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Insulinomas are rare pancreatic neuroendocrine tumours. Most patients can be cured with surgery, but patients with a
metastatic disease show impaired survival. The aim of this study was to evaluate somatostatin receptor (SSTR) 1-5
expression in insulinomas and to correlate the expression profile with clinicopathological variables and with patient out-
come. This retrospective study involved 52 insulinoma patients. After histological re-evaluation, formalin-fixed paraffin-
embedded tissue samples were processed into tissue microarrays and stained immunohistochemically with monoclonal
SSTR1-5 antibodies. All the 52 tumours (49 non-metastatic, 3 metastatic) expressed at least one SSTR subtype. SSTR2
was expressed most frequently (71%), followed by SSTR3 (33%), SSTR1 (27%), SSTR5 (6%) and SSTR4 (0%).
SSTR3 expression was associated with a larger tumour size (median diameter 19 mm vs. 13 mm, p = 0.043), and
SSTR3 and SSTR5 expression were associated with impaired overall survival [HR 3.532 (95% CI 1.106–11,277),
p = 0.033, and HR 6.805 (95% CI 1.364–33.955), p = 0.019 respectively]. Most insulinomas express SSTR2, which may
be utilized in diagnostic imaging, and in planning individualized treatment strategies for insulinoma patients. Further
studies are needed to clarify the association between SSTR profile and overall survival.
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INTRODUCTION

Insulinomas are rare pancreatic neuroendocrine
tumours (PanNETs) secreting excessive amounts of
insulin into the circulation. Hyperinsulinaemia leads
to a clinical syndrome characterized by episodes of
hypoglycaemia especially in the fasted state. Typical

symptoms include confusion, drowsiness, and
sweating [1,2]. Over 90% of insulinomas are non-
metastatic and can usually be cured by surgery
[3,4]. Metastatic insulinomas are extremely rare, but
they are associated with a significantly impaired
survival [1,5].

Somatostatin receptors (SSTRs) are expressed in
several normal tissues (such as the pancreas and the
gastrointestinal tract), as well as in a number ofReceived 6 January 2023. Accepted 19 January 2023
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neoplasms, including PanNETs [6,7] The overex-
pression of SSTRs in PanNETs has been utilized in
the diagnostics and management of patients with a
PanNET since the development of SSTR-targeted
imaging and therapeutic options [6,8–10]. There are
some reports on the immunohistochemical analysis
of SSTR expression in insulinomas [11–14], but to
the best of our knowledge, no previous studies have
evaluated all the SSTRs with novel monoclonal
antibodies. Thus, the objectives of this study were
to evaluate immunohistochemically SSTR expres-
sion in a large series of insulinomas and to analyse
the association of SSTR expression with the clinico-
pathological features of the disease, and with
patient outcome.

MATERIALS AND METHODS

Patient characteristics and tumour samples

We have previously described the incidence, clinical pic-
ture, diagnostics, treatment and long-term outcome of all
adult patients diagnosed with an insulinoma in Finland
during 1980–2010 (n = 79) [15,16]. The Finnish insulinoma
register includes clinical information gathered from the
patient record registers from all the five Finnish University
Hospitals (Helsinki, Kuopio, Oulu, Tampere and Turku
University Hospital), supplemented by follow-up data
from the national registers (Finnish Population Register
Centre, Finnish Cancer Registry, the Care Register for
Health Care and Statistics Finland).

In the present study, all available formalin-fixed
paraffin-embedded (FFPE) primary tumour tissue samples
(n = 52) of this insulinoma cohort were obtained from the
five Finnish University Hospitals through local biobanks
(Helsinki Biobank, Finnish Clinical Biobank Tampere,
Auria Biobank, Biobank Borealis of Northern Finland
and the Biobank of Eastern Finland; Fig. 1). The charac-
teristics of the patients are presented in Table 1. All the
patients had hypoglycaemic symptoms with concomitantly
measured low blood/plasma glucose levels prior to the sur-
gery. In 40 (77%) patients, insulinoma was successfully
localized preoperatively, in five (10%) patients the imaging
results were uncertain, and in seven (14%) patients, all
diagnosed in the 1980s or 1990s, the tumour could not be
localized preoperatively. All the patients with a non-
metastatic insulinoma (n = 49) were cured by the primary
pancreatic surgery, except for one patient, who had a
tumour recurrence almost 10 years after the primary enu-
cleation of a single benign tumour, located in the head of
the pancreas. After the reoperation, no recurrence was
detected during the follow-up of this patient. The three
patients with distant metastases underwent distal pancre-
atic resection, with hypoglycaemic symptoms progressing
immediately or within 3 months after the primary surgery.
Twelve patients (23%) deceased during the follow-up, but
only one of them died of metastatic insulinoma.

