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The best-known etiologies of hyperinsulinemic hypoglycemia are insulinoma,
non-insulinoma pancreatogenous hypoglycemic syndrome, autoimmune
processes, and factitious hypoglycemia. In 2009, a disease not associated with
classic genetic syndromes and characterized by the presence of multiple
pancreatic lesions was described and named insulinomatosis. We present the
clinical and pathologic features of four patients with the diagnosis of
insulinomatosis, aggregated new clinical data, reviewed extensively the literature,
and illustrated the nature and evolution of this recently recognized disease. One of
our patients had isolated (without fasting hypoglycemia) postprandial
hypoglycemia, an occurrence not previously reported in the literature.
Furthermore, we reported the second case presenting malignant disease. All of
them had persistent/recurrent hypoglycemia after the first surgery even with
pathology confirming the presence of a positive insulin neuroendocrine tumor.
In the literature review, 27 sporadic insulinomatosis cases were compiled. All of
them had episodes of fasting hypoglycemia except one of our patients. Only two
patients had malignant disease, and one of them was from our series. The
suspicion of insulinomatosis can be raised before surgery in patients without
genetic syndromes, with multiple tumors in the topographic investigation and in
those who had persistent or recurrent hypoglycemia after surgical removal of one
or more tumors. The definitive diagnosis is established by histology and
immunohistochemistry and requires examination of the “macroscopically
normal pancreas.” Our case series reinforces the marked predominance in
women, the high frequency of recurrent hypoglycemia, and consequently, a
definitive poor response to the usual surgical treatment.
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1 Introduction

Spontaneous hypoglycemia in non-diabetic subjects can be
occasionally difficult to assess. The initial approach should
establish whether hypoglycemia is associated with excessive and
inappropriate insulin production. Hyperinsulinemic hypoglycemia
(HH) may be caused by insulinomas, non-insulinoma
pancreatogenous hypoglycemic syndrome (NIPHS) that can be
idiopathic or secondary to bariatric surgery, autoimmune
processes (anti-insulin or anti-insulin receptor antibodies), and
surreptitious administration of insulin or oral hypoglycemic
agents (factitious hypoglycemia) (1-3).

The main etiology of HH is insulinoma, a neuroendocrine
tumor originating from pancreatic beta cells that is usually small
(1 to 1.5 cm), benign, and unique (4, 5). Due to these characteristics,
its excision results in a permanent cure, and the recurrence of
hypoglycemia is practically non-existent (5). In approximately 10%
to 15% of cases, insulinoma is a malignant tumor, and thus,
hypoglycemia can recur due to metastatic tumor disease (2, 5).
Insulinomas may occur as part of multiple endocrine neoplasia type
1 (MEN1) syndrome and, more rarely, as part of von Hippel Lindau
syndrome (VHL) or neurofibromatosis type 1 (NF1). In these
contexts, pancreatic tumors are usually multiple, and the
recurrence of tumors is common (6-8).

Insulinomatosis, a disease described in 2009 by Anlauf et al. (8),
is characterized by the presence of multiple pancreatic lesions, both
tumors and/or pretumor lesions, and it is not associated with classic
genetic syndromes, such as MEN1, VHL, or NF1. Recurrence of
hypoglycemia after surgery is frequent and probably results from
the growth of smaller tumors or the development of new tumors
from preexisting microlesions (8). In the present article, we report
four cases of sporadic insulinomatosis and a review of the literature
on this topic.

2 Methods

The laboratory diagnosis of HH was made by concomitant
determination of the plasma glucose and serum insulin, C-peptide,
and proinsulin during an episode of spontaneous hypoglycemia or
provoked by prolonged fasting. During the fasting test, capillary
measurements of blood glucose and ketonemia were performed
every 30 to 60 min. The fast was interrupted when the patient had
symptoms of hypoglycemia and capillary glucose <50 mg/dL or, if
asymptomatic, when capillary glucose was between 45 and 50 mg/
dL; it was also interrupted when capillary B-hydroxybutyrate
concentrations were >1 mmol/L, as high values are indicative of
hypoinsulinemia and make further fasting unnecessary (1, 5). A
mixed meal test (MMT) was performed when patients had
symptoms in the postprandial period; in this case, blood was
collected for the determination of glucose and insulin, before and
every 30 min for 5 h after the ingestion of a 400-calorie meal (64%
of carbohydrates). The biochemical criteria for the diagnosis of HH
were those recommended by the Endocrine Society (glucose < 55
mg/dL, insulin > 3 pUI/mL, C-peptide > 0.6 ng/dL, proinsulin > 5
pmol/mL, and negative sulfonylurea screen) (1). A B-
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hydroxybutyrate concentration <0.3 mmol/L was considered for
the diagnosis of HH, as previously described in our series of
insulinomas (5). For the topographic diagnosis of the tumor(s),
pancreatic computed tomography (CT) or magnetic resonance
imaging (MRI) and endoscopic ultrasonography (EUS) of the
pancreas were used. In one case, we used **Gallium-DOTATATE
PET-CT scanning to investigate the primary tumor and, in another,
for recurrent hypoglycemia. Intra-arterial calcium stimulation with
hepatic venous sampling (ASVS) for localization of insulinoma was
performed when radiological methods were not able to identify the
tumor (1, 5, 9).

