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Neuroendocrine Neoplasms (NENs) are rare, but their
incidence is constantly increasing. Insulinoma is a func-
tioning NEN, with an incidence of 1–4 cases/million/year
[1]. Despite its benignity in 90% of cases [2], it is a dan-
gerous condition due to hypoglycemic events and the
intrinsic risks can be further extended in case of atypical
presentation. Surgery is the treatment of choice for insuli-
noma, but biochemical diagnosis and localization of the
lesion can be challenging, and patients may remain exposed
to hypoglycemia risks for weeks. In the meantime, a med-
ical control of the disease is required [2]. We present the
off-label use of pasireotide for presurgical management of
an atypical insulinoma.

A 42-year-old man had recurrent episodes of persistent
diplopia for seven years. During one of these episodes, he
was admitted to an emergency room revealing a profound
hypoglycemia (27 mg/dL), with complete resolution of the
symptoms after glucose administration. His past medical
history was unremarkable, except for autoimmune hypo-
thyroidism and removal of colon polyp. He was overweight

(27 kg/m2), had negative anti-insulin and anti-GAD anti-
bodies, but underwent an oral glucose tolerance test
(OGTT) (glycemia: baseline 77; +120 min: 238 mg/dL)
leading to the diagnosis of diabetes mellitus type 2 (DM2)
and reactive post-prandial hypoglycemia. He was put on a
1600 kcal diet with morning and afternoon snacks and
acarbose 50 mg at principal meals. The patient lost 5 kg
(BMI: 24.1 kg/m2) but continued to register several fasting
and postprandial hypoglycemic events always accompanied
by diplopia. Thereafter, the patient came to our attention.
Adrenal and pituitary deficiencies were excluded, and he
was monitored for 5 hours after a new OGTT: this test
resulted negative for diabetes, but a reactive hypoglycemia
was registered (+240 min: 38 mg/dL). A fasting test
revealed a persistent pauci-symptomatic hypoglycemia
(31 mg/dL) with detectable values of insulin (7.3 mU/L) and
C-peptide (1.95 mcg/L) 29 h after the start. A diagnosis of
insulin-dependent hypoglycemia was given, and an MRI
showed a 1.5 × 1.0 cm hypointense lesion (with a late-phase
enhancement) in the pancreas head (Fig. 1a). An endoscopic
ultrasound confirmed a solid hypoechoic lesion that was
biopsied. At cytology, there were many isolated cells with
atypical nuclei and positive immunostaining for insulin and
chromogranin A (Ki67= 1%). The patient started a diaz-
oxide treatment (3.0–5.7 mg/Kg). Despite the improvement
of glycemic control with the higher dose (Fig. 1b), the
patient experienced a worsening of dysgeusia, anorexia,
nausea and a significant weight loss. Since surgery was
planned several weeks later, an off-label treatment with
pasireotide LAR (40 mg/month) was initiated after informed
consent. The patient experienced a significant improvement
of glycemic control up to surgery (Fig. 1b, c). The treatment
with pasireotide lasted 2 months with few well-tolerated
episodes of diarrhea, then the patient underwent a duodeno-
cephalopancreasectomy. For the following 3 years, the
patient did not report any clinical manifestation of hypo-
glycemia. The repeated monitoring did not show any
hypoglycemic event and an OGTT proved a normal glucose
tolerance.
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The diagnosis of a pancreatic NEN was confirmed with
an immunostaining positive for Cromogranin A and insulin
at histology. Surprisingly, immunostaining for SST2 and
SST5 resulted negative. On additional staining, SST1

revealed a moderate nuclear positivity, while SST3 expres-
sion showed a weak cytoplasmic staining. SST protein
expression, evaluated by immunoreactivity scoring system
(IRS) [3], showed a high-intermediate score (IRS= 6) for
SST1 and a low IRS (IRS= 2) for SST3 (Fig. 1d).

Due to the young age of onset, the patient underwent
genetic analysis for a MEN clinical variant on leukocyte
DNA. A heterozygous variation (c.31C>T) in exon 1 of
CDKN1b gene was discovered. This variation replaces a
highly conserved proline at codon 11 of p27 protein (p.
Pro11Ser). This variant is rare in population databases
(rs779193240, ExAC: 0.008%) and was previously reported
in an individual with prostate cancer [4]. An analysis in silico
[5, 6] showed a deleterious biological effect of p.P11S
(Polyphen score: 0.995, range for damaging prediction
(RDP): 0.85–1.0; SIFT score: 0; RDP: 0–0.05; REVEL score:
0.566; RDP > 0.5; MetalR score: 0.726; RDP: 0.5–1.0). In
addition, the patient reported to have a first-degree cousin

with a recent diagnosis of pancreatic NET, and she was also
found to be carrier of the p.P11S variant, whereas the
CDKN1b gene was wild-type in other four unaffected family
members (age: 25–73 years). The absent p27 immunostaining
in the insulinoma of this patient (Fig. 1e) gives definitive
support to the pathogenic role of the variant.

