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Abstract

Purpose of Review Although Glucagon-like peptide (GLP)-1 receptor agonists have been used for almost two decades in the
treatment of diabetes mellitus type 2 and, lately, in obesity, recent years have seen an increasing interest in the pharmacologi-
cal agonism of other proglucagon-derived peptides, including GLP-2. Herein, we aimed to review the available evidence on
the effects of GLP-2 agonism from animal and clinical studies. Furthermore, we summarize the current clinical applications
of GLP-2 agonists among patients with intestinal failure associated with short bowel syndrome (SBS-IF) as well as potential
future expansion of their indications to other intestinal disorders.

Recent Findings Evidence from preclinical studies has highlighted the cellular trophic and functional beneficial actions
of GLP-2 on small intestinal and colonic mucosa. Subsequently, pharmacologic agonism of GLP-2 has gathered interest
for the treatment of patients with conditions pertaining to the loss of intestinal anatomical and/or functional integrity to a
degree requiring parenteral support, collectively referred to as intestinal failure. GLP-2 analogs positively influence nutrient
absorption in animal models and humans, although continued therapy is likely needed for sustained effects. The degradation-
resistant GLP-2-analog teduglutide has received approval for the treatment of SBS-IF, in which it may decisively reduce
patient dependency on parenteral support and improve quality of life. Another two longer-acting analogs, glepaglutide and
apraglutide, are currently undergoing phase III clinical trials.

Summary The use of GLP-2 analogs is effective in the management of SBS-IF and may show promise in the treatment of
other severe gastrointestinal disorders associated with loss of effective intestinal resorptive surface area.

Keywords Apraglutide - Glepaglutide - Teduglutide - Glucagon-like peptide - GLP-2 analog - Intestinal failure - Short
bowel syndrome
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c-AMP Cyclic adenosine
monophosphate

CDh Crohn’s disease

CDAI Crohn’s Disease Activity Index

DNA Deoxy-ribonucleic acid

DPP-4 Dipeptidyl peptidase-4

EGF Epidermal growth factor

ESPEN European Society for Clinical
Nutrition and Metabolism

GE Gastric emptying

GI Gastrointestinal

GLP-2 Glucagon-like peptide-2

GLP-2R Glucagon-like peptide 2
receptor

GIP Glucose-dependent insulino-
tropic polypeptide

GRPP Glicentin-related pancreatic
peptide

IBD Inflammatory bowel disease

IGF-1 Insulin-like growth factor-1

VS Intravenous supplementation

KGF Keratinocyte growth factor

nNOS Neuronal nitric oxide synthase

PC Pro-hormone convertase

PGDP Pro-glucagon-derived peptide

PKA Protein kinase A

PS Parenteral support

QoL Quality of life

SBS-IF Short bowel syndrome-

intestinal failure
SC Subcutaneous
SGLT-1 Sodium-glucose transporter-1
T2DM Diabetes mellitus type 2

Effects on glucose homeostasis
v 1 insulin secretion
v’ | glucagon secretion
v | blood glucose levels

(" pancreas

Anti-obesity effects
v | gastric emptying
v 1 satiety :
v | appetite  brain

sto,."aCh
(9]
=
i
-

Other effects ,-/ &
v 1 cardioprotection &%

heart

intestine /7

Introduction

Glucagon and its hyperglycemic effects were originally
discovered in 1922, while its precise amino acid sequence
was determined as early as 1957 [1, 2]. Since then, our
knowledge regarding its origin and properties has sub-
stantially expanded. The most important milestone in this
course was likely the identification of its precursor protein
proglucagon in the early 1980s, which paved the way for
the characterization of the family of proglucagon-derived
peptides (PGDP).

