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Short running head: Glepaglutide and bile acid – FXR – FGF19 axis. 

Abbreviations: ALP, alkaline phosphatase; AUC, area under the curve; C4, 7α-hydroxy-4-

cholesten-3-one; CYP7A1, cholesterol 7α-hydroxylase; FGF, fibroblast growth factor; FXR, 

farnesoid X receptor, GGT, gamma-glutamyltransferase; GLP, glucagon-like peptide; 

IFALD, intestinal failure associated liver disease; IQR, interquartile range, SBS, short bowel 

syndrome. 

ClinicalTrials.gov number: NCT02690025 

Data described in the manuscript, code book, and analytic code will be made available upon 

request.  
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ABSTRACT 

Background. The gut-liver axis and enterohepatic circulation have gained increasing 

attention lately. Patients with short bowel syndrome (SBS) are, in fact, human knock-out 

models that may assist in the understanding of bile acid synthesis and regulation. 

Objective. We evaluated effect of glepaglutide, a long-acting glucagon-like peptide-2 analog, 

on bile acid synthesis, the enterohepatic circulation of bile acids and liver biochemistry in 

patients with SBS. 

Design. In a single-center, double-blinded, dose-finding, crossover phase 2 trial, 18 patients 

with SBS were randomly assigned to two of three treatment arms (0.1, 1 and 10 mg) with 

daily subcutaneous injections of glepaglutide for three weeks. The wash-out period between 

the two treatment periods was four to eight weeks. Measurements were performed at baseline 

and at the end of each treatment period and included: Postprandial plasma samples for 

fibroblast growth factor 19 (FGF19), 7α-hydroxy-4-cholesten-3-one (C4), total excretion of 

fecal bile acids, gene expression of farnesoid X receptor (FXR) in intestinal mucosal 

biopsies, total plasma bile acids and liver biochemistry. 

Results. Compared to baseline, the median (IQR) postprandial response (AUC0-2h) of FGF19 

increased by 150 h×ng/L (41, 195;P=0.001) and C4 decreased by 82 h×µg/L (-169, -

28;P=0.010) in the 10 mg dose. FXR gene expression did not change in any of the groups. 

Alkaline phosphatase significantly decreased.  

Conclusions. Glepaglutide may stimulate the bile acid–FXR–FGF19 axis leading to 

increased plasma concentrations of FGF19. Thereby glepaglutide may ameliorate the 

https://doi.org/10.1111/jpen.2224
https://doi.org/10.1111/jpen.2224
https://doi.org/10.1111/jpen.2224
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accelerated de-novo bile acid synthesis and play a role in the prevention and/or treatment of 

intestinal failure-associated liver disease. 

Keywords: short bowel syndrome; glucagon-like peptide-2; fibroblast growth factor 19; 7α-

hydroxy-4-cholesten-3-one. 

 

Clinical Relevancy Statement 

This trial showed that patients with short bowel syndrome and distal bowel resection have 

low plasma concentration of fibroblast growth factor 19 (FGF19) and high plasma 

concentration of 7α-hydroxy-4-cholesten-3-one (C4). These findings add evidence to why 

these patients experience high fecal losses of bile acids and may contribute to the 

pathophysiological understanding of the progressive development of intestinal failure-

associated liver disease. Glepaglutide treatment, a novel long-acting glucagon-like peptide-2 

analog, was associated with increased concentration of FGF19 and lowered concentrations of 

C4. Based on these results, glepaglutide may ameliorate the accelerated de-novo bile acid 

synthesis, and future studies will need to show its role in the prevention and/or treatment of 

intestinal failure-associated liver disease.  



 

5 

 

 
This article is protected by copyright. All rights reserved. 

 
 

INTRODUCTION 

Bile acids are not only important for fat absorption and sterol metabolism, but in recent years 

they have gained increasing attention due to their physiological properties as signaling 

molecules. Furthermore, their farnesoid X receptor (FXR) agonistic features may play an 

important role in several cholestatic liver diseases such as primary sclerosing cholangitis,
1,2

 

primary biliary cholangitis,
3
 or even intestinal failure-associated liver disease (IFALD).

4
 

Additionally, bile acids may be central in the modification of the gut microbiome.
5
 

Patients with short bowel syndrome (SBS) and resection of the terminal ileum are known to 

have an accelerated de novo bile acid biosynthesis and an altered size and composition of the 

bile acid pool.
6,7

 This may partially be due to an impaired reabsorption and recirculation but it 

may also reflect changes in entero-hormonal feedback. Thus, patients with SBS can be 

considered as ‘human knock-out models’, where removal of a bowel segment may display its 

effect on the hormonal regulation thereby displaying the consequent pathophysiological and 

clinical significance.  