Following the World Health Organization’s (WHO’s)
2019 classification of PanNETs [17], each tumour was re-
evaluated on diagnostic whole slides by a pathologist with
special expertize in endocrine pathology. Neuroendocrine
differentiation and insulin secretion were confirmed by

routine immunohistochemical staining for chromogranin
A, synaptophysin and insulin.

This study was conducted in accordance with the Dec-
laration of Helsinki. Informed consent was waived,
because the Finnish Biobank Act provides a lawful basis
for research use of biobanked samples. The Regional
Ethics Committee of the Tampere University Hospital
catchment area, the Finnish Institute for Health and Wel-
fare, the National Supervisory Authority for Welfare and
Health (Valvira, currently Fimea) and the Scientific Steer-
ing Committees of the Finnish biobanks reviewed and
approved the study protocol. The University Hospitals of
Helsinki, Kuopio, Oulu, Tampere and Turku, and the
Finnish Population Register Centre yielded permissions
for the use of data from their registers.

Tissue microarray construction

After a histological review, a fresh haematoxylin-eosin
(H&E) stained slide was prepared from each FFPE tissue
sample and digitized with a slide scanner. Digitized slides
were uploaded onto CaseViewer (3D HISTECH, Buda-
pest, Hungary) or NDP.view2 (Hamamatsu Photonics,
Hamamatsu City, Japan) software, where the areas for the
TMAs were annotated. To take into account tumour
heterogeneity, two representative 1 mm cores from the
middle of the tumour, as well as two cores from the
tumour border were selected whenever possible, consider-
ing the tumour size. The TMAs were constructed in the
biobanks using a TMA Grand Master (3D HISTECH) or
Galileo TMA CK4500 (Isenet, Milan, Italy) microarrayer.

Immunohistochemistry

Fresh 3.5 lm thick tissue sections were deparaffinized and
treated with heat-induced antigen retrieval before incubat-
ing with primary antibodies (Table 2). Antibody binding
was visualized using a polymer-based OptiView or ultra-
View Universal DAB Detection Kit (Ventana Medical
Systems, Inc., Tucson, AZ, USA) or EnVision Detection
System (Dako, Agilent Pathology Solutions, Santa Clara,
CA, USA). Automated (BenchMark ULTRA, Ventana)
or semi-automated (AutoStainer, Lab Vision Corp., Fre-
mont, CA, USA) staining instruments were used. All
slides were counterstained with Mayer’s haematoxylin
(Dako). Appropriate positive controls were used for each
antibody.

Scoring of the staining results

Immunohistochemically stained slides were digitized with
a Pannoramic slide scanner (3D HISTECH). By using the
CaseViewer software (3D HISTECH) for viewing the
slides, H.L. and T.V. performed the scoring of SSTR
expression. Immunoreactivity of the strongest stained
TMA spot was scored based on both membranous and
cytoplasmic staining, as described earlier (Fig. 2) [18–20].

Based on membranous SSTR staining, tumours were
scored as negative (0) if no staining was observed, weak
(1) if partial membranous positivity in <10% of the
tumour cells was detected, and moderate (2) if partial
membranous positivity was observed in ≥10% of the
tumour cells. The staining was scored strong (3) if
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circumferential membranous positivity was observed in
≥10% of the tumour cells, and intense (4) if >95% of the
tumour cells had a strong, circumferential staining pattern.
The following scoring system was used for cytoplasmic
staining: 0, negative; 1, weak intensity; 2, moderate inten-
sity; and 3, strong intensity. Tumours were considered
SSTR positive if a membrane pattern with a score 2 or
higher was observed, or if moderate or strong cytoplasmic
SSTR staining was found in ≥5% of the tumour cells.

Insulin staining was considered strong if ≥50% of the
neoplastic cells showed at least moderate cytoplasmic
immunoreactivity. Chromogranin A and SYP were consid-
ered positive if ≥90% of the neoplastic cells showed at
least moderate cytoplasmic immunoreactivity.

