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GLP-2 analog teduglutide significantly
reduces need for parenteral nutrition and
stool frequency in a real-life setting

Marc Schoeler, Thomas Klag, Judith Wendler, Simon Bernhard, Michael Adolph,
Andreas Kirschniak, Martin Goetz, Nisar Malek and Jan Wehkamp

Abstract

Background: To evaluate the benefits of teduglutide in a real-life setting, we analyzed the data
of 14 patients with short bowel syndrome treated with teduglutide. Additionally, we studied
glucagon-Llike peptide 2 (GLP-2) receptor expression in samples of small intestinal and colonic
tissue to provide explanations for clinical observations.

Methods: Stool frequency and consistency, sensation of thirst, parental calorie or fluid uptake
and the number of days on parenteral support per week were collected for up to 2 years.
Quantitative real-time polymerase chain reaction of the GLP-2 receptor in healthy controls
was performed to better understand clinical response in different patient subgroups.
Results: There was a significant reduction in parenteral support after 24 and 48 weeks (by
11.0 and 36.6%, respectively; p < 0.05). Further major improvements were made in several
patients after over 1 year (reduction by 79.3%, p < 0.05). The proportion of patients who
reduced parenteral support by at least 20% was 33.3%, 54.5% and 71.3% after 24 weeks,

48 weeks and beyond 1 year, respectively. Patients on daily parenteral support showed late
but strong amelioration. The reduction of thirst was the earliest marker for response. While
stool consistency increased (p < 0.01), stool frequency decreased (p < 0.05) significantly
after 12 weeks. This reduction was even more pronounced in patients with colon in continuity.
Supporting these clinical observations, we found a stronger physiological expression of the
GLP-2 receptor in the colon than in the small intestine.

Conclusions: Patients benefit from teduglutide in a real-life setting, but in contrast to
randomized, controlled studies reduction of parenteral support took longer. We identified
early clinical markers of response, such as stool consistency and frequency as well as
sensation of thirst. Clinical and molecular observations support the role of the colon as an

important target organ of teduglutide.
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Introduction

Short bowel syndrome is usually a postsurgical
condition with a multifactorial etiology defined by
a significant insufficiency of the intestine in the
absorption of macro- and micronutrients that leads
to the individual’s inability to maintain a stable
nutrient and hydration status.!»? With a prevalence
of 10-34 per 1,000,000, short bowel syndrome is
considered an orphan disease.?* Nevertheless the

burden for affected patients is high.> While
advances in therapy were made in recent decades,
patients continue to be affected by a high degree of
morbidity and mortality and treatment creates a
high economic burden.®1° Established therapy so
far has been largely based on symptomatic treat-
ment such as opioids, somatostatin analogues and
parenteral substitution of fluids and nutrients.!!-14
Nutritional options for stimulation of physiological
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adaptation in intestinal failure are available but
limited.!> Intestinal transplantation has gained
importance since the 1990s and important
advances have been made since.1 But it is costly,
related to a high post-transplantation morbidity
and mortality rate and the available long-term data
are not yet satisfactory.17-19

In 2014, teduglutide was approved for the treat-
ment of short bowel syndrome. It is an analogue
to the physiological glucagon-like peptide 2 (GLP-
2). In contrast to the physiological peptide, the
altered-drug peptide is more resistant to cleavage
by the protease dipeptidylpeptidase IV (DPP-1V),
resulting in an extended half life and allowing
daily dosing.

Teduglutide causes an enlargement of the remain-
ing intestinal surface by growth of the intestinal
villi and crypts as well as a reduction in motility
and augmentation of intestinal blood flow, all of
which lead to a better adsorption of fluids, micro-
and macronutrients.2%2> In randomized, con-
trolled clinical trials teduglutide was shown to
significantly reduce demand for parenteral sup-
port in patients with short bowel syndrome.26:27
But there is limited information on the benefits of
teduglutide in a real-world setting. While studies
request a strict regimen and controlled setting
concerning changes in parenteral support, treat-
ment success in a real-life setting is influenced by
different factors including patients’ subjective
perception of their state of health, their cautious-
ness concerning changes in treatment and physi-
cians’ experience with a new drug.