Glucose was determined by the hexokinase method, insulin and
C-peptide by chemiluminometric assays, and proinsulin by an
immunoassay. Capillary ketonemia was assessed by the
determination of blood B-hydroxybutyrate using an electrochemical
method (MedSense Optium Meter). Blood sulfonylurea screening
was performed by high-performance liquid chromatography
(HPLC)/tandem mass spectrometry (Quest Diagnostics Nichols
Institute, San Juan Capistrano, California, United States).

Sanger sequencing was provided to investigate germline mutations
covering the coding area and splicing sites of the MENI and MAFA
genes. The protocol for the sequencing of the MENI gene was
conducted as previously reported (10, 11). Amplicons of exon 1 of
the MAFA gene were amplified by polymerase chain reaction (PCR).
PCR was performed in a total volume of 25 L containing 2 uL of
genomic DNA (200 ng), nuclease-free water 6 pL, 12.5 pL of Go Taq
Green Master Mix (Promega, Sdo Paulo, Brazil), primer forward 1.0 pL,
primer reverse 1.0 uL, and DMSO 2.5 pL. The PCR thermocycling
conditions were as follows: 10 min at 95°C, followed by 35 cycles of
40 min at 95°C, 40 min at 55°C as annealing temperature, followed by
40 min at 72°C and 10 min of final extension at 72°C.

The classification of genetic variants was conducted following
the recommendations of the American College of Medical Genetics
and Genomics and the Association for Molecular Pathologists
(ACMG-AMP) (12).

3 Case presentations

3.1Casel

A 52-year-old woman was admitted with a 1-year history of
recurrent episodes of palpitations, sweating, and dizziness. She had
no family history of hypoglycemia or diabetes. During one of these
episodes, the laboratory workout showed glucose of 37 mg/dL,
insulin of 13.4 pUI/mL, C-peptide of 2.7 ng/dL, negative ketonemia,
and a negative sulfonylurea screen (Table 1). Abdominal MRI and
EUS did not identify tumors, but ASVS revealed a 6.2 insulin
gradient in the splenic artery, consistent with higher insulin
production in the pancreatic body/tail. A second abdominal MRI
showed a 1-cm T2-hyperintense lesion, previously unnoted in the
pancreatic tail, which was enucleated, and the histological/
immunohistochemical diagnosis was insulin-positive well-
differentiated neuroendocrine tumor (Ki67 < 3%). There was no
remission of the hypoglycemic episodes, and a second fasting test
confirmed HH. An abdominal MRI, conducted after 3 months,
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TABLE 1 Clinical and biochemical patterns of the four Brazilian cases with sporadic insulinomatosis.

Clinical and biochemical findings

History of
Age at Follow- symptoms up Fasting test Longer Recurrent
Case Sex Age® s (R up FEBLE Symptoms e Biochemical/hormonal = Malignancy ORCENEEmIES | GRS nIE
medical time hypoglycemia hypoglycemia data® free after last
care (years) diagnosis time (months)  medical care
(years)
1 Glucose = 37 mg/dL
Palpitations Insulin = 13.4 pUI/mL
1 F 52 54 2 Yes Sweating C-peptide = 2.7 ng/dL No 18 No
Dizziness Ketonemia = negative

SU = negative

Sweating
Palpitati
TIrJelle:r)sn : PET (65 h) = negative
’ ' ¥ o 12 No 4 MMT (60 min) = positive No 132 No
(after meals or .
i (Figure 1)
exercise)

4 kg weight gain

PFT (14 h) = positive

Disorientation Glucose = 42 mg/dL
Mental confusion Insulin = 8.1 pUI/mL
3 F 40 43 3 Yes Convulsive 3 (months) Proinsulin = 12.4 pmol/L No 15 Yes
episodes during C-peptide = 2.25 ng/dl
the dawn (2) B-HB < 0.1 mmol/L

SU = negative

Sweating
Palpitations
Feelings of Glucose = 26 mg/dL
faintness (after Insulin = 15 WUI/mL
4 F 22 47 2 Y 1 Y Y
> e periods of B-HB < 0.1 nmol/L e 60 es
prolonged fasting) (Figure 2)

Tonic—clonic
seizures (2)

PFT, prolonged fasting test; SU, sulfonylurea screen; MMT, mixed meal test; B-HB, B-hydroxybutyrate.
“Age at admission.

PExams at admission.

“Postprandial hypoglycemia.
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showed two pancreatic tail lesions of 1.3 and 0.9 cm, the latter being
located near the site of the previously enucleated tumor. The
sequencing of the MENI and MAFA genes was provided, but no
mutation detected. The following variants, found in homozygosis
and classified as benign by ACMG, were identified in MAFA gene:
c.582T>C (p.HIS194=) (rs1872900), a synonymous missense
variant and; c¢.221_223del (p.HIS208del (rs141816779), an in-
frame variant. Distal pancreatectomy was performed, and
histopathological examination revealed two tumors measuring 0.6
and 1.1 cm with several smaller ones (<0.5 cm) along the pancreatic
body; all of them were well-differentiated tumors (Ki67 < 3%) with
positive immunohistochemistry staining for insulin, chromogranin
A, and synaptophysin and negative staining for glucagon,
confirming the diagnosis of insulinomatosis (Figure 1). The
patient remains free of hypoglycemia for 18 months after the
second surgery (Table 1).

