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Abstract: Herein, we report the first case of concomitant nesidioblas-
tosis, pancreatic neuroendocrine tumor, and intraductal papillary mucinous
neoplasia. The combination is significant as each of these pathological en-
tities is independently very rare. The patient was a 33-year-old man who
presented with symptomatic hyperinsulinemic hypoglycemia and no risk
factors for pancreatic disease. Abdominal imaging showed an isolated
12 mm pancreatic lesion, whilst selective arterial calcium stimulation test-
ing demonstrated multiple territories of insulin excess. He proceeded to
subtotal pancreatectomy. Histopathology revealed an endocrine microade-
noma, α and β cell nesidioblastosis, and multifocal intraductal papillary
mucinous neoplasia. The endocrine microadenoma and nesidioblastosis
stained for insulin, suggesting both likely contributed to hypoglycemia.
Glucagon immunohistochemistry was also positive, though there were no
clinical features of glucagon excess. Hypoglycemia resolved postoperatively.
This case and other evidence from the literature suggest that hyperplasia and
neoplasia may occur sequentially in the pancreas, and that endocrine and
exocrine tumorigenesis may be linked in some individuals. Further study
is required to identify a unifying mechanism, and to elucidate potential
ramifications in the management of patients with pancreatic neoplasms.
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N esidioblastosis, pancreatic neuroendocrine tumor (NET) and
intraductal papillary mucinous neoplasia (IPMN) are all in-

dependently rare and their combination has not been reported to
date. Herein, we report the first case of synchronous nesidio-
blastosis, pancreatic NETand IPMN. This occurred in the context
of hyperinsulinemic hypoglycemia, a clinical syndrome most
commonly due to insulinoma which has a reported incidence of
4 per 1 million person-years.1 Adult-onset nesidioblastosis may
also cause hyperinsulinemic hypoglycemia, though it is very un-
common outside the setting of postbariatric surgery, accounting
for only 0.5% to 7% of the cases.2 Intraductal papillary mucinous
neoplasia is a slowly progressive exocrine tumor,3 with a frequency
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of 1 per 100,000.4 This case highlights the emerging relationships
between endocrine hyperplasia, endocrine neoplasia, and exo-
crine neoplasia seen in various settings including familial cancer
syndromes, postbariatric surgery, with the use of incretin mi-
metics and, now, in the absence of such risk factors.
CASE REPORT
A 33-year-old man presented with a generalized tonic-clonic

seizure and a concurrent blood glucose level (BGL) of 1.9 mmol/
L a few hours after breakfast. He regained consciousness despite
remaining hypoglycemic and felt no better after intravenous dex-
trose. He had been diagnosed with epilepsy 3 years before, after
exclusion of hypoglycemia. The patient had mild intellectual
impairment since childhood. His parents had noticed recent devel-
opment of clouded thinking, increased hunger, and fatigue. Med-
ications included levetiracetam and clonazepam. There was no
personal or family history of endocrine neoplasia. The patient had
a bodymass index of 28.7 kg/m2 but denied recent weight gain. Ex-
amination was otherwise unremarkable.

Fasting BGLwas 3.0 mmol/L, with an insulin level at the up-
per limit of normal at 20mU/L (0–20) and an inappropriately normal
C-peptide level of 1270 pmol/L (400–1500). A 72-hour supervised
fast induced symptomatic hypoglycemia at 42 hours, with a BGL of
1.8 mmol/L, C-peptide of 1632 pmol/L (200–1200), insulin of
31.4mU/L (2–15), proinsulin of 71.1 pmol/L (0–13.3), and suppressed
β-hydroxybutyrate at 0.1 mmol/L, all consistent with hyperinsuli-
nemic hypoglycemia. Symptoms resolvedwith intravenous dextrose
and eating, thereby fulfilling Whipple triad of hypoglycemia. Sul-
phonylurea drug screen and insulin autoantibodies were negative.
Morning cortisol, thyroid-stimulating hormone, growth hormone,
and insulin-like growth factor 1 were normal.

Computed tomography (CT) abdomen revealed a 12-mm
nodule arising from the posterior pancreatic body (Fig. 1). Endo-
scopic ultrasound (EUS) demonstrated a 13-mm isoechoic solid
vascular lesion at the same site. However, there was no increased
uptake on 68Ga-DOTATATE PET/CT. Selective arterial calcium
stimulation testing (SACST) showed multiple regions of excess
insulin production (Fig. 2).

