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ARTICLE INFO ABSTRACT

Keywords: Pancreatic neuroendocrine tumours (PanNETs) represent an uncommon type of pancreatic neoplasm, whose

Neuroendocrine tumours incidence is increasing worldwide. As per exocrine pancreatic cancer, a relationship seems to exist between

Diabfﬁ_es PanNETs and glycaemic alterations. Diabetes mellitus (DM) or impaired glucose tolerance often occurs in

Nutrition PanNET patients as a consequence of hormonal hypersecretion by the tumour, specifically affecting glucose

]_;l}fzigs; metabolism, or due to tumour mass effects. On the other hand, pre-existing DM may represent a risk factor for
developing PanNETs and is likely to worsen the prognosis of such patients. Moreover, the surgical and/or
pharmacological treatment of the tumour itself may impair glucose tolerance, as well as antidiabetic therapies
may impact tumour behaviour and patients outcome. Differently from exocrine pancreatic tumours, few data are
available for PanNETs as yet on this issue. In the present review, the bidirectional association between glycaemic
disorders and PanNETs has been extensively examined, since the co-existence of both diseases in the same
individual represents a further challenge for the clinical management of PanNETs.

Introduction health conditions typical of the elderly, such as diabetes and its com-

Neuroendocrine tumours (NETs) constitute a heterogeneous group
of neoplasms that can be associated with a broad range of local and
systemic symptoms, related to tumour mass effects and/or to the se-
cretion of several hormones, peptides, and biogenic amines [59,38].
They can arise almost anywhere in the body, even if the majority of
NETs originate in the gastroenteropancreatic (GEP) tract or in the
bronchopulmonary system (about 70% and 25% of NETs, respectively)
[19]. The majority of NETs are sporadic, whereas 5-30% of cases can
arise in complex hereditary endocrine disorders [23,24]. They can ap-
pear at all ages, but the highest incidence of sporadic GEP NETs is from
the fifth decade onward [63].

Pancreatic NETs (PanNETs), accounting for 4-7% of GEP NETs [28],
are sometimes associated with impaired glucose metabolism and/or to
overt diabetes mellitus, which may result from a direct tumour effect on
the pancreas, from the release of substances interfering with insulin
secretion and/or activity, or from the surgical and/or medical treat-
ment of the tumour itself. Furthermore, the increased life expectancy of
patients with NETs has increased the number of subjects developing
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plications [35].

Beyond sharing some specific features (average age of onset, on-
going increase of incidence and prevalence, and probably some risk
factors), the co-existence of a PanNET and diabetes mellitus (DM) in the
same patient poses some complex clinical questions, such as: the me-
tabolic effects of NETs therapies; the potential effects of some anti-
diabetic therapies on the neuroendocrine system; which antidiabetic
therapy to use; the prognostic effect of diabetes on the tumour, and so
on. This manuscript aims to review published data on the risk factors
for PanNETs, to describe the consequences of NETs therapies on glucose
metabolism, and to address some of the more common challenges of
DM treatment in patients with PanNETs.

Epidemiology of PanNETs and diabetes

Although initially considered rare tumours, the incidence of NETs
has gradually increased from 1.9 to 6.9/100,000 people per year during
the last three decades, probably due to improvements in diagnostic
techniques and increased attention from both clinicians and
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Table 1
Estimated incidence of pancreatic neuroendocrine tumours according to cancer
registries.”

panNET Estimated incidence(per 1,000,000 people
per year)

Non-functioning 4-5

Insulinoma 2-4

Gastrinoma 0.5-4

Glucagonoma 0.05

VIPoma, somatostatinoma, others < 0.025

2 Oberg and Eriksson [62], Dasari et al. [19].

pathologists [89,19]. The crude incidence of sporadic NETs increases
with age, and it peaks between 50 and 70 years, except for the carcinoid
of the appendix, occurring earlier in the majority of cases. A slight
overall higher incidence of NETs was observed for males (5.35) com-
pared with females (4.76) [63]. Nowadays GEP NETs represent the
second most common gastrointestinal neoplasm after colorectal ade-
nocarcinoma [91]. It should also be noted that the prevalence of GEP
NETs in autopsy series is significantly higher than that observed in
clinical series.

In Western countries, the estimated clinical incidence of PanNETs is
approximately 0.8/100,000 people [19], albeit PanNETs have been
described in 0.5%-1.5% of autopsies. Altogether, PanNETs account for
only 1-2% of pancreatic neoplasms [62,52,19]. However, a sharp in-
crease in the incidence of nonfunctioning PanNETs was described over
the past decades, greater than 3-fold increase [28,52,19]. Indeed most
of PanNETs are nonfunctioning, with surgical and medical series sug-
gesting insulinoma and gastrinoma as the most common functioning
forms (Table 1). Due to the relative indolent clinical course of PanNETs
(relative to that of exocrine pancreatic carcinoma), to improvements in
treatment strategies, and to the long survival of many patients, Pan-
NETs prevalence is also increasing having been estimated to account for
approximately 10% of all pancreatic tumours despite the lower in-
cidence [28,91,19].