3.2 Case 2

A 49-year-old woman was admitted with a 4-year history of
episodes of sweating, palpitations, and tremors after meals that were

FIGURE 1

10.3389/fendo.2023.1308662

occasionally triggered by exercise. She did not present neuroglycopenic
symptoms and gained 4 kg (Table 1). She had no family history of
hypoglycemia or diabetes. After 65 h, a prolonged fasting test was
interrupted when a B-hydroxybutyrate of 1.1 mmol/L was detected,
concomitantly with glucose of 72 mg/dL, insulin of 2.5 pUI/mL,
proinsulin of 28.8 pmol/L, and C-peptide of 1.5 ng/dL. An MMT
showed HH at 60 min (glucose = 38 mg/dL and insulin = 284.5 pUI/
mL) (Figure 2A; Table 1). An abdominal MRI detected a 1.5-cm tumor
in the tail of the pancreas, and a pancreatic EUS showed a 1.4-cm
hypoechoic nodule in the same location (Figure 2A). The patient
underwent enucleation of the pancreatic tumor, and the histological
diagnosis was a pancreatic neuroendocrine tumor with positive
immunohistochemistry for insulin, chromogranin, and
synaptophysin and a Ki67 labeling index <3% (grade 1 tumor)
(Figure 2A). Eight months after the surgery, hypoglycemia recurred,
and a second prolonged fasting test was performed; the test was
interrupted after 55 h when hyperketonemia was detected (1.1
mmol/L) concomitantly with a glucose of 68 mg/dL, insulin of <2.5
pUI/mL, and C-peptide of 1 ng/dL (Figure 2B). An MMT showed
reactive hypoglycemia at 60 min (glucose = 55 mg/dL and insulin = 54
pUI/mL) (Figure 2B). The sequencing of MENI and MAFA genes did
not show mutations.This patient harbored the same MAFA benign

Representative histopathological images: neuroendocrine microtumor measuring 3.561 mm with several smaller clusters of neuroendocrine cells
scattered within the macroscopically normal pancreas (yellow circles) (hematoxylin and eosin, x200 magnification) (A); immunohistochemistry for
insulin showing positivity in neuroendocrine microtumor (blue arrow) and in the diverse smaller clusters of neuroendocrine cells (red arrow) (x100
magnification) (B); immunohistochemistry for glucagon showing positivity in normal islets (green arrow) and negativity in the microtumor (delimited
area) as in the clusters of neuroendocrine cells previously tested positive to insulin (x200 magnification) (C).
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Patient with sporadic insulinomatosis (case 2) clinically presenting postprandial hyperinsulinemic hypoglycemia diagnosed for mixed meal test after
normal response to prolonged fasting test. The same pattern of postprandial hypoglycemia was documented at the recurrence. Localization
radiological exams and pathology documenting insulinomatosis after the first and second surgery are shown. (A) Biochemical and hormonal tests,
radiological features, and pathological findings of the first surgery (enucleation). (B) Biochemical and hormonal tests, radiological features, and
pathological findings of hypoglycemia recurrence 8 months after when distal pancreatectomy was provided. A1/B1. Prolonged fasting test was
interrupted by the presence of ketonemia and the absence of hypoglycemia after 65 and 55 h with negative response at the glucagon test
(increment <25 mg/dL); A2/B2. Mixed meal test was positive for hyperinsulinemic hypoglycemia 60 min on the first and second surgery; A3/B3.
Pancreatic nodules were localized by computed tomography (A3/B3, arrow) and confirmed by endoscopic ultrasound (hypoechoic nodule
measuring 1.5 cm in the pancreas tail (A3) and nodule in the distal extremity (1 cm) and hypervascularized nodule in the proximal segment of the
pancreatic tail (0.6cm, arrow) (B3) whose biopsy was compatible with neuroendocrine neoplasia (IHC: insulin-positive); A4. Histology of the
pancreatic nodule smaller (a) and larger in size (b) (hematoxylin and eosin); IHC documenting KI67 < 2 (c), positivity to chromogranin (d), and insulin
(e); B4. Histology documenting three smaller pancreatic microtumors (f) and one larger tumor (g) stained by hematoxylin and eosin; transition
between normal pancreatic tissue and neoplasia (h) (hematoxylin and eosin); IHQ revealing insulin-positive (i) well-differentiated neuroendocrine

tumor (KI67 < 2%) (j), confirmed by positive IHC for synaptophysin (k).

variants identified, in homozygosis, in case 1: ¢.582T>C (p.HIS194=)
(rs1872900) and c.221_223del (p.HIS208del (rs141816779). An
abdominal CT revealed two hypervascularized nodules in the
pancreas, one of them measuring 1 cm at the extremity of the
pancreatic tail and another measuring 0.6 cm between the tail and
the body; the same lesions were identified in the EUS (Figure 2B). The
patient underwent distal pancreatectomy that allowed the diagnosis of
five neuroendocrine tumors measuring up to 0.6 cm (Ki67 < 3%)
compatible with insulinomatosis (Figure 2B). She remains free of
hypoglycemia to date, 11 years after the last surgery.