Under normal conditions, bile acids are known to activate the nuclear FXR resulting in 

release of fibroblast growth factor (FGF) 19.
8,9

 FGF19 activates the hepatic FGF receptor 4 to 

suppress the expression of cholesterol 7α-hydroxylase (CYP7A1), an enzyme involved in the 

first and rate-limiting step in the de novo synthesis of primary bile acids.
10

 The CYP7A1 

activity can be assessed by measuring the intermediate 7α-hydroxy-4-cholesten-3-one 

(termed C4) in plasma.
11

 Consequently, when bile acid malabsorption occurs, as seen in 

patients with SBS and ileal resections, an increase in plasma C4 reflects increased CYP7A1 

activity indicative of accelerated de novo bile acid synthesis. 

It is currently unclear, how changes in secretions of FGF19 and glucagon-like peptide-2 

(GLP-2) impacts the synthesis of bile acids.  



 

6 

 

 
This article is protected by copyright. All rights reserved. 

 
 

In the explorative part of a phase 2 study in patients with SBS, we set out to investigate the 

effect of a GLP-2 analog, glepaglutide, on modulation of the bile acid/FXR/FGF19 axis. An 

improved understanding of the role of GLP-2 in the regulation of bile acid metabolism could 

even shed light on the possibility that altered gut-liver axis signaling could be of importance 

in the development of IFALD. 

 

MATERIALS AND METHODS 

Design 

This was a randomized, double-blind, dose-finding, single-center, phase 2 trial. In a crossover 

design, patients received two of three once-daily doses of glepaglutide (0.1 mg, 1 mg and 10 

mg) as subcutaneous injections for 3 weeks. Each treatment period was separated by a wash-

out period of four to eight weeks. The interval of 4 to 8 weeks was determined based on the 

presumed half-life of glepaglutide. The flexibility was provided to allow for logistical 

circumstances as this trial involved repeated metabolic balance studies with 4 weeks 

admissions for each patient. The primary endpoint of this trial was the absolute change from 

baseline in fecal wet weight output, and key secondary endpoint was the absolute change 

from baseline in wet weight absorption. Both endpoints were assessed by 72-hour metabolic 

balance studies. These endpoints have historically been chosen and allowed for easier 

comparison with results from other trials employing native GLP-2 and teduglutide. The 

dietary intake of energy and wet weight in the patients did not change, but we found an 

increase in the intestinal absorption of wet weight. Results on the intestinal function 

measured by metabolic balance study have been published elsewhere.
12
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Participants 

Participants were included from the Department of Intestinal Failure and Liver Diseases, 

Rigshospitalet, University of Copenhagen, Copenhagen, Denmark. The main inclusion 

criterion was SBS with a moderate to severe degree of intestinal malabsorption defined as a 

fecal wet weight output of 1,500 g/day or above.
12

 Eligible patients had chronic, stable SBS-

associated intestinal failure or intestinal insufficiency (the latter not receiving parenteral 

support). Thus, dependence on parenteral support was used to differentiate between intestinal 

failure and insufficiency.
13

 Patients with fistula or inflammatory bowel disease not being in 

remission for at least 12 weeks prior to screening were not enrolled. Patients were excluded, 

if they had a history of colon cancer. Patients with other cancers were only included, if they 

had been in a disease-free state for at least five years. As the last surgical resection of 

intestine was performed at least 1 year ago from enrollment, these patients were deemed 

stable regarding their spontaneous rehabilitation capabilities.
14,15

 Intestinal length was based 

on surgical records either measured directly during surgery of the remaining length or by the 

resected length. For the latter, the resected length could then be subtracted from the 

assumption that an average jejunostomy and ileostomy is 200 cm and 150 cm, respectively.
16

 

Colon length was determined based on the method described in cummings et al.
17

 

 

Approvals and registration 

The protocol was approved by the Scientific-Ethical Committee of the Capital Region of 

Denmark and the Danish Medicine Agency, and the trial was registered at ClinicalTrials.gov, 

number NCT02690025. Trial procedures were conducted according to the Helsinki 

Declaration II and Good Clinical Practice. Written informed consent was obtained from all 
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participants prior to enrolment. The data collection was done between Feb 2016 and May 