Pending surgical review, the patient was advised to consume
small, frequent carbohydrate-containing meals yielding mild im-
provements in fatigue and cognition. Fasting BGL remained around
3 to 4 mmol/L. He declined diazoxide.

At laparotomy, surgical palpation and intraoperative ultrasound
were unremarkable. The lesion seen on CTand EUS corresponded
with a normal fold of pancreas. The patient underwent subtotal pan-
createctomy from the right of the portal and superior mesenteric
veins, with preservation of the spleen and a ring of pancreatic head
in proximity to the duodenum. Histopathology revealed a 2-mm en-
docrine microadenoma, background islet hyperplasia with α and β
cell ductuloinsular complexes consistent with nesidioblastosis
and multifocal IPMN (Fig. 3). The endocrine microadenoma
and nesidioblastosis stained for insulin, suggesting both likely
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FIGURE 1. The CT abdomen revealed a 12-mm hypointense
exophytic nodule arising from the posterior pancreatic body
(arrow). No other parenchymal lesions were visualized.
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contributed to hyperinsulinemic hypoglycemia. The endocrine le-
sions additionally stained for glucagon, although there were no
clinical features of the glucagonoma syndrome.
FIGURE 2. Selective arterial calcium stimulation test revealed multiple ar
than 2 consistent with a diffuse etiology of hyperinsulinism. The greates
which typically corresponds to the uncinate process. The splenic artery t
where a lesion was visualized in this patient on CT and EUS, demonstrat
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Two months after surgery, the patient had an glycohemoglobin
of 5.6% and fasting BGL of 5.8 mmol/L with an insulin of
15 mU/L (0–20). Hunger had resolved, and his neurocognitive
state had improved. Postoperative glucagon, vasoactive intestinal
peptide, gastrin, parathyroid hormone, and pituitary profile
were normal.
DISCUSSION
Our patient presented with hypoglycemia requiring extensive

evaluation. Diagnosis of endogenous hyperinsulinism requires
demonstration of symptomatic hypoglycemia with elevated insu-
lin and C-peptide levels, either captured spontaneously or during
a 72-hour fast or mixed meal test.5,6 Precisely localizing insulin-
producing tumors and distinguishing them from nesidioblastosis
is integral in planning the extent of pancreatic resection.7 Clini-
cally, insulinoma typically causes fasting hypoglycemia, reflecting
the autonomous nature of insulin secretion by neoplastic tissue,5

whereas nesidioblastosis usually manifests as postprandial hypo-
glycemia due to the retained physiological response to meals.2

Computed tomography, magnetic resonance imaging, somato-
statin receptor scintigraphy, and EUS facilitate tumor localization
and can document metastatic disease, with malignant disease ob-
served in 6% to 8% of insulinomas.1,7 Endoscopic ultrasound alone
successfully locates a tumor in 92%, and this success rate rises to
96% when combined with CT and magnetic resonance imaging.7

As highlighted by our case, functional localization via SACST is
terial segments with insulin baseline-to-stimulation ratios greater
t area of insulin production was the superior mesenteric artery
erritories which usually correspond with the pancreatic body, and
ed an intermediate degree of insulin production.
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critical when imaging fails to identify a tumor or where results are
discrepant. In insulinoma, the rise in venous insulin should be at
least 2-fold when calcium is delivered to the arterial distribution
containing the tumor, whereas nesidioblastosis typically demon-
strates a gradient of insulin excess.8

Surgical palpation and intraoperative ultrasound identifies a
tumor in 92% of insulinomas.7 If preoperative and intraoperative
localization techniques fail, blind distal pancreatectomy has
been traditionally performed.5 However, occult insulinomas
FIGURE 3. Hematoxylin-eosin staining revealed a well-circumscribed un
(A, 4� magnification), prominent background islet hyperplasia with freq
multifocal intraductal papillary mucinous neoplasms of low-grade dyspla
ductuloinsular complexes (D, 4�magnification). The microadenoma con
and occasional glucagon-positive cells (F, 10� magnification), with a Ki6
complexes demonstrated mixed positivity for insulin (G, 10�magnificati
cell nesidioblastosis, respectively. The hyperplastic islets contained many
was not included in the somatostatin receptor–stained section. Editor’s
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are frequently located in the pancreatic head and may thus be
left in situ with such an approach.7

