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ARTICLE INFO ABSTRACT

Keywords: Introduction: Current treatment of patients with chronic intestinal failure due to short bowel
Short 'bowel_ syndrome syndrome (CIF-SBS) attempts to promote the intestinal adaptation process. Teduglutide (TED) is
Intestl;lal' failure the first successful pharmacological intervention which enhances natural intestinal adaptation.

Eﬁ(iilﬁeflde Aim: To present the long-term results and follow up of all the children treated with TED at

specialized intestinal failure units in Argentina.

Methods: Multicenter, descriptive, retrospective study of patients aged 1-18 years with CIF-SBS,
that initiated TED in specialized centers in Argentina. Sex, age, SBS etiology/anatomy, remain-
ing small bowel length (RBL), 20 % decrease in initial parenteral nutrition (PN) volume, and
weaning at 3-6-12 months of treatment are described.

Results: Thirty-three patients (11 female) treated with TED between 1/2017 and 8/2023 in 9
centers were included. Median time of CIF-SBS prior to TED was 6.06 (IQR 3.8-10.4) years.
Median age at starting TED was 7.5 (IQR 4.8-12.4), range 2.5-18 years. Anatomy types: type 1 in
1; type 2 in 22, and type 3 in 9. Median time of treatment was 1.5 (IQR 0.52-3.2) years.

A 20 % reduction of the initial weekly PN volume was obtained in 23 patients (70 %) and
complete PN discontinuation without detriment of the nutritional status was achieved in 36 %
during the entire follow-up period.

The most frequent adverse event was mild abdominal pain, and two patients discontinued the
medication due to adverse events.

Conclusions: The Argentine experience with TED as part of the intestinal rehabilitation strategies
showed good results and adverse events like those reported in other international series.
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Introduction

Intestinal failure (IF) has been defined as the reduction in gut function below the minimum necessary for the absorption of
macronutrients, water, electrolytes, and micronutrients, requiring intravenous supplementation to maintain health and/or growth in
children [1].

Short bowel syndrome (SBS) is the main cause of chronic IF (CIF) in pediatric patients. SBS occurs after a resection of a large
segment of the small bowel, either by congenital or acquired lesions and secondary dysmotility and malabsorption/ maldigestion,
resulting in loss of the absorptive area. The syndrome leads to diarrhea, dehydration, electrolyte disturbances, and malnutrition. In
children, it results in the inability to maintain proper growth and development [2].

The length of the remaining small bowel that defines SBS in children is controversial. It has been proposed as the need for
parenteral nutrition (PN) for more than 42 days after a bowel resection or a residual small-bowel length (RBL) of less than 25 % of that
expected for gestational age [3].

Current treatment of patients with CIF-SBS includes home PN combined with a controlled oral/enteral diet, medical treatment with
drugs aiming to reduce diarrhea and surgical treatment to restore intestinal transit or to lengthen the remaining intestine. All these
therapies that intend to promote the intestinal adaptation process and to gain PN independence are called Intestinal Rehabilitation (IR)
[4,5].

Within the mechanisms involved in intestinal adaptation, the role of enterohormones is strategic. Among them, glucagon-like
peptide 2 (GLP-2) has the following effects: a) decreases gastric secretion and motility, b) regulates the intestinal transit, c) stimu-
lates the intestinal blood flow, d) improves the intestinal barrier function, e) increases fluid and nutrients absorption [6]. The native
GLP-2 has a short half-life due to enzymatic degradation by the dipeptidyl peptidase-IV. Various synthetic analogues with a longer
half-life have been developed using recombinant DNA techniques for clinical use. Teduglutide (TED) is the first of these analogues used
in the clinical practice and so far, it is the only one approved to be used by children [7]. In 2012 the European Medical Agency (EMA)
and the Food and Drug Administration (FDA) approved the use of TED for adults with SBS [8]. Later in 2016 and in 2019, EMA and
FDA respectively approved its use in children older than 1 year of age [9,10]. In 2023, Chiba et al. reported the first data on the efficacy
and safety of TED in infants under 1 year of age (between 4 and 12 months of gestational age) and additional data on children with
IF-SBS, reporting similar PN reductions, with comparative or fewer safety concerns in infants compared to children [11].

The aim of the present work is to present the long-term results and follow up of all the children treated with TED at specialized IF
units in Argentina.