Conversely, diabetes mellitus (DM) is one of the main challenges of
the 21st-century regarding global health. Despite relevant improve-
ments in DM management, and declines in its rate of complications and
mortality, the absolute numbers of people with DM is steadily in-
creasing all over the world, with an unprecedented rise in low- and
middle-income countries [61]. According to estimates from the Inter-
national Diabetes Federation (IDF), there were 415 million people with
DM in 2015, whereas the absolute number will reach 642 million by
2040 [44]. The IDF also estimates that by 2035 low- and middle-income
countries will experience a 50% increase in the prevalence of impaired
glucose tolerance (IGT, a form of prediabetes), compared with 41%
increase in high income countries. It should be noted that, while the
definition of DM and IGT is the same for the World Health Organization
(WHO), the IDF, and the American Diabetes Association (ADA), im-
paired fasting glucose (IFG, the other condition of prediabetes) is de-
fined as fasting plasma glucose level of 100-125 mg/dL (5.6—-6.9 mmol/
mol) according to the ADA definition, whereas as 110-125mg/dL
(6.1-6.9 mmol/mol) according to the WHO/IDF definition. Therefore,
the ADA IFG definition recognizes more subjects at increased risk of
developing DM (and with significantly increased cardiovascular risk)
compared with the WHO/IDF definition [27]. Furthermore, among
people with DM impressive improvements in outcomes occurred in
Western countries over the past two decades. As a consequence, the
absolute number of people with DM is constantly increasing [61].

Diabetes as a risk factor for PanNETs

The pathogenesis and the risk factors for sporadic PanNETs are not
well defined, since little epidemiologic research in this area has been
performed. According to the small number of available studies, a family
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history of any cancer (and of PanNETs in particular), DM, and perhaps a
high BMI, have all been suggested as risk factors for PanNETs
[40,13,97].

The association between DM and PanNETs has been examined by
several case-control studies [39,13,39,6] and by two meta-analyses
[41,53], which consistently indicated DM as a potential risk factor for
the development of PanNETs. Leoncini and coll., in their recent sys-
tematic review and meta-analysis, reported a strong significant asso-
ciation between a history of DM and PanNETs, with a summary effect
estimate of 2.76 (95% CI 1.65-4.64) [53]. This effect was even higher
when considering subjects with non-functioning PanNETs [6] and those
with “recent onset DM” (ie, DM diagnosed in the 12 months before the
diagnosis of a PanNET) (OR 12.80, 95% CI 2.47-66.42). Together with
gastric NETs, those of pancreatic origin are the GEP NETs where DM
seems to represent the strongest risk factor.

It should be noted that obesity and DM have also been strongly
associated with pancreatic ductal adenocarcinoma (PDAC), which is far
more common than PanNETs, suggesting that NETs and adenocarci-
nomas might share some of the same risk factors, at least for this
anatomical site [41,53]. Unfortunately, most of the studies considered
in the meta-analysis did not provide data adjusted for important mod-
ifiable determinants of cancer risk such as diet, nutrition, physical ac-
tivity, and the type of diabetes treatment.

The mechanisms linking DM to PanNETs development are largely
unknown. The presence of the MEN-1 syndrome and the co-existence of
a functioning PanNET may rise blood glucose levels, but it is a quite
rare condition. Moreover, PanNETs may induce hyperglycaemia and
peripheral insulin resistance by producing diabetogenic factors, simi-
larly to advanced PDAC [75,77]. Therefore, DM can be an early para-
neoplastic condition or a consequence of a tumour-induced impairment
of glucose metabolism, instead of a real factor promoting cancer in-
itiation (“reverse causality”) [16,64]. Alternatively, DM may act as a
mediator for chronic inflammation and intracellular oxidative stress,
leading to DNA mutation and to the development of PanNETs [6]. In
addition, the progressive tumoural disease may cause the obstruction of
the pancreatic duct and the disruption of vasculature, promoting the
destruction or atrophy of pancreatic tissue, ultimately worsening in-
sulin secretion [77]. Existing evidence suggests that reverse causality is
unlikely to be entirely responsible for the observed association between
DM and PDAC, whereas little evidence is available for PanNETs [47].
Further research is necessary to clarify this issue.

Mechanisms of diabetes onset in patients with PanNETs
Direct effect of functioning PanNETs

In patients with PanNETs imbalance of glucose metabolism and DM
may be due to an altered secretion of hormones that can induce hy-
perglycaemia and insulin resistance, such as with glucagonomas or
somatostatinomas, or to decreased insulin secretion, as it is the case of
patients who underwent pancreatic surgery [72].