Besides collecting data on changes in parenteral
support we aimed to assess some aspects not pre-
viously reported but which we believe are impor-
tant for patients with short bowel syndrome such
as sensation of thirst, stool frequency and consist-
ency. Another objective of our investigation was to
find additional early markers for clinical response.

Using endoscopic samples of the small intestine
and colon of healthy individuals we acquired data
on the physiological expression of the teduglutide
target, the GLP-2 receptor, in different parts of
the bowel to interpret clinical findings.

Materials and methods
The study protocol conforms to the ethical guide-
lines of the 1975 Declaration of Helsinki as

reflected in the prior approval by the Ethical
Committee of University Hospital Tubingen on
23 May 2015 (reference number 687/ 2012B01).
Written and informed consent for data acquisi-
tion was obtained from all patients included in
this study prior to treatment initiation. Written
and informed consent for biopsy sampling and
analysis was obtained from all healthy controls
beforehand.

Patient biopsies

Biopsies from healthy control patients from the
small intestine (that is, the terminal ileum) and
colon were sampled during routine colonoscopy
at the Robert Bosch Hospital, Stuttgart, Germany.

Clinical data

At the University Hospital Tibingen, 14 patients
with short bowel syndrome were treated with
teduglutide. Clinical data were collected system-
atically by a specialized homecare service provider
(Healthcare at Home, Weinheim, Germany).
Parameters recorded were age, weight, stool con-
sistency and frequency within 24 h, sensation of
thirst, oral fluid uptake, intravenous calorie
uptake per week, total intravenous fluid uptake
per week, number of days on parenteral support
per week and urinary output. For ostomy patients
stool frequency represents the number of ostomy
bag emptyings per day. We opted for this instead
of measuring the output volume for several rea-
sons. First, we expected compliance in providing
data in this delicate area to be higher when
patients did not have to undergo the trouble of
measuring the ostomy output at all times. Second,
we felt that in order to assess the benefit from
teduglutide, the number of times patients with
ostomy have to use the bathroom to empty the
bag is more relevant than the ostomy output vol-
ume. Ultimately, this approach allows easy com-
parison to patients without the condition. Among
our 14 patients, 5 were started on teduglutide less
than a year after initiation of parenteral support
because of their general state of health, severity of
malnutrition and the high strain demanded an
earlier intervention.

Comparisons of values were made between
the start of treatment (z = 14), 12 (n = 14), 24
(n = 13) and 48 (n = 11) weeks after treatment
initiation. Additional patient data from a treat-
ment period of more than 12 months were also
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Table 1. Primer for real-time PCR.

Product Primer forward

Primer reverse

B-actin

GLP-2 receptor

GCC AAC CGC GAG AAGATG A
ACC TTG GTG GAG TGA AGA GAG

CAT CAC GAT GCC AGT GGT A
CAT TCG GAG TCATCC TGC CA

included (z = 7). Teduglutide treatment was not
initiated simultaneously. Therefore, at the time of
data assessment, treatment length and therefore
group numbers varied. Two subgroups of patients
were formed depending on postsurgical situs
[patients with colon in continuity (z = 9) and
patients with a jejuno- or ileostomy (n = 5)].

Quantitative polymerase chain reaction

For analysis of GLP-2 receptor expression, we
used biopsies of the colon (n = 25) and small
intestine (n = 24) acquired from healthy individ-
uals during routine screening colonoscopy since
2001.