The proglucagon gene (GCG) is located on chromosome
2 and its expression leads to synthesis of pro-proglucagon,
which is subsequently cleaved to proglucagon [3]. Depend-
ing on the tissue of expression, different sets of PGDPs
are obtained through further enzymatic processing by the
pro-hormone convertases (PCs); cleavage by PC2 (most
abundant in pancreatic alpha-cells) results in production of
glucagon and major proglucagon fragment (MPFG), while
the action of PC1/3 in L enteroendocrine cells leads to the
formation of Glucagon-like peptide-1 and Glucagon-like
peptide-2 (GLP-1 and GLP-2, respectively), oxyntomodulin
and glicentin [3]. PGDPs exert unique physiological actions
in terms of metabolism and energy regulation via their
binding to special G-protein-coupled membrane receptors,
which renders them promising candidates for the treatment
of several clinical entities. In particular, GLP-1 receptor
agonists have been approved for the treatment of diabetes
mellitus type 2 (T2DM) since 2005 [4], while GLP-2 ana-
logs are being investigated for their potential use in vari-
ous gastrointestinal disorders. Figure 1 depicts the different
roles of GLP-1 and GLP-2 analogs in human physiology
[3] (Fig. 1).
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Fig. 1 Main biological actions of GLP-1 and GLP-2. Abbreviations: GLP, glucagon-like peptide. (All images are originated from the free medi-
cal site http://smart.servier.com/ (accessed on June 15, 2022) by Servier licensed under a Creative Commons Attribution 3.0 Unported License)
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GLP-2 receptors, just like GLP-1 receptors, are G-protein-
coupled transmembrane receptors. The binding of GLP-2
to its receptor in the gastrointestinal (GI) tract leads to
increased intracellular cyclic adenosine monophosphate
(c-AMP) production, which, in turn, stimulates intestinal
cell proliferation, while inhibiting apoptosis. Thus, GLP-2
exhibits intestinotrophic effects [5]. On the contrary, GLP-1
receptors, which are mainly located in the pancreatic beta
cells, possess insulin-releasing properties, which are medi-
ated by the accumulation of cytosolic Ca2 + and the c-AMP-
related stimulation of protein kinase A (PKA). In this way,
exocytosis of insulin granules is achieved leading to an
incretin effect [4, 5].

GLP-1 together with gastric inhibitory peptide or glucose-
dependent insulinotropic polypeptide (GIP), which is
secreted by the enteroendocrine K-cells, are the main media-
tors of the incretin effect, namely, the induction of a glucose-
dependent insulin secretion from pancreatic beta cells, while
GLP-1 exhibits strong satiety-promoting properties, which
are exploited for the medical treatment of obesity [6, 7].
GLP-2 is released from the enteroendocrine L-cells together
with the rest of PC1/3-cleaved PGDPs and Peptide YY after
ingestion of nutrients [5]. Although there is also ongoing
interest regarding the potential application of GLP-2 in the
treatment of diabetes mellitus, mounting evidence has advo-
cated its main action as a regulator of growth and prolifera-
tion of cells lining the gastrointestinal (GI) tract as well as its
key properties in increasing intestinal and portal blood flow
and decreasing GI motility. These GI attributes of GLP-2
render it a useful agent for the therapy of several debilitat-
ing GI disorders, especially short bowel syndrome-intestinal
failure (SBS-IF) [7, 8].

In this narrative review, we aim to (i) present the mech-
anisms of action of GLP-2 analogs, with a special focus
on their intestinotrophic properties and effects on nutrient
absorption; (ii) appraise their current therapeutic applica-
tions in patients with SBS-IF; (iii) discuss their therapeutic
potential for other GI disorders; and (iv) review potential
future perspectives of this promising category of agents.

Methodology

In July 2022, a literature search of two bibliographical data-
bases (MEDLINE and Scopus) was conducted to assess
the characteristics and the therapeutic potential of GLP-2
analogs. This search used the following terms: “Glucagon-
like peptide-2 AND (treatment OR therapy OR drug OR
diet OR nutrition).” A search of the abovementioned terms
yielded a total of 903 results, most of which were published
between 2012 and 2022 (during the past 10 years). Of these,
298 studies were excluded, as they dealt with the metabolic
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syndrome, obesity, diabetes, hypertension, bone disorders,
and neurohormonal aspects.