Glucagononoma

Glucagonoma is an uncommon tumour arising from pancreatic
neuroendocrine islet a-cells secreting abundant glucagon. The esti-
mated annual incidence of glucagonoma is ~1 case per 20,000,000
individuals [17]. Mortality rates remain unclear, with fewer than 300
cases reported and the largest case series including only 21 patients.
The typical clinical presentation of glucagonoma usually manifests
when these tumours are over 4-5 cm in size and metastatic, particularly
to the liver. Glucagon exerts its physiological role by increasing the
hepatic glucose output and maintaining normal blood glucose level.
Furthermore, glucagon exerts a catabolic role by reducing protein
synthesis. Therefore, elevated glucagon levels result in amino acid
catabolism and serum glucose elevation, which are considered to be
responsible  of the  typical skin lesions and DM.
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The glucagonoma syndrome include a characteristic rash termed ne-
crolytic migratory erythema (82% of patients), painful glossitis, chei-
litis, angular stomatitis, normochromic normocytic anaemia (61%),
weight loss (90%), mild DM (80%), hypoaminoacidemia, low zinc le-
vels, deep vein thrombosis (50%), and depression (50%). It goes by the
acronym ‘4D syndrome’, which stands for dermatosis, diabetes, deep
vein thromboses, and depression [21].

Glucose tolerance in the glucagonoma syndrome may relate to tu-
mour size. The fasting plasma glucagon level tends to be higher in
patients with large hepatic metastases than in those without metastases.
Massive hepatic metastases may decrease the ability of the liver to
metabolize splanchnic glucagon, thus increasing peripheral plasma
glucagon levels. Glucagon may not directly induce hyperglycaemia,
unless metabolism of glucose by the liver is directly compromised. A
variation in the molecular species of glucagon and its biologic potency
can be present in each case [57,78].

DM is a clinical hallmark of glucagonoma, although its severity is
controversial. Only 40% of glucagonoma patients had overt DM at onset
of symptoms, but about 90% went to develop it [17]. In the largest
study group reported so far, although only 8 out of the 21 subjects with
glucagonoma had overt DM at presentation, DM eventually developed
in 16 patients, 75% of whom requiring insulin therapy. No patients had
necrolytic migratory erythema clearly preceding DM [86].

Somatostatinoma

Somatostatinoma is quite rare, representing about 4% of GEP NETs
[48], and its estimated incidence is about 1 in 40 million. Although this
tumour secretes somatostatin, clinical presentation related to high so-
matostatin levels can be found in less than 10% of cases according to
the tumour site, as well as intermittent somatostatin secretion [60].
Somatostatinoma syndrome typically includes DM, diarrhoea/steator-
rhoea, gallbladder disease (particularly cholelithiasis), hypo-
chlorhydria, and weight loss [66]. This syndrome is more common in
pancreatic somatostatinomas than in the duodenal counterpart, owing
to the higher levels of somatostatin secreted by pancreatic tumours.

DM has been reported in 75% of patients with pancreatic soma-
tostatinomas, but only in 11% of cases with duodenal tumours. In all
cases, DM was relatively mild and controlled with diet and oral anti-
diabetic agents, or with small doses of insulin. However, it is unclear
whether the differential inhibition of insulin and diabetogenic hor-
mones can explain the usual mild degree of hyperglycaemia and the
rarity of ketoacidosis in patients with somatostatinoma. An “inhibitory
syndrome” was reported in a malignant somatostatinoma, character-
ized by mild nonketonic hyperglycaemia, hyperchlorhydria, chole-
lithiasis, steatorrhoea, and weight loss [83]. In these tumours, the ab-
sence of ketoacidosis is thought to arise from the somatostatin-induced
simultaneous suppression of the secretion of both insulin and glucagon.

Replacement of functional islet cell tissue by pancreatic tumour may
be another reason for the development of DM in most patients with
pancreatic somatostatinoma, contrasting with the low incidence in
patients with somatostatinoma arising from the duodenum.

Ectopic Cushing’s syndrome due to a PanNET

Cushing’s syndrome due to ectopic production of CRH or ACTH is
rare, accounting for less than 20% of all cases of ACTH-dependent
Cushing. Even if bronchial carcinoids are the most frequent causes of
ectopic Cushing’s syndrome, PanNETs can also be responsible for CRH/
ACTH secretion. In a recently published multicenter retrospective
analysis of 110 patients diagnosed with ectopic Cushing’s syndrome, a
PanNET was the source of ectopic secretion of CRH/ACTH in 15.5% of
cases (mean age at diagnosis: 48.3 years), with DM as a clinical feature
at diagnosis in over 60% of patients [20]. The majority of PanNETs
secreting CRH/ACTH were well differentiated (G1 or G2), of big size
(> 4 cm diameter), with signs of local aggressiveness, and with distant
metastases. Moreover, PanNETs showed a significantly worse outcome
compared to bronchial carcinoids, and the presence of DM was an
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adverse prognostic factor.