2017. All authors had access to the trial data and reviewed and approved the final manuscript. 

 

Randomization and masking 

The effect of glepaglutide was assessed in a two-period, three-treatment (0.1 mg, 1 mg, 10 

mg) cross-over design. Six sequences (A, B, C, D, E, F) were used, corresponding to all 

ordered pairs of the three treatments: A~10 mg/1 mg, B~10 mg/0.1 mg, C~1 mg/10 mg, D~1 

mg/0.1 mg, E~0.1 mg/10 mg and F~0.1 mg/1 mg. A unique sequence label determined the 

treatments allocated for periods 1 and 2. The patients were enrolled by the trial investigator, 

who assigned them their patient numbers. The randomization process linked the assigned 

patient numbers to the first available randomization number, each corresponding to a 

sequence label. Investigators, patients and other care providers remained masked throughout 

the trial. 

 

Endpoints 

The primary and key secondary endpoints were the fecal wet weight output and intestinal 

absorption, respectively. Those results have been published elsewhere.
12

 As exploratory 

endpoints, we evaluated changes from baseline in 1) plasma concentration of FGF19 and C4 

during a mixed test meal, 2) fasting liver biochemistry (alkaline phosphatase (ALP) and γ-

glutamyl transferase (GGT)), total plasma cholesterol and total plasma bile acid, 3) absolute 

excretion of 24-hour total fecal bile acids, and 4) FXR gene expression in intestinal mucosal 

biopsies. 

 

Fasting and postprandial plasma analyses 
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The patients had 15 minutes to ingest a standardized solid meal consisting of 3,250 kJ (773 

kcal, 11% protein, 46% carbohydrate, and 43% fat) and 200 ml water,
18,19

 and blood samples 

were collected for FGF19 and C4 at times -15 (fasting), 0, 5, 10, 20, 30 45, 60 and 120 

minutes. Each sample for FGF19 was assayed twice using a commercial human ELISA kit 

(BioVendor, Brno, Czech Republic), and the two results were averaged. C4 were measured 

using liquid chromatography (Waters Acquity UPLC) connected to a triple quadrupole mass 

spectrometer (Waters Xevo TQ-S). A detailed method description is available in the 

supplementary material. Fasting concentration and area under the curve (AUC) were used as 

endpoints. Fasting concentration of plasma ALP, plasma GGT, total plasma cholesterol and 

24-hour total fecal bile acid was also collected. 

 

24-hour total fecal bile acid 

During the 72-hour metabolic balance study, fecal output was collected for 3 days. From the 

first 24-hour period, fecal output was analyzed for total fecal bile acid (mmol/day) by an 

enzymatic method modified by the commercially available kit Sterognost-3α from Nycomed 

(Oslo, Norway). The fecal sample was mixed with the enzyme 3α-hydroxysteroid 

dehydrogenase which generates NADH from NAD
+
. At alkaline pH and with a ketone 

trapping agent (hydrazinhydrat 85%), the oxidation of 3α-hydroxysteroids was quantitative 

and NADH could be measured by spectrophotometry at 340 nm.
20

 

 

Intestinal FXR gene expression 

Only applying for patients with a stoma, an optional endoscopy, requiring additional written 

consent, was performed through the stoma using a thin, flexible sigmoidoscope from 

Olympus (Tokyo, Japan). At least two tissue samples were taken approximately 10-20 cm 

from the stoma nipple. Biopsies were placed in RNA later and stored at -80°C until analysis 
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in bulk. Gene expression of FXR was measured by real-time quantitative reverse 

transcription polymerase chain reaction and normalized to the housekeeping gene 

glyceraldehyde 3-phosphate dehydrogenase. A detailed description of the method is available 

in the supplementary material. 

 

Statistics 

Baseline levels are presented as medians with minimum to maximum in parentheses. Results 

(within-group change from baseline) were analyzed by the Wilcoxon signed-rank test and 

presented as medians and interquartile ranges. Friedman’s test was performed to compare the 

three dose groups. Correlations were assessed with the Spearman’s rank correlation test. 

Correlations will be presented in the supplementary material. A two-sided P value of 0.05 

was used to indicate significant differences. Statistical analyses were performed using the 

Statistical Analysis Software (version 9.4; SAS Institute, Cary, NC). 

