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Introduction: Alpha-cell hyperplasia (ACH) is a rare pancreatic endocrine
condition. Three types of ACH have been described: functional or
nonglucagonoma hyperglucagonemic glucagonoma syndrome, reactive or
secondary to defective glucagon signaling, and non-functional. Few cases of
ACH with concomitant pancreatic neuroendocrine tumors (pNETs) have been
reported and its etiology remains poorly understood. A case report of non-
functional ACH with glucagon-producing NET is herein presented.

Case report: A 72-year-old male was referred to our institution for a 2 cm single
pNET incidentally found during imaging for acute cholecystitis. The patient’s past
medical history included type 2 diabetes (T2D) diagnosed 12 years earlier, for
which he was prescribed metformin, dapagliflozin, and semaglutide. The pNET
was clinically and biochemically non-functioning, apart from mildly elevated
glucagon 217 pg/ml (<209), and ®8Ga-SSTR PET/CT positive uptake was only
found at the pancreatic tail (SUVmax 11.45). The patient underwent a caudal
pancreatectomy and the post-operative 68Ga-SSTR PET/CT was negative. A
multifocal well-differentiated NET G1, pTINOMORO (mf) strongly staining for
glucagon on a background neuroendocrine alpha-cell hyperplasia with some
degree of acinar fibrosis was identified on pathology analysis.

Discussion and conclusion: This case reports the incidental finding of a clinically
non-functioning pNET in a patient with T2D and elevated glucagon levels,
unexpectedly diagnosed as glucagon-producing NET and ACH. A high level of
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suspicion was required to conduct the glucagon immunostaining, which is not
part of the pathology routine for a clinically non-functioning pNET, and was key
for the diagnosis that otherwise would have been missed. This case highlights the
need to consider the diagnosis of glucagon-producing pNET on an ACH
background even in the absence of glucagonoma syndrome.
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1 Introduction

Pancreatic endocrine cell hyperplasia may occur in
approximately 0.6% of adults (1), while isolated alpha-cell
hyperplasia (ACH), a condition that was first reported in 1991, is
even more rare (2). ACH etiology remains poorly understood (2),
but has been described to affect both women and men with an age at
diagnosis ranging from 25 to 74 years old (3).

Three types of ACH have thus far been described: functional,
reactive, and non-functional (3).

Functional ACH represents 17% of cases (3) and presents with
nonglucagonoma hyperglucagonemic glucagonoma syndrome.
Therefore, glucagon levels are elevated, but no gross pancreatic
neuroendocrine tumor (pNET) is found (4, 5).

Reactive ACH is the most frequent type, accounting for 42% of
cases and results from defective glucagon receptor signaling, either due
to inactivating mutations or deletions of the glucagon receptor gene or
glucagon receptor intracellular pathways, also known as Mahvash
disease. It may present with nonspecific symptoms including weight
loss, abdominal pain or altered intestinal transit, or as an incidentally
discovered pancreatic mass. This ACH subtype is characterized by
marked hyperglucagonemia without glucagonoma syndrome, as well
as the development of gross pNETs (3).

Non-functional ACH is responsible for 25% of cases (3) and is
characterized by normal or slightly elevated glucagon levels. It may also
present with nonspecific symptoms, although glucagonoma syndrome
is usually absent. ACH is most often an incidental histological finding
and its clinical relevance is the putative increased risk for pNETs.

Only a few cases of ACH associated with pNETs have been
described in the literature. Among these, some reported the
association of reactive ACH with glucagonoma (4, 6, 7) or a non-
functioning pNET (8).

A case report of the incidental diagnosis of a non-functional
ACH with a glucagon-producing NET is herein presented.

2 Case description

We present a 72-year-old male individual, referred to our
tertiary reference center for a single 2 cm pNET incidentally
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discovered in a CT scan performed during an investigation for
acute cholecystitis. The tumor was clinically non-functioning as
symptoms or signs of hormone hypersecretion were absent.

The patient’s past medical history included type 2 diabetes
(T2D) diagnosed 12 years earlier, arterial hypertension, and
dyslipidemia. T2D glycemic control over the years was overall
good, with HbAlc levels ranging between 5 and 6%, while
prescribed metformin 1000 mg bid and dapagliflozin 10 mg od.
Furthermore, he had received treatment with once-weekly
semaglutide 1mg for 3 months, 1 year before surgery. The patient
had no past medical history of pancreatitis. Family history
was irrelevant.