Quantitative polymerase chain reaction was per-
formed as previously described by Wehkamp and
colleagues?8 using Roche equipment (LightCycler
480, Roche Diagnostics, Indianapolis, IN, USA).
Single-stranded complementary DNA corre-
sponding to 10 ng of RNA was used as a tem-
plate with specific oligonucleotide primer pairs
(Table 1). To assess copy numbers, we used spe-
cific plasmid standards for each product which
were designed using a TOPO TA Cloning Kit
(Invitrogen, Carlsbad, CA, USA) and confirmed
by sequencing analysis. -actin expression was
assessed for normalization of GLP-2 receptor
expression.

Immunohistochemistry

Immunohistochemical staining for GLP-2 recep-
tor was based on the EnVision technique by Dako
(Glostrup, Denmark) and conducted according
to their protocol. The primary anti-GLP-2-recep-
tor (Anti-GLP-2 rabbit, Sigma, St Louis, MO,
USA) was used in a dilution of 1:50 in Antibody
Diluent (Dako) at 4°C overnight. The horserad-
ish peroxidase-labeled secondary antibody (detec-
tion kit by Dako) was applied for 30 min at room
temperature. This procedure was visualized by a
Dako DAB chromogen. An additional 15 s hema-
toxylin counterstaining was performed to visual-
ize cell nuclei.

Statistics

Graphs are presented as means * standard error
of the mean (SEM) and were generated using
GraphPad Prism V7 (GraphPad Software Inc.,
La Jolla, CA, USA). For clinical data, mean and
SEM were calculated using SPSS 24 (IBM SPSS
Statistics, IBM Corporation, Somers, NY, USA)
and statistical relevance was assessed performing
the paired t test. For statistical analysis of GLP-2
receptor expression, the Wilcoxon Mann—
Whitney test for non-normally distributed groups
was performed using GraphPad Prism V7.

For all values, p up to 0.05 was considered to be
statistically significant (*p < 0.05, **p < 0.01,
**kp < 0.001).

Results

Baseline patient characteristics are shown in
Table 2. Treatment with antimotility agents such
as loperamide had failed in our patients and these
drugs were not taken routinely before or after
treatment initiation. No patient took proton
pump inhibitors regularly.

All patients reported a general improvement in
their situation and wish to continue treatment
with teduglutide. So far, no patient has discontin-
ued treatment with teduglutide. Reported side
effects such as nausea, abdominal distention or
bloating, or inflammation of the site of injection
were generally mild in nature. One patient
encountered a significant growth of the ostomy
nipple and the baseplate had to be readapted.
Another patient had an ostomy prolapse that
needed no surgical intervention and could be
reversed manually. No new polyps were found on
routine endoscopy performed 6—12 months after
treatment initiation.

Changes in parenteral support

We measured uptake of intravenous calories (kcal)
per week, total fluid uptake per week (ml) and
the days in a week a patient received parenteral
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Figure 1. Changes in parenteral nutrition.
Considering all patients, reduction of intravenous
calories was significant after 12, 24 and 48 weeks
and beyond 12 months of teduglutide treatment.
Reduction of total intravenous fluid support was
significant after 24 and 48 weeks as well as after
treatment of over 12 months (a). The proportion

of patients that reduced intravenous fluids by 20%
or more was 33.3% after 24 weeks, 54.5% after

48 weeks and 71.3% in treatment of over 12 months.
For intravenous calories the proportion was 36.4%,
70% and 85.7% after 24, 48 and over 12 months,
respectively (b). The average number of days of
parenteral support per week decreased from 5.6 days
at baseline to 4.2 days after 48 weeks of treatment
and to 2.0 days beyond 12 months of treatment. The
latter showed statistical significance (c] (*p < 0.05).
Mo, months; PN, parenteral nutrition; W, weeks.

support. Measures were compared with baseline
after 12, 24 and 48 weeks and when looking at
treatment length of over 12 months. The results
are shown in Figure 1.

