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INSULINOMAS occur in approximately 0.7-4 indi-
viduals per million population per year, making it the 
most commonly occurring functional pancreatic neuro-
endocrine tumor [1].  Patients with insulinomas suffer 
from severe hypoglycemia episodes due to the inap-
propriately increased circulating serum insulin levels.  
Insulinomas are usually single, small, well- circum-
scribed, benign, sporadic, and intrapancreatic tumors 
[2].  Surgical removal is the ideal treatment, however, 
medical treatment to normalize the blood glucose lev-
els is useful in patients with symptomatic hypoglyce-
mia before surgery, and in patients in whom surgical 
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removal is not possible due to the inaccessible location 
of the tumor in the pancreas.  In addition, some patients 
are too old and/or debilitated at presentation to be suit-
able candidates for major surgery.  

The somatostatin analogue, octreotide, is known 
to suppress the secretion of various hormones from 
endocrine tissues or tumors, including insulin secre-
tion from the pancreatic beta cells, via the somatosta-
tin receptor [3].  Although five somatostatin receptor 
(SSTR) subtypes (SSTR1-5) have been identified in 
insulinoma cells, octreotide binds with high affinity to 
SSTR2 and SSTR5 [4-7].  Vezzosi et al. showed that 
positive SSTR2A, but not SSTR5, receptor immunos-
taining could be associated with the efficacy of octreo-
tide treatment [8].  

The octreotide test has been reported to be useful 
for predicting the efficacy of treatment in patients with 
benign insulinomas [8-10].  However, reports describ-
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mia.  Glucose tolerance was classified according to the 
2006 World Health Organization (WHO) criteria [11] 
and Glucose-stimulated insulin secretion was evalu-
ated based on the insulinogenic index [12].  The diag-
nosis of insulinoma was confirmed by localizing the 
tumor by conventional imaging examinations, such as 
abdominal computed tomography scan and ultrasonog-
raphy.  Also, selective arterial calcium stimulation and 
hepatic venous sampling were performed in five of the 
six patients.  The plasma glucose and serum insulin lev-
els were measured by standard laboratory techniques.  

Octreotide test 
The octreotide test was performed in all six patients.  

Basal plasma glucose and serum insulin were mea-
sured at 0600 h (0 min).  Then, 100 μg of octreotide 
was injected subcutaneously, and blood samples were 
collected from an antebrachial vein at 0700 h (60 min), 
0800 h (120 min), 1000 h (240 min), 1200 h (360 min) 
and 1400 h (480 min) for measurement of the plasma 
glucose and serum insulin levels.  If the suppression of 
insulin secretion is insufficient (plasma glucose con-
centration <3 mmol/L despite plasma insulin concen-
tration ≥3 μU/mL [2]) after injection of octreotide, 
the patient is classified as a negative response in the 
octreotide test.  

Histopathological examination
Histopathological examination was performed by 

hematoxylin and eosin (H&E) staining of formalin-
fixed, paraffin-embedded (FFPE) tissue sections pre-
pared from the surgically resected specimens.  The 
tumor grade was evaluated by a combination of the 
mitotic counts in at least 50 high power fields (HPFs) 
(1 HPF = 2 mm2) and the Ki-67 labelling index using 
the MIB-1 antibody as a percentage of 500-2,000 cells 
counted in areas showing the strongest nuclear label-
ling (hot spots), as recommended in the WHO classi-
fication of tumors of the digestive system, 4th edition.  
If the grade as assessed by the mitotic counts differed 
from that assessed by the Ki-67 index, the higher grade 
was assumed.  Immunohistochemical staining was per-
formed as follows.  Sections were deparaffinized in 
xylene and rehydrated through a graded ethanol series.  
Appropriate antigen retrieval was carried out according 
to the manufacturer’s protocol.  Basically, heat-induced 
antigen retrieval was carried out in a high-pH antigen 
retrieval buffer (Dako Cytomation, Glostrup, Denmark).  
Endogenous peroxidase was blocked by incubation 

ing the possible relationship between the results of the 
octreotide test and the presence/absence of SSTR2 
expression in insulinoma patients are still scarce.  In the 
present study, therefore, we investigated the relation-
ships of the octreotide test results with the presence/
absence of SSTR2 expression in insulinoma patients, 
in order to evaluate the usefulness of the octreotide test 
for predicting the presence/absence of SSTR2 expres-
sion in insulinomas.  

