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Abstract: Teduglutide, a GLP-2 analogue, has been available in France since 2015 to treat short-bowel-
syndrome (SBS)-associated chronic intestinal failure (CIF) but it remains very expensive. No real-life
data on the number of potential candidates are available. The aim of this real-life study was to assess
teduglutide initiation and outcomes in SBS-CIF patients. All SBS-CIF patients cared for in an expert
home parenteral support (PS) center between 2015 and 2020 were retrospectively included. Patients
were divided into two subpopulations: prevalent patients, already cared for in the center before 2015,
and incident patients, whose follow-up started between 2015 and 2020. A total of 331 SBS-CIF patients
were included in the study (156 prevalent and 175 incident patients). Teduglutide was initiated in
56 patients (16.9% of the cohort); in 27.9% of prevalent patients and in 8.0% of incident patients, with
a mean annual rate of 4.3% and 2.5%, respectively. Teduglutide allowed a reduction in the PS volume
by 60% (IQR: 40–100), with a significantly higher reduction in incident versus prevalent patients
(p = 0.02). The two- and five-year treatment retention rates were 82% and 64%. Among untreated
patients, 50 (18.2%) were considered ineligible for teduglutide for non-medical reasons. More than
25% of prevalent SBS patients were treated with teduglutide compared to 8% of incident patients.
The treatment retention rate was >80% at 2 years, which could be explained by a careful selection
of patients. Furthermore, this real-life study confirmed the long-term efficacy of teduglutide and
showed a better response to teduglutide in incident patients, suggesting a benefit in early treatment.

Keywords: intestinal failure; parenteral nutrition; short bowel syndrome; teduglutide

1. Introduction

Short bowel syndrome (SBS) is a rare complex malabsorption disorder resulting from
extensive intestinal resection. Indeed, an insufficient remaining small bowel length does not
allow patients to meet their caloric and/or fluid requirements, leading to SBS-associated
chronic intestinal failure (SBS-CIF) [1]. Home parenteral support (PS) is the reference
treatment for SBS-CIF [2]. CIF may be associated with life-threatening complications
(catheter-related complications, metabolic disorders, etc.) and lead to a significant impair-
ment in quality of life [3]. SBS-CIF management requires a multidisciplinary team in an
expert center, and aims at decreasing patients’ PS dependence.

In recent years, SBS management has taken a new turn with the advent of GLP-2
analogues that are now considered the first-line treatment for SBS patients in the absence
of contraindications. In particular, teduglutide has been marketed in France since 2015.
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The ESPEN guidelines recommend the use of teduglutide in carefully selected SBS patients
who are candidates for growth factor treatment [4].

GLP-2 is an endogenous hormone secreted by the enteroendocrine L cells which has
effects on intestinal trophicity, barrier function, mesenteric blood flow and immune func-
tion [5,6]. As teduglutide is resistant to degradation, it increases the intestinal absorption,
thus allowing a decrease in PS dependence and sometimes leading to a complete weaning
from PS [7]. Several real-life studies have shown its efficacy in different countries [8–11] and
have been aimed at identifying teduglutide response predictors. Treatment response is often
related to SBS anatomy, the remaining bowel length and the initial PS dependence [12–14].
There is therefore a fair amount of data on teduglutide efficacy, although it has often been
studied in the short-to-medium term.

However, little is known about the actual use of teduglutide, since its marketing
authorization, in terms of patients’ selection and center-specific practices. Pironi et al. [15]
have investigated the eligibility for teduglutide in a large cohort of SBS patients and divided
patients into three groups: non-candidates, potential candidates and straight candidates,
corresponding to patients with the lowest PS requirements and most likely to respond to
treatment. The authors have highlighted the importance of describing the population of SBS
patients who are candidates to GLP-2 analogues to help centers to homogeneously select
patients and to compare clinical practices around the world. Furthermore, Bond et al. [16]
have also emphasized the need to precisely describe the cohorts of SBS-CIF patients in the
most important expert centers, and the characteristics of patients treated with teduglutide
or not, in order to identify potential behaviors that could limit their eligibility.

Furthermore, this treatment is very expensive, which could explain why its indications
and prescription are limited. However, until 2015, no treatment other than PS was available
for SBS. Since new GLP-2 analogues will soon be available for SBS treatment, the cost
of which is not yet known, and given the limited data on the target population, it seems
essential to assess, in a real-life setting, which patients would be eligible for treatment.
The aim of this study was thus to describe the characteristics of patients treated with
teduglutide since its marketing authorization in a large cohort of SBS-CIF patients cared
for in an expert center between 2015 and 2020, as well as their long-term outcomes and
treatment retention rate.

2. Materials and Methods
2.1. Study Design and Patients

This was a monocentric, observational, retrospective study conducted in the Depart-
ment of Gastroenterology of Beaujon University Hospital (Clichy, France), an expert center
caring for all patients with CIF in Ile de France.

All SBS-CIF adult patients followed in the center between 2015 and 2020 were included,
given that 2015 is the year teduglutide was granted its marketing authorization. Inclusion
criteria were patients with a diagnosis of SBS (remnant small bowel length < 250 cm) and
PS dependence (parenteral nutrition and/or fluid therapy) at the time of inclusion. The
inclusion date was 1 January 2015 for patients diagnosed with SBS before 2015, or the date
of diagnosis for patients diagnosed with SBS between 2015 and 2020. The baseline date
was defined as this inclusion date.