 

RESULTS 

Of the 22 patients screened, 18 patients were randomized and treated with glepaglutide of 

whom 16 completed the trial, thereby comprising the full analysis set of N=10 in the 0.1 mg, 

N=11 in the 1 mg, and N=11 in the 10 mg dose groups (supplementary figure 1). One patient 

discontinued the trial due to tachycardia, nausea, hot flushes, and dizziness, and another 

patient withdrew consent due to a prolonged period of abdominal pain and subsequently 

sepsis and destabilization. The demographics and baseline characteristics are shown in Table 

1, 2 and 3. The main anatomic SBS phenotype was end-jejunostomy (n=14) followed by 

ileostomy (n=2) and jejuno-colonic anastomosis (n=2). None of the patients had ileocecal 

valve or right-sided colon in continuity.  
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A test for carry-over effect determined that the wash-out period of 4-8 weeks was sufficient 

to revert patients to baseline for the primary endpoint. Even though the meal was large (773 

kcal), all patients managed to complete the meal within the 15 minutes. Some patients had to 

be paced in order to ingest the meal within time whereas others were told to eat at a slower 

pace. Patients were their own control and the repeated meals were consumed in the same 

manner for each individual subject.  

 

Plasma FGF19 and C4 

At baseline, fasting plasma FGF19 concentrations (median, range) were 26 ng/L (0 to 122), 

25 ng/L (0 to 128) and 59 ng/L (0 to 90) for 0.1 mg, 1 mg and 10 mg, respectively (Table 2). 

All patients (n=18) had fasting FGF19 concentrations below 145 ng/L suggestive of bile acid 

diarrhea (Table 3).
21–23

 The baseline FGF19-AUC0-2h was 109 h×ng/L (0 to 216), 44 h×ng/L 

(0 to 236) and 80 h×ng/L (18 to 267) for 0.1 mg, 1 mg and 10 mg, respectively. At baseline, 

fasting plasma C4 concentrations were 136 µg/L (45 to 444), 263 µg/L (69 to 644) and 110 

µg/L (44 to 351) µg/L for 0.1 mg, 1 mg and 10 mg, respectively, and 17 out of 18 patients 

(94%) had at their first baseline measurements fasting C4 concentrations above 50 µg/L 

indicating increased bile acid loss (Table 3).
24,25

 The baseline C4-AUC0-2h was 270 h×µg/L 

(104 to 1105), 473 h×µg/L (119 to 1301) and 278 h×µg/L (78 to 646) for 0.1 mg, 1 mg and 

10 mg, respectively. Plasma concentrations of FGF19 and C4 were unaffected by meal 

ingestion in the 120 minutes postprandial period (Figure 1). A linear dose-response 

relationship was observed in changes of postprandial FGF19 responses (Friedman’s test: 

P=0.031) but not for postprandial C4 concentrations (P=0.449) (Figure 2). In the 10 mg dose 

group, fasting FGF19 concentrations (median, interquartile range) increased by 86 ng/L (23, 

162; P=0.007) and FGF19-AUC0-2h increased by 150 h×ng/L (41, 195; P=0.001). Fasting 

concentrations of C4 decreased by 33 µg/L (-78, -18; P=0.042) and C4-AUC0-2h decreased by 
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82 h×µg/L (-169, -28; P=0.010) in the 10 mg dose group. Treatment with 1 mg glepaglutide 

was also associated with increase in fasting FGF19 by 9 ng/L (2, 24; P=0.015) and decrease 

in C4-AUC0-2h by 85 h×µg/L (-291, 8; P=0.042). Outcome changes in the 0.1 mg dose group 

were not statistically significant. 

 

Fecal bile acids 

The baseline 24-hour total fecal bile acid was 6.8 mmol/day (2.7 to 9.8), 8.6 mmol/day (5.0 to 

12.4) and 5.5 mmol/day (1.1 to 12.2) for 0.1 mg, 1 mg and 10 mg, respectively, and no 

significant changes was observed in relation to any of the glepaglutide dose groups. 