GLP-2 and Their Mechanisms of Action

GLP-2 is secreted postprandially by enteroendocrine L-cells,
which are located in the distal small intestine, the colon, and
to a much lesser extend in the duodenum. Expression of the
GLP-2 Receptor (GLP-2R), a G-protein-coupled receptor, is
restricted to the intestine with higher levels in the jejunum,
lower levels in the distal gut, and even lower expression in
the duodenum. Notably, even within the gut, considerable
GLP-2R mRNA transcript levels are rarely found [9-13].
Moreover, it has been demonstrated that the GLP-2R is
localized to only a few enteroendocrine cells as well as
subepithelial myofibroblasts and enteric neurons, whereas
it has not been found in either the proliferative crypt cells
or any other enterocyte surface. This finding is most sug-
gestive of an indirect, instead of a direct, role regarding the
growth and functional effects of GLP-2 on the gut, medi-
ated by its actions on neuroendocrine cells and probably by
means of other intestinal growth factors, such as Insulin-like
Growth Factor-1 (IGF-1), Epidermal Growth Factor (EGF),
and Keratinocyte Growth Factor (KGF). Figure 2 depicts
the effects of endogenous GLP-2 on the gut under normal
circumstances as well as after exogenous GLP-2 administra-
tion [10-14] (Fig. 2). As the low levels of the GLP-2R can-
not exemplify the prominent effects of GLP-2R activation,
it seems likely that these intestinal growth factors interact
with each other to magnify the intestinotrophic actions of
GLP-2 [9].

The intestinotrophic actions of GLP-2 are mainly mirrored
as growth effects, measured as an increase in villus height and
crypts depth as well as prevention of enterocyte apoptosis.
The abovementioned growth effects of GLP-2 result in a pro-
liferation of the enterocytes and expansion of the epithelial
surface area [9, 15]. Apart from its intestinotrophic actions,
GLP-2 also affects functional properties, as evidenced by
the inhibition of gastric acid secretion and gastric empty-
ing, stimulation of the intestinal blood flow, enhancement in
intestinal barrier functions, anti-inflammatory potential, and
increases in nutrient and fluid absorption. In particular, the
delay in gastric emptying together with the increase in intes-
tinal and portal blood flow and the amelioration of the intes-
tinal barrier function may lead to the enhancement in nutrient
absorption [9, 16, 17]. It should nonetheless be noted that
a prominent GLP2 effect on gastric emptying has not been
universally reported from all available studies [18]. Regard-
ing the improvement in intestinal barrier function, it has been
documented that it may be mediated by the increased expres-
sion of the tight-junction proteins, claudin 3 and 7 [19, 20].
More specifically, tight junctions are composed of at least 40
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A. Normal enteric condition
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Fig.2 A-B GLP-2 is a key enteric hormone released from enteroen-
docrine L-cells that activate mucosal enteric neuron to release nNOS
as well as subepithelial fibroblasts to release EGF and IGF-1. GLP-2
analogs have known therapeutic applications in patients with SBS-IF
and a potential therapeutic use for other moderate to severe gastro-
intestinal disorders. Abbreviations: EGF, epidermal growth factor;

different transmembrane and cytoplasmic proteins. The three
main transmembrane proteins are occludin, claudins, and
junction adhesion molecule (JAM) proteins. Tight junctions
prevent leakage of water and solutes between the epithelial
cells and their function has been demonstrated to improve
by enhancement in the expression of several claudins [21].

Despite its valuable properties, the clinical applications
of the native GLP-2 peptide are limited by its degradation
by dipeptidyl-peptidase 4 (DPP-4), which inactivates both
GLP-2 and GLP-1 very rapidly. Thus, exogenous adminis-
tration of GLP-2 in healthy volunteers results in an elimi-
nation half-life of 7 min, approximately [22, 23]. Never-
theless, this major drawback of GLP-2 has been overcome
by the advent of GLP-2 analogs, which are resistant to the
degradation by DPP-4. Three GLP-2 analogs have been
developed and are currently being investigated for their
intestinotrophic and adaptive mechanisms, in terms of intes-
tinal growth and functions: teduglutide, glepaglutide, and
apraglutide [24-26].