Patients were followed until 31 December 2020, their death, or the date the latest
information was obtained in patients lost to follow-up, whichever came first. Patients were
divided into two subpopulations: the prevalent population, composed of patients who
were already cared for in the center before 2015, and the incident population, composed of
patients diagnosed with SBS after 2015. All SBS-CIF patients who initiated treatment with
teduglutide between 2015 and 2020 were included in the study.

2.1.1. Primary Outcome

The evolution of teduglutide prescription was investigated in a cohort of SBS-CIF
patients after its marketing authorization (2015).
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The incidence of treated patients over time was assessed based on the new pre-
scriptions on an annual basis between 2015 and 2020 to calculate a mean annual rate of
teduglutide initiation in the prevalent and incident populations.

2.1.2. Secondary Outcomes

Treatment efficacy, as well as the long-term exposure and characteristics of treated
patients, were assessed.

The efficacy of teduglutide was assessed based on the reduction in PS (% and volume
(mL/week)) achieved during treatment compared to the time of teduglutide initiation. The
percentage of weaned patients was calculated in both populations.

Teduglutide retention rate was calculated at 6 months and then on an annual basis.
The reasons for teduglutide discontinuation were identified from the medical charts.

Clinical characteristics of teduglutide-treated patients were compared to those of
untreated patients. The reasons for treatment ineligibility were identified from the medical
charts with regard to contraindications, or reported by physicians (JF, LB) with regard to
declarative reasons.

2.2. Data Collection

Demographics and clinical data were collected from the medical charts, including the
age, gender, initial disease that led to intestinal resection (mesenteric ischemia, Crohn’s
disease, chronic intestinal pseudo-obstruction (CIPO), radiation enteritis, cancer, surgery
complications), bowel anatomy features (remnant bowel length and colon in continuity,
type of stoma, reverse intestinal interposition surgery), comorbidities (hypertension, renal
failure, heart disease, dyslipidemia, diabetes), and information on PS dependence (volume,
number of infusions and energy). Data were collected at baseline and throughout the
follow-up period. For patients treated with teduglutide, specific information on treatment
was collected throughout the treatment period, including efficacy (change in PS), toler-
ance (identification of adverse effects: abdominal pain, nausea, injection site reactions,
stoma-related events, diarrhea, tiredness), and treatment discontinuation (occurrence of a
contraindication, poor tolerance, no significant benefit).

2.3. Statistical Analysis

Continuous data are presented as a median and interquartile range (IQR), and a
Wilcoxon–Mann–Whitney test was used for comparisons, given that the variables were not
normally distributed. Categorical data are presented as a number of patients (percentage
of patients) and were compared using a Pearson’s Chi2 test or a Fisher’s exact test, as
appropriate. A p value < 0.05 was considered significant. The teduglutide retention rate
was calculated using a Kaplan–Meier survival estimate. A two-way ANOVA was used to
compare the evolution of PS in the prevalent and incident populations during treatment
with teduglutide. All analyses were performed using R studio software (RStudio, PBC,
Boston, MA URL), version 4.2.1.

2.4. Ethical Approval

The study was approved by our institutional review board (number 00006477). A
dedicated case report form (CRF) was created (Doqboard). All patients were entered in this
software using an anonymized identification.

3. Results
3.1. Characteristics of SBS-CIF Patients

A total of 331 patients were included in the study. The median age at the time of
inclusion was 54.6 years (IQR: 42–69 years), and 186 (56%) patients were female. The colon
was in continuity in 57% of patients (45% with a jejunocolic anastomosis and 12% with a
jejunoileal anastomosis and an intact colon). The characteristics, and a comparison of the
prevalent and incident populations, are presented in Table 1. The main difference between
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both populations was the bowel anatomy; prevalent patients had a shorter remnant small
bowel (p < 0.001) and had undergone fewer ileostomies than incident patients (2% versus
18%, p < 0.001). The causes of SBS also differed between both populations (more cases of
CIPO and fewer cases of cancer in the prevalent population), as well as the prognosis of
patients (incident patients had a better prognosis).

Table 1. Comparison of the clinical characteristics of the prevalent and incident populations.

Prevalent Population
n = 156

Incident Population
n = 175 p-Value (1)

Female gender, n (%) 85 (54) 101 (58) 0.6314
Age at baseline (years), median (IQR) 52.0 (36.0–65.3) 61.0 (46–70) <0.001

Age at PS initiation (years), median (IQR) 45.5 (26.0–57.5) 60.0 (44.5–69.0) <0.001
Body weight at baseline, kg, median (IQR) 59 (52–66) 60 (50–69) 0.7497

BMI at baseline, kg/m2, median (IQR) 21.4 (19.4–23.5) 21.4 (18.6–24.3) 0.82
PS duration before baseline (months), median (IQR) 75 (21–102) 0 <0.001

SBS type, n (%)
Type 1a 58 (37) 52 (30) 0.186
Type 1b 3 (2) 31 (18) <0.001
Type 2 81 (52) 68 (39) 0.0229
Type 3 14 (9) 24 (14) 0.2389

Presence of ostomy 66 (42) 85 (49) 0.2408
Jejunostomy 58 (37) 74 (42) 0.6039
Colostomy 8 (5) 12 (7) 1

Remnant bowel length (cm), median (IQR) 70 (30–100) 105.4 (50–150) <0.001
Residual colon (%), median (IQR) 50 (0–80) 50.3 (0–90) 0.1312