Pancreatic NETs
In accordance with the World Health Organization tumor

classification system,9 the pancreatic NET found in our patient
is classified as an endocrine microadenoma as it is less than
5 mm. We believe it may have been functional, given the positive
immunohistochemistry and the presence of fasting hypoglycemia,
encapsulated 2 mm � 2 mm endocrine microadenoma
uent ductuloinsular complexes (B, 10� magnification), and
sia (C, 10�magnification), some of which were in close proximity to
tained predominantly insulin-positive cells (E, 10�magnification)
7 proliferation index of 1% (not shown). The ductuloinsular
on) and glucagon (H, 10�magnification), consistent with β and α
somatostatin-positive cells (not shown); however, microadenoma
note: A color image accompanies the online version of this article.
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though most pancreatic microadenomas do not produce syndromes
of hormone excess.10 Pancreatic NETs are usually sporadic, occur-
ring as part of multiple endocrine neoplasia type 1 (MEN1) in only
8% to 11% of patients.1,7 The MEN1-associated insulinomas dem-
onstrate an earlier onset of the disease with a median age at diagno-
sis of 28 years versus 53 years when sporadic.7 The young age of
our patient, as well as the plurihormonal profile of the endocrine
microadenoma, was suggestive of MEN1.10 However, there was
no personal or family history of MEN1-related tumors, and phe-
notypic screening for other endocrine neoplasms was negative.
TheMEN1-associated insulinomas are also more likely to be mul-
tifocal, malignant, and recurrent.1,7 Familial NETs may rarely oc-
cur in the setting of von Hippel-Lindau disease and the newly
labeled condition, MEN4, due to CDKN1Bmutations.11 The pre-
ferred treatment of pancreatic NETs is tumor enucleation.7

Nesidioblastosis
The term nesidioblastosis is generally used to denote β cell

proliferation. The α cell nesidioblastosis has been more recently
described, and both α and β cell nesidioblastosis was uniquely
demonstrated in our case. It is a pathological diagnosis defined
by budding of endocrine cells from pancreatic ductules and prolif-
eration of pancreatic islet cells.12 Histopathological features include
hyperplastic islets with hypertrophic endocrine cells, demonstrating
prominent pleomorphic nuclei and abundant clear cytoplasm, and
ductuloinsular complexes with islet neoformation.2,6

The β cell nesidioblastosis manifests clinically as a persistent
neonatal hyperinsulinemic hypoglycemia when it occurs in in-
fancy, and as noninsulinoma pancreatogenous hypoglycemia syn-
drome (NIPHS) when it arises in adulthood.2 Neonatal-onset is
much more common and often attributable to mutations in the
genes encoding sulphonylurea receptor (SUR1), inwardly rectify-
ing potassium channel (KIR6.2), glucokinase, and glutamade de-
hydrogenase.2 Genetic sequencing in adults with sporadic β cell
nesidioblastosis has failed to implicate the SUR1, KIR6.2, and
MEN1 genes.13,14 However, a kindred with adult-onset familial
hyperinsulinismwas recently found to have an activating mutation
in the glucokinase gene,15 illustrating that genetic factors should
be considered in adults with familial nesidioblastosis.

The NIPHS more frequently occurs as an acquired condition
after bariatric surgery, where patients present with “late dumping”
syndrome consisting of hypoglycemic symptoms 1 to 3 hours
after meals.6,8 This may be due to incretin upregulation with in-
creased GLP1 levels demonstrated in patients with NIPHS after
bariatric surgery compared to euglycemic subjects postbariatric
surgery.6 There is usually no convincing evidence of insulinoma
on imaging in this population.8 In our case, the patient had a pan-
creatic mass on CT. However, the multiple suspicious territories
on SACSTand negative somatostatin receptor scintigraphy raised
the possibility of NIPHS preoperatively.

