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Summary

Approximately 35% of the pancreatic neuroendocrine tumors (pNETs) are functional, the most common of which is an

insulinoma. Rarely can initially nonfunctioning tumor undergo biological transformation to a hormone-secreting tumor with
subsequent changes in the clinical picture. We present here three unique patients with long-standing pNETs who developed
life-threatening hyperinsulinemic hypoglycemia along with tumor progression. In two of the patients, everolimus (Afinitor)
was administered in an attempt to control both tumor growth and hypoglycemia. In two cases everolimus therapy resulted in

the abolishment of hypoglycemia and induced significant tumor regression; however these beneficial responses were
transient. These cases highlight the exceptional ability of pNETs to change biological behavior in parallel with disease
progression. Our experience concurs with recently published studies demonstrating the utility of everolimus for the control

of both hypoglycemia and tumor progression.

Learning points:

prognosis.
effective in the patients presented here.

of hypoglycemia during everolimus treatment.

e Nonfunctional pNET can gain new features such as insulin secretion with related morbidity.
e Gain of function in a previously nonfunctional pNET signifies tumor progression and is usually associated with poor

e Everolimus proved to be a viable treatment for hypoglycemia in insulinoma patients and was also proven highly

o Asdisease progresses, the effect of everolimus on hypoglycemia wanes. We report for the first time the development

Background

Pancreatic neuroendocrine tumors (pNETs) present with
a heterogeneous clinical behavior (1). The majority of
PNETs have an indolent course at early stage, but patients
will eventually develop symptoms of tumor progression or
hormone secretion that usually requires medical inter-
vention (1). Based on their endocrine secretion, pNETs
may be divided into functioning or nonfunctioning
tumors. Nonfunctioning tumors comprise about 65% of

PNETs, and most of them have metastasized at diagnosis
(2). Rarely have these tumors been reported to be able to
change their phenotype into functioning tumors;
however, the mechanism for this acquired switch in the
tumor secretory ability is still unclear (3) (4). Current
therapeutic options for metastatic disease are limited. The
mTOR signaling pathway plays a key role in cell growth,
protein translation, autophagy, and cell metabolism (5).

) ®®© This work is licensed under a Creative Commons
(s) Access @ Attribution-NonCommercial-NoDerivs 3.0
L BY NC ND .

Unported License.

© 2015 The authors http://www.edmcasereports.com

Published by Bioscientifica Ltd


http://dx.doi.org/10.1530/EDM-15-0032
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_GB
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_GB
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_GB
http://www.edmcasereports.com

A Nahmias and others

Endocrinoclogy,
Diabetes & Metabolism
CASE REPORTS

Evidence linking mTOR signaling to the pathogenesis of
PNETs arises from studies of genetic cancer syndromes
associated with pNETs, such as tuberous sclerosis, MENT1,
and neurofibromatosis. Furthermore, mTOR abnormal-
ities have been correlated with more aggressive tumors.
Everolimus inhibits mTOR and was found to be effective in
patients with low to intermediate grade, unresectable, or
metastatic pNETs that have progressed on prior therapies
(6). Everolimus has been shown to affect glycemic control
and was utilized to resolve hypoglycemia in insulinoma
patients (7); this effect was not attributed to a reduction in
tumor size (7) (8). In this report we will present a small
series of three patients with metastatic pNET, initially
nonfunctioning, which has evolved to insulinoma. In two
of the cases everolimus was used to treat both tumor
growth and hypoglycemic events; in the third case, hyper-
insulinemic-associated hypoglycaemia surprisingly
developed during treatment with everolimus.

Case presentation
Case 1

A 45-year-old woman presented with abdominal pain,
diarrhea, and weight loss.

Investigation Subsequent investigation revealed a
mass located in the head of the pancreas with a diameter
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of 2.5X3 cm, with secondary hepatic lesions and a
well-differentiated grade 2 NET (KI-67 proliferation index
of 5-7%) was diagnosed on pathology. A somatostatin
receptor imaging with ®®Gallium-DOTATATE PET-CT
showed high uptake by the pancreatic and hepatic
masses (Fig. 1).

Treatment The patient was initially treated with
Somatuline Autogel (lanreotide Autogel, Ipsen) 30 mg
every 2 weeks. Subsequently, due to progressive disease,
the patient was treated with peptide-receptor radionuclide
therapy (PRRT) °°Yttrium-DOTATOC with disease
stabilization.