Teduglutide is also a 33 amino acid peptide, which differs
from the native GLP-2 only in a N-terminus substitution of
glycine for alanine at position 2 ([Gly2]GLP-2). This gly-
cine substitution renders teduglutide resistant to enzymatic
degradation by DPP-4 in vivo and prolongs its elimination

B. GLP-2 analogs administration
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GLP, glucagon-like peptide; GLP-2R, glucagon-like peptide 2 recep-
tor; nNOS, neuron nitric oxide synthetase; IGF-1, insulin-like growth
factor-1; SBS-IF, short bowel syndrome-intestinal failure. (All images
are originated from the free medical site http://smart.servier.com/
(accessed on June 15, 2022) by Servier licensed under a Creative
Commons Attribution 3.0 Unported License)

half-life to 3 h approximately. Teduglutide is synthesized by
genetically modified Escherichia coli strains by recombinant
DNA technology. It is administered subcutaneously (sc) at
doses of 0.05 to 0.10 mg/kg once daily, and has approxi-
mately 87% bioavailability after sc administration and is
eliminated via the kidneys. Therefore, a 50% dose reduction
is recommended in patients with moderate to severe renal
impairment (creatinine clearance < 50 mL/min) [24, 27].

Glepaglutide, a novel long-acting GLP-2 analog, differs
from endogenous GLP-2 by having 9 amino acid substitu-
tions and a C-terminal tail consisting of 6 lysine residues.
After sc administration of 1 mg or 10 mg glepaglutide, a
sc depot is formed at the site of the injection, from which
glepaglutide is released into the bloodstream [25, 28].

Apraglutide is the third and most recently developed
long-acting GLP-2 analog, which is administered at a dose
of 5 mg or 10 mg sc every week. It differs from endogenous
GLP-2 by four amino acid substitutions, and has a longer
elimination half-life (72 h), on account of its slower clear-
ance due to the resistance to DPP-4 degradation and higher
plasma protein binding ability. Therefore, apraglutide has
the advantage of less frequent injections than teduglutide
which renders it a candidate for once weekly dosing regi-
mens [26, 29].
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Absorption of Various Nutrients, Parenteral
Nutrition Needs, and GLP-2 Analogs

There is a paucity of literature regarding the role of GLP-2
analogs and their association with nutrition. Accumulat-
ing evidence has supported the utility of GLP-2 analogs
in increasing glucose absorption, both in an acute and in a
chronic manner. In particular, an enhancement of glucose
transport has been documented through the jejunal lat-
eral side membrane of the intestinal epithelial cell, while
increased glucose uptake has also been documented in ani-
mal models [30, 31].

Regarding lipids, the administration of GLP-2 analogs
has been associated with increases in serum triglyceride
levels as well as in free fatty acid release post-prandially in
healthy humans [32]. However, there are inconsistent results
with regard to serum triglycerides levels, as experiments in
neonatal pigs have not shown any enhancement in lipids
absorption with the chronic usage of GLP-2 analogs [33]. It
is plausible that there are species-specific differences regard-
ing the chronic use of GLP-2 analogs and their effects on
lipid absorption.

In terms of amino acid absorption, it has been docu-
mented that there is an increase in the absorption of glycine
and leucine in rodents [34]. Moreover, Lee et al. have also
demonstrated an enhancement in the absorption of even
more essential amino acids in mice [35].