Patients and Methods

Patients
This study included six Japanese patients (five 

females and one male) with hypoglycemia associated 
with endogenous hyperinsulinemia who were referred 
to Hokkaido University Hospital, Sapporo, Japan.  A 
detailed history was obtained from each patient, and 
a physical examination was performed.  The diagno-
sis of insulinoma was made as described below.  Also, 
all patients underwent the octreotide test as described 
below before the surgery.  Partial pancreatectomy 
was performed for all the patients enrolled in this 
study and histopathological examination of the tumor 
was performed by a single experienced pathologist 
(T.M.).  The study was conducted with the approval 
of the Institutional Review Boards of the Hokkaido 
University Hospital.  

Diagnosis of insulinoma
A biochemical diagnosis of insulinoma was made 

when the following criteria were satisfied: fasting 
plasma glucose concentration <3 mmol/L, plasma insu-
lin concentration ≥3 μU/mL, and no circulating anti-
bodies to insulin.  All the six patients fulfilled the cri-
teria for Whipple’s triad – hypoglycemic symptoms 
in the presence of low plasma glucose with relief of 
symptoms on administration of glucose – during the 
episodes of hypoglycemia.  Blood samples taken dur-
ing fasting showed low plasma glucose levels of 2.1-
2.9 mmol/L and relatively elevated serum insulin levels 
of 9.1-20.3 μU/mL.  Adrenal insufficiency, hypopitu-
itarism, hepatic failure, insulin autoimmune syndrome, 
and ingestion of alcohol or hypoglycemic agents as the 
cause of the hypoglycemia were excluded based on 
the laboratory and endocrine data and the medical his-
tory (data not shown).  A 75-g oral glucose tolerance 
test (OGTT) was performed to confirm glucose tol-
erance and the existence of postprandial hypoglyce-
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respectively.  This result indicated that glucose-stimu-
lated insulin secretion in patient 5 was extremely lower 
than that in the other patients.  There were no post-
prandial hypoglycemia during the OGTT in all these 
patients.  Abdominal ultrasonography and computed 
tomography revealed the tumors in all these patients.  
Furthermore, selective arterial calcium stimulation and 
hepatic venous sampling showed a striking increase of 
the insulin concentration in the splenic artery supply-
ing the pancreatic body and tail area in patients 1, 2 and 
5, and in the gastroduodenal artery supplying the pan-
creatic head area in patients 3 and 4.  A clinical diagno-
sis of insulinoma was made based on these results and 
surgical resection of the tumors was performed.  

Octreotide test
The octreotide test was performed to evaluate the 

efficacy of octreotide in improving the hyperinsulin-
emic hypoglycemia in all the six patients.  As shown in 
Table 3, suppression of insulin secretion was achieved, 
starting at 60 min after octreotide loading, in patients 
1-4 and 6.  However, in patient 5, the suppression of 
insulin secretion was insufficient, which resulted in 
severe hypoglycemia with endogenous relative hyper-
insulinemia (plasma glucose concentration was 2.1 
mmol/L although plasma insulin concentration was 8.5 
μU/mL) starting at 120 min after octreotide loading, 
and then insulin secretion was rather increased after 240 
min.  From these results, patients 1-4 and 6 were clas-
sified as a positive response group.  On the other hand, 
patient 5 was classified as a negative response group.  

Pathological findings
Macroscopically, the tumor was located in the head 

(n = 2), body (n = 1) or tail (n = 3) of the pancreas.  
The tumors ranged in size from 4 to 67 mm (Table 4).  
Histopathologically, the mitotic index was <2 per 10 
HPFs in patients 1-5 and 7 per 10 HPFs in patient 6.  
There was no definitive venous invasion in any of the 
cases.  IHC for chromogranin A, synaptophysin and 
insulin revealed diffuse positive staining for all of these 
proteins in all the tumors.  The Ki-67 labelling index 
was >2% in patients 3, 4 and 6.  Based on these results, 
the tumors in these three patients (patients 1, 2, and 5) 
were classified as NET G1 and those in the remaining 
three patients (patients 3, 4 and 6) as NET G2 (Table 
4).  As shown in Fig. 1, SSTR2 was expressed in 5 of 
the insulinomas (patients 1-4 and 6), with an IHC score 
of 3.  On the other hand, the IHC score was 0 and no 