The patient’s body mass index was 25.6 kg/m? but physical
examination was otherwise unremarkable, without palpable
abdominal masses or skin lesions.

Biochemical analysis showed an HbAlc 6%, insulin 5.15 uUI/
ml (2.6-24.9), somatostatin < 3.9 pmol/l (< 16.0), gastrin 12.8 pg/ml
(< 108), vasoactive intestinal peptide 15.7 pmol/l (< 30) and mildly
elevated glucagon [217 pg/ml (<209)], as presented in Table 1.
Glucagon levels were measured using a radioimmunoassay (RB310,
DIAsource ImmunoAssays, S.A., Belgium), which exhibited a cross-
reactivity of less than 0.1% with glucagon-related peptides.

Abdominal magnetic resonance imaging (MRI) showed a
nodule in the tail of the pancreas measuring approximately
25mm in its longest axis. It was difficult to delineate, showing a
hyposignal on T2-weighted images and isosignal on T1-weighted
images, with increased enhancement in relation to the surrounding
pancreatic parenchyma. This was in favor of the hypothesis of a
neuroendocrine tumor. ®*Ga-SSTR PET/CT showed positive uptake
in the pancreatic tail (SUV max 11.45), as shown in Figure 1. The
patient underwent a caudal pancreatectomy with curative intent,
which occurred without complications, and post-operative CT and
%8Ga-SSTR PET/CT were negative, as shown in Figure 1.

On macroscopical examination, an area with a nodular outline
was identified, with a slightly increased consistency, a yellowish-white
color, and imprecise boundaries. The 25mm nodule disclosed on
MRI largely corresponded to chronic pancreatitis lesions. The largest
tumor focus identified microscopically had 0.4cm in at the greatest
diameter and corresponded to a multifocal well-differentiated
neuroendocrine tumor G1 pTINOMORO (mf), strongly staining for
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TABLE 1 Initial blood test evaluating tumor secretion status.

Serum Parameter Result (reference range)

Glucose
Creatinine
Aspartate aminotransferase
Alanine transaminase

HbAlc

86 mg/dL (< 100)
0.6 mg/dL (0.7-1.3)
14 U/L (8-33)
15 U/L (7-56)

5.4% (< 5.7)

TSH

5.31 uUI/mL (0.4-5.5)

Chromogranin A
Glucagon
Insulin
C-peptide
Somatostatin
Gastrin
VIP
ACTH
Tonized calcium
IGF-1
PTH

Prolactin

41 ng/mL (< 98.1)
217 pg/mL (< 209)
5.15 uUI/mL (2.6-24.9)
2.45 ng/mL (1.1-5.0)
< 3.9 pmol/L (< 16.0)
12.8 pg/mL (< 108)
15.7 pmol/L (< 30)
38.5 pg/mL (7.2-63.3)
1.26 mmol/L (1.17-1.38)
66.2 ng/mL (61-186)
28.9 pg/mL (12-65)

7.36 ng/mL (< 20)

glucagon. The pancreas presented multiple and scattered foci of
fibrosis and atrophy of the exocrine pancreas, associated with
neuroendocrine hyperplasia. Mitotic figures were scarce (<1 per
2mm®) and Ki67 labeling was less than 3%. Lymphovascular or

10.3389/fendo.2024.1405835

perineural invasion was not found. On immunohistochemistry,
neoplastic cells disclosed immunoreactivity for cytokeratin 8/18,
chromogranin, synaptophysin, and glucagon. Pancreatic islets
presented a glucagon-producing o-cells percentage superior to
80%, while the percentage in normal human islets is usually under
50% even considering the larger relative proportion observed in the
pancreas of individuals with T2D (9). These findings were compatible
with the pathological diagnosis of glucagon-producing NET and
ACH (Figure 2).

No specific genetic analysis for hereditary cancer syndromes
was performed given the negative family history.

The patient remains recurrence- and symptom-free at 9 months
of follow-up after surgery.

3 Discussion

This case reports the incidental finding of a glucagon-producing
NET in the absence of the typical glucagonoma syndrome on a
background of ACH.

ACH has been thought to be a potential preneoplastic
condition, in particular the reactive and non-functional subtypes,
while it remains to be proven whether the same applies to the
functional subtype. Furthermore, ACH is characterized by a diffuse
and specific increase in alpha-cell mass on histological analysis,
which differs from the nonspecific alpha- and beta-cell hyperplasia
found in patients with multiple endocrine neoplasia type 1 and von
Hippel-Lindau syndrome (10-12).