 

Liver biochemistry 

At baseline, ALP concentrations were 88 U/L (75 to 909), 113 U/L (70 to 813) and 96 U/L 

(65 to 255) for 0.1 mg, 1 mg and 10 mg, respectively. Seven out of 18 had elevated levels at 

baseline during the first treatment period (Table 3). Plasma GGT was elevated in 8 out of 18 

patients at baseline during the first treatment period (Table 3), and the median concentration 

was 79 U/L (29 to 331), 80 U/L (21 to 417) and 79 U/L (12 to 494) for 0.1 mg, 1 mg and 10 

mg, respectively. After the 1 mg dose, decreases in concentration of ALP (by 10 U/L (-33, 2; 

P=0.023)) and GGT (18 U/L (-45, -3; P=0.012)) were seen. No changes in ALP and GGT 

were observed after 0.1 mg or 10 mg doses. At baseline, the fasting plasma concentration of 

total cholesterol was 3.3 mmol/L (1.8 to 5.4), 3.3 mmol/L (2.1 to 6.2) and 3.6 mmol/L (2.1 to 

4.8) for 0.1 mg, 1 mg and 10 mg, respectively. At baseline during the first treatment period, 

11 out of 18 patients had plasma concentration of total bile acid at 0.0 µmol/L, hence the 

median concentration of 0.0 µmol/L (0.0 to 4.5), 0.5 µmol/L (0.0 to 5.0) and 0.0 µmol/L (0.0 

to 4.6) for 0.1 mg, 1 mg and 10 mg, respectively. No changes in plasma total cholesterol and 

plasma total bile acid were observed after treatment in any of the dose groups. 
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Intestinal FXR gene expression 

At baseline, FXR gene expression was analyzed in 11 patients with jejunostomy and in one 

patient with a jejunocolonic anastomosis with a sigmoidostomy. Due to the optional 

assessment with an additional written consent, the sample size of a before and after value of 

intestinal FXR gene expression was lower than for the remaining endpoints: For the 0.1 mg 

dose there where N=5, for 1 mg there where N=4 and for 10 mg there where N=6. At 

baseline, the relative expression of FXR to the housekeeping gene was 2.6 (0.1 to 14.9), 8.5 

(3.0 to 244.4) and 3.4 (1.0 to 35.1) for 0.1 mg, 1 mg and 10 mg, respectively. After treatment 

with glepaglutide, no change was observed in the relative expression in any of the dose 

groups (Table 4). 

 

DISCUSSION 

Based on these secondary and exploratory outcomes from a recent phase 2 trial, where the 

GLP-2 analog glepaglutide increased intestinal absorption and decreased fecal output in 

patients with SBS,
12

 we recently reported that three weeks of treatment with glepaglutide, 

primarily at the highest dose level of 10 mg, may improve the compromised liver excretory 

function, but at the same time increase liver stiffness (by transient elastography) and activate 

resident hepatic macrophages in patients with SBS.
26

 The present study reports that treatment 

with glepaglutide also ameliorate the accelerated de novo bile acid synthesis by stimulating 

the FXR signaling pathway. The modification of the enterohepatic circulation of bile acids 

and may lead to reduced fecal bile acid excretion. The strengths of this trial were its design 

that randomized patients to their respective groups and the cross-over methodology where 

each patient served as their own control. The findings are novel and justifies future 

investigations of the use of GLP-2 analogs in the modulation of the gut-liver axis. 
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IFALD refers to liver injury that may occur due to multiple factors relating to IF. It is 

believed that long-term PS and the associated provision of parenteral lipids are major causes 

of IFALD.
27,28

 Elements in the PS program, such as intravenous provision of ‘bad’ lipid 

components (e.g. phytosterols from soy lipid emulsion)
29–33

 and disturbances in the hepatic 

transsulfuration pathway involving the amino acids methionine and choline,
34,35

 may 

potentially be harmful and aggravate the development of liver disease. The PS program may 

also lack provision of ‘good’ amino acids (e.g. choline
36,37

 and carnitine
38,39

). Furthermore, 

SBS and associated intestinal resection may be accompanied by inflammation, dysbiosis and 

increased intestinal permeability that may lead to a lipopolysaccharide (LPS) induced 

macrophage activation with a cytokine (IL-1β, IL-6 and TNFα) inflammatory response,
40

 

which repress the activation of FXR, which furthermore increases the rate of primary bile 

acid de novo biosynthesis. As a consequence of the diminished FXR activation, the 

expression of canalicular sterol and bile salt export pumps (BSEP) are reduced,
41,42

 which 

results in lipid (e.g. phytosterol) retention, bile acid overload and toxicity-related liver 

damage, and subsequent cholestasis, fibrosis,
43

 steatosis and IFALD.
44

 

This study suggests that a disturbed ‘bile acid – FXR – FGF19’ axis, illustrated by low 

