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A B S T R A C T

Background: Short bowel syndrome-associated intestinal failure (SBS-IF) requires long-term 
parenteral nutrition (PN), increasing the risk of complications such as central line associated 
bloodstream infections, sepsis and liver disease. Teduglutide, a glucagon-like peptide-2 (GLP-2) 
analog, has been shown to enhance intestinal adaptation and reduce PN dependence, but long- 
term real-world data in children are limited.
Objectives: To describe the medium-term clinical outcomes and safety profile of teduglutide 
treatment in children with short bowel syndrome–associated intestinal failure (SBS-IF).
Methods: A retrospective cohort study was conducted at a single tertiary center. There were 41 
children with SBS-IF treated with Teduglutide among the 161children who were managed at the 
center between 2018 and 2022. Data on PN requirements, growth parameters, and treatment 
duration were analyzed. The time to PN weaning was assessed using a Cox proportional hazards 
model.
Results: At a median follow-up of 29.2 months, 21 patients (51.2%) were successfully weaned off 
PN, and 24 patients (65%) achieved at least a 20% reduction in PN requirements. The median 
time to complete PN weaning was 7.3 months. Baseline variables associated with time to PN 
discontinuation included the percentage of PN-derived calories at treatment initiation and re
sidual small bowel length. No treatment-related adverse events were reported, although 12% of 
patients required increased PN support over time.
Conclusions: Teduglutide reduced PN dependence in children with SBS-IF, with over half 
achieving enteral autonomy. These findings support its role in intestinal rehabilitation and 
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emphasize the need for individualized treatment strategies based on baseline clinical character
istics associated with response.

Introduction

Intestinal failure (IF) is produced by a variety of disorders that result in the reduction of the functional intestinal mass below that 
which can sustain life, leading to dependence on parenteral support for a minimum of 60 days within a 74 consecutive day interval [1]. 
Short Bowel Syndrome (SBS) is the leading cause of intestinal failure and defined as the consequence of any natural loss or surgical 
resection of small bowel (SB), below a critical value for nutritional supply for adequate growth [2]. Patients with IF often need to be 
supported with parenteral nutrition (PN) until maximal adaptation of the residual small bowel is achieved [1–7]. Certain patients may 
require lifelong PN support and prolonged exposure to PN can lead to detrimental health outcomes such as Central Line-Associated 
Bloodstream Infections (CLABSI) and liver failure [1–3,5–8]. A relatively new therapeutic approach involves the use of 
Glucagon-Like Peptide− 2 (GLP− 2), an intestinotrophic growth factor secreted by L-cells in the ileum and proximal colon. GLP− 2 plays 
a crucial role in intestinal adaptation by promoting enterocyte proliferation, enhancing mucosal growth, increasing nutrient ab
sorption, and reducing gastric motility. Teduglutide, a long-acting GLP− 2 analog, was developed through a single amino acid sub
stitution that confers resistance to enzymatic degradation, thereby extending its half-life and enhancing its therapeutic potential [9].

The efficacy and safety of Teduglutide in pediatric patients with IF secondary to SBS have been demonstrated in Phase 3 clinical 
trials of 12- and 24-week durations [10,11], and further supported in safety studies and post-hoc extension analyses [12,13]. In 2019, 
the U.S. Food and Drug Administration (FDA) approved Teduglutide for use in pediatric patients aged one year and older, leading to its 
integration into the clinical management of children with SBS-IF.

This study aims to describe our institutional experience with the use of Teduglutide in children with SBS, focusing on its safety, 
effectiveness, and median-term outcomes.

Methods

Patient population and study design

A cohort study of children (aged 0–18 years) with Intestinal Failure due to SBS that were treated with Teduglutide was carried out 
during July -August 2024. We included children that were treated with Teduglutide and managed by the Cincinnati Center of 
Excellence in Intestinal Rehabilitation (CinCEIR) between January 1st, 2018 to January 31st, 2022. The center team includes pediatric 
gastroenterologists and pediatric surgeons specialized in intestinal rehabilitation, nurse practitioners and dietitians. Speech therapists 
and a social worker were available as needed.