SBS cause, n (%)
Mesenteric ischemia 49 (31) 56 (32) 1

Crohn’s disease 21 (13) 28 (16) 0.6212
CIPO 20 (13) 8 (5) 0.0078

Radiation enteritis 13 (8) 21 (12) 0.3599
Cancer 4 (3) 18 (10) 0.0067

Surgery complications 10 (6) 12 (7) 1
Other 39 (25) 32 (18) 0.2229

Comorbidities, n (%)
At least one comorbidity 135 (87) 163 (93) 0.09571

Chronic renal failure 35 (22) 24 (14) 0.05414
History of cancer 35 (22) 63 (36) 0.0099

Arterial hypertension 35 (22) 59 (34) 0.0316
History of obesity 6 (4) 15 (9) 0.1249

Heart disease 0 (0) 6 (3) 0.0314
Dyslipidemia 11 (7) 23 (13) 0.1008

Outcome, n (%)
Weaning from PS 28 (18) 38 (22) 0.4727

Death 36 (23) 20 (11) 0.0075

Parenteral nutrition at treatment initiation
PS volume (mL/week), median (IQR) 9000 (6000–16,500) 10,000 (5000–17,500) 0.7151
PS calories (kcal/week), median (IQR) 6840 (4250–11,100) 6840 (3200–10,050) 0.2795

Number of days of infusion/week, median (IQR) 5 (4–7)) 6 (4–7) 0.1819

Treatment with Teduglutide, n (%) 42 (27) 14 (8) <0.001

Abbreviations: BMI = body mass index; CIPO = chronic intestinal pseudo-obstruction; IQR = interquartile
range; PS = parenteral support; SBS = short bowel syndrome. Type 1a: jejunostomy, Type 1b: ileostomy, Type 2:
jejunocolic anastomosis, Type 3: jejunoileal anastomosis. (1) Wilcoxon–Mann–Whitney test for continuous data.
Fischer’s exact test (n ≤ 5) or Pearson’s Chi2 test (n > 5) for categorical data.

3.2. Evolution of Teduglutide-Treated Patients over Time

Among the SBS patients included in this study, 56 (16.9%) initiated treatment with
teduglutide: 27.9% and 8.0% of prevalent and incident patients, respectively. Figure 1
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shows the evolution of the cumulative number of patients treated with teduglutide each
year between 2015 and 2020 in the prevalent and incident populations. The number of
treated prevalent patients increased until 2017, and then tended to reach a plateau. The
incident patients initiated treatment later, but the number of treated patients kept increasing
in this subpopulation. The mean annual rate of teduglutide initiation each year between
2015 and 2020 was 3.4% in the whole cohort: 4.3% in the prevalent population and 2.5% in
the incident population. Table 2 shows the percentage of patients who initiated teduglutide
each year in both subpopulations. This percentage was especially high during the first three
years following teduglutide marketing (up to 9% of prevalent patients initiated treatment
in 2016), and was much lower between 2018 and 2020. Table 2 also reports the median
duration of PS before initiating treatment each year in both subpopulations.
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Figure 1. Evolution of the cumulative number of treated patients between 2015 and 2020 in the
prevalent and incident populations.

Table 2. Percentage of patients initiating teduglutide each year between 2015 and 2020 in the prevalent
and incident populations, and corresponding duration of PS before treatment initiation.

Prevalent Population Incident Population

Percentage of the population
initiating teduglutide (%)

2015 5.13 0
2016 8.97 5.56
2017 6.41 2.44
2018 1.92 2.7
2019 2.56 2.04
2020 0.64 2.29

Median duration of PS before
teduglutide (months), median

(IQR)
2015 38.5 (21.3–124.8) 0
2016 114.5 (45.8–169.3) 11.0 (11.0–11.0)
2017 55.5 (46.5–147.8) 18.0 (15.0–21.0)
2018 76.0 (70.0–140.0) 16.5 (15.0–17.0)
2019 138.0 (134.0–165.5) 20.0 (20.0–24.5)
2020 67.0 (67.0–67.0) 11.0 (9.0–34.0)

3.3. Long-Term Efficacy of Teduglutide

In our cohort of SBS patients, teduglutide allowed a decrease in PS volume by 60%
(IQR: 40–100%) compared to baseline, and allowed weaning for 20 patients (36%) from
PS, after a median treatment duration of 2.7 years (IQR: 1.7–4.4 years). Figure 2 shows
the median evolution in PS volume (mL/week) during treatment in the prevalent and
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incident populations. Although all patients received a similar volume of PS at the time of
teduglutide initiation, incident patients received a lower volume of PS (mL/week) during
treatment than prevalent patients (p = 0.02), showing a stronger decrease in PS volume
compared to baseline. Thus, incident patients appeared to better respond to teduglutide.
Furthermore, 7 incident patients (50%) were totally weaned from PS during treatment,
compared to 13 prevalent patients (31%).
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way ANOVA.