Intravenous calories were significantly reduced
compared with baseline (uyy = 7731 £ 942 kcal;
Wiow = 6733 +£792 keal; oy = 5863 * 1011 kceal;

Megw = 4689 = 1161 kcal; pojpy, 4491 =
1735 kcal; p < 0.05 for each value). Total amount
of intravenous fluids diminished strongly with
changes being statistically significant after 24,
48 weeks and beyond 12 months of treatment
compared with baseline (i, = 12,229 + 2318 ml;
Wow = 11,537 = 2213 ml; p,y = 10,882 =
2290 ml; pugyw = 7751 £ 1786 ml; po . 2531
+ 864 ml; p = 0.06 for p, and p < 0.05 for pyyy»

Hygw and pojon,) [Figure 1(2)].

After 24 weeks, the proportion of patients who
had reduced total parenteral fluid support by at
least 20% was 33.3% (4 out of 12). At 48 weeks,
the proportion was 54.5% (6 out of 11) and
71.3% when treated over 12 months (5 out of 7).
Concerning calories, 36.4% (4 out of 11) reduced
their uptake by at least 20% after 24 weeks; it was
70.0% (7 out of 10) and 85.7% (6 out of 7) after
48 weeks and beyond 12 months, respectively
(Figure 1b).

Baseline value for days on parenteral support
per week was 5.6 days per week. After 48 weeks
(n = 10) the average reduction was 1.4 days of
parenteral support per week. When looking at a
treatment of over 12 months (z = 7), average
reduction was 3.6 days [Figure 1(c)]. Two
patients were weaned off parenteral support com-
pletely after 48 weeks of treatment, one initially
with four and the other initially on 7 days of par-
enteral support per week (not shown).

Role of initial need for parenteral support

Figure 2 shows that in contrast to these expecta-
tions, patients on daily parenteral support (n = 6)
particularly benefitted from teduglutide and that
the most dramatic improvements were made after
treatment length of 1 year or more. Compared
with baseline (1o = 17,430 £ 3763, n = 6), total
intravenous fluid support per week in patients ini-
tially on daily parenteral support was reduced by
5.5% after 12 weeks (U, = 16,466 = 3591 ml,
n=6,p>0.05), 13.6 % after 24 weeks (4w =
15,067 * 3481 ml, n = 6, p < 0.05), 38.3% after
48 weeks (g = 10,755 £ 2502 ml, n = 6, p >
0.05) and 81.0% after treatment of over 1 year
(Mo1omo = 3317 £ 1658 ml, n = 3, p < 0.05),
respectively. By contrast, in the subgroup of
patients receiving 1-4 days of parenteral support
per week, reduction of total intravenous fluid
support per week was 5.9% after 12 weeks (Uyy =
7771 21634 ml,n = 7; uj,p = 7311 = 1589 ml,
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Figure 2. Impact of initial need for parenteral
nutrition. For patients initially on daily parenteral
support, reduction of intravenous fluids and calories
was statistically significant after treatment over

12 months. In patients initially needing 1-4 days

of parenteral support per week, reduction of
intravenous calories was significant after 48 weeks
but not after over a year of treatment. No significant
change was seen in total intravenous fluids in this
group (*p < 0.05). Mo, months; PN, parenteral
nutrition; W, weeks.

n = T), 13.8% after 24 weeks (U uy = 0696 *=
1985 ml, n = 6), 46.7% after 48 weeks (g =
4146 *= 1482 ml, n = 5) and 30.9% (after treat-
ment of over 1 year, i,y = 5273 * 2926 ml, n =
4) (p > 0.05 for all values) [Figure 2(a)].

