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Abstract

Short bowel syndrome (SBS) is the main cause of chronic
intestinal failure (IF), defined as ‘the reduction of gut function
below the minimum necessary for the absorption of macro-
nutrients and/or water and electrolytes, such that intravenous
supplementation is required to maintain health and/or growth’.
SBS is a rare disease requiring a multidisciplinary approach in
specialized IF units. The aim of this review was to discuss the
current pharmacological management of SBS-associated IF,
since emerging treatments are currently modifying the natural
evolution of these patients. Enterohormone therapy has
become the first-choice treatment and may decrease the
need for parenteral support and improve patients’ quality of life.
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Introduction
Short bowel syndrome (SBS) is a rare disease resulting
from extensive intestinal resection, and it is the main
cause of chronic intestinal failure (IF) in adults.

IF is defined as “the reduction of gut function below the
minimum necessary for the absorption of macronutri-
ents and/or water and electrolytes, such that intravenous

supplementation is required to maintain health and/or
growth”, and can be classified into 3 subgroups: type I
(acute, short-term condition), type II (prolonged acute
condition) and type III (chronic condition) [1].

The causes of SBS are varied (e.g., mesenteric
ischemia, Crohn’s disease, radiation enteritis, surgical
complications .), and mostly benign (patients with
www.sciencedirect.com
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SBS secondary to radiation enteritis are in remission or
cured of their cancer). The prevalence of this disease is
not well known, in particular, because of its great
variability between countries. However, the exact
incidence of SBS from benign causes is estimated at 2/
million/year [2].

The severity of SBS is related to its etiology, remnant
small bowel length, and bowel anatomy after resection.
Indeed, SBS can be divided into three anatomical sub-
types (Figure 1): end jejunostomy, jejunocolic anasto-
mosis (where part of the colon is in continuity with the

remnant small bowel), and jejunoileal anastomosis
(where the colon and the ileocecal valve are pre-
served) [3].

Intestinal resection may lead to IF that is managed with
parenteral nutrition (PN), which provides energy, fluid,
and electrolyte needs to patients.

Short bowel syndrome
Physiology and spontaneous adaptation
Following intestinal resection, several response mecha-
nisms take place in patients in three phases:

- The acute phase (lasting about 4e6 weeks after
resection), where gastric hypersecretion can result in
diarrhea with important fluid and electrolyte loss. The
challenge during this phase is to compensate dehy-
dration and monitor the micro- and macronutrient
deficiencies.

- The adaptation phase takes place up to 12e24 months
after resection, and is characterized by the imple-
mentation of spontaneous adaptation mechanisms in
SBS patients. The main mechanisms described are a
morphological adaptation (hypertrophy of intestinal

crypts), the onset of compensatory hyperphagia, a
change in microbiota composition, and endocrine
hormone production and secretion. All these physio-
logical adaptations improve the energy, fluid, and
electrolyte balances and may allow reducing or even
weaning from PN [4,5].

- The stationary phase takes place after the sponta-
neous adaptation phase and several long-term com-
plications can then appear (such as oxalate lithiasis in
patients with colon in continuity) in addition to the
risk of malnutrition and home parenteral nutrition

(HPN) complications.
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Disease-modifying therapies in SBS de Dreuille and Joly 3
Prognosis depending on SBS anatomy, etiology, and
functional loss
The survival rate of patients with SBS has been assessed
in different cohorts and is around 90% at 1 year, 65% at 5
years, and 30% at 20 years. Most deaths occurring in the
first two years of PN are due to the underlying disease or
to pre-existing malignancies but not to HPN complica-
tions. Several factors that may influence patients’ prog-
nosis have been identified: Crohn’s disease and chronic
intestinal pseudo-obstruction leading to SBS have been
associated with better survival, and the age of the patient

inversely correlates with the survival rate [6,7].

Regarding HPN dependence, several characteristics of
the patients may influence the natural evolution.
Weaning from PN is a key factor for the prognosis of SBS
patients because of the complications of long-term
HPN, such as liver failure and catheter-related compli-
cations, and its negative impact on the quality of
life (QoL).

Patients’ dependence on PN depends on the absorptive

function of the remnant gut, that is to say, its capacity to
absorb nutrients and fluids, which is generally improved
during the adaptation phase.