FGF19 and high C4 concentrations,
24,45,29

 is evident in a stable group of SBS patients with 

resection of the terminal ileum and the ileocecal valve. In addition, the low plasma 

concentration of fasting total bile acid indicates that these patients have large fecal bile acid 

losses. Accordingly, the plasma concentration of total cholesterol was in the low part of the 

normal range in most of the patients with SBS in this trial. Following treatment with 

glepaglutide, postprandial plasma concentrations of FGF19 increased in a dose-dependent 

fashion, which may explain a reduction in the total fecal bile acid concentrations. Since the 

intestinal FXR gene expression did not change, it is possible that the effect of glepaglutide on 

FXR-FGF19-C4 gut-liver axis is mediated either indirectly through the prolonged GI transit 
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time which allows a longer contact between bile acids and the existing FXR, or more directly 

through the induction of an expanded absorptive surface area, leading to an increased 

stimulation of these receptors. Data on changes in citrulline, a biomarker of enterocyte mass, 

and changes in histology, suggests that glepaglutide is associated with increased intestinal 

mass, crypt depth and epithelium height.
12

 The reduction in total fecal bile acid 

concentrations suggests that glepaglutide treatment may lead to increased absorption of bile 

acids and indirectly to an increased activation of intestinal FXR, attributed to the increased 

absorptive surface area as well as prolonged gastrointestinal transit time following treatment 

with glepaglutide.
46

 Furthermore, glepaglutide may elicit an alteration in the bile acid 

composition leading to a more potent FXR activation. Since the plasma concentration of C4 

depends on the amount and the FXR potency of the reabsorbed bile acids, the observed 

decrease in C4 concentration may indicate that more bile acids enter the enterohepatic 

circulation. However, no changes in the fasting plasma concentration of total bile acids were 

observed. Consistent with previous studies, FGF19 was inversely correlated with C4,
47

 and 

since postprandial C4 and total fecal bile acid concentrations were positively correlated 

(supplementary material). This illustrates that C4 can be used as a biomarker for bile acid loss 

in patients with SBS.
21,23,24

 Recently, we addressed assessments covering liver function test 

based on this trial,
26

 where we reported additional liver biochemistry results. Minor decreases 

in plasma total bilirubin (-2 μmol/L, P=0.016) and unconjugated bilirubin (-1.3 μmol/L, 

P=0.035) were observed in the 10 mg dose group. The median (min, max) concentration of 

the liver aminotransferases ASAT and ALAT were at patients’ first baseline period 27.5 (17, 

55) U/L and 22.5 (9, 82) U/L.
26

 ASAT, ALAT, conjugated bilirubin and INR did not change 

in any dose groups.
26

 Furthermore, following the 1 mg dose of glepaglutide, a decrease in 

ALP and GGT was observed, suggesting a reduction in liver cholestasis. 
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In patients with SBS and ileocecal resections, an accelerated gastrointestinal transit time may 

contribute to fat malabsorption and increased bile acid loss. Compensatory increased gut-liver 

cross-talk, aimed to increase de novo synthesis of bile acids, is desirable to maximize the 

intestinal absorption of fat. Since glepaglutide increased in FGF19 and decreased C4, it raised 

concern that glepaglutide could aggravate fat malabsorption in these patients. However, in the 

recent primary publication, glepaglutide treatment in fact resulted in an increased intestinal 

lipid absorption.
12

 

It is interesting to note that postprandial C4 concentrations at baseline correlated positively 

with wet weight absorption, which in turn correlated positively with small bowel length. 

Counterintuitive, we found lower FGF19 concentration with increasing small bowel length 

(supplementary material). In this patient group, with no ileum, ileocecal valve and right sided 

colon, and large daily fecal output, small bowel length may not be a valid measure for 

determining the degree of FGF19, C4, or even intestinal function. It remains to be established 

whether a transcriptional regulation of FXR occurs in the proximal part of the small bowel or 

even in the liver as part of the post-resection adaptation leading to secretion of FGF19, even 

in severe cases of SBS. In the present trial, intestinal FXR was measured by means of real-

time quantitative reverse transcription polymerase chain reaction in intestinal mucosa 

biopsies, and the character of the analysis did not allow a direct inter-individual comparison 

to assess whether a transcriptional up or down regulation of FXR in the proximal intestine 

had taken place. FXR activation, by the recently approved FXR agonist obeticholic acid 