Methods

This is a multicenter, descriptive, retrospective study of patients aged 1-18 years with CIF/SBS, that initiated TED in specialized
centers in Argentina. Sex, age, SBS etiology/anatomy, intestinal length, follow-up period, 20 % decrease of initial PN volume, and
weaning at 3-6-12 months of treatment are described.

Data was collected in a database constructed for this study and extracted from clinical records and/or databases, and it was
completed prospectively at each participating center.

The data was expressed in absolute values, percentages, Median (M/IQR). For the statistical analysis, the SPSS version 20 program
was used. Non-parametric tests were used. Mann Whitney for comparison between groups and Wilcoxon to compare the same group in
two measurements.

The prescription criteria were uniform across the centers and were based on the recommendations of the Spanish Guidelines
published in 2017 [12] and the ANMAT’s endorsements [13]. These criteria included, a) medication prescription and follow-up to be
performed by healthcare professionals with experience in the management of SBS; b) patients to be older than 1 year of age with
baseline diagnosis of SBS and PN dependent, clinically stable, with a period of at least 3-6 months after the last abdominal surgery, and
PN prescription stable; c) caregivers willing to administer the medication subcutaneously and capable to adhere to all clinical and
laboratory follow up proposed to assess the efficacy and safety of the treatment.

Nevertheless, the follow-up protocols for patients under TED were specific to each center.

This study was approved by the institutional Ethics Committee DDI (1687) 0824.

Results

Nine specialized pediatric centers in Argentina have reported treating patients with TED. Since the drug’s approval in December
2020 [13], these centers have cared for a total of 104 children with SBS who had been dependent on PN for more than a year. Within
this population, thirty-three patients (11 female) were treated with TED between 1/2017 and 8/2023, and those are the patients
included in the present analysis. Nine of those patients started treatment before the Argentine drug agency’s (ANMAT) approval. Each
center had between 1 and 12 patients on TED.

The medication dose used was 0.05 mg/kg/day for all of them.

Median time of CIF-SBS prior to start treatment with TED was 6.06 (IQR 3.8-10.4), range 1.2-17.9 years. Median age at starting
TED was 7.5 (IQR 4.8-12.4), range 2.5-18 years. The etiology of SBS in patients with neonatal onset CIF was: gastroschisis in 8, atresia
in 10, necrotizing enterocolitis in 1, volvulus in 3 and cloacal malformation in 1. In those with post-neonatal onset, 5 patients with
volvulus were included, 2 with abdominal trauma, 2 postsurgical complications, 1 complicated Stevens-Johnson Syndrome. The
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reported median of remmant bowel length (RBL) was 22 (IQR 15-37) cm. RBL was < 40 cm in 79 %, and < 20 cm in 60 %; 1 patient had
duodenum-colonic anastomosis, and 2 patients had an end colostomy. According to the type of remaining anatomy [14], 1 patient had
anatomy type 1; 22 patients had type 2 [18 subtype A (<40 cm RBL) and 4 subtype B (> 40 cm)], 9 patients had type 3 (A 6,B 3) and 1
patient had duodenum-colic anastomosis.

All the patients included in the analysis were followed up until 8/2023. The median time of treatment was 1.5 (IQR 0.52-3.2) years,
range 0.25-6.7 years. Fifteen patients received TED for < 12 months, 6 patients received it between 12-24 months and 12 patients
were treated for more than 24 months. Two patients electively discontinued TED after 3.6 and 4.6 years of treatment and 2.0 and 3.6
years after PN discontinuation respectively. Both patients maintained their nutritional status under oral supplementation after 1.33
and 0.26 years of TED discontinuation. A third patient has been electively on alternate days of TED treatment for 2.2 years with
favorable progress, and 2 patients discontinued TED due to complications after 2.09 and 0.8 years of treatment respectively.

In terms of adaptability and response to TED treatment, a 20 % reduction of the initial PN volume was obtained 23/33 (70 %) of the
entire series treated and it was achieved as follows, 14 /33 patients at month 3, in 23/29 patients at month 6, and in 19/19 at month
12. An overall adaptability of 12/33 (36 %) was observed in the entire follow-up period. Complete PN discontinuation without
detriment of the nutritional status was achieved in 4/33 patients at month 3, in 6/29 patients at month 6 and in 8/19 patients at month
12 of TED treatment. Table 1 shows the changes in parenteral intake, stool output, and BMI z score and height for age in all treated
patients.