Measurement of fasting glucose may underestimate the number of
patients with Cushing’s syndrome and DM, whereas glycated hae-
moglobin and post-prandial glucose levels are more helpful [35].

Surgery (pancreatectomy)

The resection of the distal part of the pancreas (tail or body) for
neoplastic lesions may lead to insulin and glucagon deficiency, inducing
diabetes (or worsening glycaemic control in patients with pre-existing
DM), and making patients more vulnerable to severe hypoglycaemia. In
a large study group, 4.8-39% of patients developed pancreatogenic
diabetes postoperatively [81].

The diabetogenic effects of distant pancreatectomy are discussed in
literature. Menge et al. evaluated the effects of a 50% partial pan-
createctomy on glucose homeostasis and insulin secretion in patients
with pancreatitis, pancreatic carcinoma, and benign pancreatic tu-
mours. The authors concluded that insulin secretion is reduced after
pancreatic-head and -tail resection, but post-challenge glucose con-
centrations can paradoxically be improved after pancreatic head re-
section. Obesity and preoperative hyperglycaemia should be considered
as risk factors for the development of hyperglycaemia and DM after
pancreatic surgery [58].

In line with these data, a retrospective study evaluated the glucose
profile of 82 patients after distant pancreatectomy. The authors de-
monstrated that blood glucose levels were higher in patients with es-
tablished DM, while 35% of patients with pre-existing DM showed an
improvement of glucose levels and a reduction of diabetic medications
use. Insulin was the most common antidiabetic drug used for subjects
showing worsened glucose levels (50% of patients), but 75% of patients
treated with insulin had uncontrolled or undiagnosed diabetes pre-
operatively. The authors concluded that the worsening of glucose
control after surgery may be due to preoperatively uncontrolled or
undiagnosed DM, not only to beta cells reduction. On the other hand,
the improvement of glycaemic control after pancreatic cancer resection
may be due to insulin resistance caused by the tumour itself [55].

Another speculative hypothesis can be considered for the better
glycaemic control often observed in patients with DM, after partial
pancreatectomy. In fact, a glucose tolerance improvement could also be
due to the weight loss induced by the failure of the exocrine function of
the pancreatic tissue leftover, which could enhance peripheral insulin
sensitivity. However, there are contradictory reports on this issue.
Recently, Park et al. retrospectively reviewed 45 patients who had
undergone radical resection for pancreatic adenocarcinoma: 34 patients
underwent pancreaticoduodenectomy, 10 patients distal pancrea-
tectomy, and one received total pancreatectomy. Even if no data about
weight loss and malabsorption were reported in their analysis, they
found that DM often improved after surgery: diabetes resolution oc-
curred in 20-57% of patients after pancreaticoduodenectomy and in
13% of patients after distal pancreatectomy [65].

Indeed, albeit possible, only a large pancreatectomy can determine
a malabsorption due to the failure of pancreatic exocrine function,
which is generally well controlled by the rapid introduction of re-
placement therapy with pancreatic enzymes.

Drug therapy

Several drugs currently used for the medical management of NETs
may induce hyperglycaemia through a variety of mechanisms, in-
cluding alterations in insulin secretion and sensitivity, direct cytotoxic
effects on pancreatic cells, and increases in glucose production or de-
crease in cell consumption [25,18].

Somatostatin analogues (SSAs), which are commonly used as anti-
secretive and anti-proliferative agents in patients with NETs, may cause
aberrations in glucose tolerance by their inhibitory effects on pancreatic
endocrine secretion. The occurrence of hyperglycaemia after SSAs, and
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Table 2
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Hyperglycaemia (all grades and Grade 3-4) in the main prospective clinical trials performed with everolimus in patients with neuroendocrine tumors.

Trial Therapy Patients (n) Hyperglycaemia (%) Primary NET site
Any grade Grade 3 or 4
RADIANT-1 [92] Everolimus + octreotide LAR 160 13 4 Pancreas
RADIANT-2 [67] Everolimus + octreotide LAR 211 12 5 Lung, ileum, pancreas, liver, colon, other
RADIANT-3 [93] Everolimus vs placebo 207 13 5 Pancreas
RADIANT-4 [90] Everolimus vs placebo 205 10 3 Lung, ileum, pancreas, colon
COOPERATE-2 [51] Everolimus + pasireotide LAR 160 76% 27" 37% 11° Pancreas
LUNA [26] Everolimus + pasireotide LAR 83 83%46" 29°% 17° Lung, thymus
[14] Everolimus + pasireotide 21 n.r. 38% Lung, ileum, pancreas
[3] Everolimus + octreotide LAR 50 18 0 Lung, ileum, pancreas, gut, unknown
[15] Everolimus + octreotide + bevacizumab 150 12-14% nr. Pancreas

n.r.: not reported.
2 Everolimus + pasireotide LAR.
b Everolimus alone.

in particular after pasireotide, is among the most common adverse
events (AEs) reported in clinical trials, second in frequency only to the
well-known gastro-intestinal disturbances (diarrhoea and steatorrhea,
constipation, gas and dysmotility, and gallstones) caused by the in-
hibitory effect of SSAs on gastro-intestinal and pancreatic functions
[18].