The proliferation index (PI), as measured with Ki-67,
was analysed with deep-learning based Aiforia software
(Aiforia Technologies, Helsinki, Finland), as described
earlier [21]. The highest Ki-67 PI of four parallel TMA
spots per tumour was used for further statistical analysis.
Similarly, the highest value was used to grade the tumour
according to the WHO 2019 classification of PanNETs

[17]. The proliferation activity of the tumour was classified
as low/grade 1 (G1) if the Ki-67 index was <3%, interme-
diate/G2 if the Ki-67 index was 3–20%, or high/G3 if the
Ki-67 index was >20%.

Statistical analysis

The statistical analyses were conducted with the IBM
SPSS Statistics for Windows, Versions 25.0, 26.0 and 27.0
(IBM Corp.). The data are presented as median (mini-
mum–maximum) for continuous variables, and number
(%) for categorical variables. Spearman correlation coeffi-
cient was calculated to analyse the correlation between
tumour size and the Ki-67 index. The co-expression of
SSTRs 1-5 was analysed by crosstabulation and the
McNemar test. The median tumour diameter between the
SSTR positive and negative tumours was compared with
the Mann–Whitney U test. Univariate Cox regression
analysis was applied to calculate the hazard ratio (HR)
with the 95% confidence interval (CI), to analyse the asso-
ciation of SSTR expression and Ki-67 PI with overall sur-
vival. In all analyses, a two-sided p value below 0.05 was
considered statistically significant.

RESULTS

Somatostatin receptor status and co-expression

All the 52 tumours showed at least weak expression
of one SSTR, either on the cell membrane or in the
cytoplasm, but none of the tumours expressed all
five receptors. Membranous staining was observed
for all receptors, although the staining for SSTR3-5
was only weak or moderate (Fig. 3A).

Based on both membranous and cytoplasmic
staining, SSTR2 was expressed most frequently, fol-
lowed by SSTR3, SSTR1 and SSTR5 (Fig. 3B).
Only one tumour expressed SSTR4 weakly on its
cell membrane and thus all the tumours were con-
sidered SSTR4 negative. Eleven (21%) of the
tumours were considered negative for all SSTRs, as
the intensity and/or extent of staining did not fulfil

Insulinomas diagnosed in Finland 
1980–2010 (n=79)

Surgically treated patients (n=73)

Inoperable patients (n=6)

Primary tumour tissue samples 
available for analysis (n=52)

Primary tumour tissue samples not 
available (n=21)

1980–1989: n=10

1990–1999: n=5

2000–2010: n=6

Fig. 1. Data construction for the histopathological analysis of the national insulinoma cohort.

Table 1. Characteristics of the 52 insulinoma patients
diagnosed in Finland between 1980 and 2010 and included
in the histopathological analysis

n
(%)

Median (min–
max)

Sex, women 39 (75)

Patients with distant metastases 3 (6)
Patients with MEN1 syndrome 2 (4)
Surgical method

Enucleation 24 (46)

Distal resection 23 (44)

Pancreatico-duodenectomy 5 (10)

Age at surgery, years 52.7 (23.1–84.2)
Duration of follow-up after
primary surgery, years

10.4 (0.2–32.4)

Tumour diameter, mm (n = 46) 15 (5–60)
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the criteria for SSTR positivity. The SSTR expres-
sion profiles of the different TMA spots were highly
homogeneous: parallel TMA spots presented similar
SSTR staining pattern in 94% of the tumours
(n = 49). Two tumours showed heterogeneous
expression of SSTR3, and one tumour showed
heterogeneous expression of SSTR1.

In the classification positive/negative, SSTR2
expression was associated with SSTR3 (p < 0.001) and
SSTR5 (p < 0.001) expression: all SSTR3 and SSTR5
positive tumours were also SSTR2 positive. Similarly,
SSTR1 expression was associated with SSTR2 expres-
sion (p < 0.001), since 71% of the SSTR1 positive
tumours were also positive for SSTR2.

Somatostatin receptors, tumour size and Ki-67 PI

SSTR3 expression correlated with tumour size.
Tumours expressing SSTR3 were significantly larger
than tumours lacking expression of SSTR3 [19 (5–
60) mm vs 13 (5–40) mm, p = 0.043]. No associa-
tion with tumour size was observed for other
SSTRs (data not shown).