3.4. Teduglutide Retention and Discontinuation Rates

The treatment retention rate over time in this cohort is shown in Figure 3. The
retention rate was 89% at 6 months, 84% at 1 year, 82% at 2 years, and 64% at 5 years.
Overall, 19 patients (34%) discontinued treatment, after a median duration of 27.0 months
(IQR: 4.9–29.9 months).
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The reasons for teduglutide discontinuation are presented in Table 3. The main causes
were the occurrence of contraindications (n = 6, 31.6%), adverse events (n = 5, 26.3%), and
a lack of efficacy (n = 4, 21.1%). There were no clinical differences between patients who
discontinued treatment and those who did not.
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Table 3. Reasons for teduglutide discontinuation in treated patients (n = 19).

n %

Contraindication 6 31.6
Acute pulmonary edema 2 10.5

Diagnosis of leukemia 1 5.3
Diagnosis of melanoma 1 5.3

Diagnosis of lung adenocarcinoma 1 5.3
Severe septic shock caused by repeated bacterial translocations 1 5.3

Adverse events 5 26.3
Digestive symptoms 4 21

Injection site pain 1 5.3

No significant benefit 4 21.1

Desire of pregnancy 2 10.5

Patient’s decision 1 5.3

Poor compliance 1 5.3
n = number of patients.

3.5. Assessment of Teduglutide Prescription Criteria

The characteristics of treated patients and the reasons for treatment ineligibility
were assessed.

The baseline characteristics of patients who initiated treatment with teduglutide
and those who did not are summarized in Table 4. Treated patients were younger than
untreated patients (p = 0.007), and initiated PS at a younger age (p < 0.001). Moreover,
they had a shorter remnant small bowel (p = 0.01), and a cancer was not the cause of their
SBS (unsurprisingly, cancer being one of the contraindications to treatment). However,
they showed similar characteristics to untreated patients in terms of intestinal anatomy
(presence of the colon, jejunostomy) and SBS causes apart from cancer.

Table 4. Comparison of the clinical characteristics of treated and untreated patients.

Treated Patients
n = 56

Untreated Patients
n = 275 p-Value (1)

Age at follow-up initiation, years, median (IQR) 49.5 (35.8–61.5) 58.0 (43.5–70.0) 0.0078
Female gender, n (%) 26 (46) 160 (58) 0.1421

Body weight, kg, median (IQR) 62.0 (55.3–68.8) 59.0 (51.0–68.0) 0.1312
BMI, kg/m2, median (IQR) 21.3 (19.2–23.0) 21.4 (19.0–24.2) 0.895

PS duration before baseline (months), median (IQR) 26.7 (1.3–111.8) 0 (0–30.0) <0.001
Age at PS initiation, median (IQR) 42 (25–55) 55 (40–67) <0.001

Bowel anatomy features
Type 1a, n (%) 17 (30) 93 (34) 0.7297
Type 1b, n (%) 3 (5) 31 (11) 0.232
Type 2, n (%) 28 (50) 121 (44) 0.4995
Type 3, n (%) 8 (14) 30 (11) 0.6223

Colon in continuity, n (%) 36 (64) 151 (55) 0.2534
Presence of ostomy, n (%) 24 (43) 126 (46) 0.6744

Jejunostomy, n (%) 20 (36) 112 (41) 0.6904
Colostomy, n (%) 4 (7) 16 (6) 0.5033

Remnant bowel length (cm), median (IQR) 68 (23–100) 80 (45–150) 0.0104
Residual colon, n (%), median (IQR) 60 (0–80) 50 (0–90) 0.637

Reverse loop, n (%) 4 (7) 19 (7) 1

SBS cause
Mesenteric ischemia, n (%) 19 (34) 86 (31) 0.8167

Crohn’s disease, n (%) 12 (21) 37 (13) 0.1851
CIPO, n (%) 5 (9) 23 (8) 1

Radiation enteritis, n (%) 3 (5) 31 (11) 0.232
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Table 4. Cont.

Treated Patients
n = 56

Untreated Patients
n = 275 p-Value (1)

Cancer, n (%) 0 22 (8) 0.0335
Surgery complications, n (%) 3 (5) 19 (7) 1

Other, n (%) 14 (25) 57 (21) 0.6393

Comorbidities
At least one comorbidity, n (%) 47 (84) 251 (91) 0.1282

Chronic renal failure, n (%) 15 (27) 44 (16) 0.0835
History of cancer, n (%) 4 (7) 94 (34) <0.001

Arterial hypertension, n (%) 14 (25) 80 (29) 0.6482
History of obesity, n (%) 3 (5) 18 (7) 1

Heart disease, n (%) 1 (2) 5 (2) 1
Dyslipidemia, n (%) 3 (5) 31 (11) 0.232

Parenteral nutrition features
PS volume (mL/week), median (IQR) 8800 (5000–12,500) 9885 (5909–17,500) 0.4231
PS calories (kcal/week), median (IQR) 6000 (2390–9375) 6840 (3420–10,550) 0.3666

Number of days of infusion/week, median (IQR) 5 (4–6) 6 (4–7) 0.0417

Population
Prevalent, n (%) 42 (75) 114 (42) <0.001

Abbreviations: BMI = body mass index; CIPO = chronic intestinal pseudo-obstruction; IQR = interquartile
range; PS = parenteral support; SBS = short bowel syndrome. Type 1a: jejunostomy, Type 1b: ileostomy, Type 2:
jejunocolic anastomosis, Type 3: jejunoileal anastomosis. (1) Wilcoxon–Mann–Whitney test for continuous data.
Fischer’s exact test (n ≤ 5) or Pearson’s Chi2 test (n > 5) for categorical data.