Three patients required transient increases in PN during non-TED related complications and one patient required restarting PN for
one month due to nutritional deterioration associated with pneumonia, after having discontinued it. Median time of TED treatment
until weaning from PN in the 12 patients was 8.16 (IQR 2.8-20.2) months (range 3 —41). Changes in parenteral intake, stool output
and anthropometric parameters at the beginning of TED treatment and at the last clinic visit, of all patients treated, can be seen in
Table 1. When comparing different variables between rehabilitated vs PN dependent patients at the last follow up visit, longer duration
of treatment was the only statistically significant variable, but it is likely that the non-weaned group contains patients who would adapt
with longer follow up (Table 2).

The adverse events related to the GI tract registered during TED treatment were abdominal pain (9 patients), peri anastomotic
ulcers (4), intestinal partial occlusion (1), small bowel adhesions (1), transient cholestasis (1). Two patients required cholecystectomy,
one for cholesterolosis and another for acute cholecystitis due to pre-existing lithiasis. There were no systemic adverse events asso-
ciated with the use of TED, such as volume overload in responding patients. Two patients discontinued TED due to adverse events. One
patient, 3 months after weaning PN presented with repeated sub occlusive symptoms without evidence of mechanical obstruction,
which determined nutritional and metabolic deterioration that was resolved by suspending TED and restarting PN. The other patient
presented episodes compatible with severe d lactic acidosis that only improved with the interruption of TED.

Discussion

TED is the first specific CIF-SBS drug approved for both adults and children over one year of age. Although the experience with its
use in children is limited due to the small number of patients and shorter follow-up periods, it has demonstrated a comparable rate of
positive outcomes to that seen in adults, with a low incidence of serious complications.

The first results of a clinical trial using TED in children were published in 2017 [15]. This 12-week multicenter study evaluated the
safety and efficacy of different doses of TED compared to a control group receiving standard care. The authors found that TED showed a
good safety profile and was well tolerated in pediatric patients at the tested doses (0.0125, 0.025 and 0.05 mg/kg). They also reported
that treatment was associated with a reduction of PN requirements in the population studied. At week 12, PN had been discontinued in
4 patients, but it was restarted in 2 of them 4 weeks after discontinuation.

A 24-week follow-up study of pediatric patients was published in 2020 [14]. Of the 59 patients included, 54 % managed to reduce
more than 20 % of the PN intake with a TED dose of 0.025 mg/kg/d, 69 % with a dose of 0.05 mg/kg/d, and 11 % with standard care.
Additionally, five treated patients managed to discontinue PN [16].

Published evidence on the use of GLP-2 analogues in children is limited and recent. In June 2022, Gigola et al. published a sys-
tematic review covering studies up to November 2021 on the use of TED in patients under 18 years of age. Fourteen studies met the
inclusion criteria, encompassing 223 patients who were treated for a median of 45 weeks (IQR 36-52.5). Thirty-six patients (16 %)
were weaned from PN in a M of 24 weeks (IQR 24-48), 149/223 (67 %) patients reduced parenteral support in terms of volume,
calories and hours of infusion. Complications were also reported in 11 of 14 publications, the most frequent were related to the

Table 1
Indicators of treatment response.
Basal Last follow up P Wilcoxon test

PN infusion days/week* 76 -7) 3.5(0 -5.75) < 0.001
Weekly NP volume (ml)* 9555 (3360 —12,150) 3500 (0 —8025) < 0.001
NPEI/ BMR index* 0.92 (0.76 —1.01) 0.52 (0 —0.91) < 0.001
Stool output (number/day)* 4(3.25 -5) 32-4 0.008
Z-score BMI/age* —0.68 (—1.3/0.14) —0.61 (-1.2/-0.75) 0.79
Z-score Height/age* —1.91 (-2.7/-1.3) —1.73 (—2.5/-0.6) 0.24

