoms of diarrhea
and steatorrhea as well (24).

Systemic therapy in patients with SSomas at an advanced
stage includes somatostatin analogues for symptom relief,
molecular targeted therapy (e.g., everolimus, sunitinib), and
adjuvant chemotherapy (25, 26). Somatostatin analogues
include octreotide-LAR and lanreotide-autogel, but only in
few cases has their use been successful (12, 15). Interferon-
alpha can also be used alone or in combination with
octreotide to control symptoms in patients’ refractory to
octreotide (27). 5-FU, doxorubicin and streptozocin are
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Table II. Descriptive statistics in pancreatic somatostatinoma.

Variable Available Number Percentage Median Range
data %

Age N=36 50.25 22-72
Gender N=36

Female 24 66.7
Male 12 33.3

Associated N=36
disease 

No 32 88.9
MEN1 2 5.6
NF1 1 2.8
vHL 1 2.8

Location N=34
Head 21 61.8
Body 6 17.6
Tail 13 38.2

Size (cm) N=29 5.21 0.8-10
Stage N=20

II 2 10
IV 18 90

Symptoms N=36
Pain 22 61.1
Steatorrhea 15 41.7
Weight-loss 14 38.9
Diabetes 12 33.3
Mellitus 

Biliary 11 30.6
Galactorrhoea 1 2.8

Diagnostic N=36
procedure 

CT 29 80.6
Biopsy 20 55.6
US 16 44.4
Endoscopy 11 30.6

Management N=35
Whipple 14 40.0
Distal 10 28.6
pancreatectomy 

Enucleation 2 5.7
ERCP 1 2.9
None 6 17.1

Metastasectomy N=35 6 17.1
Metastasis N=36

None 14 38.9
Liver 9 25.0
Liver+ 1 2.8
duodenum

Liver+ 1 2.8
duodenum+
lymph nodes

Lymph nodes 4 11.1
Recurrence N=36

Brain 1 2.8
Liver 1 2.8
Local 1 2.8

Died of disease N=30 11 36.7
Overall survival N=27 47.74 0.1-240
(months)

CT: Computerized tomography, US: ultrasonography.

Table III. Univariate predictors of death in pancreatic somatostatinoma
patients.

HR LCI HCI p-Value

Age 1.005 0.959 1.053 0.837
Male sex 0.264 0.033 2.151 0.214
Size 0.994 0.738 1.339 0.967
Surgery (Whipple vs. distal) 0.417 0.070 2.500 0.339
Adjuvant chemotherapy 1.887 0.45 7.914 0.385
Metastasectomy 5.016 1.176 21.407 0.029

HR: Hazard Ratio, LCI: lower confidence interval (95%), HCI: higher
confidence interval (95%).



chemotherapy agents that were proposed in the treatment of
SSoma patients with mediocre results (15). Unfortunately, in
our study there were limited data as far as adjuvant therapy
is concerned. The most common chemotherapy agents used
in these cases were streptozocin, 5-FU and mitomycin-c.
Additionally, there was 1 patient that was administered 111-
ln octreotide. Overall, the five-year survival rate for patients
with pancreatic SSomas is 60-100% with localized lesions
or 15-60% with metastatic disease (2, 9). Poor prognostic
factors include large size (>3 cm), poor differentiation and
positive lymph nodes. Non-functioning, poorly differentiated
tumors are usually more common and have a worse
prognosis than functioning ones (9). According to our study,
11 patients died during follow-up (36.7%) and the overall
survival was 47.7 months. 

Our systematic review summarizes the available clinical
evidence in the field of pancreatic SSomas. However, it has
certain limitations including heterogeneity in patient’s
selection and a possible selective reporting bias as obviously
not all cases are routinely reported. In addition, all included
articles are retrospective case reports; therefore, the studies’
design as well as the postoperative management approach
was different among surgical centers. Moreover, the total
number of cases included in this study is relatively small and
regional differences are apparent.  

Conclusion

Pancreatic SSomas constitute a rare entity that needs to be
further evaluated. The most common clinical symptoms
appeared to be pain, diabetes mellitus, steatorrhea and
weight loss. Regarding diagnostic algorithm, measuring
fasting plasma hormone concentration, biopsy and CT are
mainly required. Management of SSomas includes surgery,
adjuvant therapy and relief of symptoms. For patients with
advanced disease, our results indicated that metastasectomy
did not provide a benefit in overall survival. However, data
extracted from our survey were limited by the nature of
included publications. Thus, further studies with longer
follow-up and better study design are needed for better
elucidation of these results.
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