For the 275 patients of the cohort who were not treated with teduglutide during the
study period, the causes of ineligibility for treatment were identified. The main reasons
were a history of cancer in the last 5 years (n = 54, 19.6%), spontaneous weaning from
PS (n = 40, 14.5%), and the presence of comorbidities (n = 36, 13.1%). However, 18.2% of
patients were considered ineligible for treatment for non-medical reasons, including the
patient’s refusal (n = 17, 6.2%), a doubt about the patient’s compliance (n = 10, 3.6%), the
presence of a cognitive disorder (n = 8, 2.9%) or other reasons, including language barrier,
complicated follow-up or inadequate environment.

4. Discussion

This was the first real-life study to assess the evolution of the number of SBS pa-
tients initiating treatment with teduglutide and their characteristics since 2015. Two sub-
populations of SBS-CIF patients could be distinguished: SBS patients who were already
PS-dependent, possibly for a long time, when teduglutide was granted its marketing au-
thorization (the prevalent population), and patients who developed SBS-CIF and became
PS-dependent in a context where teduglutide was already available and used in clinical
practice (the incident population). In our cohort, the prevalent population had a poorer
prognosis, this result being consistent with the fact that the prevalent population included
patients treated with long-term PS, who were likely to have more comorbidities than the
incident population in which some patients were rapidly weaned from PS.

The number of patients treated with teduglutide was higher in the prevalent versus the
incident population, consistent with the fact that patients with long-term stable PS are the
target population for this treatment, and they were thus the first patients to receive it when
it was marketed. Indeed, from 2015, the number of prevalent patients under teduglutide
increased strongly until 2017, then tended to reach a plateau, whereas the number of
treated incident patients was initially low and kept increasing until 2020. Thus, incident
patients progressively replaced prevalent patients as the target population. However, some
prevalent patients still initiated treatment in the last years of the follow-up, and this could
be due to the fact that some patients need more time and hindsight regarding treatment
before accepting it. This finding supports the importance of informing patients of the
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treatment outcomes in a real-life setting and encouraging interactions between patients to
share their experiences.

The assessment of the percentage of patients initiating treatment each year in both
populations showed that teduglutide was more prescribed in the first three years after
its marketing, compared to the subsequent period until today. This result is noteworthy
because it means that the use of teduglutide was very important at a time when little
experience was available. It is essential to promote structured protocols and training
programs to avoid complications and optimize long-term teduglutide retention.

The proportion of patients treated with teduglutide in our cohort could be extrapolated
to estimate the number of patients who will benefit from teduglutide in a center starting to
prescribe it. For instance, treatment with teduglutide may now be prescribed in Denmark.
In an international multicenter survey, conducted in 2015, of 2919 adult patients requiring
home PS [17], 64.3% of them presented with SBS (1877 patients). Among the patients
included, 233 were registered in Denmark. Considering our rate of 27.9% of treated patients
in the prevalent population, we could assume that about 65 of these patients will be
candidates for teduglutide within five years.

In terms of efficacy, treatment with teduglutide was effective in the long term to reduce
PS dependence in our SBS patients, with a significant decrease in PS volume in the first
six months of treatment. This study confirmed, in the longer term, the results of five
real-life studies that have reported a percentage of response of 71–88% after 6–36 months of
treatment [8–10,13,18].

However, what this study added was a difference in PS reduction during treatment
observed between the prevalent and incident populations, incident patients showing a
better response. As incident patients were treated earlier than prevalent patients, this
result suggests a potential benefit of early treatment with teduglutide. The poorer response
observed in the prevalent population could also be explained by the characteristics of
the patients and disease severity in this population compared to the incident population
(in particular, a shorter remnant small bowel). However, prevalent patients were treated
with PS for a median time of 75 months before baseline, and we could assume that the
spontaneous intestinal adaptation phase had already occurred in these patients when they
initiated teduglutide. On the contrary, in the incident population, early treatment could
accelerate spontaneous adaptation and could even lead to a higher adaptation rate than
that observed during the spontaneous plateau phase [19,20].

After two years, more than 80% of patients were still being treated. This high rate of
teduglutide retention in our cohort could be due to a careful selection of treated patients.
Furthermore, our center has developed a specific training program for patients and healthcare
professionals with the aim to improve adhesion to the center and treatment compliance.

In most cases, treatment discontinuation was due to contraindications that appeared
during treatment. The occurrence of cancers (not associated with teduglutide) suggest that
it would be of interest for general practitioners to closely monitor patients, in particular
based on the age and comorbidities of the patients. Moreover, some patients decided to dis-
continue treatment due to a lack of efficacy. In a real-life setting, it is important to consider
patient reported outcomes. Even if treatment has a real benefit in terms of PS reduction,
we should consider the balance between patients’ expectations and their discomfort or
adverse events. Furthermore, for the young population, specific data are needed regarding
a potential pregnancy. Indeed, in our cohort, we decided to discontinue treatment in two
patients with a desire of pregnancy without real evidence of any contraindication. Overall,
some causes of discontinuation can be relatively subjective to the patient or the clinician,
and it would be interesting to compare the criteria for teduglutide discontinuation used in
different centers.

We tried to characterize the types of patients selected for treatment. The comparison
of treated and untreated patients in terms of clinical characteristics showed that treated
patients had a shorter remnant small bowel, without any significant difference in anatomic
types. This result is consistent with the fact that, in our center, we selected for treatment
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patients with long-term PS dependence (the prevalent population) and incident patients in
whom spontaneous adaptation would not allow a weaning from PS.