3.3 Case 3

A 40-year-old woman was admitted with a history of
disorientation, mental confusion, and two convulsive episodes
that occurred during the dawn. She had no family history of
hypoglycemia or diabetes. A prolonged fasting test of 14 h
showed glucose of 42 mg/dL, insulin of 8.1 uUI/mL, proinsulin of
12.4 pmol/L, C-peptide of 2.25 ng/dl, B-hydroxybutyrate of <0.1
mmol/L, and a negative sulfonylurea screen (Table 1). A pancreatic
MRI and an EUS did not identify tumors, but a **Gallium-
DOTATATE PET-CT scanning revealed a focal area of uptake
[standardized uptake value (SUV) of 7.1] in the head of the
pancreas. Considering that the uptake could be physiological, the
patient was submitted to an ASVS that, due to technical problems,
was not able to localize the source of excessive insulin secretion. She
received somatostatin analog monthly (30 mg) for 7 months with
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partial and insufficient improvement of hypoglycemia. Thus, the
patient was referred to an exploratory laparotomy with
intraoperative palpation and ultrasonography, which identified
two lesions, one 0.6 cm in the body of the pancreas and another
smaller one in the pancreatic tail; central pancreatectomy and
resection of the distal nodule were performed, and the
histological analysis revealed multiple well-differentiated
neuroendocrine microtumors (Ki67 < 3%) measuring up to
0.5 cm compatible with insulinomatosis. The patient remained
free of hypoglycemia for 15 months when tests performed after
12 h of fasting showed glucose of 50 mg/dL, insulin of 12.2 uUI/mL,
and C-peptide of 3.64 ng/dL. She is now undergoing radiological
examination for the topographical diagnosis. There was no
mutation found in MENI and MAFA genes. This patient
harbored the same MAFA benign variants identified, in
homozygosis, in cases 1 and 2: ¢.582T>C (p.HIS194=)
(rs1872900) and c¢.221_223del (p.HIS208del (rs141816779).

3.4 Case 4

A 22-year-old woman was admitted with a 1-year history of
episodes of sweating, palpitations, and feelings of faintness after
periods of prolonged fasting; on two occasions, she reported tonic
—clonic seizures. She had no family history of hypoglycemia or
diabetes. During one of the episodes, the following measurements
were recorded: glucose of 26 mg/dL and insulin of 15 pUI/mL
(Table 1). An abdominal MRI showed a 1.4-cm tumor between the
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- 1999°* 2001 2004* 2005* 2008* 2009* 2016 ‘2019" 2021** 2021 2023
6 80 45 37 40 38 70 45 15 119 75

2i
(mg/dL)
Cpeptide _ ~ 23 25 36 6.3 26 36 3.69 1.32
ng/dL
ipalin 15 7 14.9 14 6.9 15 146 26.4 29.6 7.9 9
(wU/mL)
) Ablation of
Hepatic retroperitoneal
Enucleation transplant tumor
1999 2004 2005 2008 2010 2019 2021 2022 2023
Enucleation Duodenopancreatectomy Total Hypoglycemia Sporadic fasting
\ ) \ ) pancreatectomy recurrence hypoglycemia
Longer period without No response to: Partial remission of Asymp
hypoglycemia: 5 years + Octreotide lar of hypoglycemia: hypoglycemia controlled with
+ Diazoxide + Only after fasting (12 h) after ablation: diet
+ Chemotherapy * Controlled with diet 18 months

Hepatic embolization

1 §
Follow-up: 25 years

FIGURE 3

Long-term outcome (25 years) of a patient (case 4) diagnosed with malignant insulinomatosis 7 years after multiple surgical treatments by recurrent/
persistent hypoglycemia. *, basal biochemical/hormonal values documenting hyperinsulinemic hypoglycemia before surgical procedures: 1999,
enucleation; 2004, enucleation; 2005; subtotal duodenopancreatectomy; 2008, liver transplant after biopsy confirming hepatic metastasis and
unsuccessful multiple treatments (diazoxide, somatostatin analogs, chemotherapy, and hepatic embolization); 2019/2021, basal biochemical/
hormonal values documenting hyperinsulinemic hypoglycemia before radiofrequency ablation (red arrow: needle of ablation) of retroperitoneal
tumoral mass (blue arrow) detected by magnetic resonance imaging in 2021.