Apart from the enhancement of absorption of glucose,
lipids, and amino acids with the use of GLP-2 analogs, the
administration of these agents has also been related to an
increased digestion of macronutrients in animal models [36].
Therefore, the chronic use of GLP-2 analogs may lead to
improvements in digestion as well as absorption of vari-
ous nutrients, mainly by means of increasing the length of
the microvillus by twofold, approximately [37]. In addition,
GLP-2 analogs have been shown to strengthen the intestinal
epithelial barrier, thereby mitigating local inflammation and
ameliorating intestinal permeability. This feature contrib-
utes to the beneficial potential of GLP-2 analogs to improve
intestinal permeability among patients on parenteral nutri-
tion [31]. More specifically, the administration of GLP-2
analogs may result in diminishing the needs for parenteral
nutrition. Despite the fact that the administration of GLP-2
analogs results in mitigation of the needs for parenteral
nutrition, the clinical course after discontinuation of GLP-2
analogs requires further investigation. Only recently, it has
been suggested that the discontinuation of GLP-2 analogs
may lead again to increased needs for parenteral nutrition,
especially 9 years after treatment cessation [38]. Therefore,
chronic administration of GLP-2 analogs may be necessary
in order to avoid re-institution of parenteral nutrition after
the discontinuation of treatment with GLP-2 analogs.

@ Springer

GLP-2 Analogs and Their Therapeutic Effects

Based on their pharmacological properties, GLP-2 analogs
are useful in the management of disorders pertaining to
a reduction of effective intestinal resorptive surface area,
most prominently among patients with SBS-IF. In 2015, the
European Society for Clinical Nutrition and Metabolism
(ESPEN) has published recommendations on the “definition
and classification of IF in adults” [39]. According to these
recommendations, IF has been defined as “the reduction of
gut function below the minimum necessary for the absorp-
tion of macronutrients and/or water and electrolytes, such
that intravenous supplementation (IVS) is required to main-
tain health and/or growth.” In this definition, two parameters
are a prerequisite for diagnosing IF: first, decreased absorp-
tion of macronutrients and second, necessity for IVS [39].

A “functional classification” of IF has also been proposed
based upon onset of appearance and expected outcomes. (1)
Type I: an acute, short-term, and usually self-limited condi-
tion. This is relatively common, occurring peri-operatively
after abdominal surgery and in association with critical ill-
ness. Patients usually require IVS for a few days or weeks.
(2) Type II: an acute condition with a prolonged course,
often found in metabolically unstable patients, which
requires multidisciplinary care and IVS for weeks or months.
(3) Type I1I: a chronic status in metabolically stable patients,
who require IVS for months or years. This could be revers-
ible or irreversible [39].

Short Bowel Syndrome

SBS is defined as a remaining small bowel with a length
in continuity of less than 200 cm in adults and less than
25% of the remaining small bowel that is expected accord-
ing to age among pediatric patients [8]. Many pathological
processes can lead to SBS, such as mesenteric ischemia,
Crohn’s disease, radiation enteritis, other surgical complica-
tions, and familial polyposis in adults, while another spec-
trum of congenital or acquired causes, such as gastroschisis,
intestinal atresia, midgut volvulus, extensive aganglionosis,
or necrotizing enterocolitis, may present soon after birth in
the pediatric population [40, 41].

Animal Studies

Since it was the first GLP-2 analog to be developed, data
from animal studies on the effects of teduglutide treatment
are considerably more abundant compared to glepaglutide
and apraglutide. Table 1 depicts a detailed description of
studies regarding GLP-2 analogs in animal models, mainly
piglets and, to a lesser extent, mice. Evidently, GLP-2 ana-
logs exhibit positive effects on intestinal growth and nutrient
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digestion and absorption, while some reports have docu-
mented the synergistic effects of EGF, KGF, and IGF-1 on
mediating GLP-2 intestinotrophic properties and enhanced
absorptive and adaptive mechanisms [42—44].

Of note, a shift of the intestinal epithelial cell morphol-
ogy is noted after chronic GLP-2 analog treatment, result-
ing in thinner and more elongated epithelial cells [36, 45].
The microvilli on the apex of the epithelial cells constitute
the main functional unit of the small intestine, harboring
more than 22 digestive enzymes and 53 ion channels and
nutrient transporters. In mice, teduglutide treatment has
been related to increased epithelial paracellular pore func-
tion as well as augmented claudin-10 expression in tight
junctions in the villus tips, where it is localized together
with sodium-glucose co-transporter 1 (SGLT-1) [46]. It
could be therefore speculated that the effects of GLP-2 may
also facilitate sodium, glucose, and water absorption. These
findings in animal models suggest the promotion of both
intestinal growth and function with chronic GLP-2 analog
treatment [47-49].