A recent study has described SBS etiologies and comorbidities in patients treated with
teduglutide between 2015 and 2019 from a large database of the US healthcare system [21].
Among 72 million screened patients, only 170 were prescribed teduglutide. At the national
level, we could assume that the total number of patients treated with teduglutide between
2015 and 2019 was higher in France than in the US. This could be due to the centralization of
care and differences in patient management between European and US centers. In France,
there are 13 home PS expert centers with dedicated resources from the Health Ministry with
the aim to improve coordination, multidisciplinary approaches, and training programs.

Moreover, Loufty et al. have also observed that only 10% of their patients had no ileum
and no colon, while these patients are supposed to be the best responders to teduglutide
(in terms of PS volume reduction). This proportion was higher in our cohort (30% of
patients had undergone jejunostomy). However, 64% of our treated patients had a colon
in continuity, and could therefore show a higher level of endogenous GLP-2, which could
lead to a lower response to teduglutide. Nonetheless, some of the weaned patients have
a colon in continuity, which is due to the fact that they often have lower PS needs upon
treatment initiation. We could therefore consider that treatment could also be of benefit
to these patients. Furthermore, the timing of the response to teduglutide should also be
considered, and could be different depending on the anatomical type of SBS.

We assessed the reasons for not treating. Some patients were not treated due to
the presence of psycho-social and environmental factors, although these patients would
possibly be eligible for treatment otherwise. These limitations show the need to better
manage patients to improve their commitment to a center and to try to reduce the number
of untreated patients in the absence of real contraindications to teduglutide, and when
spontaneous adaptation appears insufficient over time.

A similar analysis performed by other international home PS expert centers would
allow the obtaining of an overall view of the use of teduglutide since its marketing autho-
rization, comparing practices between countries and identifying potentially modifiable
behaviors relating to patients’ selection. Furthermore, it would be interesting to study how
these practices will evolve with the advent of new GLP-2 analogues.

In the future, it would be helpful to identify the biomarkers of treatment efficacy
and toxicity. A prospective study with teduglutide dosing over time could help us un-
derstand the pharmacokinetics of the treatment and its impact on the patient’s response.
Moreover, long-term studies are needed to evaluate the effect of teduglutide on cell via-
bility. Indeed, a few studies have shown that teduglutide may have a beneficial effect on
cell survival [22–24], but specific long-term studies are required in order to understand
precisely the effect of teduglutide on enterocyte viability.

This study has several limitations, including its retrospective design, and the fact
that the reasons for teduglutide discontinuation or ineligibility were collected from the
information available in medical charts. In addition, several randomized trials assessing
new GLP-2 analogues have been initiated in the last years [25,26], and this could reduce the
number of new patients treated with teduglutide. Finally, the comparison of the prevalent
and incident populations is limited by the difference in exposure to PS. In particular,
the mortality rate in the prevalent population should be considered carefully because
we did not include patients who developed SBS before 2015 and died before 1 January
2015 whereas, for the incident population, we included all patients. This suggests the
value of creating registries to record prior deaths. However, a recent study has reported a
high survival in SBS adults, with a 5-year survival of 82% in patients with non-malignant
SBS [27].

5. Conclusions

This was the first real-life study to describe the number and characteristics of patients
treated with teduglutide, since its marketing authorization, in a large cohort of SBS-CIF
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patients. This study confirmed the long-term benefit of teduglutide, and suggested the ben-
efit of early treatment. The high retention rate supports the need for the multidisciplinary
management of SBS patients to improve adherence to a center. This study also emphasized
the need to implement national and international collaborations to obtain a global view of
practices and improve patient care.

Author Contributions: Conceptualization, B.d.D., C.M. and F.J.; methodology, B.d.D., A.N., C.M.
and F.J.; formal analysis, B.d.D. and A.N.; resources, B.d.D. and J.B.; writing—original draft prepa-
ration, B.d.D. and A.N.; writing—review and editing, B.d.D., A.N., J.B., C.M. L.B., M.L.G. and F.J.;
supervision, F.J.; funding acquisition, C.M. and F.J. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was supported by an Investigator Initiated Research grant from Takeda Phar-
maceuticals International AG, a member of the Takeda group of companies (IIR-FRA-001392).

Institutional Review Board Statement: The study was approved by Institutional Review Board-IRB
00006477-of HUPNVS, Paris 7 University, AP-HP (date of approval 18 May 2021).

Informed Consent Statement: Patient consent was waived due to the non-interventional setting.

Data Availability Statement: Data are available upon reasonable request to the corresponding author.

Conflicts of Interest: B.D. received a research grant from Takeda. F.J. received grants/research
support/honoraria or consultation fees from Baxter, Fresenius Kabi, Nestlé Health Sciences, BBraun,
Theradial, mobile3e Consulting, Carembouche, NPS Pharmaceuticals, Shire, Takeda, Therachon,
VectivBio, and Zealand Pharma. All other authors declare no relevant conflicts of interest.