head and body of the pancreas. The patient was referred for
tumor enucleation, and histological examination showed a
grade 1 pancreatic neuroendocrine tumor with positive
immunohistochemistry for chromogranin and insulin and a Ki67
labeling index <3% (1999). The patient remained asymptomatic and
had normal biochemical and hormonal findings for 5 years, after
which she presented recurrence of hypoglycemia. An HH was
redocumented, MRI topographic exploration was negative, and an
ASVS showed hypersecretion of insulin from the head of the
pancreas. The patient was referred for a second surgery which
allowed the identification and enucleation of a small tumor
(0.5 cm), whose pathology revealed a neuroendocrine tumor with a
Ki67 <5%, but remission of hypoglycemia was not achieved (2004).
Again, topographic investigation remained negative by MRI and
positive by ASVS at the same localization. With this,
pancreatoduodenectomy was performed (2005). The histological
diagnosis was compatible with insulinomatosis by the presence of
multiple neuroendocrine tumors (up to 0.7 cm), with Ki67 between

06
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2% and 10%. Also, the sequencing of MENI and MAFA genes did not
reveal any mutations. This patient harbored the same MAFA benign
variants identified, in homozygosis, in cases 1, 2 and 3: ¢.582T>C
(p.-HIS194=) (rs1872900) and c.221_223del (p.HIS208del
(rs141816779). Due to persistent hypoglycemia, a new radiological
exam was done (*''In-Octreotide scintigraphy and abdominal MRI)
and suggested hepatic metastasis. A hepatic biopsy confirmed the
diagnosis of metastatic neuroendocrine neoplasia with positive
immunohistochemistry for insulin (2005). Clinical treatment
(diazoxide and octreotide) was initiated with partial and transient
improvement of hypoglycemia. Hepatic artery embolization and
systemic chemotherapy were performed without hypoglycemia
remission. Between 32 and 34 years of age, as the patient had
metastasis only in the liver and, probably, a persistent pancreatic
disease, she was referred for a liver transplant (2008) with transient
remission of hypoglycemia and then underwent total pancreatectomy
(2010); histopathological and immunohistochemistry examination
revealed metastatic neuroendocrine neoplasia and insulinomatosis,

frontiersin.org
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respectively. Transient improvement of hypoglycemia after total
pancreatectomy, without development of diabetes, was followed by
gradual and progressive worsening requiring fractionated diet in
subsequent years (2011-2020), but abdominal MRI exams
performed periodically and, sometimes, complemented with '*'In-
Octreotide scintigraphy or *®Gallium-DOTATATE PET-CT, were
persistently negative. Between 2005 and 2021, the somatostatin
analog was offered to the patient for short periods of less than 6
months immediately after failure to remit hypoglycemia for different
treatments such as liver embolization, liver transplant, or total
pancreatectomy. However, intolerance or unsatisfactory adherence
prevented an accurate assessment of the potential of this drug to
correct hypoglycemia in this patient. At 45 years old, after an episode
of neuroglycopenia (glucose of 15 mg/dL, insulin of 29.6 fUIl/mL, C-
peptide of 3.69 ng/dL, and B-hydroxybutyrate of <0.1 mmol/L), an
abdominal MRI identified a small suspect lesion near the site where it
would be the head of the pancreas, whereas a “Gallium-DOTATATE
PET-CT scan was inconclusive (2021). The patient was referred for
radiofrequency ablation guided by CT. After 1 h, glucose
measurements were approximately 150 and 200 mg/dL, and during
the next 6 months, she required exogenous insulin for treating
secondary diabetes mellitus. Since then, she began to experience
new episodes of fasting hypoglycemia remitting after a meal, which
led to the suspension of exogenous insulin. The pre- and postprandial
plasma glucose values are approximately 90 and 160 mg/dL,
respectively (Figure 3).

4 Discussion

Insulinomatosis is a pancreatic disease characterized by multiple
micro- and macrotumors and foci of beta-cell hyperplasia (8, 13-15).
Although there were previous reports of “multiple” insulinomas (13),
the pathological bases that allowed its differentiation from insulinoma
were only defined in 2009 by Anlauf et al., who evaluated the
histological and immunohistochemical characteristics of the tumors
of the pancreas in 253 patients with sporadic single insulinoma, 13
patients with insulinoma associated with MENT1, and 14 patients (mean
age of 41 + 12 years old; 10 women and 4 men) with what these authors
called insulinomatosis (8). In this condition, the histological evaluation
of the pancreas revealed several insulinomas [microtumors (<5 mm)
and macrotumors (=5 mm)] and multiple conglomerates of beta cells
of variable size called insulin-expressing monohormonal endocrine cell
clusters (IMECCs). Immunohistochemistry of tumors and IMECCs
was positive for insulin and negative for glucagon. IMECCs were
initially considered precursor lesions of micro- and macrotumors, and
Anlauf et al. highlighted that the presence of these pretumoral lesions
only occurred in insulinomatosis and never in sporadic insulinomas or
associated with MEN1. Recently, the term IMECC was incorporated as
microtumors (<0.5 c¢m). Immunohistochemistry in sporadic benign
insulinoma, which in the authors’ experience was always a single
tumor, was positive for insulin and negative for glucagon. In the tumors
of patients with MEN1, immunohistochemistry was variable in the
different tumors and could be negative or positive for insulin, glucagon,
or pancreatic polypeptide (PP). Thus, in this genetic syndrome, tumors
may be non-functioning, or they may express one of the islet
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hormones. It was notable that patients with insulinomatosis showed
a high rate of HH persistence/recurrence despite repeated surgeries.
Insulinomatosis was a benign disease in all patients except one who
presented with metastatic disease (8). After this description, others
emerged describing new cases, all highlighting that, in insulinomatosis,
the recurrence rate of hypoglycemia after surgery is high (16-19),
contrasting with the absence of recurrent hypoglycemia in sporadic
well-differentiated insulinomas (8) and with a low recurrence rate of
hypoglycemia, even with high rates of tumoral recurrence, in cases with
MENT1-related insulinoma undergoing pancreatic surgery (~7%) (6-8,
20, 21).