(Ocaliva) in patients with primary biliary cholangitis, has been shown to reduce plasma 

concentration of ALP and total bilirubin.
48

 Also, treatment with the GLP-1 analog, 

liraglutide, has led to remission of bile acid malabsorption related diarrhea believed to be 

driven by the liraglutide-induced deceleration of small bowel transit time to ensure more 

passive absorption of bile acid and associated FXR activation and FGF19-restoration.
49
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To our knowledge, this is the first time that plasma concentrations of FGF19 and C4 have 

been measured in patients without preserved terminal ileum and ileocecal valve. In a study by 

Mutanen et al
44

, FGF19 correlated positively with the remaining length of ileum. However, 

unlike in our study, the patients had a preserved ileum and an ileocecal valve. Data from 

patients with Crohn’s disease with intestinal resections suggest that C4 concentrations 

increase based on the amount of resected ileum.
50

 However, here patients were assigned to 

two different groups depending on the degree of ileal resections (moderate: <70 cm, or 

extensive: >70 cm) with no mentioning of exact length of remaining terminal ileum and 

ileocecal valve. Also, correlations between small bowel length and FGF19 or C4 were not 

performed. Moreover, all the patients apparently had colon in continuity and patients with 

stomas were excluded. 

This single center trial is limited by its small sample size and heterogeneity in between 

patients. The current paper reports endpoints of exploratory character. Since the trial was not 

powered to show efficacy on these endpoints, the results presented here are to be conceived 

as hypothesis generating. This trial included stable adult patients with SBS with a high 

baseline fecal wet weight output and intestinal resection performed at least one year prior to 

inclusion. The etiology of SBS was in 61% of the patients related to inflammatory bowel 

diseases. A robust design would preferably include a comparable control group of healthy 

subjects and a placebo arm as well as a longer postprandial period of at least 5 hours to detect 

full FGF19 and C4 profiles. Lastly, having a fixed dietary intake of both solids and fluids for 

an entire 24-hour period measuring both the concentration as well as the total excretion of 

fecal bile acids would add value to the data, as bile acid excretion has a large diurnal 

variation
51

 and are affected by dietary intake. 

In conclusion, the current paper illustrates that SBS patients with resection of the ileum and 

ileocecal valve have persistent disturbances in their bile acid homeostasis, characterized by 
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low FGF19 and high C4 concentrations indicative of accelerated de novo bile acid synthesis 

and an altered fecal bile acid composition (with no secondary bile acids). In these patients, 

glepaglutide treatment modulates gut-liver signaling evidenced by increased FGF19 and 

decreased C4 concentrations. The resulting change in bile acid composition and the decrease 

in the fecal bile acid concentrations was associated with increased absolute fat absorption and 

a decrease in plasma ALP and GGT. These findings may even be of importance in the 

prevention or discovery of new treatments for IFALD.  
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Table 1. Individual baseline demographics. 

Subject 

number 

Sex Age Underlying cause of SBS Intestinal ‘failure’ 

or ‘insufficiency’ 

PS volume, 

mL/day 

Length of small 

bowel, cm 

Colon in 

continuity, % 

Anatomy 

phenotype 

01 M 68 Ulcerative colitis Failure 2000 200 0 Jejunostomy 

02 M 57 Ulcerative colitis Insufficiency 0 250 0 Ileostomy 

03 F 52 Crohn’s disease Insufficiency 0 300 0 Ileostomy 

04 F 65 Crohn’s disease Failure 2153 70 0 Jejunostomy 

05 F 61 Crohn’s disease Insufficiency 130* 150 0 Jejunostomy 

06 M 76 Mesenteric vascular 
disease 

Failure 5750 30 0 Jejunostomy 

07 M 56 Crohn’s disease Insufficiency 0 UK 0 Jejunostomy 

08 F 57 Mesenteric vascular 

disease 

Failure 3500 80 0 Jejunostomy 

09 F 63 Mesenteric vascular 

disease 

Failure 2250 50 0 Jejunostomy 

10 F 73 Crohn’s disease Failure 3130 30 0 Jejunostomy 

11 F 58 Mesenteric vascular 
disease 

Failure 1750 85 50 (half 
transversum 

and full left-

sided colon) 

Jejuno-
colonic 

anastomosis 

with rectum 

12 F 64 Crohn’s disease Failure 1000 150 0 Jejunostomy 

13 M 59 Crohn’s disease Insufficiency 0 140 0 Jejunostomy 

14 M 56 Crohn’s disease Failure 2560 70 0 Jejunostomy 

15 M 72 Crohn’s disease Failure 2000 UK 70 

(transversum 
and left-sided 

colostomy) 

Jejuno-

colonic 
anastomosis 

with 

colostomy 

16 M 71 Mesenteric vascular 

disease 

Failure 2750 40 0 Jejunostomy 

17 M 43 Surgical complications Failure 2865 70 0 Jejunostomy 

18 F 55 Mesenteric vascular 

disease 

Failure 3000 50 0 Jejunostomy 

F, female. M, male. PS, parenteral support. UK, unknown. 