Human Studies

Table 2 presents a plethora of studies in humans regarding
the use of GLP-2 analogs in pediatric as well as in adult
populations with SBS. It is noteworthy that to date only
teduglutide has FDA and EMA approval, which was granted
for the treatment of SBS in adults in 2012 by both agencies
[50]. FDA has approved teduglutide for pediatric patients
aged > 1 year old in 2019 [51ee].

Teduglutide has been demonstrated to increase microvilli
length as well as crypt depth by approximately 50% among
adult patients with SBS-IF, while its administration resulted
in enhanced macronutrient and fluid absorption in the gut. In
addition, it decreased the requirements for parenteral support
(PS) by 1-2 days weekly, but most notably it led to complete
weaning off PS in 20.5% of patients [50, 52].

Moreover, teduglutide therapy has been associated with
an improved quality of life (QoL) among patients with SBS-
IF [53].

The effect of teduglutide on PS needs among patients
with SBS-IF with >3 days PS requirements for at least
12 month was examined in the randomized, placebo (PBO)-
controlled STEPS study series. These included the original
STEPS study, its 2-year, open-label extension, STEPS-2
and the STEPS-3, a 1-year, open-label extension study in
patients who completed STEPS-2. Among patients who
completed STEPS-2, 14 were enrolled in STEPS-3 and 13
completed STEPS-3 after having received teduglutide for a
total of 42 months. Regarding the results of STEP-3, 8 of 14
patients had a> 1 day while 6 of 14 patients had a > 3-day
reduction in weekly PS requirements. At the completion of
the STEP-3 study, 4 patients were independent from PS [52].

@ Springer

Long-term teduglutide treatment exhibited a safety profile
consistent with previous shorter-term studies, while there
was sustained efficacy, and a further decline in PS needs
over time [54].

Inflammatory Bowel Disorder Without Short Bowel
Syndrome-Intestinal Failure

Crohn’s disease (CD) is a chronic inflammatory, immune-
mediated disorder, which is characterized by focal, asym-
metric, transmural inflammation at any part of the luminal
Gl tract. Its causes remain elusive, while it typically exhibits
a variable clinical course. Genetic and environmental fac-
tors in concert with increased intestinal permeability, activa-
tion of the immune system and an enhanced inflammatory
response are suggested to contribute to the development of
CD [55-57]. The currently available medications for the
treatment of patients with CD include aminosalicylates,
corticosteroids, antibiotics, immunomodulators (thiopurines,
methotrexate), anti-TNFa agents (infliximab, certolizumab
pegol, adalimumab), anti-integrin therapy with vedolizumab
or natalizumab, and lately anti-IL-12 and IL-23 therapy with
ustekinumab. Treatment with biologic agents (anti-TNF-a,
anti-integrins, anti-IL-12, and IL-23) is indicated for patients
with moderate to severe CD, who do not respond to prior
conventional therapy [58-60].

On account of their intestinotrophic properties as well
as their positive effects on the intestinal barrier function,
there has been growing interest regarding the therapeutic
potential of GLP-2 analogs among patients with CD. Indeed,
in a multicenter study, Buchman et al. examined the effects
of teduglutide treatment among patients with moderate
to severe CD, defined as a CD Activity Index (CDAI) of
220-450. Among the initially recruited 100 participants, 71
completed the study. Higher response and remission rates
were reported in all teduglutide-treated groups (0.05 mg/kg/
day, 0.10 mg/kg/day, and 0.20 mg/kg/day) as compared with
placebo, while these positive effects were evident as early
as from the second week of treatment in the highest dose
(0.20 mg/kg/day) group (44% response and 32% remission
vs. 32% response and 20% remission in the placebo group).
Among subjects who did not achieve remission during the
8-week placebo-controlled phase in the higher-dose group,
50% achieved remission during the more prolonged, open-
label treatment phase. Plasma citrulline levels, a biomarker
of small bowel enterocyte mass and small bowel absorptive
capacity [61], were steady across all groups at baseline, but
increased substantially over time in all teduglutide-treated
groups when compared with placebo at week 8. The authors
concluded that teduglutide could be effective in inducing
remission as well as mucosal healing among patients with
moderate to severe CD. However, it should be noted that
further studies are lacking, in particular with the combined
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E 5 § use of GLP-2 analogs and agents already approved for this
£ ;5 g § = indication, which act by means of their anti-inflammatory
SE vz and immune-modulatory properties [62e].
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- é § e sively from preclinical studies. Tavakkolizadeh et al. have