We described four adult women presenting HH with histological
and immunohistochemical diagnoses of insulinomatosis. All of them
had biochemical persistence or recurrence of hypoglycemia after the
initial pancreatic surgery. One of the patients (case 1) had persistent
hypoglycemia, while the second (case 2) had recurrent hypoglycemia 8
months after enucleation of what was thought to be sporadic
insulinomas, and they were subsequently submitted to partial
pancreatectomy, which allowed the histological diagnosis of
insulinomatosis. They remained free of hypoglycemia 1.5 and 11
years, respectively, after the last procedure. Case 3 had persistent HH
after partial pancreatectomy, which allowed the diagnosis of
insulinomatosis; this patient had recurrent HH 15 months after the
last surgery. In all these three cases, the return of hypoglycemia after
surgery is linked to the recurrence of pancreatic disease (micro- and
macrotumors). In case 4, the only one with a diagnosis of metastatic
malignant insulinomatosis, recurrences of hypoglycemia over a period
of 25 years of follow-up were due to the growth of new tumors in the
pancreas, but also due to extrapancreatic (metastatic) disease. It is
interesting to highlight that this is the only patient in the literature who
underwent a liver transplant and subsequent radiofrequency ablation
of the residual retroperitoneal lesion (Figure 3).

Overall, there are 27 cases documented with sporadic
insulinomatosis including our four cases presently reported (8, 17,
22-25) (Table 2). Of note, one of these 27 cases previously reported
had proinsulinomatosis, and this diagnosis was probable in another
sporadic case with undetectable insulin and high levels of proinsulin
(8,21, 23). The marked predominance in women is reinforced by the
present cases (81%; 22/27). The mean age at the diagnosis of
hypoglycemia in these sporadic cases was 42 + 13.4 years (17-64)
with 41% of them (11/27) undergoing two or more surgical resections
(2 + 1.06; 1-5) for recurrent hypoglycemia (Table 2). All of our cases
had at least one recurrence and three of them underwent more than
one surgery. The recurrence was pancreatic and due to benign
insulinomatosis in three of them, while case 4 had recurrence
secondary to pancreatic insulinomatosis and to metastatic
insulinomatosis. This is the second case with sporadic malignant
insulinomatosis reported so far (7.4%; 2/27) (Tables 1, 2). The first
one, reported by Anluf et al. (8), underwent wedge resection for
hepatic metastasis. This predominance of benign behavior is also
observed in familial insulinomatosis, as malignancy was not present
in any of the 12 cases of insulinomatosis from three families reported
so far (8, 13, 14, 22, 26).

It is not possible to differentiate between insulinoma and
insulinomatosis before surgery. Our previous experience with
insulinoma (5) allows us to make some comparisons between
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TABLE 2 Clinical data of all 27 cases with sporadic insulinomatosis reported by literature, including four patients of the present study.

Recurrent hypogly- Number Biochemical/ EI. Other onco- 58Ga- -
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first surgery surgeries data ypogly treatments PET/CT gery
1 F 17 Yes 2 NA Yes No No - PP Enucleation
2 F 26 No 1 NA Yes No No - PP -
3 F 28 Yes 3 NA Yes No No - Enucleation PP
4 F 32 Yes 2 NA Yes No No - Enucleation PP + enucleation
5 F 37 No 1 NA Yes No No - PP -
- Lymphadenectomy +
6 F 40 Yes 5 NA Yes Yes No Enucleation Wedge
Anluf resection (liver)
(2009) (®) 7 F 43 No 1 NA Yes No No - PP -
8 F 45 No 1 NA Yes No No - PP -
9 F 49 No 1 NA Yes No No - PP -
10 M 50 No 1 NA Yes No No - PP -
11 M 57 No 1 NA Yes No No - PP No
12 M 56 Yes 1 NA Yes No No - PP - (autopsy)
13 M 59 NA 1 NA Yes No No - PP -
14 F 17 Yes 3 Yes Yes No No - Enucleation Whipple
15 F 48 Yes 1 Yes Yes No No Octreotide® - PP -
I 16 F 64 Yes 2 Yes Yes No Yes - PP PP
acovazzo
(22)°
17 F 47 No 1 Yes Yes No No - PP -
18 F 51 No 1 Yes Yes No No - PP -
19 F 20 NA 1 No Yes No No - PP -
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isolated insulinoma and insulinomatosis. All patients with