in 3% H2O2 for 5 min.  Primary antibodies against 
SSTR2 (1:100, UMB1; Abcam, Cambridge, UK), 
SSTR5 (1:1000, ab28618; Abcam, Cambridge, UK), 
chromogranin A (1:150, DAK-A3; Dako Cytomation, 
Glostrup, Denmark), synaptophysin (1:100, 27G12; 
Novocastra, Tyne, United Kingdom), CD56 (prediluted, 
123C3; Zymed, San Francisco, CA, USA), insulin 
(1:100, 2D11-H5; Novocastra, Tyne, United Kingdom), 
and Ki-67 (1:20, MIB-1; Dako Cytomation, Glostrup, 
Denmark) were applied for 60 minutes.  The sections 
were visualized by the HRP-labeled polymer method 
(EnVision FLEX system, Dako).  Immunostained sec-
tions were counterstained with hematoxylin, dehy-
drated in ethanol, and cleared in xylene.  The tumors 
were classified as neuroendocrine tumor grade 1 (NET 
G1) when the mitotic count was <2 per 10 HPFs and/or 
the Ki-67 index was ≤2%, as NET G2 when the mitotic 
count was 2-20 per 10HPF and/or the Ki-67 index was 
3-20% and as neuroendocrine carcinoma (NEC) when 
the mitotic count was >20 per 10 HPFs and/or the Ki-67 
index was >20% [13].  

SSTR2 expression was evaluated by the SSTR2 
immunohistochemistry (IHC) scoring system as fol-
lows: 0: absence of immunoreactivity; 1: pure cyto-
plasmic immunoreactivity, either focal or diffuse; 2: 
membranous reactivity in less than 50% of the tumor 
cells, irrespective of the presence of cytoplasmic stain-
ing; 3: circumferential membranous reactivity in more 
than 50% of the tumor cells, irrespective of the pres-
ence of cytoplasmic staining [14].  SSTR5 immunos-
taining in the tumors was compared with that obtained 
in the normal adjacent pancreatic tissue, as described 
elsewhere [8].  The immunostaining was described as 
3+ if its intensity was greater than that observed in the 
normal pancreas, 2+ if it was similar, and + if it was 
less than that of the normal pancreas and - when no 
immunostaining was found in the tumor [8].  

Results

Clinical features and biochemical data
Five females and one male, ranging in age from 41 

years to 81 years, were included in this study (Table 
1).  The result of a 75-g OGTT in the six patients were 
shown in Table 2.  Of the six patients, one (patients 1) 
were diagnosed as normal glucose tolerance, while the 
remaining 5 (patients 2-6) were diagnosed as impaired 
glucose tolerance.  The insulinogenic indices in 
patients 1-6 were 0.33, 0.88, 0.28, 0.67, 0.03 and 0.62, 
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Table 4  Histopathological manifestation in the present patients

Patient Size (mm) Location (pancreas) Mitotic index ( / 10HPF) Ki-67 (%) Chromogranin A, 
Synaptophysin and Insulin Diagonosis

1 4 Body 0 2.0 All positive NET G1
2 12 Tail 1 2.0 All positive NET G1
3 12 Head 0 9.0 All positive NET G2
4 11 Head 0 7.0 All positive NET G2
5 8 Tail 1 1.9 All positive NET G1
6 67 Tail 7 11.3 All positive NET G2
HPF, high-power field; NET, neuroendocrine tumor; G1, grade 1; G2, grade 2

Table 3  Octreotide test

Patient
Time (minutes)

0 60 120 240 360 480
1 Glucose (mmol/L) 5.8 4.0 2.9 4.8 ND 8.6 

Insulin   (μU/mL) 7.3 <0.5 <0.5 <0.5 ND 1.6 
2 Glucose (mmol/L) 6.6 6.8 7.3 8.3 7.1 6.4 

Insulin   (μU/mL) 29.4 2.0 2.5 5.3 4.5 <0.5
3 Glucose (mmol/L) 3.3 2.8 7.7 7.3 6.8 6.4 

Insulin   (μU/mL) 5.1 <0.5 <0.5 1.5 2.4 1.2 
4 Glucose (mmol/L) 2.8 3.1 5.4 6.4 4.3 5.8 

Insulin   (μU/mL) 8.1 2.0 3.7 4.2 3.6 6.2 
5 Glucose (mmol/L) 4.2 3.0 2.1 5.7 5.4 6.0 