The expression of SSTRs did not correlate with
tumour proliferation, except for SSTR1. The med-
ian Ki-67 PI was 0.4 (range 0.1–16.1). No signifi-
cant correlation was found between the tumour size
and the Ki-67 index (r = 0.238, p = 0.111). In
tumours expressing SSTR1, the median Ki-67 PI
was minimally higher than in tumours lacking
SSTR1 expression [0.7 (0.2–2.6) vs 0.3 (0.1–16.1)
respectively, p = 0.024]. No significant difference
was found in the Ki-67 PI between tumours
expressing or lacking expression of SSTR 2–5 (data
not shown).

When graded according to the WHO 2019 classi-
fication of PanNETs, 50 (96%) of the tumours were

classified as G1 and two (4%) as G2, with the
majority of the G1 tumours (77%) having a Ki-67
index lower than 1%. The two G2 tumours (one
metastatic and the other non-metastatic) expressed
SSTR2 and lacked expression of SSTR1 and
SSTR4-5. SSTR3 was expressed only in the meta-
static G2 tumour.

Somatostatin receptors and insulin expression

Immunohistochemical staining for insulin was con-
sidered strong in 49 (94%) insulinomas and it was
associated with SSTR expression. All three insulino-
mas, in which the insulin staining was considered
weak, were considered positive for SSTR1 and
SSTR2, but negative for SSTR5, compared to the
expression of 22% for SSTR1, 69% for SSTR2 and
6% for SSTR5 in insulinomas with strong insulin
expression. The difference in insulin staining between
the tumours expressing SSTR1 and those lacking
SSTR1 expression was statistically significant
(p = 0.016, Fisher Exact test). SSTR3 was expressed
in 33% of both groups of tumours (insulin staining
strong or weak). Staining for insulin was considered
strong in 98% of the non-metastatic tumours, but in
only one of the three metastatic insulinomas (33%).
The difference in insulin staining between the non-
metastatic and metastatic insulinomas was statisti-
cally significant (p = 0.007, Fisher’s exact test).

Somatostatin receptors and metastatic or MEN1-

related insulinoma

All of the three metastatic insulinomas showed
intense membranous expression of SSTR2 and
no or only weak membranous expression of
SSTR3–5. Regarding SSTR1, one tumour was

Table 2. Features of the primary antibodies and staining protocols used for the immunohistochemistry

Antibody Supplier (cat#) Clone Dilution Incubation
(min)

Pre-treatment Detection

SSTR1 Abcam1 (ab137083), no RRID UMB7 1:500 45 Tris-EDTA pH 9.0 EnVision
SSTR2 Abcam (ab134152), RRID:

AB_2737601
UMB1 1:300 32 CC1 std OptiView

SSTR3 Abcam (ab137026), no RRID UMB5 1:7000 60 Citrate pH 6.0 EnVision
SSTR4 Bio-Rad2 (MCA5922), no RRID sstr4 1:500 30 Citrate pH 6.0 EnVision
SSTR5 Abcam (ab109495), RRID:

AB_10859946
UMB4 1:1000 30 Citrate pH 6.0 EnVision

Ki-67 Dako (M724001-2), RRID:
AB_2631211

MIB-1 1:100 32 CC1 std OptiView

Insulin Dako (IR00261-2), no RRID polyclonal 1:200 30 No EnVision
Chrom
A

Dako (M0869), RRID:
AB_2081135

DAK-A3 1:800 32 CC1 std ultraView

SYP Ventana (790–4407), RRID:
AB_2336016

SP11 RTU 32 CC1 mild + Protease 3
12 min

OptiView

Chrom A, chromogranin A; RTU, ready to use; SSTR, somatostatin receptor; SYP, synaptophysin.
1Abcam, Cambridge, UK.
2Bio-Rad, Hercules, California, US.

� 2023 The Authors. APMIS published by John Wiley & Sons Ltd on behalf of Scandinavian Societies for Pathology, Medical Microbiology and

Immunology. 155

SOMATOSTATIN RECEPTOR PROFILE IN INSULINOMAS



negative, one moderately positive and one
strongly positive. When evaluated on the basis of
both membranous and cytoplasmic expression,
SSTR1 was expressed in 67%, SSTR2 in 100%,
SSTR3 in 67%, SSTR4 in 0% and SSTR5 in 0%
of metastatic insulinomas, compared to 25%,

69%, 31%, 0% and 6% in non-metastatic insuli-
nomas respectively.