SSAs affect glucose homoeostasis because of the expression of SSA
receptor subtypes on the membranes of pancreatic islet-cells. As de-
monstrated by in vitro experiments on cultured isolated pancreatic is-
lets, somatostatin inhibits beta-cell insulin secretion through SSTR2 and
SSTRS5 receptor subtypes. Somatostatin also inhibits glucagon secretion
by pancreatic alpha-cells by activating the SSTR2 receptor subtype
[96,80].

By acting predominantly on the SSTR2 subtype, first generation
SSAs (octreotide, lanreotide) have less of a detrimental effect on in-
sulin/glucagon balance than pasireotide, the newer pan-somatostatin
analogue, which inhibits insulin secretion much more potently than
glucagon due to its high affinity for SSTR5. As a consequence, despite
SSAs show similar AEs, disturbances of carbohydrate metabolism are
more common and more severe with pasireotide than with first-gen-
eration SSAs. Indeed, no glucose alterations were recorded among the
85 participants to the PROMID trial (octreotide LAR vs placebo) [76],
whereas in the CLARINET trial (lanreotide vs placebo) hyperglycaemia
occurred in 5 out of the 101 patients under treatment (i.e. 5%) com-
pared to none of the 100 patients of the placebo group [12]. These
alterations were generally mild and dose dependent, and tended to
resolve within the first weeks of treatment [18]. In a recent Phase III
trial comparing pasireotide LAR with octreotide LAR in patients with
treatment-refractory carcinoid syndrome, pasireotide was associated
with a significantly higher rate of hyperglycaemia (28.3% vs 5.3%).
Also the rate of Grade 3-4 hyperglycaemia was higher with pasireotide
LAR (9.4%) than with octreotide LAR (1.8%), and two patients re-
ceiving pasireotide LAR discontinued treatment because of Grade 4
drug-related hyperglycaemia, while no patient in the octreotide LAR
arm discontinued the study because of drug-related glycaemic AEs [88].

However, based on clinical data obtained in healthy volunteers and
in patients with Cushing disease, pasireotide seems to exert short- and
medium term hyperglycaemic effects that are well manageable with
antidiabetic therapy, when necessary [74].

Noteworthy, SSAs should be used with caution in patients with in-
sulinomas because they can worsen hypoglycaemia by suppressing
glucagon secretion [46,85]. In patients with malignant insulinomas,
mTOR inhibitors (everolimus) can control insulin secretion and hy-
poglycaemia [49,45,8,31].

Metabolic disturbances, mainly hyperglycaemia, have also emerged
as a common AE of the mTOR inhibitor everolimus, that selectively
inhibits mTORC1 downstream of the phosphatidylinositol 3-kinase
(PI3K)/Akt pathway [31]. As demonstrated in experimental studies,

everolimus impairs glucose metabolism both inhibiting insulin secre-
tion [71] and increasing insulin resistance, and lowering glucose
transport and intracellular utilization in peripheral tissues [95]. These
mechanisms may account for everolimus-associated hyperglycaemia
observed clinically, particularly in patients with pre-existing alterations
of carbohydrate metabolism. In the RADIANT-3 trial (everolimus 10 mg
daily vs placebo), for example, hyperglycaemia was seen in 13% of
patients on everolimus (Grade 3-4, 5%). The frequency of Grade 3—4
hyperglycaemia was higher in patients with DM or baseline hypergly-
caemia (15%) than in those without pre-existing DM (3%) [93]. The
association of everolimus with first-generation SSAs (RADIANT-2 trial,
everolimus 10 mg daily plus octreotide LAR 30 mg every 28 days vs
placebo plus octreotide LAR) did not worsen the risk of hypergly-
caemia, and the AE profile was similar to that of RADIANT-3 trial. Also
in a Phase II trial comparing the association of everolimus with the
vascular endothelial growth factor (VEGF)-inhibitor bevacizumab vs
everolimus alone in 150 patients receiving concomitant octreotide at
the standard dosage, hyperglycaemia occurred with similar frequency
in the two treatment arms (14% and 12%, respectively) [50,15]. In
contrast, the combination of everolimus with the new SSA analogue
pasireotide (COOPERATE-2 trial, everolimus plus pasireotide vs ever-
olimus alone) was associated to significantly higher rates of hypergly-
caemia (all grades, 76% vs 27%; Grade 3-4, 37% vs 11%) and DM (26%
vs 7%) [51].