Furthermore, gastrointestinal (GI) reconstruction re-
duces the time to wean from PN, especially because of
the important role of the colon in fluid and electrolyte
absorption [6,7]. The gut anatomy also influences the
degree of HPN dependence: a remnant small bowel
length >75 cm and a colon length >57% reduce this
dependence. More precisely, end-jejunostomy patients

with a remnant small bowel <115 cm, jejunocolic anas-
tomosis patients with a remnant small bowel <60 cm,
and jejunoileal anastomosis patients with a remnant small
bowel <35 cm are less likely to be weaned from PN [8].

Furthermore, patients receiving a large volume of PN or
fluid and electrolyte supplementation alone are also less
likely to be weaned from PN [9].

Thus, not only the underlying disease and the anatomy
of the remnant bowel but also the mucosal function of

the gut is important to determine the severity of IF as
well as the prognosis of SBS patients.
Management of gastrointestinal symptoms
In addition to the spontaneous mechanisms observed in

the bowel after resection, that may be beneficial to the
patient, some GI symptoms may be managed with
adequate treatment.

PN and dietetics
First, appropriate intravenous supplementation should be
initiated after resection, based on the energy, fluid, and
www.sciencedirect.com
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electrolyte needs, with micronutrient supplementation
when necessary. In case of lipid malabsorption, supple-
mentation with fat-soluble vitamins (A,D,E,K) may also
be given [10]. Regarding the dietary management of GI
symptoms, a hyperphagic diet is recommended. Patients
are advised to take frequent and small meals (at least
five), and to avoid overconsumption of fluids during
meals. High-protein and high-calorie diet are recom-

mended to compensate malabsorption [11].

For patients with colon in continuity, a high-
carbohydrate, low-fat diet is recommended, as well as
a low-oxalate diet to avoid oxaluria and nephrolithiasis
[12]. On the other hand, patients with end-jejunostomy
can benefit from a high-lipid diet and oral rehydration
solutions [1,10].

Surgical options
As for the surgical management of SBS, restoring the
digestive continuity should be considered in all patients
with enterostomy, and performed whenever possible,
3e6 months after the last resection. As previously
mentioned, this procedure increases SBS patients’ sur-
vival and reduces HPN dependence, by optimizing the
bowel anatomy in patients with colon in continuity [13].
The patient nutritional status should be optimized

before the reconstruction surgery [14].

In SBS patients with life-threatening complications,
intestinal transplantation may be considered as the last
surgical option, but this procedure is rarely performed
due to its high mortality rate.

Conventional medical management of GI symptoms
Besides the medical management of the initial cause of
intestinal resection, some treatments are commonly
used to reduce GI symptoms. Proton pump inhibitors
(PPI) effectively reduce gastric hypersecretion occur-

ring in the acute phase of SBS. In end-jejunostomy pa-
tients, this treatment must sometimes be continued for
life, whereas in patients with colon in continuity, it can
usually be discontinued after one year. Regarding the
management of diarrhea, which is one of the most
troublesome symptoms for patients, opioid drugs such as
loperamide or codeine may effectively reduce transit
time and thus reduce diarrhea [10,12].

Thus, the natural evolution of SBS after resection and
the mechanisms underlying the physiological adapta-

tions need to be understood since they are crucial for
patients [4,5]. The factors associated with patients’
survival and weaning from PN are well described and the
management of these patients has improved signifi-
cantly in the last few decades, notably through the ad-
vances in HPN management, leading to an amelioration
in patients’ QoL and survival.
Current Opinion in Pharmacology 2022, 65:102240
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However, the advent of new treatments derived from
gut hormones has changed the management of SBS
patients and challenged the knowledge of the sponta-
neous evolution of SBS.
Pharmacological management: a new place
for growth factors
In recent years, GI peptide hormones have raised
particular interest in the research and clinical manage-
ment of SBS patients. Since their use could change the
course of the disease, some of them are now part of the
therapeutic arsenal, and others are under investigation.

Two proglucagon-derived enterohormones have been
widely investigated, especially because of their trophic
effect on the gut mucosa. Indeed, proglucagon gene
encodes for 3 peptides, namely glucagon, GLP-1 and
GLP-2, which share 40e50% sequence identity [15].