For intravenous calories, there was no significant
reduction in patients initially receiving daily
parenteral support after 12 weeks (U;,y = 7680
+ 1261 kcal, n = 6), 24 weeks (W4, = 6930 =
1673 kcal, n = 6) and 48 weeks (U gy = 6048
+ 1648 kcal, n = 6) compared with baseline (loy
= 8275 *= 1474 kcal, n = 6). However, changes
were statistically significant after treatment of
over 1 year (U-jop, = 1940 = 1460 kcal, n = 3,
p < 0.05). In the subgroup of patients receiving
1-4 days of parenteral support per week, reduc-
tion of intravenous calories was not significant
after 12 weeks (U;,,v = 5787 = 901 kcal, n = 6)
or 24 weeks (U, = 4584 £ 821 kcal, n = 5) but
after 48 weeks of treatment (W,gy = 2650 =*
1008 kcal, n = 4, p < 0.05) compared with base-
line (uyyw = 6387 = 1171 kcal, n = 6). However,
there was no more significance beyond 12 months
of treatment (U~ 50, = 2975 £ 1181 keal, n = 4)
[Figure 2(b)].
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Figure 3. Changes in stool frequency and
consistency. Considering all patients, there was a
significant reduction in stool frequency after 12, 24
and 48 weeks (a). Dividing patients into those with

a jejuno- or ileostomy and those with a colon in
continuity (b), changes in stool frequency are only
statistically significant for patients with a colon in
continuity after 12 and 24 weeks but not 48 weeks.
Patients with an ostomy do not show a significant
reduction in stool frequency at any time. (c] Visualizes
improvement in stool consistency in all patients on a
scale from 1to 5 (1 = watery, 2 = loose/mushy, 3 =
soft, 4 = formed, 5 = hard) (*p < 0.05, **p < 0.01).
Mo, months; W, weeks.

Changes in stool frequency and consistency
Figure 3 shows that there was a significant
reduction in bowel movement frequency after
12, 24 and 48 weeks of treatment compared
with baseline (Lyy = 9.18 £ 1.22; y, = 5.86 =
0.97; Pouw = 6.0 £ 0.73, tyuew = 5.95 £ 0.71,
p < 0.05 for each value). There was no further
significant change in stool frequency after
12 weeks [Figure 3(a)].
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sensation of thirst
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Figure 4. Sensation of thirst. Data on sensation of
thirst was available for 10 patients. Five had a strong
sensation of thirst before the start of treatment. Of
these, four had improvement in thirst after 2 weeks.
After 4 weeks, seven patients felt no thirst, two felt
mild thirst and one patient continued to have a strong
sensation of thirst. W, weeks.

When dividing patients into those with a colon
in continuity and those with an ileo- or jejunos-
tomy it becomes clear that there was a stronger
reduction in bowel movement frequency in the
patients with colon in continuity (labeled p..)
after 12, 24 and 48 weeks (U ow = 8.44 £ 1.41;
Peerow = 4.23 £ 0.97; peouw = 4.69 = 0.59;
Reaasw = 5-44 = 0.64; p < 0.05 for all values
compared with baseline) compared with those
with an ostomy (labeled p) (uow = 10.50 =
2.38; Ugow = 8.50 = 1.58; pgpuw = 8.10 £ 1.20;
Wasw = 7-33 = 3.02, p > 0.05 for all values com-
pared with baseline). The relative reduction in
relation to baseline value (colon in continuity
versus ostomy) was 47.99% wversus 19.05% after
12 weeks, 44.43% versus 22.86 % after 24 weeks,
and 35.55% versus 30.19 % after 48 weeks. The
effect in the group with colon in continuity was
statistically significant after 12 and 24 weeks
(p < 0.05) but not after 48 weeks compared
with baseline value. There was no statistical dif-
ference in the ostomy group between any of the
values [Figure 3(b)].

We categorized stool consistency as watery, loose/
mushy, soft, formed or hard and attributed num-
bers from 1 to 5 (1 being watery and 5 being hard)
for better visualization. An average was calculated
for all patients after 4, 12, 24 and 48 weeks as
well as with values beyond 12 months of treat-
ment. As shown here, a major amelioration was
achieved within 4 weeks with only moderate
change afterwards [Figure 3(c)]. There was a sig-
nificant improvement for all values compared
with baseline (p < 0.05).