Patients who started Teduglutide at an outside hospital or initiated Teduglutide after receiving an intestinal transplant were 
excluded from the study.

Initiation of Teduglutide therapy was consistent with the FDA-approved indications, specifically in pediatric patients with short 
bowel syndrome older than one year who exhibited sustained dependence on parenteral nutrition for a minimum duration of 12 
months with no significant reduction in parenteral support requirements over at least 2 months before initiation.

The Institutional Review Board of the Medical Center approved this study. As per institutional policy, approval numbers are not 
assigned for this study. Written informed consent was waived due to the retrospective nature of this study. The data retrieved from the 
medical records were anonymized for research purposes and the researchers were blind to the names of the patients and their parents.

Data collection

The data was the information retrieved from medical files included:
Sociodemographic characteristics: age, gender, race, and ethnicity.
Medical history: Perinatal characteristics (birth weight, gestational age), background diseases, remaining small bowel length (as 

measured at the time of first surgery), presence of the ileocecal valve, presence and type of ostomy, mucus fistula and prior lengthening 
procedures. 

• Nutritional data - Duration of PN dependency, volumes, and calories from PN, weight and BMI z-score according to the CDC growth 
charts [14]

Safety outcomes -were defined as any adverse events or treatment-related complications documented in the electronic medical 
record during follow-up after teduglutide initiation.

Statistical Analysis

The data were analyzed using SAS®, version 9.4 (SAS Institute, Cary, NC). Statistical analyses were primarily descriptive, in 
keeping with the objective of the study. Variables measured at teduglutide initiation and at the last follow-up visit were summarized 
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using medians and quartiles for continuous variables and frequencies and percentages for categorical variables. Changes over time 
were described using paired summaries. To evaluate the time to complete parenteral nutrition (PN) weaning, a Kaplan-Meier survival 
analysis was performed.

A Cox proportional hazards model was used as an exploratory analysis to examine associations between selected baseline variables 
and time to PN weaning. Covariates, based on expert opinion, tested in the model included percentage of total calories derived from PN 
at baseline, small bowel length, age at Teduglutide start, Ostomy at Teduglutide start, BMI Z-score at Teduglutide start, and diagnosis.

Results

During the study period, 161 children with PN were treated in our intestinal rehabilitation center. Among them, 48 patients 
received Teduglutide. Five patients were excluded due to initiation of Teduglutide at an external institution, and two additional 
patients were excluded as they began Teduglutide therapy following an intestinal transplant. Consequently, the final study cohort 
comprised 41 patients. The median follow-up duration was 29.2 months (IQR: 9.7–44.1, maximum follow-up in the cohort extended to 
approximately 80 months), and the median duration of PN dependency prior to teduglutide initiation was 3.6 years (IQR: 2.1–5.8).

Table 1 summarizes the demographic characteristics of patients. Thirty-eight patients presented with neonatal short bowel syn
drome and the median age when Teduglutide started was 4.1 (IQR: 2.8–5.8) years. Three patients were treated during childhood, and 
Teduglutide were initiated at a mean of 14 years (IQR: 13–17). Twenty-four of the patients (59%) were male. The most common 
diagnoses were volvulus (29%), gastroschisis (27%), and necrotizing enterocolitis (NEC; 20%). Before Teduglutide initiation all the 
patients were PN dependent and received TPN supplementation daily.

After teduglutide initiation, the probability of complete PN weaning increased progressively over time (Fig. 1). Time-to-event 
estimates were derived using Kaplan–Meier analysis, which accounted for variable follow-up duration and censoring. By the final 
follow-up visit, 21 patients had achieved complete PN independence, with a median time to full weaning of 7.3 months (IQR: 
3.9–15.5).

Additionally, 24 patients (65%) achieved > 20% reduction in PN requirements between Teduglutide initiation and the last visit. 

Table 1 
Patient Characteristics and Demographics.