The most well-characterized type is reactive ACH, since there is
an identified molecular defect in the glucagon signaling pathway
that can be replicated in an animal model (13, 14). In GCGR -/-

mice, the progression from pancreatic endocrine cell mass

FIGURE 1

(A, B) 68Ga-DOTA-NOC PET/CT scan before treatment showing the positive uptake in the pancreatic tail (SUV max 11.45). (C) 68Ga-DOTA-NOC
PET/CT scan after surgery showing no hyperfixation foci.
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FIGURE 2

(A) H&E staining showing the pancreas with multiple scattered foci of fibrosis and (B) neuroendocrine cell hyperplasia including a pNET with low
Ki67 labeling. (C) The pNET was strongly positive for staining for glucagon (ref. 565860, BD Pharmingen) on immunohistochemistry, and (D) the
pancreatic islets depicted over 80% of the cells staining positive for glucagon, while the percentage in normal human islets is usually under 50%
even considering the larger relative proportion observed in pancreas from individuals with T2D (9).

expansion with ACH to dysplasia at 5 to 7 months, proceeding to
pNETs < 1 mm at 12 months and then to pNETs > 1 mm at 18
months is well-established (13, 14). Moreover, the majority of these
pancreatic lesions express glucagon, although some may also
express insulin or no hormones (13, 14). In contrast, the
pathogenesis of functional and nonfunctional ACH, for which
there are no animal models that could speed the process of
unraveling the mechanisms of disease, remains obscure.
Nevertheless, besides reactive ACH and at least for nonfunctional
ACH, the possible contribution of hyperplastic alpha-cells and their
morphological changes for the development of pNETSs remains a
reasonable hypothesis.

There are no specific treatment recommendations for reactive
or nonfunctional ACH currently established (13, 14). Therefore, for
PNETs arising within the framework of reactive and nonfunctional
ACH, treatment follows the same recommendations as for sporadic
PNETs occurring outside the ACH context (15). Observational
surveillance could be considered for nonfunctioning tumors < 2
cm. Surgical resection is the preferred treatment for non-metastatic
tumors larger than 2 cm, whether these are functioning or
nonfunctioning. Subtotal or total pancreatectomy has been
advocated as a treatment approach for functional ACH (3).

For the patient herein described, surveillance could have been
an option given that the pNET was apparently non-functioning
with a size of 25 mm. However, taking into account the patient’s
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preference and given the borderline tumor size and easy surgical
access (caudal), the multidisciplinary team’s decision was in favor of
distal pancreatectomy surgery. Otherwise, ACH would not have
been detected nor would the glucagon-producing NET have
been diagnosed.

Given the concurrent diagnosis of diabetes, two questions
emerge: could diabetes be a manifestation of subclinical
hyperglucagonemia? Alternatively, could ACH have been elicited
by the use of incretin-based anti-diabetes medications, namely
glucagon-like peptide-1 receptor agonists (GLP-1Ra),
subsequently contributing to the development of glucagon-
producing NET?

Regarding the first question, diabetes possibly being secondary
to glucagon excess is a reasonable hypothesis since glucagon seems
to be more critical for the development or worsening of diabetes
than insulin deficiency (16-18). Glucagon is able to induce liver
glycogenolysis and raise blood glucose levels through specific
binding to its receptor (GCGR) (18, 19). Indeed, the mild and
subclinical hyperglucagonemia to which the patient was exposed
could provide an explanation for the good glycemic control
observed over more than a decade. Typical glucagonoma
syndrome includes diabetes, necrolytic migratory erythema,
depression, and deep vein thrombosis in the presence of
hypoaminoacidemia and high glucagon levels, usually > 1000pg/
ml (20-22). In fact, glucagon-producing NETs are usually larger
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than 4 or 5 cm in diameter at diagnosis and, at that stage, are often
associated with locoregional or even distant metastases at diagnosis
(20, 21). This notwithstanding, some patients recall the presence of
a few selected nonspecific features for many years before clinical
deterioration coincident with the development of the classic
glucagonoma constellation (23). In the herein reported case, since
there was only a mild hyperglucagonemia without typical
glucagonoma syndrome features, a non-functional pNET with
unrelated concomitant hyperglucagonemia cannot be excluded.
Although the cause for the hyperglucagonemia remains otherwise
undisclosed given that the patient’s past medical history was
unremarkable for pancreatitis, liver, or renal impairment.