Sensation of thirst

Information on thirst (classified as none, low,
moderate and severe) was available for 10 out of
14 patients. Figure 4 shows that within 2 weeks,
four out of five patients with severe sensation of
thirst lost this feeling completely. While 50% of
patients reported none or only mild thirst on
treatment initiation, it was 90% after 4 weeks.
There was no further change in these values after
4 weeks.

GLP-2 receptor expression in the small and

large intestine

Figure 5(a) shows that copy numbers were sig-
nificantly higher (50.33 = 7.36 versus 26.08 =
7.47) in the colon (z = 25) than in the small
intestine (p < 0.001) (z = 24). The difference
was still statistically significant (p < 0.05) when
GLP-2 receptor expression was normalized to
B-actin expression (not shown). To illustrate
these findings and to confirm these results, immu-
nohistochemistry staining on samples of sections
of the colon [Figure 5(b)] and the small intestine
[Figure 5(c)] was performed.

Discussion

Here we report the single center experience of a
cohort of patients with short bowel syndrome
treated with teduglutide in a prospective,
uncontrolled study. To our knowledge, this is
the largest set of real-life data on teduglutide
efficacy so far.

The main aim of our work was to investigate the
benefits of the novel agent teduglutide in the
treatment of short bowel syndrome in a real-life
clinical setting outside a controlled study. Overall
the treatment was well tolerated. All patients
reported a general amelioration of their situation
and wished to continue therapy.

The extent of clinically measurable effects and
time until parenteral nutrients and fluids were
reduced varied among the different patients. We
found reduction of thirst as the earliest clinical
marker for response. We show that improvement
in stool frequency and consistency as well as loss
of thirst can be considered as additional early
markers of success. Of note, patients with colon
in continuity were characterized by additional
improvements, suggesting the colon to be an
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Figure 5. GLP-2 receptor expression. Analyzing the expression of the glucagon-like peptide 2 (GLP-2) receptor
in the colon and small intestine of healthy individuals we found a significantly higher expression in the colon
than in the small intestine (that is, the terminal ileum) (a) (***p < 0.001). Immunohistochemistry showed more
GLP-2-positive cells in the colon (b) than in the small intestine (c).

important, additional target organ for teduglu-
tide. This finding is consistent with recently pub-
lished real-life data?® as well as the post hoc analysis
of the phase III placebo-controlled trials.>® This
observation is supported by the high physiological
expression of the GLP-2 receptor in the colon.

All observed adverse events were, if present at all,
mild in nature and we can generally confirm
recently published data on the real-life safety and
efficacy of teduglutide.?!

In our cohort, 36.4% of the patients had reduced
their amount of weekly intravenous calorie uptake
by at least 20% after 24 weeks and 70% of
patients after 48 weeks. The success rate was
even higher (85.7%) when patients had been
treated for over 1 year. Rates for reduction of
total intravenous fluid uptake were similar. Total
amount of intravenous fluid and calorie uptake
per week was significantly reduced over time, but
it took longer than previously reported in a rand-
omized and controlled clinical trial.?¢ Interestingly,

as reported previously,?? baseline characteristics
for amount of parenteral support before the start
of treatment did not strictly determine the effect
of teduglutide. Patients initially on daily paren-
teral support showed a strong improvement after
treatment over 1 year.

Our approach to reduction of parenteral support,
in contrast to algorithms used in clinical trials,
was not strictly guided by changes in urinary out-
put but based on several subjective markers
besides urinary output, such as a patient’s general
condition, weight, thirst, stool frequency and
consistency. With regard to patients’ individual
fear of negative effects of reduction of parenteral
support, we left patients some degree of freedom
to decide when to reduce parenteral support.
Also, due to the lack of experience with this novel
treatment approach and because of patient safety
reasons, parenteral support was intentionally
reduced slowly. In summary, our data are in line
with previously published real-life data on the
efficacy of teduglutide?-3! and we can confirm the
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benefits of, sometimes dramatic, reductions in
parenteral support. However, these changes did
take longer in a real-world setting than in the clin-
ical studies.