In this patient, hypoglycemic events had mild clinical
manifestations (diplopia) most probably due to the long
history of the disease and the progressive adaptation thanks
to the efficiency of counterregulatory mechanisms. The
diagnostic delay (about 8 years) of this atypical insulinoma
was further extended by the results of the first OGTT
indicating a DM2. The loss of 5 kg body weight was
however sufficient to recover a normal glucose tolerance at
succeeding OGTTs.

Once reached the diagnosis, the medical treatment was
given for about 10 weeks in order to avoid the additional
hypoglycemic events exposing the patient and his relatives
to the potential risks of an unpredictable symptomatic
hypoglycemia. Unfortunately, the patient was intolerant to
diazoxide and we sought for alternative medical treatment.
Taking into account the benign features of this lesion, we

Fig. 1 a imaging of the lesion at MRI, the lesion of the head of the
pancreas (measured with a red string), bilateral renal angiomyolipomas
and an adenomyoma of the gallbladder; b Graph showing the differ-
ence of random capillary glycemia without therapy (first box plot),
with diazoxide 3 mg/kg (second box plot), with diazoxide 5.7 mg/kg
(third box plot) and with pasireotide (fourth box plot). The glycemic
values registered during treatments were all significantly different from
baseline at a M-Whitney comparison test (*p < 0.0001). Pasireotide
LAR pasireotide long-acting release. c Box plots showing fasting
glycemia levels at baseline and during Pasireotide LAR. The differ-
ence is highly significant at a M-Whitney comparison test (*p <
0.0001); d immunohistochemical expression of SST1 and SST3. A, B:

negative control (IRS= 0); C, D: SST1 expression (polyclonal anti-
body, ab2366); E, F: SST3 expression. (polyclonal antibody,
ab28680); Scale bar 150 µm; magnification: (A, C, E) 200×, (B, D, F)
400×; e Immunohistochemical expression of p27 (anti p27-KIP1
[Y236] monoclonal antibody, ab32034). A normal pancreatic tissue
with omission of primary antibody; B p27 expression in normal
pancreatic tissue; C p27 expression in the insulinoma tissue. The
absent p27 immunostaining in the insulinoma of this patient gives
definitive support to the pathogenic role of the variant, associated with
the loss of expression of wild-type p27 allele in the tumor sample.
Scale bar 150 µm; magnification, 400×. All antibodies were purchased
from Abcam (Cambridge, UK)
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first considered classic somatostatin analogues (SSAs).
However, these drugs are reported to be effective in 50% of
cases and to be able to cause paradoxical hypoglycemic
effects [7]. On the other hand, Pasireotide is a second-
generation SSA with a preserved affinity for SST2 but
considerable affinity for SST5 and for SST1, SST3, as well.
It is approved for treatment of Cushing’s disease and
acromegaly [8] but its use in insulinomas was previously
reported in only two cases of malignant insulinomas [9, 10].
Hyperglycemia is one of the most significant side effects of
this drug, with a prevalence of 79% [11], and it is more
likely to occur in patients with underlying diabetes or pre-
diabetes [12]. Such Pasireotide characteristics were of par-
ticular advantage in this patient with a history of DM2.
Accordingly, Pasireotide achieved a drastic reduction of
hypoglycemic events.

A recent study from Henry et al. [13] tried to define the
mechanisms through which Pasireotide causes hyperglyce-
mia in healthy volunteers: results showed an inhibition of
insulin, a more modest suppressive effect on glucagon and a
reduced incretin response (GLP-1 and GIP). In this insuli-
noma, we found a strong expression of SST1 which could
perhaps explain the response to the drug, but its main
nuclear localization leaves some doubts. A similar situation
is found in another patient, whose malignant insulinoma,
negative for SST5 and SST3 and positive for SST2,
responded to treatment with Pasireotide but surprisingly not
with Lanreotide [10]. While the effects on insulin and
glucagon could be explained by the binding of Pasireotide
to SSTs, the suppressed incretin secretion would instead be
mediated by not yet identified mechanisms. Such alternative
mechanism of action could perhaps explain the efficient
control of hypoglycemia by Pasireotide in this insulinoma
with inconclusive findings at immunostaining. Never-
theless, a downregulation of SST2 and SST5 induced by the
SSA treatment cannot be excluded [14]. Still, these data
prompt further studies aimed to investigate all the interac-
tions of Pasireotide with yet unknown intermediaries and
their effect on glucose metabolism.

In conclusion, we describe a man with longstanding
atypical hypoglycemic manifestations who, after an initial
diagnosis of DM2, was found to be affected with a pan-
creatic insulinoma associated with a rare deleterious
CDKN1b variant. The efficient control of hypoglycemia by
pasireotide LAR in an insulinoma with low SST2/SST5

expression opens novel perspectives on the mechanisms
underlying pasireotide action on glucose metabolism.
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