IF patients 
n ¼ 41

Teduglutide start age (years) 5.1 
(2.8–8.8)

Sex 
Male 
Female

24 (59%) 
17 (41%)

Gestational age 
Pre- term 
Term

8 (20%) 
33 (80%)

Race 
White/Caucasian 
Black/African American 
Other

33 (80%) 
4 (10%) 
4 (10%)

Ethnicity (Hispanic) 1 (2.4%)
Diagnosis 

Volvulus 
NEC 
Hirschsprung's 
Gastroschisis 
Complex Gastroschisis* 
Atresia 
IBD 
Trauma

12 (29%) 
8 (20%) 
5 (12%) 
5 (12%) 
6 (15%) 
2 (5%) 
1 (2.4%) 
2 (5%)

BMI Z-score at Teduglutide start 
n = 34

− 0.3 
(− 0.9, 0.3)

Bowel length (cm)** 25.0 
(17.5–50.0)

Colon in continuity 30 (73%)
Time on PN prior to Teduglutide start (years) 3.6 

(2.1–5.8)

Data presented as median (IQR: 25th− 75th percentile) or n (%)
Complete data unless specified by “n = ”.
*Complex Gastroschisis is gastroschisis associated with congenital intestinal compli
cations
in the form of an atresia, perforation, ischemia, necrosis, or volvulus.
** Measured during the 1st surgery, All diagnosed with SBs < 25% bowel, expected 
for age
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Table 2 compares the paired analysis of patient's characteristics at Teduglutide initiation and the last follow-up visit. During tedu
glutide treatment, PN calorie requirements decreased over time, with a mean reduction of 13.6 kcal/kg between treatment initiation 
and the last follow-up visit.

Table 3 summarizes the Cox proportional hazards model used for survival analysis. For each 1-cm greater residual small bowel 
length at baseline, the hazard of achieving enteral autonomy was 1.2% higher and for each 1% higher baseline PN calorie support, the 
hazard of achieving enteral autonomy was 3% lower. Importantly, no treatment-related adverse effects were reported throughout the 
study. However, while most patients demonstrated improvement, a small subset (12%) required an increase in PN support, reflecting 
variability in treatment response.

Discussion

The current study, which compiles retrospective data from a tertiary multidisciplinary center specializing in the treatment of 
children with intestinal failure with a relatively long follow up, demonstrates that treatment with Teduglutide resulted in a reduction 
in PN dependence supporting its role in the management of these patients. More than half of patients achieved enteral autonomy and 
65% experienced a meaningful reduction of more than 20% in PN volume. PN weaning occurred progressively, with a median time of 
7.3 months to complete discontinuation in those who achieved enteral autonomy. Importantly, although the majority of patients 
demonstrate an early therapeutic response, a subset exhibits delayed improvement. While most patients demonstrated improvement, a 
small subset (12%) required an increase in PN support.

Our study aligns with other real-world experiences that have demonstrated the efficacy and safety of Teduglutide treatment. A 
multicenter study from Spain evaluated the safety and efficacy of Teduglutide in 17 pediatric patients with SBS. Over 12 months, 12 
patients (71%) achieved complete parenteral independence, while the remaining patients reduced their intravenous support by 50% 
[14]. A nationwide retrospective study in Israel assessed 13 children with SBS treated with Teduglutide for a median duration of 18 
months. The findings revealed that 62% of the patients responded to the treatment, with two achieving complete weaning from 

Fig. 1. Kaplan–Meier curve showing time to complete PN weaning after teduglutide initiation. Estimates were calculated using time-to-event 
analysis and therefore account for variable follow-up duration and censoring, with the number at risk decreasing over time.

Table 2 
Patients and disease characteristics at initiation of Teduglutide and the last visit.

Variable At Initiation At last visit Paired difference

Age -years 5.1 (2.8, 8.8) 6.6 (3.5, 9.5) 1.10 (0.81, 1.40)
Weight-kg 16.1 (13.1, 22.0) 22.2 (16.6, 31.0) 5.34 (3.16, 7.52)
BMI Z score − 0.3 (− 0.9, 0.3) − 0.1 (− 0.9, 0.5) 0.19 (− 0.37, 0.75)
TPN (kcal) 42.0 (25.0, 57.2) 39.1 (26.0, 44.3) − 13.62 (− 24.15, − 3.10)
TPN (%kcal) 47.7 (33.0, 80.0) 47.2 (32.3, 73.9) − 10.65 (− 27.06, 5.76)