Glucagon-like peptide 1 (GLP-1)
The use of GLP-1 analogs has been assessed for the
treatment of SBS patients, due to their effect on gastric
emptying. The administration of exendin-4, a GLP-1
receptor agonist, and liraglutide, a GLP-1 analog, both
approved for the treatment of type 2 diabetes, was
tested in respectively 5 and 8 SBS patients, in an off-
label use. These pilot studies have shown encouraging
results, including a slowing of gastric emptying, a
reduction in stoma output, and an improved absorption
[16,17]. This important improvement observed in bowel

absorption and nutritional status needs to be confirmed
in larger studies [18,19].

Glucagon-like peptide 2 (GLP-2)
GLP-2 is another proglucagon-derived peptide secreted
by the L-cells of the diffuse enteroendocrine system in
response to nutrient ingestion. This endogenous hor-
mone increases villus height and crypt depth, thus
enhancing intestinal absorption. It also increases transit
time and mesenteric blood flow and has a beneficial
effect on the barrier function and immune protec-
tion [15,20].

Teduglutide is a GLP-2 analog resulting from the sub-
stitution of a single amino acid compared to endogenous
Table 1

Summary of Teduglutide phase III clinical trials.

Phase III study Authors Number of patients Teduglutide

STEPS-I Jeppesen et al. (2012) n = 43 Teduglutide
n = 43 placebo

0.05 mg/kg

STEPS-II Schwartz et al. (2016) n = 65 0.05 mg/kg
STEPS-III Seidner et al. (2018) n = 13 0.05 mg/kg
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GLP-2, allowing resistance to degradation by DDP-4,
thus extending its half-life to 2 h.

Clinical trials
The results of Teduglutide human clinical trials (CTs)
are summarized Table 1.

The first phase III trial has shown encouraging results in
terms of treatment tolerance and efficacy. In this study, 86
patients were treated with Teduglutide (n = 43) or pla-
cebo (n=43) for 24weeks, and the number of responders
was significantly higher in the Teduglutide group than in

the placebo group, while the number of patients who
discontinued treatment was similar between both groups.
The response to treatmentwas defined as a 20% reduction
in PN volume [21]. This study has allowed identifying a
subpopulation of patients showing higher response rates
to Teduglutide: the population with a mean age of 52
years, Crohn’s disease as the most common etiology of
SBS, and with a lower percentage of the remnant colon
than the overall study population [22].

Some of the patients included in this 24-week study

named STEPS (Study of Teduglutide Effectiveness in
PN-Dependent SBS Subjects) then participated in the
STEPS-II extension study. They were treated for 24
months with Teduglutide after the first 24 weeks of
treatment with either placebo or Teduglutide. A total of
65 patients completed the study, and the preliminary
results regarding treatment response and tolerance were
confirmed. Thirteen patients were weaned from PN and
most adverse events were mild to moderate [23].

The STEPS-III study has confirmed the long-term

safety and efficacy of Teduglutide. Indeed, 13 patients
were followed for 42 or 36 months (depending on the
group to which they were assigned in the first part of the
study). All patients previously weaned from PN
remained PN-free and no serious adverse event was
reported. However, all patients reported at least one
treatment-emergent adverse event (TEAE), i.e., an
asthenic condition and diarrhea in most cases, but none
of these TEAEs led to treatment discontinuation [24].

These long-term studies aimed at determining whether
some patients were more likely to respond to treatment.
dose Study
duration

Response to
treatment

Weaning
off PN

Number of treatment
discontinuations

/day 24 weeks 63% (n = 27) 0 n = 2

/day 24 months 74% (n = 48) 20% (n = 13) n = 0
/day 36 months Non-specified 31% (n = 4) n = 0
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Disease-modifying therapies in SBS de Dreuille and Joly 5
Regarding bowel anatomy, the reduction in PN volume
was greater in end-jejunostomy patients than in jeju-
nocolic anastomosis patients, and this could be due to
the fact that they received higher PN volume at base-
line. Overall, the response to Teduglutide has been
associated with the bowel anatomy, SBS features, and
the initial prescription of PN [25].