“ M/ IQR, NPEI = non protein energy intake;BMR basal metabolic rate
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Table 2
Comparison between patients who achieved and did not achieve enteral autonomy during treatment.
Weaned from PN Not weaned from PN P (Mann Whitney)
n12 n2l1
Patients 3 female (25 %) 9 female (43 %)
9 neonatal onset (75 %) 13 neonatal onset (62 %)
Anatomy type
1 0 1
2A 7 11
2B 1 3
3A 2 4
3B 2 1
Duodeno-colic anastomosis 0 1
SBS etiology
Gastroschisis 3 5
Atresia 5 5
NEC 0 1
Neonatal Volvulus 2 4
Non-neonatal Volvulus 1 2
Others 1 4
RBL* M (IQR)** 24 (20-43.7) 20 (10-35.5) 0.39
Previous CIF time 7 (3.3-10.7) 5.6 (3.8-9.8) 0.57
(years)*
Age at start of TED (years)* 8.1 (5.1-12.8) 7.5 (4.7-12) 0.68
Duration of TED treatment 3.3(1.17-4.8) 0.92 (0.45-1.79) 0.006
(years)*
Initial PN volume 7875 (4450-11625) 10010 (5912-12400) 0.4
(ml/week)*
PN Days/week 6 (5.25-7) 7 (6-7) 0.048
Initial NPEI index* 0.83 (0.75-1) 0.91 (0.76-1.01) 0.79

" RBL Remnant Bowel Length
** Median/ IQR

gastrointestinal tract [17].

In Argentina, experience with TED in real life began in 2014 in adult patients and in 2017 in children. The ANMAT approved the use
of TED for patients with SBS older than 1 year in December 2020; until that time its use was agreed for each individual patient under a
regime of access to medications for compassionate use. In 2023, there was an extension of the ANMAT’s approval to include patients
starting at 4 months of age [18]. In 2021, a group of Argentine pediatric experts published guidelines for the management of IF-SBS,
which included treatment with GLP2 analogues. Further on, this group published recommendations for the use of TED in children
based on the evidence evaluated up to 2021. Both manuscripts used the Delphi methodology [19,20].

The results presented in this study are consistent with those reported by other groups in North America and Europe. In our cohort,
atresia and gastroschisis were the most common causes of SBS, unlike other series where NEC was more prevalent. Regarding the
remaining anatomy, the RBL was similar to other reports, indicating extensive intestinal resections in all cases. A significant proportion
of our patients had unfavorable anatomy (jejunum-colon anastomosis with less than 40 cm of jejunum), and only 1 patient had type 1
anatomy, which was more common in the other publications. The response rate in our patient population, assessed by significant
reduction in weekly PN volume, was similar the other reports. Regarding the achievement of intestinal autonomy in this series more
than one third of the patients were weaned from PN. This proportion is greater than those reported by the Finnish and Israeli series [21,
22], but much lower than the first real life report published by the Spanish group in 2017 [23]. The prospective study conducted at
Hospital Necker in Paris during 48 used carefully selected clinical, nutritional, biochemical and functional indicators; the PN weaning
rates within 48 weeks were similar to those in our series [24].

As reported in pivotal studies and real-life reports, mild and self-limited abdominal pain was the most commonly encountered
treatment-related adverse event. In the two patients whose treatment was suspended, the adverse events described later resolved.
Table 3 compares the indications, results, and adverse events in different case series of the use of TED in real life.

TED is another tool in the intestinal rehabilitation treatment, it does not replace other medical, nutritional, and surgical strategies.
The novelty of the use of this GLP-2 analogue in intestinal rehabilitation is that it pushes the limits of natural intestinal adaptation. This
medication can a priori benefit different groups of patients: 1) Those who have prolonged PN dependence (several years), as a 2nd
chance of Intestinal adaptation. 2) Patients with shorter duration of PN who could probably achieve adaptation over time but develop
nutritional failure (serious complications of IF and its treatment) that prevent them from adapting: early indication. 3) Patients with low
chances of adaptation and daily PN dependence, in whom less dependency would be the goal: Indication to improve quality of life and
reduce PN related complications. Finally, indications in special situations have yet to be defined and should be considered on a case-by-
case basis for the time being.