Data is presented as median (IQR)
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parenteral nutrition (PN) and others experiencing significant reductions in PN requirements [15]. A single-center study from France 
evaluated 25 children with SBS-IF treated with Teduglutide for 48 weeks and 96% experienced a > 20% reduction in PN requirements 
by week 24, and 32% achieved complete PN weaning by week 48. Interestingly, this study also showed a progressive increase in 
plasma citrulline and total energy absorption rate, accompanied by a rise in fasting and postprandial endogenous GLP− 2 levels over 
time, rather than the expected downregulation due to exogenous GLP− 2 analog administration. [16].

Several studies have investigated potential adverse effects of Teduglutide treatment. A pooled analysis of four clinical trials re
ported that the most common adverse events were vomiting (51.7%), pyrexia (43.8%), upper respiratory tract infection (41.6%), and 
cough (33.7%). Additionally, 39.3% of patients experienced adverse events considered related to Teduglutide, with abdominal pain 
and vomiting being the most frequent (5.6% each). Serious adverse events related to the treatment, such as ileus, D-lactic acidosis, and 
gastrointestinal obstruction due to hard stools, were observed in 3.4% of patients, all of which resolved with appropriate management 
[12]. Wang et al. analyzed real-world adverse events associated with Teduglutide using the FDA Adverse Event Reporting System data. 
The findings confirm previously known adverse events while also identifying new potential safety signals, including nephrolithiasis, 
vascular device infection, dehydration, and weight loss [17]. In premarketing studies, there were cases of colorectal polyps described, 
although the relationship with the use of the drug was unclear [18,19]. Given the discomfort associated with daily injections, as well as 
potential short- and long-term side effects, it is important to identify patients who are most likely to benefit from initiating treatment 
[20,21].

Baseline variables associated with time to PN discontinuation in our cohort included the percentage of total calories from PN at 
Teduglutide initiation and bowel length. Both variables are established indicators of underlying disease severity in pediatric short 
bowel syndrome, reflecting the degree of intestinal insufficiency and the remaining absorptive capacity [1,6–8]. In addition, the 
presence of the colon has been considered an important biological determinant of intestinal rehabilitation outcomes, given its 
contribution to fluid and electrolyte absorption, energy salvage through fermentation of malabsorbed carbohydrates, and its role as a 
major site of endogenous GLP− 2 activity [3,5,13]. Prior studies have suggested that colon-in-continuity may improve the probability 
of achieving enteral autonomy, including during Teduglutide therapy [13]. Although this association was not demonstrated in our 
cohort, likely due to sample size limitations, the presence of the colon remains an important factor to consider when interpreting 
treatment response and in future prospective studies.

This study provides real world data on long-term outcomes in children with SBS treated with Teduglutide. It examines a relatively 
large and contemporary database that reflects recent approaches toward the treatment of children with Intestinal Failure. The children 
were diagnosed and monitored in a large tertiary medical center with a relatively long follow-up. Some limitations to our study should 
be acknowledged. As this is an observational study rather than a controlled clinical trial, no causality between treatment and outcomes 
could be claimed and hence only associations and clinical observations are reported. Moreover, the reduction in PN requirements could 
in part be attributed to the natural adaptation of the gut, although most of the patients in our cohort had long-lasting SBS beyond the 
expected time of spontaneous adaptation.

In conclusion, this analysis of the long-term effect of Teduglutide on intestinal failure patients highlighted the successful reduction 
of PN from the start of Teduglutide till the last visit. The time to wean off PN was associated with PN percentage of total calories and the 
bowel length. Teduglutide may be considered for use in patients who meet criteria for therapy. The duration of subsidized treatment 
should be extended enough to enable thorough assessment and complete realization of the therapeutic benefit.
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Table 3 
Multivariable survival analysis of factors associated with achieving enteral autonomy.

Hazard Ratio (95% Confidence Limits) P-value

TPN (% of total calories) at Teduglutide start 0.969 (0.950–0.987) 0.0009
Bowel length (cm) 1.012 (1.000–1.024) 0.045
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