Insulin   (μU/mL) 13.6 5.9 8.5 27.4 19.8 19.7 
6 Glucose (mmol/L) 4.6 4.4 5.1 4.9 4.2 3.5 

Insulin   (μU/mL) 14.1 3.2 1.5 4.7 4.1 7.2 
ND, not determined

Table 2  Oral glucose tolerance test (75-g OGTT)

Patient
Time (minutes)

0 30 60 90 120 180
1 Glucose (mmol/L) 4.4 9.4 10.7 8.9 7.4 8.9 

Insulin   (μU/mL) 11.2 41.0 61.0 53.7 37.3 53.8 
2 Glucose (mmol/L) 2.8 6.9 8.2 ND 9.1 8.7 

Insulin   (μU/mL) 20.3 86.5 96.4 ND 103.2 77.5 
3 Glucose (mmol/L) 3.2 5.7 5.7 9.7 11.0 7.2 

Insulin   (μU/mL) 8.5 20.7 15.9 40.9 54.4 18.7 
4 Glucose (mmol/L) 3.4 5.2 7.7 7.9 7.8 6.6 

Insulin   (μU/mL) 10.0 31.5 56.8 41.5 42.5 30.6 
5 Glucose (mmol/L) 3.3 4.3 7.0 8.4 9.3 5.6 

Insulin   (μU/mL) 5.3 5.9 21.8 27.2 22.6 5.0 
6 Glucose (mmol/L) 5.8 9.2 9.1 9.3 7.9 6.3 

Insulin   (μU/mL) 27.1 64.3 56.5 59.6 52.3 25.9 
ND, not determined

Table 1  Clinical features and glucose and insulin levels at hypoglycemia of the six patients
Patient Gender Age (years) Body mass index (kg/m2) Manifestations Glucose (mmol/L) Insulin (μU/mL)
1 Female 81 24.2 Gait disorder 2.1 11.8
2 Female 68 26.1 Dizziness, loss of appetite 2.8 20.3
3 Female 76 27.0 Abnormal behavior 2.7 11.4
4 Male 71 31.1 Loss of consciousness 2.7 10.5
5 Female 69 27.4 Loss of consciousness 2.4 9.1
6 Female 41 19.6 Loss of consciousness 2.9 17.3
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SSTR2 expression was detected in the remaining one 
case (patient 5).  Immunohistochemical localization 
of SSTR5 was predominantly in cytoplasm, however; 
membranous accentuation was observed in one of these 
cases (patient 3).  The heterogeneity and obscuration in 
the immunostaining were observed for SSTR5 in com-
parison with that for SSTR2, which showed sharper 
and more consistent membranous staining.  Patient 5 

also showed positivity for SSTR5 (see Supplemental 
Fig. 1), although SSTR2 was totally negative for this 
case.  These results showed that improvement of hyper-
insulinemic hypoglycemia by octreotide in the octreo-
tide test was associated with the presence of SSTR2 
immunoreactivity, but not with the immunoreactivity 
for SSTR5, although both of them were expressed in 
the insulinomas to a varying degree.  

Fig. 1 Microscopic findings in the insulinomas of the six patients assessed by hematoxylin-and-eosin staining (upper slides) and 
immunohistochemistry for SSTR2 (lower slides).  
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Discussion

The somatostatin analogue, octreotide, has been 
shown to be useful for the control of hypoglyce-
mia in some cases of insulinoma, and the efficacy/
safety of long-term treatment with octreotide has been 
reported [9].  However, the response to octreotide has 
been reported to vary depending on the presence or 
absence, mainly of SSTR2A expression on the insu-
linoma cells [8, 9].  We used antibody against SSTR2 
instead of SSTR2A, based on the results of our pilot 
studies on the outcomes of IHC using these antibodies.  
Sharper and more distinct membranous immunostain-
ing was obtained with SSTR2 antibody as compared to 
that with SSTR2A antibody, although the tendency of 
positivity and negativity was exactly similar for both 
antibodies.  SSTR2 is the functionally dominant soma-
tostatin receptor in human pancreatic alpha-cells [15], 
and SSTR2 agonists are the most potent inhibitors of 
glucagon secretion from isolated human pancreatic 
islets [16].  Thus, in cases with insulinoma cells show-
ing very low or absent expression of SSTR2, octreotide 
might lower the blood glucose level by suppressing the 
release of counter-regulatory factors such as glucagon 
[7, 17].  According to one case report, exacerbation of 
hypoglycemia was observed in a patient with a pro-
insulinoma treated with octreotide [18].  In this case, 
acute neuroglycopenic symptoms were present during 
the period of octreotide-induced hypoglycemia, which 
was accompanied by and probably attributable to an 
acute reduction of the pancreatic glucagon secretion in 
the presence of persistent and unsuppressed hyperpro-
insulinemia due to low or absent expression of SSTR2.  
Therefore, it is important to predict the presence or 
absence of SSTR2 expression at an early stage in 
patients with insulinoma, since it is difficult to confirm 
SSTR2 expression directly prior to surgical resection.  