Real-world data
After the aforementioned CTs and the approval of
Teduglutide for SBS treatment, several real-world

studies have been conducted. The characteristics and
results of these studies are summarized in Table 2.
Overall, a response rate of at least 70% was achieved in
these cohorts, and 15e61% of patients could be weaned
from PN. The presence of a colon in continuity has been
shown to be a favorable factor for achieving weaning
from PN, as well as a small initial volume of PN and a
significant oral intake [26,27].

Identification of predictors of response
Early responders tend to have no colon in continuity, and
Crohn’s disease seems to be the main cause of SBS in
this subgroup. On the other hand, late responders would

be more likely to have colon in continuity and ileocecal
valve [28]. Joly et al. have reported their real-life
experience with teduglutide in a French national
multicenter (10 expert centers), retrospective trial
(n = 54). This is the largest real-world cohort published
to date. After 24 weeks of treatment, 13 patients (24%)
were completely weaned from parenteral support (PS)
and 46 patients (85%) were responders (reduction in PS
volume >20% from baseline). A higher basal oral intake
was associated with a response at week 24 (P = 0.02).
However, no association was found with the age, the

underlying disease, and bowel anatomy. Furthermore,
patients who were weaned from PS at week 24 received
a lower volume of basal PS (P = 0.03), higher oral intake
(hyperphagia) (P = 0.01), and had a remaining colon in
continuity (P = 0.04) [26].

It is important to note that the clinical characteristics of
the patients included in real-world studies as well as the
outcomes reached with Teduglutide were not necessarily
Table 2

Summary of Teduglutide real-world studies and results.

Authors Number of
patients

Teduglutide dose Study du

Lam K et al. (2018) n = 18 0.05 mg/kg/day 10 mon
Schoeler et al. (2018) n = 14 Non-specified 24 mon
Noelting et al. (2019) n = 20 Non-specified 12 mon
Pevny S et al. (2019) n = 19 0.05 mg/kg/day 12 mon
Joly F et al. (2019) n = 54 0.05 mg/kg/day 6 month
Puello et al. (2020) n = 18 0.05 mg/kg/day 36 mon
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identical to those of the CTs. This is mainly due to the
difference in the selection of patients (to be included in
CTs, patients had to have a minimum of 3 PN perfusions
a week, whereas in real-world the inclusion is larger, with
no limit of perfusions), and to the PN reduction process
used. Indeed, in CTs, a precise algorithm is used to
reduce PN, based on the estimation of hydro-electrolytic
absorption, whereas in real-world other factors are

involved in the decision, such as weight, food intake,
general status, and energy absorption.

A longer study in 18 patients with a mean follow-up of
3.2 years has failed to identify factors significantly
associated with the response in terms of bowel anatomy
and initial PN volume. In all PN-weaned patients,
Crohn’s disease was the cause of SBS and the ileocecal
valve was absent [29]. After a thorough review of all the
studies, it seems that the gut anatomy probably plays a
pivotal role. Although the absolute reduction in PS

volume was greater in patients with jejunostomy
compared to those with colon in continuity, fewer jeju-
nostomy patients were completely weaned from PS. It is
therefore crucial to dissociate hydroelectrolytic/fluid
dependence from energy dependence.

In order to find a way to monitor the clinical response to
Teduglutide, a CT-scan study has been conducted in 31
SBS patients and has shown a significant increase in in-
testinal wall thickness less than 6 months after treatment
initiation. Patients who achieved a reduction in PN

volume �20% at 12 months tended to have a greater in-
crease in wall thickness. Thus, imaging could be a useful
tool to monitor the response to Teduglutide [30]. Further
studies are needed to investigate the early monitoring.

Indications
Regarding treatment indications, patients could be
classified as non-candidates (patients with a specific
contraindication or on the waiting list for an intestinal
transplant), potential candidates (patients with severe
comorbidities and/or at risk of malignancies), for whom
the potential initiation of treatment should be discussed
carefully, and direct candidates without specific
comorbidities or contraindications [31]. The specific
ration Response to
treatment

Weaning off PN Number of treatment
discontinuations

ths 88% (n = 16) 61% (n = 11) n = 0
ths 71% (n = 10) 14% (n = 2) n = 0
ths 82% (n = 16) 33% (n = 6) n = 2
ths 79% (n = 15) 21% (n = 4) n = 10
s 85% (n = 46) 24% (n = 13) n = 2
ths 88% (n = 16) 28% (n = 5) n = 5
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Table 3

Teduglutide contraindications (from REVESTIVE® Product
Monograph, Shire-NPS Pharmaceuticals).