" s EBS 5 E" = demonstrated that treatment with a GLP-2 analog for 3 con-

E s 8 2 '§ 22 g 5 é é secutive days after administration of 5-FU in a mouse model
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2 ; 9 % 5 g £ S § = % depth, findings that are not observed in control mice not hav-
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T3z Es2 s | mEs ing received a GLP-2 analog [63]. Dong et al. have shown
58 g that irinotecan-induced enteritis in mice provoked intestinal
gﬂ ey epithelial barrier damage, which was reversible with the use
© g 5 of GLP-2 analog [20]. Pini et al. have reported that among
eh .= = . .. . . .. .

. ; T 5 mice receiving long-term cisplatin treatment, administration
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—~ O
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O 4:: [64]. Only recently, in 2020, Nardini et al. have documented
ER=R that cisplatin-treated mice show alterations in their intestinal
E F % morphology, which are reversible by the administration of a
g ElR GLP-2 analog [65ee].
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analogs. Moreover, as the number of patients undergoing
bariatric/metabolic surgery continues to rise owing to the
increasing prevalence of obesity and related comorbidities,
the occurrence of dumping syndrome is likewise expected
to increase worldwide. Therefore, apart from somatostatin
analogs, which act by delaying GE and have proven benefits
regarding QoL in patients with dumping syndrome, novel
therapeutic alternatives are mandatory to further enrich our
armamentarium against dumping syndrome [70]. In this con-
text, the combination of somatostatin analogs with GLP-2 or
GLP-1 analogs would be very interesting.

Although GLP-2 and GLP-1 analogs act via different
receptors, which account for their subsequent biological
actions, they likely share similar properties regarding their
diminishing effects on GI motility [70, 71]. This feature that
GLP-2 and GLP-1 analogs share might imply a synergistic
potential of these analogs which together with a somatostatin
analog may be promising in the management of dumping
syndrome. Nevertheless, it should be noted that although
there are available data from isolated case reports and case
series on the efficacy of GLP-1 receptor agonists for the
management of dumping syndrome under certain clinical
circumstances [72, 73], evidence for the potential utility of
GLP-2 analogs for this indication are to date lacking.

Safety Concerns of the GLP-2 Analogs

Adverse side effects are not uncommon with GLP-2 ana-
logs, but are usually mild, self-limited, and of gastrointes-
tinal origin, such as abdominal pain, nausea, vomiting, GI
stoma complications, and abdominal distension [54, 74].
The abovementioned abdominal adverse effects are simi-
lar to those typically seen in patients with SBS-IF treated
with anti-diarrheal agents [75]. GI stoma complications are
expected to occur with GLP-2 analogs, especially stoma
nipple enlargement. Patients should be aware of this com-
plication and instructed accordingly, in order to enlarge and
properly adjust the hole in the stoma pad, thus, mitigating
any discomfort by the protruding stoma nipple. In addition,
injection site mild adverse effects, such as pain, pruritus,
erythema, edema, and hematoma, have been reported. Leg
edema or rarely generalized edema has also been observed,
likely as a consequence of increased intestinal fluid absorp-
tion capacity, especially among patients with preexisting
heart failure and in particular if PS is not discontinued
timely. This complication is usually seen during the first
4 weeks of treatment with a GLP-2 analog, while its inci-
dence recedes thereafter [76]. Serious adverse effects have
been reported very rarely: there are reports of 3 cases of
acute cholecystitis necessitating cholecystectomy, 2 cases
of self-limited intestinal pseudo-obstruction among adults,
and 1 case of ileus and 1 case of intestinal obstruction due to
fecal impaction in pediatric populations [75, 77].

