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Sudden ‘cure’ of type two diabetes due to pancreatic
insulinoma: A case report

CONSTANTINOS NASTOS', DIMITRIOS GIANNOULOPOULOS', DIONYSIOS DELLAPORTAS',
MARIA MIZAMTSIDI?, NIKOLAOS DAFNIOS', NIKOLAOS KLONARIS?,
NIKOLAOS KALOGERIS? and ANDROMACHI VRYONIDOU?

'Second Department of Surgery, Endocrine Surgery Unit, National and Kapodistrian University of Athens,
School of Medicine, Aretaieion University Hospital, 11528 Athens; 2Department of Endocrinology and Diabetes,
Hellenic Red Cross Hospital, 11526 Athens, Greece

Received January 22, 2019; Accepted July 5, 2019

DOI: 10.3892/mco0.2019.1957

Abstract. Insulinomas are rare tumors of the islet cells of
the pancreas and are the most common cause of endogenous
hyperinsulinism. Although they usually present with
symptoms of hypoglycemia, sometimes they can have vague
symptoms. We present the case of a 62-year-old diabetic
female who was diagnosed with a large insulinoma after being
investigated for the ‘cure’ of her diabetes. We also review the
literature regarding insulinomas in patients with diabetic. A
62-year-old, obese woman with type 2 diabetes mellitus was
initially investigated for an unexplained normalization of
her blood glucose levels after the cessation of antidiabetic
medication due to an episode of severe hypoglycemia. She
remained without antidiabetics for three months maintaining
normoglycemia, and thereafter, she started experiencing
frequent but less severe hypoglycemic episodes. She did not
change her diet habits or level of activity and did not lose any
weight. The patient underwent further investigation with a
supervised 72 h fasting test, which resulted in the biochemical
diagnosis of endogenous hyperinsulinism. Imaging studies
revealed the presence of a large insulinoma in the head of the
pancreas. Finally, the patient underwent a pylorus preserving
Whipple procedure, which reversed the aforementioned
‘normalization’ of glucose levels and the underlying diabetes
mellitus reappeared. Insulinomas are rare tumors causing
hypoglycemia. Even more rarely are found in diabetic patients,
making the diagnosis more challenging and probably delayed,
as the symptoms are masked by the presence of diabetes,
thereby leading to a more advanced disease diagnosis.
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Introduction

Insulinomas are rare neuroendocrine tumors with an incidence
of three to ten cases per million per year (1). Approximately
90% of insulinomas are benign and the remaining 10% are
malignant, with lymph node or liver metastases often present
at the time of diagnosis (2). Hypoglycemic symptoms are the
usual manifestations of these tumors, although patients can be
misdiagnosed as having cognitive, neurologic and psychiatric
disorders. Insulinomas are even rarer in patients with diabetes.
There are no formal epidemiologic studies of the incidence
of the condition in this population, and only a few cases have
been reported in the literature (3). The diagnosis is challenging,
as many of those patients never develop hypoglycemic symp-
toms or do so only when the disease is advanced. In addition,
hypoglycemic episodes of non-endogenous etiology are very
common in diabetic patients.

In this report, we present a female patient with
type 2 diabetes mellitus (T2DM) who was finally diagnosed
with a large insulinoma after being investigated for an unex-
pected ‘cure’ of her diabetes.

Case report

A 62-year-old obese, diabetic female diagnosed with T2DM
15 years earlier and treated with metformin and vildagliptin
since then suddenly developed episodes of hypoglycemia.
She reported confusion, lack of consciousness, blurred vision
and weakness. The symptoms were unrelated to meals.
Although metformin and vildagliptin do not typically cause
hypoglycemia, they were discontinued. Her blood glucose
levels remained normal despite the cessation of antidiabetic
medication and milder hypoglycemic episodes continued. The
patient reported no weight loss [body mass index (BMI) = 43],
no change in her dietary habits, apart from developing an
increased appetite for sweeteners, and no alteration in physical
activity.

Due to the persistence of her symptoms, the patient under-
went a supervised 72 h fasting test. She developed symptoms
of hypoglycemia within 58 h with serum glucose concentra-
tion at 34 mg/dl, insulin plasma concentration at 10 xIU/ml
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Figure 1. Computed tomography scan of the abdomen with the pancreatic protocol showing: (A) A lesion of the head of the pancreas (arrow) with increased
vascularity in the arterial phase and (B) the lesion in contact with and displacing the common bile duct (arrow).

and C-peptide concentration of 5.7 ng/ml. These values were
over our institution's threshold (>6 y1U/ml for plasma insulin,
>0.6 ng/ml for C-peptide and <45 mg/dl for glucose) and
established the biochemical diagnosis of endogenous
hyperinsulinemia.