= § insulinomatosis were women, while an even sex distribution was
o o
o) o | e - observed in patients with insulinoma; however, although the
= ! = . . L
- i a 2 o absolute prevalence of insulinomatosis in women should be
3 é‘ emphasized, this does not allow the differentiation between the
two conditions (1, 5, 8). The clinical picture is not different in
g g g patients with insulinomatosis and insulinoma, but we would like to
& :;:; :.:3 & E; point out that one of the four patients with insulinomatosis had
E E E hypoglycemia only in the postprandial period, with no fasting
hypoglycemia, while this did not occur in any of our patients
= . = v with isolated insulinoma (5). From our knowledge, this is the first
5 2 3 4 . . . . . . .
m@ E = o *; T;f case with insulinomatosis presenting postprandial hypoglycemia
o o . . .
Q A S g documented with mixed meal test reported so far (Figure 2),

contrasting with fasting hypoglycemia noticed in the other 26
sporadic (Table 2) (8, 17, 22-25) and in 11 familial cases with
insulinomatosis (8, 13, 22, 26).

The biochemical evaluation is identical in insulinoma and

treatments
Octreotide’
Octreotide”
Octreotide”

Other onco-

insulinomatosis, and the findings of topographic investigation
may also be similar, especially when only one tumor is identified.
In insulinomatosis, the multiple tumors can be synchronous or
asynchronous, and in the latter case, one tumor may appear before

No
No
No
No
No

the other(s) develop. Failure to identify tumors by the usual
radiological methods (magnetic resonance imaging, computed
tomography), including **Gallium-DOTATATE PET-CT and
even endoscopic ultrasound, is common as most tumors in

Proinsulinomatosis

insulinomatosis are too small (microtumors, <5 mm) to be

No
No
No
No
Yes

detected by these imaging diagnostic techniques, making
preoperative diagnosis of the disease difficult. This context should
motivate the performance of an ASVS to localize the source of

Malignancy

excessive insulin secretion to guide surgical removal (1). It is

Fasting
Yes
Yes
No#
Yes
Yes

important to highlight that ASVS may have the same limitations

iO
S
9]
5]
2
o
[}
o
>
£

as radiological methods due to the simultaneous and additive
functionality of the multiple microtumors spread across the
pancreas, without the identification of a dominant area
responsible for hypersecretion of insulin. Only the identification

hormonal

of more than one territory as a source of insulin hypersecretion can

Biochemical/

raise the suspicion of insulinomatosis. Therefore, the presurgical
diagnosis of this disease can only be considered when several
tumors are identified or suspected by the usual radiological
methods or by ASVS. When multiple tumors are identified, it is
mandatory to exclude clinically and/or molecularly the diagnosis of
MENT1 (6-8).

Thus, the definitive diagnosis of insulinomatosis is histological and

Number
surgeries

Yes
Yes
Yes
Yes
Yes

requires examination of the peritumoral “macroscopically normal

cemia after
first surgery

pancreas,” not just the tumor. In the “normal” pancreas, micro- and

Recurrent hypogly-

macrotumors will be identified (8, 27, 28). If the surgical approach was

tumor enucleation, a complete analysis of the pancreas is not feasible.

“Performed during follow-up in one of the episodes of hypoglycemia recurrence after the first surgery.

9Six additional cases whose genetic testing was negative for germline MAFA mutations.

Yes
Yes
Yes
Yes
Yes
®Poor or partial responses or intolerance to somatostatin analogs or everolimus.
“Nine sporadic cases were genetically investigated by Iacovazzo et al. (three of them had been clinically reported by Anluf et al. (8), and they were negative for germline and somatic MAFA mutations.

PP, partial pancreatectomy; TP, total pancreatectomy; RFA, radiofrequency ablation.

9 g
() — -] . . . .
2 508 %% Q g In this case, the patient may remain symptomatic because there are
. £ other macro- or microtumors not identified by presurgical (MRI/CT or
& U N I = § EUS) or intrasurgical methods. Hypoglycemia may also improve and
g .
3 - s 4 recur later due to the growth of preexisting tumors or the development
o) @ X w9 N © = . . . . . .
2 S N | o 23 of new ones. The histological differential diagnosis between
c 4 £ E g . . . . . . S
§ o _ 3 k- insulinomatosis and MEN1 is easily established when the criteria
n [} =] S X = . . .
o e £ d e g SEE mentioned above are adopted (8, 18). In patients with MEN1, the
g g5 £ a8 o s . . . .
'g & 5 8 g ) g =52 occurrence of multiple neuroendocrine tumors is frequent, but in
[ a 5o 28 . . . N
= = Egz general, immunohistochemistry shows that they are quite diverse and
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may be non-functioning or may produce insulin, glucagon, or
pancreatic polypeptide. In insulinomatosis, micro- and/or
macrotumors are present, and immunohistochemistry is quite
monotonous and always positive only for insulin in the various
existing lesions. Tumor recurrence occurs earlier in patients with
insulinomatosis than in those with MEN1 (8). In our service, we did
not have any recurrence of hypoglycemia in patients operated on for
benign insulinoma or insulinoma with MENT1 (5).