Nevertheless, the intestinotrophic properties of GLP-2
agonism may harbor the presumed risk of progression of
pre-existing tumors in patients under long-term treatment
with a GLP-2 analog. Therefore, according to teduglutide’s
summary of product characteristics (spc), a colonoscopy
with removal of polyps should be performed at the time of
teduglutide treatment initiation, and yearly colonoscopic sur-
veillance is recommended during the first 2 years of therapy.
Subsequent colonoscopies are recommended at a minimum
of 5 year’s interval. In case of occurrence of malignancy
under treatment, teduglutide therapy should be discontinued.
However, there have been no reports of colon tumorigenesis
in human studies, whereas in rat carcinogenicity models,
benign tumors in the small bowel and the extra-hepatic bile
ducts have been documented.

Limitations of Studies

Studies regarding GLP-2 analogs are challenging to perform,
as until today, they are mostly restricted to patients with SBS-
IF, who may have limited access to special health care provid-
ers with expertise in SBS-IF. Therefore, patients with SBS-IF
are rather scarce to find and enroll. This problem accounts for
the majority of the human studies being multi-centered, which
are often difficult to organize and conduct. In addition, even
though the high cost of chronic GLP-2 analog treatment may
seem to pose an obstacle against their use, the overall health
care burden of SBS and its complications is likely consider-
ably greater. In particular, the estimated cost of teduglutide is
reported to be approximately $300,000/year/patient. Although
this over-weighs the annual costs of SBS annual conservative
treatment expenses (estimated to be as high as US $150,000
per patient, mainly on account of PS requirements), teduglu-
tide is expected to offset some of the economic burden of
SBS-IF patients, which has an overall estimated health care
expenditure of up to $500,000/year/patient [78]. It is note-
worthy that no relevant pharmaco-economic studies are yet
available, while the burden of the patients with SBS-IF is
likely much higher than currently estimated, as assessments
are chiefly based upon reports from specialized centers to
which only a minority of patients have access to, mainly due
to their scarcity and limited patient information.

Conclusion

SBS-IF confers a considerable burden for the prognosis and
QoL of affected patients, largely due to the continuous need
for chronic PS. Additional supportive measures are of proven
value, such as the promotion of adequate protein (especially
as a source of glutamine) and caloric intake, bile acid and
carbohydrate supplementation (starch and fiber), and anti-
diarrheal agents and probably somatostatin analogs [79, 80].
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Nevertheless, there is an imperative need for the development
and availability of agents which may aid to the reduction, or
even elimination of the need for PS. GLP-2 analogs seem
to possess promising properties towards that end and may
be currently the best candidates for the medicinal manage-
ment of SBS-IF patients. GLP-2 agonism exerts a positive
effect on intestinal nutrient absorption, although continued
therapy is likely necessary for a sustained benefit. Therapy
with GLP-2 analogs with subsequent reduction in PS needs
has demonstrated benefits regarding the QoL of this laden
patient population [81]. Based upon their GI tract-restricted
actions and their overall good tolerability, these agents could
be also effective as adjunct therapies in other GI disorders,
such as moderate to severe IBD or chemotherapy/radiation-
induced enteritis, especially in combination with other intesti-
nal growth factors, such as IGF-1, EGF, and KGF [42, 75, 82].
Moreover, the need for daily sc administration which could
avert a subset of patients may be overcome by the advent of
novel, long-acting GLP-2 analogs which are already in the
pipeline and may be suitable for once-weekly administration
[26, 29]. Further pharmacological research on GLP-2 analogs
will aim to improve their pharmacokinetic/pharmacodynamic
properties, while more studies are mandatory regarding their
usage alone or in combination with other agents for patients
with severe GI disorders.
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