Hyperglycaemia may also be considered as an “on-target off-tumour
effect” of the drug, i.e. an exaggerated pharmacologic effect that occurs
when the target that is being inhibited in the tumour is also being in-
hibited in the normal tissue. So, it could be speculated that the ap-
pearance of hyperglycaemia as a major on-target off-tumour effect may
correspond to a good on-tumour activity of everolimus and might be
proposed as a predictive markers of treatment response, as per the on-
target side effects of other drugs (i.e. bevacizumab-induced hyperten-
sion) [98]. Hyperglycaemia, as reported as an AE in the main pro-
spective clinical trials performed with everolimus in patients with
NETs, is summarized in Table 2.

Finally, NETs patients are at risk for the development of hypergly-
caemia from second-line treatments, including interferon-a (IFN-a) and
certain chemotherapeutic agents [42]. It is well-know that IFN-a may
induce autoimmune type 1 DM and may result in permanent insulin
therapy dependency [9]. Streptozocin, a systemic chemotherapy agent
approved for PanNETs, is cytotoxic to pancreatic beta-cells [29].

Clinicians should be aware of such metabolic AEs when using SSAs,
mostly pasireotide, and/or everolimus to treat NETs. A number of re-
commendations can be proposed, including testing for impaired glucose
regulation before initiating therapy and monitoring glycaemic control
as an integral part of the follow-up. It is advisable to monitor blood
glucose and HbAlc levels in all patients receiving such therapies, and to
pay even more attention to those with overt DM, IGT, or impaired
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fasting hyperglycaemia. Patients with pre-existing alterations of glucose
homeostasis and those with well-known risk factors for DM (such as
previous gestational diabetes, obesity, and metabolic syndrome) are
more likely to develop severe hyperglycaemia on therapy. Appropriate
dietary and lifestyle measures represent the first-choice treatment of
such drug-induced metabolic AEs. Introducing or intensifying anti-
diabetic therapy should be considered whenever blood glucose is out of
its target value.

Effects of antidiabetic drugs on PanNETs

Recently, some antidiabetic drugs have been reported as an attrac-
tive therapy for PanNETs if surgical treatment is not curative. Since
metformin has recently emerged as a potentially active agent in cancer
prevention and treatment [7,56,69], an ongoing trial (a single arm,
prospective, single centre phase II study) is investigating the anti-
proliferative effect of metformin in combination with everolimus and
octreotide LAR in pancreatic well-differentiated neuroendocrine tu-
mour patients [70]. The potential molecular rationale is that metformin
inhibits mTOR/S6K, preventing (differently from everolimus) the hy-
peractivation of Akt on Ser473 and causing the consequent reactivation
of mTOR by hyperactive Akt [82].

Dipeptidyl Peptidase-4 (DPP4) inhibitors showed interesting results
in the treatment of insulinoma in an animal experimental setting. A
very recent study has hypothesized that a DPP-4 inhibitor (sitagliptin)
could have antinflammatory properties due to the expression of DPP-4
(CD 26) on the surface of insulinoma cells. In fact the treatment with
sitagliptin of rat insulinoma cells resulted in the suppression of the
nuclear factor Nf-kappaB activation and inflammatory citochines ex-
pression, suggesting that sitagliptin could exert a direct anti-
nflammatory action on islet beta cells [43]. Despite these encouraging
findings, the use of incretin therapy (both Glucagon-Like Peptide
[GLP]-1 receptor agonists and DPP-4 inhibitors) in patients with DM
and a PanNET raises controversy. Even if these antidiabetic drugs are
able to attain good metabolic control with few side effects, they also
have a potential regenerative influence on pancreatic cells. In fact the
administration of incretin therapy in patients with DM was associated
by both increased exocrine cell proliferation and dysplasia (alfa cell
hyperplasia, glucagon expressing microadenomas and neuroendocrine
tumours) [11]. Furthermore, liraglutide (a GLP-1 receptor agonist) has
been found to promote medullary thyroid cancer (MTC) -another neu-
roendocrine tumour- in rodents, even if the relevance of this finding in
humans has been questioned [30]. However, liraglutide is currently
contraindicated in people with a personal or family history of MTC in
the USA.