In our present study, all five patients with a positive 
response in the octreotide test showed positive results 
of IHC for SSTR2 expression, while a negative result of 
IHC was obtained in the one patient who showed a neg-
ative response in the octreotide test.  Vezzosi’s report 
described the association between the octreotide test 
results and presence/absence of SSTR2A expression 
in insulinoma patients [8], and our results are largely 
consistent with this report.  Although evidence to sug-
gest the usefulness of the octreotide test is accumulat-
ing, one problem is that the definition of a response or 
non-response in the octreotide test remains inconsistent.  

In some case reports, a positive response in the octreo-
tide test was based on the suppression of insulin secre-
tion [10, 19].  On the other hand, Vezzosi described that 
patients experiencing symptomatic hypoglycemia with 
a blood glucose level of <2.5 mmol/L were considered 
to be unresponsive [8, 9].  Essentially, the pathophysi-
ological concept of insulinoma is hypoglycemia associ-
ated with endogenous hyperinsulinemia.  Thus, ideally 
we should evaluate whether administration of octreo-
tide improves the hypoglycemia associated with the 
endogenous hyperinsulinemia.  Our study showed that 
in all the five insulinoma patients in whom the hypo-
glycemia associated with endogenous hyperinsulinemia 
improved with the administration of octreotide, namely, 
in the patients who showed a positive response in the 
octreotide test, SSTR2 was expressed on the insuli-
noma cells, and that in the one patient with persistent 
hypoglycemia associated with endogenous hyperin-
sulinemia following octreotide administration, that is, 
in the patient who showed a negative response in the 
octreotide test, the result of IHC for SSTR2 expression 
was negative.  Our study is the first report of reveal-
ing the association between the responses in the octreo-
tide test and SSTR2 expression by using the essential 
criteria for the assessment of octreotide test.  Based on 
these perspectives, a larger prospective study with eval-
uation of accurate cutoff values of the plasma glucose 
and serum insulin levels in the octreotide test is needed.  

A 75-g OGTT indicated that glucose-stimulated 
insulin secretion in one patient was extremely lower 
than that in the other patients.  Considering that the 
suppression of insulin secretion was insufficient after 
the octreotide loading and no SSTR2 expression was 
detected in only this patient, the response of insulin to 
glucose could be relevant to that to octreotide and to 
SSTR2 expression.  Although this association is inter-
esting, it is unclear whether there is a positive corre-
lation between SSTR2 expression and glucose-stimu-
lated insulin secretion.  Additionally, since it has been 
reported that octreotide was effective in elderly patients 
with insulinoma [10, 19, 20], the relationship between 
SSTR2 expression and age is interesting.  However, it 
is also unclear whether SSTR2 expression is correlated 
to age in our results.  Further studies are needed for elu-
cidating these correlations.  

The major limitations of our study were the retro-
spective study design and the small size of the sample.  
Another limitation was that there were no cases with an 
IHC score of 1 or 2.  Thus, it is not clear yet whether 
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administration of octreotide improves the hypoglyce-
mia associated with the endogenous hyperinsulinemia 
in patients with an IHC score of 1 or 2.  Further large-
scale studies are needed to obtain more detailed infor-
mation.  Since this study included six patients with 
low-grade insulinomas, one of the challenges for the 
future is to estimate the usefulness of the octreotide test 
for the prediction of SSTR2 expression also in high-
grade insulinomas.  

In conclusion, improvement of hyperinsulinemic 
hypoglycemia by octreotide in the octreotide test was 
associated with the presence of SSTR2 expression in 
the tumors in Japanese patients with insulinomas.  Our 
results suggest that the octreotide test could be useful 
for predicting the presence/absence of SSTR2 expres-

sion at an early stage for the treatment of insulin-
oma, since it is difficult to confirm SSTR2 expression 
directly without surgical resection.  
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