References
1. Pironi, L.; Corcos, O.; Forbes, A.; Holst, M.; Joly, F.; Jonkers, C.; Klek, S.; Lal, S.; Blaser, A.R.; Rollins, K.E.; et al. Intestinal failure in

adults: Recommendations from the ESPEN expert groups. Clin. Nutr. 2018, 37, 1798–1809. [CrossRef] [PubMed]
2. Billiauws, L.; Maggiori, L.; Joly, F.; Panis, Y. Medical and surgical management of short bowel syndrome. J. Visc. Surg. 2018, 155,

283–291. [CrossRef] [PubMed]
3. Carlsson, E.; Bosaeus, I.; Nordgren, S. Quality of life and concerns in patients with short bowel syndrome. Clin. Nutr. 2003, 22,

445–452. [CrossRef]
4. Pironi, L.; Arends, J.; Bozzetti, F.; Cuerda, C.; Gillanders, L.; Jeppesen, P.B.; Joly, F.; Kelly, D.; Lal, S.; Staun, M.; et al. ESPEN

Guidelines on Chronic Intestinal Failure in Adults. Clin. Nutr. 2016, 35, 247–307. [CrossRef] [PubMed]
5. Brubaker, P.L. Glucagon-like Peptide-2 and the Regulation of Intestinal Growth and Function. Compr. Physiol. 2018, 8, 1185–1210.
6. Daoud, D.C.; Joly, F. The new place of enterohormones in intestinal failure. Curr. Opin. Clin. Nutr. Metab. Care 2020, 23, 344–349.

[CrossRef]
7. Jeppesen, P.B.; Pertkiewicz, M.; Messing, B.; Iyer, K.; Seidner, D.L.; O’Keefe, S.J.; Forbes, A.; Heinze, H.; Joelsson, B. Teduglutide

reduces need for parenteral support among patients with short bowel syndrome with intestinal failure. Gastroenterology 2012, 143,
1473–1481.e3. [CrossRef]

8. Joly, F.; Seguy, D.; Nuzzo, A.; Chambrier, C.; Beau, P.; Poullenot, F.; Thibault, R.; Debeir, L.A.; Layec, S.; Boehm, V.; et al. Six-month
outcomes of teduglutide treatment in adult patients with short bowel syndrome with chronic intestinal failure: A real-world
French observational cohort study. Clin. Nutr. 2020, 39, 2856–2862. [CrossRef]

9. Lam, K.; Schwartz, L.; Batisti, J.; Iyer, K.R. Single-center experience with the use of teduglutide in adult patients with short bowel
syndrome. J. Parenter. Enter. Nutr. 2018, 42, 225–230. [CrossRef]

10. Pevny, S.; Maasberg, S.; Rieger, A.; Karber, M.; Blüthner, E.; Knappe-Drzikova, B.; Thurmann, D.; Büttner, J.; Weylandt, K.-H.;
Wiedenmann, B.; et al. Experience with teduglutide treatment for short bowel syndrome in clinical practice. Clin. Nutr. 2019, 38,
1745–1755. [CrossRef]

11. Greif, S.; Maasberg, S.; Wehkamp, J.; Fusco, S.; Zopf, Y.; Herrmann, H.J.; Lamprecht, G.; Jacob, T.; Schiefke, I.; von Websky, M.W.;
et al. Long-term results of teduglutide treatment for chronic intestinal failure–Insights from a national, multi-centric patient
home-care service program. Clin. Nutr. ESPEN 2022, 51, 222–230. [CrossRef] [PubMed]

12. Chen, K.S.; Xie, J.; Tang, W.; Zhao, J.; Jeppesen, P.B.; Signorovitch, J.E. Identifying a subpopulation with higher likelihoods of early
response to treatment in a heterogeneous rare disease: A post hoc study of response to teduglutide for short bowel syndrome.
Ther. Clin. Risk Manag. 2018, 14, 1267–1277. [CrossRef] [PubMed]

13. Puello, F.; Wall, E.; Herlitz, J.; Lozano, E.S.; Semrad, C.; Micic, D. Long-Term Outcomes with Teduglutide from a Single Center. J.
Parenter. Enter. Nutr. 2021, 45, 318–322. [CrossRef] [PubMed]

14. Jeppesen, P.B.; Gabe, S.M.; Seidner, D.L.; Lee, H.M.; Olivier, C. Factors Associated with Response to Teduglutide in Patients with
Short-Bowel Syndrome and Intestinal Failure. Gastroenterology 2018, 154, 874–885. [CrossRef]

https://doi.org/10.1016/j.clnu.2018.07.036
https://www.ncbi.nlm.nih.gov/pubmed/30172658
https://doi.org/10.1016/j.jviscsurg.2017.12.012
https://www.ncbi.nlm.nih.gov/pubmed/30041905
https://doi.org/10.1016/S0261-5614(03)00042-6
https://doi.org/10.1016/j.clnu.2016.01.020
https://www.ncbi.nlm.nih.gov/pubmed/26944585
https://doi.org/10.1097/MCO.0000000000000672
https://doi.org/10.1053/j.gastro.2012.09.007
https://doi.org/10.1016/j.clnu.2019.12.019
https://doi.org/10.1002/jpen.1011
https://doi.org/10.1016/j.clnu.2018.07.030
https://doi.org/10.1016/j.clnesp.2022.08.027
https://www.ncbi.nlm.nih.gov/pubmed/36184208
https://doi.org/10.2147/TCRM.S166081
https://www.ncbi.nlm.nih.gov/pubmed/30100725
https://doi.org/10.1002/jpen.1838
https://www.ncbi.nlm.nih.gov/pubmed/32391948
https://doi.org/10.1053/j.gastro.2017.11.023


Nutrients 2023, 15, 2448 12 of 12

15. Pironi, L.; Sasdelli, A.S.; Venerito, F.M.; Musio, A.; Pazzeschi, C.; Guidetti, M. Candidacy of adult patients with short bowel
syndrome for treatment with glucagon-like peptide-2 analogues: A systematic analysis of a single centre cohort. Clin. Nutr. 2021,
40, 4065–4074. [CrossRef]