However, at least in the diagnostic field, the use of GLP-1 receptor
agonists could represent a promising approach. GLP-1 receptors are
expressed in over 90% of insulinomas, at a mean density twice that of
SSTR2 [73]. Early preclinical studies demonstrated that 1231 GLP-1 and
123[.exendin 3 accumulate in rat insulinomas (RINm5F) subcutaneously
implanted in NEDH rats and that these tumours can be detected scin-
tigraphically [36]. Due to the washout of radionuclides after inter-
nalization, radioiodinated peptides have a relatively low uptake in vivo
[79,37]. Further, a high uptake of DTPA conjugated [Lys40] exendin-4
labelled with ''In has been reported in the Ripltag2 spontaneous in-
sulinoma mouse model. The conjugation of ***In with [Lys 40 (DTPA)]
exendin 4 has been reported to markedly inhibit the growth of in-
sulinomas in Rp1Tag2 mice [87]. Based on these findings, the use of
GLP-1 receptor agonists has been hypothesized to become a useful tool
to increase the detection rate of insulinomas, which are often hardly to
visualize. Also the conjugation of exendin 3 with DOTA and ®%Ga has
been described to successfully detect small insulinomas, albeit already
inducing symptomatic hypoglycaemia [10].
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Prognostic role of diabetes on PanNETs

DM and glucose intolerance are commonly associated with in-
creased long-term, all-cause mortality in oncologic patients [4]. Since
NET patients are generally at risk of having concomitant DM or of ex-
periencing impaired glucose metabolism from a variety of therapies, the
potential impact of glycaemic alterations on disease progression and
survival is a relevant issue. Unfortunately, few data are available for
NETs as yet.

Up to date, most studies have been mainly focused on the associa-
tion between DM and the risk of developing PanNETs, as a similar as-
sociation is well established for exocrine pancreatic cancer [5,54].
Clinical studies [6,39,13,40] and meta-analyses [41,53] consistently
indicated DM as a potential risk factor for PanNETs. However, only one
of the above mentioned studies provided data on the influence of such
risk factors, including DM, on tumour progression and patients outcome
[13]. In this report, pre-existing diabetes was significantly associated
with metastatic disease at the time of diagnosis, suggesting a more
aggressive behaviour of the tumour in the presence of this comorbidity.
These findings were not confirmed by Ben and co-workers, who failed
to demonstrate any association between advanced disease staging and a
history of DM in their patients with non-functioning PanNETs [6]. More
recently, our study group reported preliminary data on the nutritional
and metabolic features of a cohort of patients suffering from non-
functioning NETs, demonstrating that the presence of metabolic dis-
orders was associated with a more severe disease. In particular, a
greater tumour size at diagnosis was reported in subjects with diabetes
[32]. Also Pusceddu et al. provided data on the potential correlation
among glucose metabolism, diabetes treatment, and disease prognosis
in a small cohort of 31 patients with PanNETSs receiving everolimus in
association with octreotide LAR [69]. Quite surprisingly, patients with
DM had a significantly longer progression-free survival (PFS) compared
with the normoglycaemic group (29 vs 11 months; P = 0.0018). How-
ever, subdividing DM patients on the basis of their antidiabetic treat-
ment, PFS in patients treated with metformin was twice as long as that
of subjects on insulin (36 vs 17 months), suggesting that metformin
rather than DM may be the protective variable [69]. A more recent
study evaluated the risk of developing DM and its effects on all-cause
mortality after radiopeptide therapy for NETs [84]. In this report nei-
ther radiopeptide therapy appeared to increase the risk of developing
DM nor DM coexistence increased the mortality of NET patients un-
dergoing receptor-targeted radiopeptide therapy [84]. Finally, in a
multicentric Italian study evaluating the prognostic factors affecting
survival in NETs patients with ectopic Cushing’s syndrome, DM was
among the negative predictive factors for survival, along with hy-
percortisolism, hypokalemia, and distant metastases [20]. However,
findings obtained in this particular setting cannot be extended to all
NETs patients. Further research focusing on the association between
glycaemic control and adverse outcomes in NETs patients, who are at
risk for treatment-induced hyperglycaemia, is required.

Diabetes management in patients with PanNETs

Diabetes and PanNETS share another aspect, which pertains their
therapeutic approach: for both conditions first line therapy is generally
well-established, whereas difficulties concern the optimal sequential
algorithm for people not reaching treatment goals. When tolerated and
not contraindicated, metformin is the preferred initial pharmacologic
agent for the treatment of type 2 diabetes. After failure of metformin
monotherapy many other antidiabetic drugs are available, nowadays,
and the choice of pharmacologic agents should be individualized based
both on patients and drugs features [22].

For their part, SSAs remain the recommended first-line treatment
for most somatostatin-receptor—expressing G1/G2 PanNETs, whether
functioning or not. Further treatment decision should be based on tu-
mour characteristics, tumour related symptoms, comorbidities, and the
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already treated)

. Fig. 1. Pharmacological treatment of diabetes in

DM patients patients with PanNETs. When glucose control is not

with pNETS achieved with lifestyle and metformin, DPP-4 in-

hibitors represent a promising approach. After the

failure of this combination, we suggest to add a

second-line antidiabetic drug as suggested by cur-

Start metformin rent recommendations [2,34]. After the failure of

(or continue if oral antidiabetic drugs, insulin is required.
the patient is DM = Diabetes Mellitus.