Outcome and follow-up Five months later, the
patient presented with severe episodes of hypoglycemia
with serum glucose levels decreased to 1.6 mmol/1 (normal
range 4-6 mmol/l), together with inappropriately high levels
of serum insulin (2021 pmol/l, normal range=22-180)
and C-peptide (2876 pmol/l, normal range=268-1274).
A second biopsy from a liver metastasis revealed a higher
proliferation index of 20%. Subsequent treatment with
everolimus followed by streptozocin, dischlorodiammine
platinum (DDP), and 5 fluorouracil (5-FU) resulted in
resolution of the hypoglycemia and marked regression of
the hepatic lesions. However, 18 months later the disease
progressed, and despite the administration of salvage
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%8Gallium-DOTATATE PET-CT of the first patient showing high uptake by the pancreatic and hepatic masses.
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PRRT, the patient died due to progressive disease. Autopsy
findings were consistent with previous biopsy results.

Case 2

A 63-year-old man diagnosed with a pNET following a
workup of chronic diarrhea.

Investigation A 1.5cm pancreatic neck mass with
secondary hepatic lesions and celiac root lymphadeno-
pathy was noted on initial CT examination and confirmed
by a ®Gallium-DOTATATE PET-CT. The patient was
diagnosed with well-differentiated NET grade 2 based on
a biopsy of a metastatic hepatic lesion.

Treatment The patient was treated with Somatuline
Autogel 120 mg/month, and subsequently, due to pro-
gressive disease, he received four cycles of PRRT with
77Lutetium-DOTATATE. Due to further progression after
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a period of 3 years, another two cycles of '”’Lutetium
DOTATOC were administered, with an improvement in
imaging studies.

Outcome and follow-up One year later the disease
progressed again, as reflected by clinical deterioration and
®8Gallium-DOTANOC PET-CT imaging (Fig. 2). In parallel,
the patient developed recurrent episodes of severe
hypoglycaemia, down to 1.2 mmol/l.

Serum insulin and C-peptide levels in the fasting state
revealed that the hypoglycemia of 1.2 mmol/l resulted
from endogenous hyperinsulinism: insulin 144.2 pmol/l
(normal range=22-180), and C-peptide 1006 pmol/l
(normal range=268-1274). The patient was started on
everolimus (10 mg/day) with resolution of the hypoglyce-
mia and even the development of diabetes mellitus.

After a period of 8 months during which transarterial
chemoembolization (TACE) of the metastases in the liver
was performed, the patient developed recurrence of severe
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%8Gallium-DOTANOC PET-CT of the second patient indicating diffuse involvement of liver, reflecting a salt-and-pepper appearance.
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hypoglycemic episodes and was treated with continuous
nasogastric tube nutrition concurrently with diazoxide
and dexamethazone.

Case 3

A 66-year-old man diagnosed with a metastatic gastri-
noma following a workup of diarrhea.

Investigation A pancreatic mass with secondary
hepatic lesions was noted on initial CT examination.

Treatment The patient was treated with 5-FU and
streptozotocin, which was stopped after a period of nine
years due to kidney damage and progressive disease.
Sandostatin LAR (octreotide LAR, Novartis) 60 mg/month
was given. Subsequently, due to progressive disease he was
referred for two PRRT treatments with *°Yttrium-DOTATOC
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and 3 years later with '’’Lutetium-DOTATOC followed by
disease stabilization. One year later the patient underwent
the Whipple procedure due to obstructive jaundice. At the
time of surgery liver metastases were also resected together
with radio-frequency ablation. Following surgery, serum
levels of gastrin and Chromogranin A normalized.

Outcome and follow-up One year later retroperito-
neal lymph nodes spread was diagnosed; everolimus was
started at a dosage of 10 mg/day with ensuing disease
stabilization. ®®*Gallium-DOTATATE PET-CT imaging
revealed bilobar hepatic metastatic spread and a retro-
peritoneal 7.5 cm conglomerate of lymph nodes (Fig. 3).
At this stage the patient developed recurrent episodes of
severe symptomatic hypoglycemia of 1.9 mmol/l, with
inappropriately increased insulin (750 pmol/l, normal
range=22-180) and C-Peptide (1621 pmol/l, normal
range=268-1274) levels, while still receiving everolimus.
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Figure 3

%8Gallium-DOTATATE PET-CT of the third patient showing bilobar hepatic metastatic spread and a retroperitoneal conglomerate of lymph nodes.
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Discussion