Hyperplasia-Adenoma Sequence
The settings of familial endocrine cancer and bariatric surgery,

though not present in our case, provide insights into a possible
hyperplasia-adenoma sequence and suggest that concomitant find-
ings in patients such as ours may not be purely incidental. Pancre-
atic specimens from patients with MEN1 and von Hippel-Lindau
demonstrate endocrine hyperplasia, dysplasia, and neoplasia, which
are thought to occur in this respective sequence. Maintenance of
MEN1 heterozygosity in hyperplastic endocrine tissue and loss in
endocrine adenomas supports this hypothesis.16 Insulinoma has
also been described after bariatric surgery where patients with hy-
poglycemia are typically thought to have pure nesidioblastosis.17

In 1 patient, after gastric bypass surgery, distal pancreatectomy
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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revealed multifocal insulinoma and islet hypertrophy, suggesting
that adenoma formation may have followed.8

Coexistence of pancreatic NETs and nesidioblastosis has
rarely been described in the sporadic setting. In 1 such case report,
the patient had fasting hyperinsulinemic hypoglycemia and a focal
increase in insulin concentration on transhepatic portal venous
sampling suggestive of insulinoma.18 Imaging was unrevealing,
illustrating that discordant clinical features may indicate concomitant
diagnoses similar to our case. The specific combination of sporadic
nesidioblastosis and endocrine microadenoma has previously been
describedwhere the patient had postprandial hypoglycemia and insulin
staining of the microadenoma was negative, suggesting that nesi-
dioblastosis alone was responsible for the clinical features.19 It is un-
clear if background nesidioblastosis in the absence of familial cancer
syndromes increases recurrence. However, caution is suggested by a
case report of a man with hyperinsulinemic hypoglycemia where the
initial pathological diagnosis on enucleation was insulinoma, followed
6 years later by symptomatic nesidioblastosis requiring distal pancrea-
tectomy, and another 5 years later by metastatic insulinoma.20

Although α cell nesidioblastosis is extremely rare, the
hyperplasia-adenoma sequence has been better observed in refer-
ence to the α cellwith several cases reported of concomitant α cell
nesidioblastosis and glucagonoma.11,12 Some of these patients have
been found to harbor glucagon receptor mutations.21 Furthermore,
α-cell hyperplasia, dysplasia, and neoplasia occur sequentially in
glucagon receptor-knockout mice,22 suggesting that loss of nega-
tive feedback promotes endocrine tumorigenesis.

Endocrine-Exocrine Neoplasia
Coexistence of pancreatic NET and IPMN is increasingly

recognized with rates of 1.3% to 4.6% and frequent topographic
intimacy of the tumors in surgical series.4 Theoretical explana-
tions include transdifferentiation between exocrine and endocrine
neoplastic cells, and concomitant endocrine and exocrine neopla-
sia arising from a common progenitor. Support for cellular plastic-
ity is derived from histological studies showing endocrinemarkers
in exocrine neoplasms and vice versa,23,24 and ductuloinsular com-
plexes representing islet neogenesis from ductal exocrine tissue.2

Animal models illustrate the notion of facultative stem cells whereby
differentiated cell lines, particularly ductal cells, and less so acinar
and islet cells, have the capacity to dedifferentiate to a stem cell
role and redifferentiate along alternative cell lines.25

It is possible that a trophic factor or genetic mutation stimu-
lates proliferation of both endocrine and exocrine tissue, though a
unifying genetic basis has not yet been identified. Moriyoshi
et al26 reported a patient with MEN1 where pancreaticoduode-
nectomy revealed endocrine and exocrine neoplasms; however,
loss of heterozygosity in the MEN1 gene was demonstrated only
in the former, suggesting additional factors contributed to exo-
crine tumorigenesis. Endocrine-exocrine relationships were also
observed in a small post-mortem study27 where subjects on incretin
mimetics had increased endocrine and exocrine pancreatic mass,
as well as pancreatic intraepithelial neoplasia, compared to dia-
betic subjects on other treatments and nondiabetic controls. The
authors hypothesized that this may have been mediated by gluca-
gon downregulation in response to increased GLP1. This emerging
association is particularly concerning in light of the purported in-
creased rate of pancreatic carcinoma in some, but not all, post-
marketing data of incretin mimetics.28