Moreover, a pancreatic computerized tomography (CT)
scan with significant contrast enhancement during the arterial
phase and without distention of the pancreatic duct revealed
a round, solid 4.8x3.6 cm lesion, with a few calcifications
in the head of the pancreas (Fig. 1A). These findings were
compatible with the diagnosis of a neuroendocrine tumor of
the pancreas. No other lesions were found in the liver, thus
excluding metastases. Indium-111 radiolabeled octreotide
scintigraphy was also performed and showed an area of
significant avidity in the pancreas. Brain CT was negative for
pituitary pathology, and calcium levels were normal. Serum
CA 19-9 levels were within normal range, and serum insulin
antibodies were negative.

Exploratory laparotomy was negative for metastatic
disease, and multiple lesions were assessed with intraopera-
tive ultrasound. An enlarged hepatoduodenal lymph node was
sent for frozen section and was negative for malignancy. The
tumor was in contact with both the intra-pancreatic bile duct
and the pancreatic duct, so tumor enucleation was not possible

(Fig. 1B). With the tumor larger than 2 cm in diameter, malig-
nancy could not be excluded, therefore the patient underwent a
pylorus-preserving pancreatoduodenectomy. As the pancreatic
duct was not distended and the pancreatic parenchyma was
very soft a jejunopancreatic anastomosis did not take place
and the remaining pancreas was ligated.

Pathology report confirmed the diagnosis of a grade I
insulinoma (4.5x4x3.5 cm) with low mitotic index and a Ki67
proliferation index of approximately 1%, positive for chromo-
granin and synaptophysin, negative for CK19 and PgR and
without surrounding tissue or lymph node infiltration.

Postoperatively, serum glucose levels increased signifi-
cantly ranging from 162 to 210 mg/dl, and normoglycemia
was achieved with continuous intravenous insulin infusion.
This was discontinued on the seventh postoperative day
when oral intake was tolerated. The patient restarted her
antidiabetic medication and was prescribed oral pancre-
atin. She was discharged on the fourteenth postoperative
day. She continued with oral antidiabetics to control blood
glucose levels and did not report any symptoms related to
hypoglycemia at her one-year follow-up appointment. At that
follow-up, she presented with a significant weight loss and a
decrease in her BMI to 30.2. This was attributed mainly to
the pancreatoduodenectomy procedure and to the fact that the
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pancreatic remnant was not anastomosed to the intestine. This
led to exocrine pancreatic insufficiency despite the pancreatic
enzymes which were prescribed to the patient. Serum glucose
was 148 mg/dl in accordance with here T2DM and c-peptide
levels were 1.7 ng/ml.

Discussion

Insulinomas are rare pancreatic neuroendocrine tumors;
symptoms include hypoglycemia. Diagnosis can be challenging
as typical neuroglycopenic symptoms and hypoglycemia can
be mistaken for other pathology. Of additional interest in the
case described above, our patient experienced an unexpected
resolution of her diabetes.

There are very few reports in the literature of insulinoma
in diabetics. Insulinomas do not always produce sufficient
amounts of insulin to result in symptomatic hypoglycemia (4).
Moreover, patients with T2DM have insulin resistance, which
may explain the lack of typical hypoglycemic symptoms.
Obesity, conversely, increases insulin resistance as part of the
metabolic syndrome, and hyperinsulinism causes weight gain
which in turn increases insulin resistance. Insulinomas can
easily be missed in these patients as the reduced blood glucose
can be attributed to other factors such as excessive exogenous
insulin, antidiabetic medication, strenuous exercise, fasting
and inadequate diet. Insulinoma in type 1 diabetic patients
have been described even more rarely (5).

With respect to insulinomas tumorigenesis, the molecular
pathogenetic mechanisms include alterations in cell physi-
ology resulting from the accumulation of genetic or epigenetic
alterations. These alterations lead to uncontrolled cellular
growth and evasion of programmed cellular death (apoptosis),
unlimited replication potential, angiogenesis and possible
tissue invasion and metastases (6). The primary mecha-
nisms identified in insulinoma oncogenesis involve impaired
menin molecular interactions (including cyclin-dependent
kinase [CDK] inhibitor regulation such as p27 and pl8), cell
cycle deregulation through growth signals (overexpression
of cyclin-D1 and Aktl gene), insensitivity to anti-growth
signals (inactivation of retinoblastoma protein gene-pRb and
phosphatase with tensin homology gene-PTEN), resistance
to apoptosis (deregulated expression of c-Myc, surviving and
Bcl-2 gene), unrestricted proliferation potential, angiogenesis
and tissue invasion (6). More specifically, over-activation
of the phosphorylated mechanistic target of the rapamycin
(p-mTOR) signaling pathway has been found in insulinomas,
resulting in tumor formation commonly due to mutations of
tumor suppressor PTEN gene and mutations in band 11q13
(Menin gene) (7,8). K-ras mutations have been linked with
malignancy (9). CYRG6I has also recently been found to be an
oncogenic factor (10).