To objectively assess the results of TED treatment, it would be necessary to define an indicator or group of reliable, accessible, and
reproducible indicators of the severity of intestinal failure/insufficiency. At present, TED is a drug with relatively short time of use
worldwide. Long-term adverse and side effects remain to be described. In the same way, time of maintenance of efficacy after drug
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Table 3
Summary of real-life experience with the use of teduglutide.
Publication/year JPGN 2020 Am J Clin Nutr 2023 Transplantation 2023 Transplantation 2023 JPGN 2022 Present series
[23] [24] [25] [21] [22]
Authors Ramos Boluda Lambe C et al. Norsa L et al. Merras-Salmio L Guz-Mark A Martinez et al.
Eetal et al. et al.
Type of study Spanish French European Finnish Israeli Argentine,
Multicenter Single center Multicenter Multicenter Multicenter
Prospective Prospective Retro and prospective Retrospective
Patients N 17 25 69 19 13 33
Period of treatment N/A 07/2018-07/2019 Starting 07/2021 2016-2022 N/A 01/2017- 08/2023
Diagnosis
NEC 6 3 27 % 21 % 38 % 1
Gastroschisis 2 5 21 % 8
Atresia 3 4 21 % 10
Volvulus 3 7 26 % 8
Others 2 6 21 % 6
RBL X 52 (14-144) M 26 (12-40) cm M 26 (14-55) cm Median 16 % small M 20 (15-40) M 22 (15-37) cm
cm bowel remaining cm
78 % had ICV
removed
Anatomy Type
1 N/A N/A N/A
2 6 16 % 1
3 12 59 % 22
7 24 % 9
Age at starting TED X 5.6 M 9.4 (8-11) M 5.4 (3-9) M 2.8 (1.1-17) M6 (4.7-7) M?7.5(4.8-12.4)
(Years)
Results
Response + 15 (88 %) At week 24: 96 % | 1 20 % NPEI in 73 % 14 (74 %) 8 (62 %) 23 (70 %) vol |
PN volume ang 1 50 % NPEI in 46 %, | NPEI
energy intake 175 % NPEI in 33 %
Energy absorption 2
increase from 59 to
73 %
All |stool frequency,
1stool consistency
Results PN weaning 12 (70 %) 8 (32 %) N/A 4 (21 %) 2 (15%) 12 (36%)
Results No response 1 N/A N/A 1 NA/A N/A
Results Withrawal 1 0 N/A 1 N/A 2
due to adverse
events
Adverse events Heart failure 1 Mild Abdominal pain N/A Intestinal bleeding 4 N/A Abdominal pain 9
(number) Cholecystitis 1 16 Tubular nephropathy Cholecystitis 1
Abdominal Stoma changes 3 3 Cholesterolosis 1
pain Redness at injection Stomal prolapse4/4 Cholestasis 1
Stoma swelling site 7 Bowel obstruction 1
Leg muscle pain 2 D lactic acidosis 1
Perianastomotic
ulcers 4
Duration of TED N/A 48 weeks N/A 15 (2-52) 18 (12-30) M1.5
treatment months months (0.53-3.2) years
77 % > 1
year

M median (IQR), X Mean (SD), N/A not available, NPEI Non protein energy intake

discontinuation has been scarcely studied. So far, it is unknown if TED treatment is needed for life as a replacement therapy or if it is
possible to completely discontinue it in adapted patients at a certain point. A safe and effective way to discontinue medication should

also be investigated.

Although treatment with TED in children appears to be helpful and safe, an important issue to consider when deciding its indication
is the price, which adds to the already high expenses of home PN and related complications [5,18,19]. For this reason, it is important to
discuss the use of strategies to reduce costs. In a recent study published by the Necker Hospital group in Paris on costs of IF treatment in
real life, the authors compare a group of children with SBS-IF on home PN treated with subcutaneous TED with another group of
children with SBS-IF on home PN followed during the same period who were eligible for TED but were not treated. They describe a
gradual reduction in the budget of home PN and its complications (home-care visits, PN bags, hospital admissions) that were
significantly lower in the group of patients treated with TED. Nevertheless, the model was not cost-effective when the price of TED was
included in the expenses [26]. In a Canadian publication with a theoretical cost analysis model, they propose that a presentation with a
smaller dose per vial could contribute to price reduction [27].

This study presents the experience with TED in children collected from nine IF/IR specialized centers. Given the low prevalence of
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the disease and the short time that this enterohormone has been in the market, the results are valuable. However, the authors
acknowledge that the number of patients included is insufficient to draw conclusions about predictors of adaptation under TED
treatment or to make definitive statements about discontinuing the drug in pediatric patients once adaptation is achieved. Other
limitations of this work are the retrospective nature of the data collection, the lack of a uniform follow up protocol among the centers
involved and the varying treatment duration among patients.

Conclusions
TED is the first pharmacological option that effectively enhances intestinal adaptation. It is recommended to be prescribed by

physicians specialized in managing CIF-SBS. The results and adverse events observed in this series align with those reported in the
literature, showing a positive response in over two-thirds of cases and successful weaning from PN in one-third of treated patients.
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