In the present paper we describe a small series of three rare
cases of pNETs, two initially nonfunctioning and one
gastrinoma, which underwent phenotypic transformation
to insulinoma, resulting in significant and life-threatening
morbidity due to refractory hypoglycemia. To the best of
our knowledge, this is the largest case series reported to
date. pNETs are divided into nonfunctioning and func-
tioning tumors, the latter being the minority. Functioning
tumors are further defined, in accordance with the specific
hormone secreted, as insulinoma, gastrinoma, glucago-
noma, VIPomas, etc. The ability of pNET to ‘gain’ new
functional phenotype has been reported previously,
although very rare (4). These reports describe nonfunc-
tioning pNETs that have transformed into an insulinoma,
characterized by the appearance of repeated hypoglycemic
episodes due to the excessive secretion of insulin (3). Very
little is known regarding the mechanism of tumor
transformation and gain of function. Interestingly, all of
the cases described in the literature involved liver
metastasis, suggesting a possible role for hepatic micro-
environment in this process (3) (4). One possibility is that
a subpopulation of insulin-producing cells that was
clinically silent became prominent in the milieu of the
liver. However, recent data done in pituitary NE cells
suggested the existence of a pluripotent progenitor cell,
which might be responsible for such plasticity in tumor
phenotype (9). Refractory hypoglycemia remains an
important cause of morbidity and mortality and contrib-
utes to the poor prognosis of these patients (3) (4). Given
the rarity of patients presenting with pNETs with
functional transformation, data about the treatment
options in these patients is sparse and limited to rare
case reports or expert opinion. Several treatment
approaches have been tried in nonfunctioning pNETs
with insulinoma transformation, such as systemic
(somatostatin analogues, tyrosine kinase inhibitors such
as sunitinib, mTOR inhibitors such as everolimus, or
PRRT) or liver targeted (such as TACE). However, none of
these proved to be highly effective in these cases.

Several lines of evidence support the role for mTOR in
PNETs. Low protein expression of TSC2 and PTEN was
associated with shortened progression-free survival and
overall survival in patients with pNET. Tuberous sclerosis
complex is a direct inhibitor of mTOR and takes a part in
a genetic cancer syndrome associated with pNET (2) (10).
These findings promoted the use of everolimus, an
inhibitor of the mTOR signaling pathway, as a possible
anti-tumor agent in these patients. Based on preclinical
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supporting data (11), the RADIANT-3 clinical study was
conducted to assess the anti-proliferative effect of ever-
olimus in pNETs patients: 410 patients with advanced
pNETs have been enrolled and randomized to receive
either everolimus or a placebo. Everolimus treatment was
associated with median progression-free survival of 11
months, compared with 4.6 in the placebo arm, and with a
2.4-fold improvement in median progression-free survival
compared with placebo (12).

Apart from its anti-tumor effect, everolimus can
markedly improve the hypoglycemic control in insuli-
noma. This effect was shown to be mediated by a decrease
in (pro)insulin secretion by the tumor (7). Interestingly,
however, the anti-hypoglycemic effect of everolimus is
also mediated by its effect on normal muscle tissue, with
a marked reduction in glucose uptake, generating a state
of insulin resistance (5) (7). In a retrospective series of
12 cases of metastatic insulinoma treated with everolimus,
blood glucose levels were normalized in 11 patients.
However, six of the patients had to discontinue the
treatment due to cardiac or pulmonary adverse effects or
tumor progression. At the time of the last follow-up, after
a median of 7 months, seven patients experienced stable
disease and three showed progression (8).

The effect of everolimus on hypoglycemia was also
evident in two of our patients, in whom treatment with
everolimus completely abolished the hypoglycemia
events, leading to an improved quality of life for these
patients. However, in both of these patients the disease
progressed, and recurrent hypoglycemia reappeared
during everolimus treatment. The third patient developed
hypoglycemia while being treated with everolimus, and
this exceptional escape from the hyperglycemic effect of
everolimus has not been previously described in the
literature.

In summary, the present small series of patients
provides evidence on the ability of metastatic pNETs to
gain new functional features. The development of
functional phenotype bear grave prognosis. The awareness
for the identification of such transformation is crucial for
the treatment of these patients both in terms of providing
accurate symptomatic support and possibly tailored
therapy. It is possible that such gain of function might
be more frequent than previously suspected, especially as
some of these symptoms are not specific and might be
attributed to other causes in a patient with an advanced
malignant disease. Everolimus has emerged as a useful
treatment for hypoglycemia in insulinoma patients and
was also proven highly effective in the patients presented
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here, although it appears that, as disease progresses, the
effect of everolimus on hypoglycemia wanes.
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