Endocrine Hyperplasia, Endocrine Neoplasia, and
Exocrine Neoplasia

The first report of nesidioblastosis, endocrine adenoma, and
intraductal papillary mucinous changes in the setting of hypoglycemia
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FIGURE 4. Hypotheses explaining the coexistence of nesidiblastosis, endocrine microadenoma, and IPMN seen in our case. The neoplastic
progenitor may be facultative stem cells within the pancreas, whereas potential trophic factors include downstream signals in the incretin
pathway and genetic factors include MEN1 mutations. None of these explanations have yet been definitively proven to account for human
cases of such concomitant disease.
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was published in 2001 by Zhao et al.3 However, in this case, the islet
cell tumor appeared to be nonfunctioning, and the intraductalmucinous
changes were deemed to represent hyperplasia rather than neoplasia.
Moriyoshi et al26 recently reported the aforementioned patient with
MEN1 where pancreaticoduodenectomy revealed multiple neuro-
endocrine neoplasms, endocrine microadenoma, islet hyperplasia,
IPMN, and ductal adenocarcinoma. In contrast to our case, there
were no ductuloinsular complexes to suggest nesidioblastosis, and
the patient had no evidence of hormone hypersection. Al-Sarireh
et al29 published a related case of concurrent α cell hyperplasia,
dysplasia, and microadenoma together with IPMN. However, there
was again no evidence of hormone excess. No similar cases have
since been documented until now. It is possible that the surgical
preference for endocrine tumor enucleation7 and frequent primary
medical therapy for nesidioblastosis2 prevents identification of the
other pathologies where they exist.

Our case together with those reported by Zhao et al,3

Moriyoshi et al,26 andAl-Sarireh et al29 suggest that endocrine hy-
perplasia, endocrine neoplasia, and exocrine neoplasia represent
different components of a pathological spectrum. Animal and in
vitro studies are required to examine the hypothetical sequences
(Fig. 4). More clinical data are needed to determine if the coexis-
tence of these conditions bears impact on the natural history of
pancreatic disease and, therefore, whether they necessitate more
extensive pancreatic resection and more intensive follow-up.

In summary, the presented case demonstrates that nesidio-
blastosis is a key differential in adultswith hyperinsulinemic hypogly-
cemia, even if symptoms occur only on fasting and that discrepant
results on investigation may indicate concomitant diagnoses. The ex-
ceptional finding of concurrent endocrine hyperplasia, endocrine
neoplasia, and exocrine neoplasia may reflect a true pathogenic rela-
tionship. How endocrine and exocrine neoplasms might affect prolif-
eration of the other is unclear and requires further study.
REFERENCES
1. Service F, McMahon MM, O'Brien PC, et al. Functioning

insulinoma—incidence, recurrence, and long-term survival of patients: a
60-year study. Mayo Clin Proc. 1991;66:711–719.
158 www.pancreasjournal.com

Copyright © 2015 Wolters Kluwer H
2. Kaczirek K, Niederle B. Nesidioblastosis: an old term and a new
understanding.World J Surg. 2004;28:1227–1230.

3. Zhao X, Stabile BE, Mo J, et al. Nesidioblastosis coexisting with islet
cell tumor and intraductal papillary mucinous hyperplasia. Arch Pathol
Lab Med. 2001;125:1344–1347.

4. Kadota Y, Shinoda M, Tanabe M, et al. Concomitant pancreatic
endocrine neoplasm and intraductal papillary mucinous neoplasm: a case
report and literature review. World J Surg Oncol. 2013;11:75–80.

5. Mathur A, Gorden P, Libutti SK. Insulinoma. Surg Clin North Am.
2009;89:1105–1121.

6. Myint KS, Greenfield JR, Farooqi IS, et al. Prolonged successful therapy
for hyperinsulinaemic hypoglycaemia after gastric bypass: the
pathophysiological role of GLP1 and its response to a somatostatin
analogue. Eur J Endocrinol. 2012;166:951–955.

7. Nikfarjam M, Warshaw AL, Axelrod L, et al. Improved contemporary
surgical management of insulinomas: a 25-year experience at the
Massachusetts General Hospital. Ann Surg. 2008;247:165–172.

8. Service GJ, Thompson GB, Service FJ, et al. Hyperinsulinemic
hypoglycemia with nesidioblastosis after gastric-bypass surgery.
N Engl J Med. 2005;353:249–254.

9. Heitz PU, Komminoth P, Perren A, et al. Tumors of the endocrine pancreas.
In: DeLellis RA, Lloyd RV, Heitz PU, Eng C, eds. World Health
Organization Classification of Tumours. Pathology and Genetics of
Tumours of Endocrine Organs. Lyon, France: International Agency for
Research on Cancer Press; 2004:175–208.

10. Anlauf M, Schlenger R, Perren A, et al. Microadenomatosis of the
endocrine pancreas in patients with and without the multiple endocrine
neoplasia type 1 syndrome. Am J Surg Pathol. 2006;30:560–574.

11. Henopp T, Anlauf M, Schmitt A, et al. Glucagon cell adenomatosis: a
newly recognized disease of the endocrine pancreas. J Clin
Endocrinol Metab. 2009;94:213–217.