16. Bond, A.; Taylor, M.; Abraham, A.; Teubner, A.; Soop, M.; Carlson, G.; Lal, S. Examining the pathophysiology of short bowel
syndrome and glucagon-like peptide 2 analogue suitability in chronic intestinal failure: Experience from a national intestinal
failure unit. Eur. J. Clin. Nutr. 2019, 73, 751–756. [CrossRef]

17. Pironi, L.; Konrad, D.; Brandt, C.; Joly, F.; Wanten, G.; Agostini, F.; Chambrier, C.; Aimasso, U.; Zeraschi, S.; Kelly, D.; et al. Clinical
classification of adult patients with chronic intestinal failure due to benign disease: An international multicenter cross-sectional
survey. Clin. Nutr. 2018, 37, 728–738. [CrossRef]

18. Schoeler, M.; Klag, T.; Wendler, J.; Bernhard, S.; Adolph, M.; Kirschniak, A.; Goetz, M.; Malek, N.; Wehkamp, J. GLP-2 analog
teduglutide significantly reduces need for parenteral nutrition and stool frequency in a real-life setting. Ther. Adv. Gastroenterol.
2018, 11, 1756284818793343. [CrossRef]

19. Verbiest, A.; Jeppesen, P.B.; Joly, F.; Vanuytsel, T. The Role of a Colon-in-Continuity in Short Bowel Syndrome. Nutrients 2023,
15, 628. [CrossRef]

20. de Dreuille, B.; Joly, F. Disease-modifying therapies in short bowel syndrome. Curr. Opin. Pharmacol. 2022, 65, 102240. [CrossRef]
21. Loutfy, A.; Kurin, M.; Shah, R.; Davitkov, P. Characterization of American teduglutide consumers from 2015 to 2020: A large

database study. J. Parenter. Enter. Nutr. 2022, 46, 646–651. [CrossRef] [PubMed]
22. Norona, J.; Apostolova, P.; Schmidt, D.; Ihlemann, R.; Reischmann, N.; Taylor, G.; Köhler, N.; de Heer, J.; Heeg, S.; Andrieux, G.;

et al. Glucagon-like peptide 2 for intestinal stem cell and Paneth cell repair during graft-versus-host disease in mice and humans.
Blood 2020, 136, 1442–1455. [CrossRef] [PubMed]

23. Booth, C.; Booth, D.; Williamson, S.; Demchyshyn, L.L.; Potten, C.S. Teduglutide ([Gly2]GLP-2) protects small intestinal stem cells
from radiation damage. Cell Prolif. 2004, 37, 385–400. [CrossRef] [PubMed]

24. Song, B.; Ge, H.; Pu, C.; Li, N. GLP2-GLP2R signal affects the viability and EGFR-TKIs sensitivity of PC9 and HCC827 cells. BMC
Pulm. Med. 2022, 22, 36. [CrossRef]

25. Hvistendahl, M.K.; Naimi, R.M.; Enevoldsen, L.H.; Madsen, J.L.; Fuglsang, S.; Jeppesen, P.B. Effect of Glepaglutide, a Long-Acting
Glucagon-Like Peptide-2 Analog, on Gastrointestinal Transit Time and Motility in Patients with Short Bowel Syndrome: Findings
from a Randomized Trial. J. Parenter. Enter. Nutr. 2020, 44, 1535–1544. [CrossRef]

26. Eliasson, J.; Hvistendahl, M.K.; Freund, N.; Bolognani, F.; Meyer, C.; Jeppesen, P.B. Apraglutide, a novel glucagon-like peptide-2
analog, improves fluid absorption in patients with short bowel syndrome intestinal failure: Findings from a placebo-controlled,
randomized phase 2 trial. J. Parenter. Enter. Nutr. 2022, 46, 896–904. [CrossRef]

27. Noelting, J.; Gramlich, L.; Whittaker, S.; Armstrong, D.; Marliss, E.; Jurewitsch, B.; Raman, M.; Duerksen, D.R.; Rn, D.S.; Lou, W.;
et al. Survival of Patients with Short-Bowel Syndrome on Home Parenteral Nutrition: A Prospective Cohort Study. J. Parenter.
Enter. Nutr. 2021, 45, 1083–1088. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.clnu.2021.02.011
https://doi.org/10.1038/s41430-018-0278-8
https://doi.org/10.1016/j.clnu.2017.04.013
https://doi.org/10.1177/1756284818793343
https://doi.org/10.3390/nu15030628
https://doi.org/10.1016/j.coph.2022.102240
https://doi.org/10.1002/jpen.2221
https://www.ncbi.nlm.nih.gov/pubmed/34291485
https://doi.org/10.1182/blood.2020005957
https://www.ncbi.nlm.nih.gov/pubmed/32542357
https://doi.org/10.1111/j.1365-2184.2004.00320.x
https://www.ncbi.nlm.nih.gov/pubmed/15548172
https://doi.org/10.1186/s12890-021-01800-3
https://doi.org/10.1002/jpen.1767
https://doi.org/10.1002/jpen.2223
https://doi.org/10.1002/jpen.1984

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Primary Outcome 
	Secondary Outcomes 

	Data Collection 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Characteristics of SBS-CIF Patients 
	Evolution of Teduglutide-Treated Patients over Time 
	Long-Term Efficacy of Teduglutide 
	Teduglutide Retention and Discontinuation Rates 
	Assessment of Teduglutide Prescription Criteria 

	Discussion 
	Conclusions 
	References