Startoradd a
DPP-4 inhibitor

If HbA1c
>7.0-7.5%

Start or add another second-line

antidiabetic drug

Start or add
insulin therapy

local availability of various alternatives, but the ideal sequence of drugs
after (or together with) SSAs is still a matter of debate [1].

The management of diabetes in patients with PanNETs should be
generally based on the current recommendations for the treatment of
type 2 DM, whether diabetes is already known or hyperglycaemia re-
sults as a consequence of pharmacological and/or surgical treatment
[2,34]. Clearly, the aggressiveness of glucose control should be set
taking into consideration numerous aspects (life expectancy, relevant
comorbidities, resources and support system), and individualized on the
basis of patients’ characteristics. Thus, individually tailored glycaemic
targets of HbAlc level < 7.0-7.5% are adequate, provided that the
patient life-expectancy is long enough and that prevention of micro-
vascular disease is an issue. Conversely, for patients with a poorer
prognosis or in the cases where the treating clinician aims at mini-
mizing the risk of hypoglycaemia, a less stringent glycaemic goal may
better fit for the purpose (e.g., a HbAlc target of 7.6-8.5%) [33].

Diabetes management should include dietary changes and physical
activity. However, the therapeutic approach should take into account
the underlying causes responsible for glucose imbalance (pre-existent
T2DM, secondary DM due to pancreatic surgery, to functioning syn-
dromes, or to the specific drugs employed to treat the tumour), the
presence of nutritional problems, liver and renal function, and so on.
However, data about diabetes therapy for patients with PanNETs are
still lacking and further studies are strongly warranted.

When hyperglycaemia is mild, cancer patients can be treated with
non-insulin antidiabetic drugs, preferentially addressing the patho-
physiological mechanisms behind DM. This means that when DM is due
to a glucagonoma, a somatostatinoma, or a PanNET known to produce
ACTH with ectopic Cushing’s syndrome, where the hypersecretion of
counterregolatory hormones induces insulin resistance, metformin and
glitazones may be preferred (even if pioglitazone may further increase
the risk of bone loss and fracture due to hypercortisolism). Conversely,
insulin therapy (rarely sulphonylureas and glinides) should be preferred
for patients with impaired insulin secretion (DM secondary to pan-
creatic surgery or DM induced by SSAs). The recently introduced so-
dium-glucose co-transporter-2 (SGLT2) inhibitors could be employed
both in patients with insulin resistance and in those with altered insulin
secretion, provided that the renal function is preserved and the patient
is not prone to diabetic ketoacidosis.

Nevertheless, as previously reported, treatment with metformin has
been suggested to delay or slow the progression of different tumours,
including PanNETs, with a potential favourable influence on patients
survival. Therefore, the use of metformin should be contemplated as a
first choice also in the oncological setting [94,68,69]. Further, met-
formin inhibits the hyperactivation of Akt on Ser473 that is secondary
to everolimus therapy, thus potentiating its efficacy [82]. Potential
gastrointestinal side effects of metformin should be taken into account,
especially in patients already suffering from gastrointestinal discomfort
as a result of the PanNET (e.g., VIPoma or gastrinoma related diar-
rhoea) or of the drugs employed for its treatment (SSAs).

As a second choice, DPP-4 inhibitors represent a promising ap-
proach being a class of drugs with few side effects. Furthermore, an
antinflammatory effect on PanNETs has recently been reported [43].
Regarding GLP-1 receptor agonists, their potential proliferative prop-
erties make them an unsuitable class of drugs for the treatment of
PanNET-related DM [11]. Finally, insulin therapy is usually required for
patients on active anticancer therapy as well as for diabetic patients
already on insulin therapy (Fig. 1).

Conclusions

Unexpectedly, PanNETs and DM share many aspects: both of them
are conditions whose incidence and prevalence are increasing, they are
often indolent in their natural history causing long term relevant con-
sequences, and they both can exert unfavourable effects on each other
prognosis. More and more therapies are nowadays available for their
management, but the most effective sequence for each patient is a
matter of debate requiring an individualized approach. Furthermore,
along with obesity, DM is one of the few risk factors already known for
PanNETS, and some of the drugs employed to treat both DM and
PanNETs can exert some effects on the other one. Lastly, the co-ex-
istence of both the conditions in the same subject imposes additional
challenges to the treating physicians. Hopefully, future research and
clinical studies will further provide endocrinologists valuable insights,
empirical answers, and additional evidence to deal appropriately with
these challenges.
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