12. Yu R, Nissen NN, Dhall D, et al. Nesidioblastosis and hyperplasia
of alpha cells, microglucagonoma, and nonfunctioning islet cell
tumor of the pancreas: reviewof the literature.Pancreas. 2008;36:428–431.

13. Service FJ, Natt N, Thompson GB, et al. Noninsulinoma pancreatogenous
hypoglycemia: a novel syndrome of hyperinsulinemic hypoglycemia in
adults independent of mutations in Kir6.2 and SUR1 genes. J Clin
Endocrinol Metab. 1999;84:1582–1589.
© 2015 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

http://www.pancreasjournal.com


Pancreas • Volume 45, Number 1, January 2016 Nesidioblastosis, Pancreatic NET and IPMN
14. Anlauf M, Wieben D, Perren A, et al. Persistent hyperinsulinemic
hypoglycemia in 15 adults with diffuse nesidioblastosis: diagnostic criteria,
incidence, and characterization of beta-cell changes. Am J Surg Pathol.
2005;29:524–533.

15. Challis BG, Harris J, Sleigh A, et al. Familial adult onset hyperinsulinism
due to an activating glucokinase mutation: implications for
pharmacological glucokinase activation. Clin Endocrinol (Oxf).
2014;81:855–861.

16. Ouyang D, Dhall D, Yu R. Pathologic pancreatic endocrine cell
hyperplasia.World J Gastroenterol. 2011;17:137–143.

17. Zagury L, Moreira RO, Guedes EP, et al. Insulinoma misdiagnosed as
dumping syndrome after bariatric surgery. Obes Surg. 2004;14:120–123.

18. Bright E, Garcea G, Ong SL, et al. An unusual case of concurrent
insulinoma and nesidioblastosis. JOP. 2008;9:649–653.

19. White SA, Sutton CD, Robertson GS, et al. Incidental adult nesidioblastosis
after distal pancreatectomy for endocrine microadenoma. Eur J
Gastroenterol Hepatol. 2000;12:1147–1149.

20. Rosman J, Bravo-Vera R, Sheikh A, et al. Metastatic insulinoma in an adult
patient with underlying nesidioblastosis. J Endocrinol Invest. 2007;30:521–524.

21. Yu R. Pancreatic α-cell hyperplasia: facts and myths. J Clin
Endocrinol Metab. 2014;99:748–756.

22. Yu R, Dhall D, Nissen NN, et al. Pancreatic neuroendocrine tumors in
glucagon receptor-deficient mice. PLoS One. 2011;6:e23397.
© 2015 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2015 Wolters Kluwer 
23. Terada T, Ohta T, Kitamura Y, et al. Endocrine cells in intraductal
papillary-mucinous neoplasms of the pancreas. Virchows Arch.
1997;431:31–36.

24. Hashimoto Y, Murakami Y, Uemura K, et al. Mixed ductal-endocrine
carcinoma derived from intraductal papillary mucinous neoplasm
(IPMN) of the pancreas identified by human telomerase reverse
transcriptase (hTERT) expression. J Surg Oncol. 2008;97:469–475.

25. Bardeesy N, DePinho RA. Pancreatic cancer biology and genetics.
Nat Rev Cancer. 2002;2:897–909.

26. Moriyoshi K, Minamiguchi S, Miyagawa-Hayashino A, et al.
Collision of extensive exocrine and neuroendocrine neoplasms in
multiple endocrine neoplasia type 1 revealed by cytogenetic
analysis of loss of heterozygosity: a case report. Pathol Int. 2013;63:469–475.

27. Butler AE, Campbell-Thompson M, Gurlo T, et al. Marked expansion
of exocrine and endocrine pancreas with incretin therapy in humans
with increased exocrine pancreas dysplasia and the potential for
glucagon-producing neuroendocrine tumors. Diabetes. 2013;62:
2595–2604.

28. Elashoff M, Matveyenko AV, Gier B, et al. Pancreatitis, pancreatic, and
thyroid cancer with glucagon-like peptide-1–based therapies.
Gastroenterology. 2011;141:150–156.

29. Al-Sarireh B, Haidermota M, Verbeke C, et al. Glucagon cell
adenomatosis without glucagon receptor mutation. Pancreas.
2013;42:360–362.
www.pancreasjournal.com 159

Health, Inc. All rights reserved.

http://www.pancreasjournal.com