This clinical case and all other similar case reports in
the literature pose clinical questions that cannot easily be
addressed. Can diabetes be a disorder that can chronically
stimulate (3 cells of the pancreas and force them to prolif-
erate into the formation of tumors? It was initially thought
that pancreatic endocrine tumors were of hyperplastic origin
rather than of primarily neoplastic origin (11). Based on this,
it could be speculated that insulin resistance or chronic treat-
ment with sulfonylureas may induce f cell hyperplasia and/or

over-activation and result in tumor formation (12). Functional
[ cell hyperplasia has been shown in chronic hyperglycemia or
insulin resistance when glucose levels are normal (13). 3 cell
hyperplasia has also been reported after bariatric surgical
procedures and is usually related to dumping syndrome (14).
Obesity has been proven to cause functional f cell hyperplasia
due to insulin resistance. In the same context, high lipid diet
and a diet high in free fatty acids (FFA) may account for the
compensatory upregulation of f cell function in response to
insulin resistance (15). Conversely, long-term exposure to FFA
suppresses glucose-stimulated insulin secretion and has been
suggested to result in impaired glucose metabolism, reduced
insulin biosynthesis and [ cell loss (16). However, the progres-
sion from f cell hyperplasia to insulinoma formation has been
proven only in experimental models, not in human studies (17).
More specifically, a multistep developmental sequence of
insulinoma has been postulated in a Moloney murine sarcoma
virus-simian virus-40 (MSV-SV40) large T transgenic mouse
model. The sequence has been described as a transformation
from nesidioblastosis to islet cell hyperplasia and dysplasia
and finally to tumor formation (18). Conversely, patients with a
reduction in the number of f§ cells (as is the case in autoimmune
type 1 diabetes and non-obese type 2 diabetes) could be thought
to have a negative predisposition for developing insulinoma. A
correlation, either positive or negative, between insulinomas
and insulin-dependent diabetes has not been proven (19).

There are no reports of increased incidence of insulinoma
in patients with diabetes compared to non-diabetics, as there
are millions of diabetics worldwide and only a few cases of
insulinoma in diabetics reported to date. However, our review
of the literature interestingly revealed that reported cases
insulinoma in patients with diabetes are rather more advanced
when diagnosed. Therefore, it can be speculated that these
tumors are underdiagnosed in patients with diabetes. Current
literature suggests that insulinomas are malignant in 10% of
cases (3). We found over 50 cases of insulinoma presenting in
those with diabetes. Of these, five presented in patients with
type 1 (5,20-22), and the remaining cases were diagnosed in
patients with T2DM. In contrast to the malignancy rate in
other patients, the incidence of malignancy in these reported
cases was at least 25% (3,5,20,22-32). Additionally, although it
is reported that 90% of insulinoma are typically less than 2 cm
in diameter at diagnosis in other patients (3), among the cases
describing insulinoma in diabetics, tumor size was >2 cm
in a significant proportion of patients (3,12,20,21,23,33-36).
Although this could be based on publication bias, this may be
explained by the fact that insulinoma diagnosis is difficult in
these patients and only those with more overt disease present
with symptoms and receive a definitive diagnosis.

One could also argue that, in diabetic patients, endog-
enous hyperinsulinemia could be beneficial, especially in the
absence of severe hypoglycemic symptoms. This would chal-
lenge the mainstream surgical therapy of insulinoma in this
patient group. However, the surgical removal of insulinomas
could be justified for three reasons. First, it is not possible to
preoperatively determine whether an insulinoma is benign
or malignant. Second, insulinomas do not secrete insulin
in a physiologic pattern defined by blood glucose levels and
therefore patients cannot achieve predictable glucose homeo-
stasis (37). Third, high insulin levels have been associated with
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an increase in plasminogen activator inhibitor type-1 (PAI-1).
This has been implicated as a determinant of atherogenesis
and particularly of plaques prone to rupture, precipitating
acute coronary syndromes (38).

In conclusion, insulinomas are rarely reported in patients
with diabetes mellitus, possibly due to the masking of the
disease by insulin resistance and the rare occurrence of
episodes of hypoglycemia. Clinical suspicion is very impor-
tant in order to make the diagnosis in these patients. Although
diabetes mellitus appears to be resolved in these patients when
they develop insulinomas, surgical management is still the
mainstream therapeutic option.
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