Insulinomatosis is a disease that requires a difficult and,
sometimes, exhausting surgical treatment. Due to the rarity of the
disease, the treatment with somatostatin analogs has not yet been
evaluated. In our series, one of our cases (case 3) had no response
after a short period of drug use, while another did not tolerate the
analog (case 4) (Table 2). Also, two cases with sporadic
insulinomatosis and three with familial insulinomatosis received
this treatment, and response/tolerance seemed to be unsatisfactory
(14, 17, 22) (Table 2). However, one clinical finding that drew our
attention was the good response to therapy with a somatostatin
analog in a patient with suspected insulinomatosis. This diagnosis
assumption was made because the patient had HH, two pancreatic
tumors, and negative clinical and genetic findings for MEN1 (data
not shown). She was not included in this series because she did not
undergo surgery and, therefore, did not have a definitive histological
diagnosis of insulinomatosis. This patient showed absolute
remission of hypoglycemia and a decrease in tumor size after
therapy with the analog. A similar response was recently
described in a patient with insulinomatosis (25) (Table 2).

In this scenario, the role of somatostatin analogs as one of the
options to control hypoglycemia and the growth of tumors in
insulinomatosis cases requires additional studies to elucidate if it
diverges with the poor response noticed with most of the isolated
insulinomas (5). Anyway, a possible explanation for this potential
difference could be that the production and secretion of insulin, as
well as the growth of micro- and macrotumors, can be more easily
controlled by beta-cell inhibitors than by an autonomous tumor. In
this rationale, it is relevant to consider that there are only a few cases
investigated with %8Gallium-DOTATATE PET-CT, an exam that
could predict response to somatostatin analogs (Table 2). In fact,
only three sporadic cases, including case 3 of the present study, had
*8Gallium-DOTATATE PET-CT as an initial approach. This exam
was negative in our case 3, who had no clinical response to the
analog, while it was positive in that patient highly responsive to
somatostatin analogs and in another with proinsulinomatosis (23,
25). Other five cases had *®*Gallium-DOTATATE PET-CT during
the investigation of hypoglycemia recurrence (two familial, three
sporadic), including our case 4, and in all of them, this exam was
negative or inconclusive to localization of tumors (17, 22, 24). We
consider that, in any case with this disease, we must attempt clinical
treatment with the analog before performing partial or total
pancreatectomy. In fact, total pancreatectomy is not always a
definitive solution to hypoglycemia in insulinomatosis, as
documented in our case 4 and as previously reported by Snaith
et al. (17).

Insulinomatosis is generally sporadic, but familial cases with
autosomal dominant inheritance have been described (8, 13, 22, 26).
Although a family with patients affected by multiple insulinomas
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and hypoglycemia had been reported in 1977 (13), only in 2018
were germline mutations in the MAFA gene identified in two
families in which members with hypoglycemia secondary to
insulinomatosis coexisted with members diagnosed with diabetes
mellitus (22). An important issue is how the same genetic alteration
can lead to apparently opposite diseases (22). More recently, a novel
missense MAFA mutation was reported in a kindred with familial
insulinomatosis (26). Overall, a germline MAFA mutation has been
documented in only three families to date and one of them was
Brazilian (22, 26). Of note, our unrelated sporadic cases do not
harbor the mutation p.Ser64Phe found in large Brazilian family
with insulinomatosis previously reported (22). Overall, germline
MAFA mutations were not found in our 4 cases and 11 other
sporadic cases (17, 22, 23). By negative genetic analysis, the
possibility of familial insulinomatosis as a result of a de-novo
MAFA mutation or incomplete penetrance or even a founder
mutation from apparently unrelated clusters was excluded in
our cases.

It is noteworthy that the same in-frame deletion was found in all
four currently reported cases with proven insulinomatosis and in a
fifth case with presumed insulinomatosis (not yet operated on due
to excellent response to somatostatin analogue). This variant,
located in a region with ten successive histidine repeats, was
previously documented in a case of proinsulinomatosis and its
benign nature is reinforced by its very high frequency in genomic
banks (>81% in genomes from gnomD) (14, 23).

In addition, in nine sporadic cases, somatic MAFA mutations
were excluded (22). While such mutations have not been identified
so far, we cannot entirely rule out, due to the rarity of the disease,
whether they can play a role in the pathogenesis of sporadic
insulinomatosis. Recently, new copy number variations in ATRX,
FOXL2, IRS2, and CEBPA genes were documented in macro- and
microtumors of one case with sporadic insulinomatosis, suggesting
a potential role of these genes in the pathogenesis of this rare
disorder (24).

5 Conclusions

The main considerations to be drawn from the analysis of our
data and those of the literature are that the suspicion of
insulinomatosis can be raised: 1) before surgery, in patients with
multiple tumors in the topographic investigation (after MENI
exclusion) or in whom more than one territory was identified as
sources of insulin hypersecretion by ASVS; 2) after surgical removal
of one or more tumors, in those patients who had no improvement or
recurrence of the hypoglycemic condition; and 3) the definitive
diagnosis is established by histology and immunohistochemistry
and requires examination of the “macroscopically normal pancreas.”
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