Both insulinomas associated with the MEN1 syn-
drome were non-metastatic, G2 tumours that
expressed SSTR2 and lacked expression of SSTR3-
5. One of the MEN1-related insulinomas expressed

Fig. 2. Evaluating and scoring of the immunohistochemical stainings. (A) Positive chromogranin A (B) synaptophysin and
(C) insulin staining. (D) Somatostatin receptor (SSTR) 1 membranous (memb) score 3 and cytoplasmic (ctpl) score 3 in
>95% of tumour cells. (E) SSTR2 memb 4 and ctpl 2 in >95% of tumour cells. (F) SSTR3 memb 1 and ctpl 3 in 75% of
tumour cells. (G) SSTR4 memb 1 and ctpl 2 in <1% of tumour cells. (H) SSTR5 memb 2 and ctpl 1 in 50% of tumour
cells. (I) Ki-67 proliferation index 2%. Images were obtained from digitized slides with Aiforia software. Scale bar 100 lm,
original magnification 209.
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SSTR1 and weak staining for insulin. The other
MEN1-related insulinoma lacked expression of
SSTR1 but showed strong insulin expression.

Somatostatin receptors, SSTR imaging and

somatostatin analogue treatment

None of the patients (diagnosed in 1980–2010)
underwent SSTR PET/CT imaging, but 12 patients
had undergone octreotide scintigraphy, with insuli-
noma being visualized in two (17%) of them. There
was no statistically significant association between
the expression of SSTR1-5 and tumour visibility on
octreotide scintigraphy (data not shown). Of the
two visible tumours, both showed intense membra-
nous and strong cytoplasmic staining for SSTR2.
In addition, one of the visible tumours expressed
SSTR1, and the other expressed SSTR3. On the
other hand, six tumours were not visible on preop-
erative octreotide scintigraphy, despite immunohis-
tochemical expression of SSTR2.

All three patients with a metastatic insulinoma
received somatostatin analogue (SSA) treatment
pre- and/or postoperatively. The response to SSA
treatment was poor in two of them, but in one
patient, the insulinoma with liver and lung metas-
tases was successfully controlled with postoperative

SSA treatment, and the patient was alive at the end
of the follow-up, over 6 years after the pancreatic
surgery. The tumour of this patient expressed
SSTR1-3 but lacked expression of SSTR4 and
SSTR5. In addition to the patients with metastatic
insulinomas, three patients with a non-metastatic
insulinoma were treated with a SSA preoperatively:
one patient with a SSTR1-5 negative insulinoma
did not respond to the treatment (no relief of hypo-
glycaemia), and for the other two patients, data on
the response to treatment was not available.

Somatostatin receptors and patient outcome

The expression of SSTR3 and the expression of
SSTR5 were associated with impaired overall sur-
vival in univariate Cox regression analysis [HR
3.532 (95% CI 1.106–11,277), p = 0.033 and HR
6.805 (95% CI 1.364–33.955), p = 0.019 respec-
tively]. Regarding SSTR1 and SSTR2, no signifi-
cant difference was found in the overall survival of
patients with SSTR positive versus SSTR negative
insulinomas (data not shown). Ki-67 PI was associ-
ated with a decreased overall survival [HR 1.220
(95% CI 1.041–1.430), p = 0.014].

DISCUSSION

In this study we analysed the immunohistochemical
SSTR1-5 profile of 49 non-metastatic and three
metastatic insulinomas and studied their association
with clinicopathological variables. SSTR2 was
expressed most commonly, followed by SSTR3 and
SSTR1. Three tumours were positive for SSTR5,
and no tumour was considered positive for SSTR4.
This study is unique since we evaluated all five
SSTRs with commercially available monoclonal pri-
mary antibodies. In addition, our cohort of 52
insulinomas is the second largest of all reported
studies [11–14].

In previous studies with the same primary anti-
body clone as ours, 57% [11] and 83% [22] of the
tumours in 65 and 18 insulinoma patients respec-
tively, showed SSTR2 expression, which is in line
with our findings. On the other hand, in three other
series of 36, 17 and 16 insulinomas, 58%, 41% and
13% expressed SSTR2 respectively [12–14]. Varying
results have also been reported for the expression
of SSTR1 (25–31%), SSTR3 (19–78%), SSTR4
(88%) and SSTR5 (19–88%), compared to 27%,
33%, 0% and 6% in the present study respectively
[12–14]. Different scoring criteria and primary anti-
bodies have possibly affected the results. Recently,
Yu et al. [23] reported heterogeneity of the SSTR2
expression in 43% of 100 gastroenteropancreatic

Fig. 3. Expression of somatostatin receptors (SSTR) 1-5
in 52 insulinomas. (A) Percentage of tumours showing any
level of membranous expression (1 = weak, 2 = moderate,
3 = strong, 4 = intense) (B) Percentage of tumours consid-
ered positive based on both membranous and cytoplasmic
SSTR expression.
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NETs. This is in contrast to our findings, as the
SSTR expression profiles of the parallel TMA spots
in our study were highly homogeneous.