While we did not systematically assess quality of
life using a disease-specific scale as suggested in
the past,? all our patients reported good toler-
ance of the drug and reported a subjective
improvement in their general situation, hence
their quality of life. We believe this to be triggered
not only by a reduction in parenteral support.
The positive effect on outcome by including
patients with short bowel syndrome in social
activity and education programs has been demon-
strated in the past.3* But high stool frequency in
short bowel syndrome leads to impairment in
social activity and therefore reduction in quality
of life. The positive effect on quality of life of
teduglutide has been shown,3> but the role of
improvement of stool frequency was not clearly
assessed. We believe a marked reduction in stool
frequency is a major contributor to a better qual-
ity of life. The quick and continuing relief from
thirst within the first 4 weeks of therapy clearly
contributed to this effect.

Based on experimental and clinical data, the small
intestine has so far largely been regarded as the
only clinically relevant target organ of teduglutide
therapy.2%3¢ When subdividing our patients into
those with an ostomy and those without (hence a
colon in continuity), a marked difference in the
effect of teduglutide becomes obvious. When we
analyzed endoscopic biopsies from healthy indi-
viduals we could show that the molecular target
of teduglutide, the GLP-2 receptor, was expressed
more than twice as much in the colon compared
with the small intestine. Studies on GLP-2 recep-
tor expression in the small and large intestine as
well as a proliferative effect of GLP-2 on both
sites were previously reported in rodents.373° To
our knowledge, our data are the first quantifica-
tion of GLP-2 receptor expression in the human
small and large intestine. To date, there are no
similar data on GLP-2 expression in patients with
short bowel syndrome and one has to be careful
in translating this finding to affected patients.
Still, we believe that these results are interesting
since, in contrast to prior descriptions, when no
change in colonic crypt depth was observed,3® our
data confirm prior clinical observations of a ben-
eficial effect of teduglutide on colon in continuity
response.32 We therefore conclude that the colon

is, beside the small intestine, a clinically relevant
target for teduglutide and might play a key role in
mediating the observed clinical effects, such as
the reduction in stool frequency and thirst, both
of which we believe to be crucial for improvement
of quality of life under therapy with teduglutide.

We acknowledge that our results should be inter-
preted within the context of several limitations.
The small number of patients may lead to an
overestimation of our observations due to indi-
vidual patient differences and random fluctuation
of the collected values. Additionally, exact infor-
mation on the length of the remaining small intes-
tine and colon was scarce, and we could not make
further evaluations on the importance of the
remaining length of intestine for the clinical
effects of teduglutide. Also, the etiology of short
bowel syndrome in our different patients is multi-
factorial and group sizes were too small to identify
its impact on clinical response. Assessment of
stool consistency and sensation of thirst are sus-
ceptible to interindividual differences in percep-
tion and therefore to bias. Ultimately, with a
small number of patients and even smaller sub-
group sizes, the statistical power of our analysis is
low and the possibility to generalize our results is
very limited. The assessed parameters varied
strongly between the different patients under
treatment with teduglutide. Concerning measure-
ment of GLP-2 levels in the small and large intes-
tine, values for patients with short bowel syndrome
are lacking and extrapolating control data to
affected patients must remain speculation for
now.

Considering the annual cost of treatment with
teduglutide and the resulting economic burden
the establishment of predictive markers for a
patient’s clinical response is crucial. Our data
suggest that the clinical effects of teduglutide can
in part be anticipated when considering the ana-
tomical situation of the remaining gastrointestinal
tract. Further evaluation in larger patient cohorts,
such as analysis of GLP-2 receptor expression in
treated patients, could help to create patient
selection criteria in the future.
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