Revestive is contraindicated for patients who:

Are hypersensitive to this drug or to any ingredient in the
formulation, including any nonmedicinal ingredient, or
component of the container.

Have active gastrointestinal (GI) malignancy (GI tract,
hepatobiliary, pancreatic)

Have a history of malignancies in the gastrointestinal tract and/or
the hepatobiliary system including pancreas within the last 5
years

6 Gastrointestinal (2022)
contraindications to Teduglutide therapy issued by the
manufacturer are listed Table 3. For potential candi-
dates, initiation of treatment is questionable because of
the comorbidities, especially cardiac insufficiencies,
which are not specific contraindications but the efficacy
of treatment could lead to adverse effects such as fluid
overload. Moreover, patients who had radiotherapy in
the past are at high risk of malignancies secondary to
radiotherapy, thus they present a predisposing ground to
secondary proliferative adverse effects of Teduglutide.

For these 2 groups of patients, Teduglutide initiation
should be decided on a case-by-case basis, and if initi-
ated the patient’s monitoring may be reinforced ac-
cording to its condition.

For carefully selected patients, Teduglutide is the first-
choice treatment, and it should be initiated during the
Figure 2

Schematic presentation of intestinal adaptation and
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adaptative or stationary phase, usually after at least one
year of PN after resection.

A definition of Teduglutide indication could in fact be
the ongoing IF requiring continuation of PN even after
one year of spontaneous adaption.

However, the time to treatment initiation is still

discussed. A case report has described the case of a 37-
year-old man with Crohn’s disease leading to SBS with
end-ileostomy after several resections, who initiated
Teduglutide before intestinal continuity restoration. He
was weaned from PN after 2 months and remained PN-
free after surgery [32]. This type of study raises the
question of treatment temporality. As schematically
represented in Figure 2, it has not yet been determined
whether early treatment could accelerate adaptation to
reach earlier the rate of natural adaptation (plateau
phase), or if it could rapidly induce a hyper-adaptation

after resection, reaching a higher plateau phase than
that reached spontaneously [33].

Impact on the quality of life
One of the most important goals in the management of
patients with SBS-IF is to improve their QoL that is
usually impaired either due to the burden of PS, com-
plications of HPN, the presence of stoma, opiate use,
symptoms of malabsorption, or the underlying disease
[34,35]. The latest available data were published in 2020
from the STEPS trial in which the QoL was assessed
using a validated SBS-QoL scale at baseline and every 4

weeks for a total of 24 weeks. The impact of teduglutide
treatment. Adapted from Jeppesen et al. [33].

www.sciencedirect.com
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Disease-modifying therapies in SBS de Dreuille and Joly 7
on SBS-related QoL compared to placebo varied between
subgroups and was significant and more pronounced in
patients who received the highest baseline volume of PS
or with inflammatory bowel disease [36].

Tolerance and safety
Besides the proven efficacy of treatment, its tolerance
and safety have been comprehensively assessed
[26,37,38]. Although most reported adverse events were
mild, the most common being abdominal pain, the lack
of evidence does not currently allow deciding on the
long-term safety of treatment. In particular, the risk of

Teduglutide-induced neoplasia is still under investiga-
tion and should be taken into account for each patient.
Indeed, several cases of unexpected small bowel polyps
have been described in the literature in patients treated
with Teduglutide [39,40], and in a study conducted in a
large cohort of 170 SBS patients treated with Teduglu-
tide, 5.8% of patients (n = 10) experienced colon polyps
[41]. A prospective, observational, multi-center registry
has been initiated in June 2014 to assess, among other
outcomes, the risk of developing benign neoplasia [42].

Other GLP-2 analogs under development
Given the efficacy of this first GLP-2 analog, other GLP-
2 analogs with longer half-lives are under clin-

ical development.