In the present study, the expression of both
SSTR3 and SSTR5 were associated with impaired
overall survival. The expression of SSTR3 was also
associated with a slightly larger tumour size, but
not with the Ki-67 PI or a metastatic disease. The
expression of SSTR1 was associated with weaker
immunohistochemical staining for insulin (moderate
or stronger cytoplasmic immunoreactivity in <50%
of the neoplastic cells), and with a slightly higher
Ki-67 PI compared to tumours lacking SSTR1
expression (0.7% vs 0.3% respectively). This mini-
mal difference in the KI-67 PI can be considered
clinically insignificant, as all the SSTR1 positive
insulinomas were still low-grade tumours, with a
Ki-67 PI of less than 3%. In contrast to our results,
Watanabe et al. [22] found an inverse correlation
between SSTR2 immunoreactivity and Ki-67 PI.
They used the HER2 scoring, where score 3 corre-
sponds to our membranous staining pattern score 4
(intense), and found no HER2 score 3 G2 insulino-
mas, while our G2 tumours showed intense mem-
branous staining for SSTR2.

All the three metastatic insulinomas in our study
showed an intense membranous expression of
SSTR2 but no expression of SSTR4 or SSTR5.
Similarly to us, Andreassen et al. [11] reported
immunohistochemical expression of SSTR2 in all
insulinomas having distant metastases. The weak
staining for insulin in metastatic insulinomas was
also in line with the findings of Andreassen et al.
[11] who suggested that a negative staining for insu-
lin and proinsulin could be signs of poor differenti-
ation and thereby associated with malignant
behaviour.

Information on the SSTR expression profile of
insulinomas can be utilized in planning SSTR-
targeted imaging and treatment strategies, especially
for insulinoma patients with a metastatic disease.
Due to the retrospective design dating back to the
1980s, only a few patients had undergone SSTR
imaging, and for that reason we were not able to
properly study the association between the SSTR
expression and the visibility of the tumour in
SSTR-targeted imaging. In previous studies on 15
or 17 patients, all the insulinomas visible on octreo-
tide scintigraphy also showed immunohistochemical
expression of SSTR2, but not all SSTR2-expressing
tumours were visible on octreotide scintigraphy
[11,13]. Recent studies on gastroenteropancreatic
neuroendocrine neoplasms indicated that the results
of SSTR PET/CT imaging significantly correlate
with the immunohistochemical expression of
SSTR2 [18,23]. To our knowledge, no studies have

yet investigated the association between the SSTR
PET/CT imaging and the immunohistochemical
expression of SSTR2 in patients with an insuli-
noma.

This study had some limitations. The major limi-
tation was the small number of patients with a
metastatic disease or a disease-related death, despite
the long follow-up. As only three patients had a
metastatic disease, we were not able to analyse the
potential difference in the SSTR expression between
metastatic and non-metastatic insulinomas, nor
could we analyse the association between SSTR
profile and long-term survival in patients with a
metastatic insulinoma. Since this was a retrospec-
tive study on patients diagnosed in the
1980s � early 2000s, PET/CT imaging using radio-
labelled SSTR ligands were not available for the
diagnostics of this patient cohort. Thus, we were
unable to compare the SSTR immunohistochemical
expression with data from the modern SSTR imag-
ing. As only a few patients of the cohort used pre-
operative SSA treatment, we could not properly
analyse the association between the SSTR expres-
sion and response to SSA treatment, either.

Considering the rarity of insulinomas, however,
this national series of 52 insulinomas with the com-
prehensive follow-up data of the patients is
regarded as valuable. Since all the tumours were re-
evaluated by an experienced endocrine pathologist,
and monoclonal primary antibodies and optimized
protocols for immunohistochemistry were used, the
results of this study can be considered reliable [24].

CONCLUSION

In conclusion, most insulinomas express SSTR2,
while the expression of SSTR4-5 is rare. Larger
studies are needed to analyse the SSTR expression
of metastatic insulinomas, and to study the impact
of the SSTR profile on the results of SSTR-targeted
imaging and therapies, and on the prognosis of
patients with an insulinoma.
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