Regarding the second question, whether GLP-1Ra could have
elicited ACH, this is even less likely. Indeed, GLP-1Ra are
recognized to reduce glucagon levels by 20% to 50% through a
strong and conserved negative feedback mechanism and
consequently a reactive alpha-cell hyperplasia occurs (24).
However, there is no evidence of any association between this
histological finding and the risk of pNET development.
Additionally, although in vitro and in vivo animal studies native
GLP-1 was shown to promote pancreatic beta-cell proliferation,
inhibition of its apoptosis, and differentiation of stem cells in the
ductal epithelium through neogenesis in the islets (25), the same
was not demonstrated to occur in humans, nor is it supported by
the extensive data derived from clinical trials across the GLP-1Ra
drug class (26, 27). Nonetheless, the putative long-term risk for
exocrine and endocrine pancreatic neoplasia associated with
incretin-based drugs has been a matter of concern, although
highly controversial since the available evidence is scarce and
mostly derived from animal studies or small human case series
involving exenatide (25, 28, 29) and irrespective of the presence of
ACH. Therefore, the hypothesis that GLP-1Ra might accelerate the
progression of pancreatic dysplastic lesions, especially in the context
of pre-existing chronic pancreatitis, a known predisposing factor for
exocrine pancreatic cancer, and premalignant pancreatic
intraepithelial neoplasia (28, 30), cannot be entirely excluded (31).
However, there is no available evidence that GLP-1Ra could trigger
glucagon-producing or other non-functioning pNETs.

In human pancreata obtained at autopsy, Butler A et al. found
that individuals with T2D treated with incretin bases therapies
(exenatide and sitagliptin) exhibited a 40% increase in pancreatic
mass when compared to those with T2D not treated with these
drugs. The authors also found higher rates of exocrine and
endocrine cell proliferation and a higher prevalence of pancreatic
intraepithelial neoplasia and ACH. Furthermore, among the eight
individuals studied, three presented with adenomas smaller than 1
cm and 1 had an adenoma > 1 c¢m, the majority of which stained
positive for glucagon (29). It is important to note that this study was
a small case series, which included only one patient treated with the
GLP-1Ra exenatide (29).

Incretin-based therapies are also a cause of concern for
increased risk of exocrine pancreatic neoplasms. In patients
treated with GLP-1Ra, acute and chronic pancreatitis, whether
clinical or subclinical, seems to ensue from duct cell proliferation
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and obstruction, as a predisposing factor to exocrine pancreatic
cancer (25). As such and given the fact that incretin-based therapies
were first introduced for T2D treatment in 2005, there is still no
data regarding the true impact of these drugs in the risk for these
types of tumors, since the effect present is probably too small to be
detected. It should be stressed that up to this date, only exenatide
has been associated with an increased risk of pancreatic cancer.
Moreover, a large number of randomized clinical trials, as well as
real-world data, are reassuring regarding the pancreatic safety of the
GLP-1Ra drug class (32-35).

Moreover, as the frequency of ACH case reports is increasing,
one might question whether the chronic use of such therapies over
long periods could be involved in the upsurge of the condition (36).

As a matter of fact, pNETs appearing in the context of reactive
ACH, both in humans and animals, are slow-growing tumors, often
measuring only a few centimeters at the time of diagnosis. These
commonly manifest later in life, particularly in middle-aged
patients who may have had ACH for many years prior to
diagnosis (37, 38). The surge of a glucagon-producing NET in the
absence of the typical glucagonoma syndrome triad on an ACH
background further supports the hypothesis that ACH could be a
precursor of pNET.

4 Conclusions

The incidental finding of a clinically non-functioning pNET in a
patient with T2D, unexpectedly diagnosed as a glucagon-producing
NET on an ACH background, is herein reported. The concomitant
presence of T2D and glucagon levels above normal, despite the
absence of a typical glucagonoma syndrome triad, were the key for
performing glucagon immunostaining in a clinically non-
functioning pNET, without which the diagnosis of glucagon-
producing NET would easily have been missed. This case
highlights the need to consider the diagnosis of glucagon-
producing NET on an ACH background, even in the absence of
glucagonoma syndrome. Moreover, this case report reinforces the
need to further explore the hypothesis of ACH as a potential
precursor of glucagon-secreting pNET's or even glucagonomas.

5 Patient perspective

The patient took part in the decision process of opting for
surgical removal of the 25 mm pNET that, given the small size,
could have been kept under surveillance and was pleased to have
made that informed choice after understanding the diagnosis.
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