Glepaglutide, another longer-acting GLP-2 analogue, is
currently tested in a phase III clinical trial. The results
of a single-center, phase II trial have already been
published. A total of 18 patients were randomized to 3
treatment doses (0.1, 1, and 10 mg). Patients were
treated for two 3-weeks periods separated by a washout
period of 4e8 weeks. Endpoints included scintigraphy,
wireless motility capsule, and paracetamol absorption
test. In the 10-mg dose group (n = 9), Glepaglutide

significantly increased the time to 10% gastric emptying
(GE) of solids by 27 (4e50) minutes (adjusted mean
[95% CI]), time to 50% GE of fluids by 40 (1e80) mi-
nutes, and time to 10% small bowel-emptying of solids
by 21 (1e41) minutes. The wireless motility capsule
transit did not significantly change in any of the dose
groups [43].

Apraglutide is another GLP-2 analog under develop-
ment, characterized by the substitution of 4 amino
acids, and a very low clearance as shown in vivo in rats

[44], allowing injecting patients once a week. In a
placebo-controlled, double-blind, randomized, crossover
phase 2 trial, eight adults with SBS-IF were treated with
5 mg of Apraglutide and placebo once a week for 4
weeks, followed by 10 mg of Apraglutide once a week for
4 weeks, with a washout period of 6e10 weeks between
treatments. Safety was the primary endpoint. The safety
profile was comparable for both doses. Treatment with 5
and 10 mg of Apraglutide once a week significantly
increased the mean adjusted urine output by 714 mL/
www.sciencedirect.com
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day (95% CI, 490e939; P < 0.05) and 795 mL/day (95%
CI, 195e1394; P < 0.05), respectively, compared to
placebo, without any significant difference between
both doses [45].

These two molecules have longer plasma half-lives than
Teduglutide, reaching around 50 h for Glapaglutide and
72 h for Apraglutide [45,46]. Pharmacokinetic studies

have been conducted in rats to compare the pharma-
cological characteristics of the three GLP-2 analogs. The
clearance of Apraglutide (0.27 � 0.04) was lower than
that of Glepaglutide (2.8 � 0.4), Teduglutide
(9.9 � 2.1), and native GLP-2 (25 � 2.3) [44].

Other discussed treatment options
In addition to the PN reduction elicited by GLP-2 an-
alogs, reducing the stoma output could further improve
patients’ QoL. For this reason, the combination of the
effects of GLP-1 and GLP-2 has been investigated.
Dapiglutide is a new dual GLP-1 and GLP-2 receptor

agonist, that has been tested in mice after intestinal
resection. The results showed improved glucose toler-
ance and intestinal growth, associated with reduced
transit time and water loss [47].

With a similar objective, a pilot study has assessed the
effect of Sitagliptin, a DDP-4 inhibitor, in SBS patients.
This molecule would prevent the degradation of GLP-1
and GLP-2 by DDP-4. This small study has failed to
show any improvement in intestinal absorption but a
heterogenous response has been observed [48].

Thus, combining the trophic effects of GLP-2 and the
GI motility benefits of GLP-1 could be beneficial in the
treatment of SBS patients in the future.
Conclusion
SBS is a rare complex disorder due to multiple etiol-
ogies, that requires a multidisciplinary management. PN
is the reference treatment in patients with chronic IF
due to SBS and can lead to several long-term compli-
cations in addition to a significantly impaired QoL. The
advent of GLP-2 analogs that may change the prognosis
of patients is adding a new dimension to the pharma-
cological management of SBS. Enterohormone therapy
is undoubtedly the new cornerstone in SBS-IF. Based on

the results of randomized controlled trials and recent
real-world experience, Teduglutide appears to be very
effective. However, careful monitoring of patients
during treatment is mandatory and the results of
ongoing studies are promising for patients. A new era has
just begun with the identification of key hormones for
the management of SBS-IF. Therefore, new enter-
ohormone analogs are currently being developed and
studied to combine prototrophic, proabsorptive, and
motility effects with extended half-life. These advances
will also allow assessing their potential, especially in
Current Opinion in Pharmacology 2022, 65:102240
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combination with other enterohormones. Since this new
therapy completely modifies the natural course of SBS,
patients’ care should be adjusted accordingly and these
new drugs should be considered as part of a global
strategy including dietetic, surgical, and nutri-
tional approaches.
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