*Magnesium supplementation. 
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Table 2. Baseline values from each treatment group. Data presented as median (min to max). 

 0.1 mg 1 mg 10 mg 

Alkaline phosphatase, U/L 

[35-105] 

88 (75 – 909) 

n=10 

113 (70 – 813) 

n=11 

96 (65 – 255) 

n=11 

Gamma-glutamyltransferase, U/L 

[Female: 10-75. Male: 15-115] 

79 (29 – 331) 

n=11 

80 (21 – 417) 

n=11 

79 (12 – 494) 

n=12 

Total cholesterol, mmol/L 

[<5.0] 

3.3 (1.8 – 5.4) 

n=11 

3.3 (2.1 – 6.2) 

n=11 

3.6 (2.1 – 4.8) 

n=12 

Total plasma bile acid, µmol/L 0.0 (0.0 – 4.5) 

n=11 

0.5 (0.0 – 5.0) 

n=11 

0.0 (0.0 – 4.6) 

n=12 

FXR gene expression 

(relative to GAPDH) 

2.6 (0.1 – 14.9) 

n=5 

8.5 (3.0 – 244.4) 

n=4 

3.4 (1.0 – 35.1) 

n=6 

FGF19, fasting, ng/L 26 (0 – 122) 

n=10 

25 (0 – 128) 

n=11 

59 (0 – 90) 

n=10 

FGF19, AUC, h×ng/L 109 (0 – 216) 

n=10 

44 (0 – 236) 

n=11 

80 (18 – 267) 

n=10 

C4, fasting, µg/L 136 (45 – 444) 

n=10 

263 (69 – 644) 

n=11 

110 (44 – 351) 

n=11 

C4, AUC, h×µg/L 270 (104 – 1105) 

n=10 

473 (119 – 1301) 

n=11 

278 (78 – 646) 

n=10 

24-h total fecal bile acid, mmol/day 6.8 (2.7 – 9.8) 

n=11 

8.6 (5.0 – 12.4) 

n=11 

5.5 (1.1 – 12.2) 

n=12 

AUC, area under the curve. C4, 7α-hydroxy-4-cholesten-3-one. FGF19, fibroblast growth factor 19. FXR, 

farnesoid x receptor 
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Table 3. Individual baseline values and dose allocation. 

Patient 05 and 17 withdrew from trial and will not be included in analysis. AUC, area under the curve. ALP, alkaline 

phosphatase. C4, 7α- hydroxy-4-cholesten-3-one. FGF19, fibroblast growth factor 19. FXR, farnesoid x receptor. GAPDH, 

Glyceraldehyde 3-phosphate dehydrogenase. GGT, Gamma-glutamyltransferase

ID Treatment 

 

ALP GGT Total 

cholesterol 

Total 

plasma 

bile acid 

FXR gene 

expression 

FGF19 C4 24-h total fecal 

bile acid 

 Period Dose 

Allocation 

(mg) 

U/L U/L mmol/L µmol/L Relative to 

GAPDH 

Fasting, 

µg/L 

AUC, 

h×µg/L 

Fasting, 

ng/L 

AUC, 

h×ng/L 

mmol/day 

01 1 1 95 356 6.2 2.1 No biopsy 25 15 326 596 9.2 

2 0.1 87 177 5.4 2.0 No biopsy 0 0.3 293 585 7.3 

02 1 0.1 75 185 2.5 0.0 No biopsy 0 70 73 115 2.9 

2 10 70 82 2.6 0.0 No biopsy 0 19 57 138 3.8 

03 1 0.1 83 47 2.8 0.0 No biopsy 0 2 444 1105 9.5 

2 1 79 28 2.8 0.0 No biopsy 3 21 644 1301 10.9 

04 1 10 61 12 4.0 0.0 No biopsy 53 97 116 188 1.1 

2 0.1 . . . . . . . . . . 

05 1 10 119 494 4.8 4.6 5.2 59 80 351 646 5.7 

2 1 129 280 5.1 0.0 3.0 37 44 584 1099 7.7 

06 1 1 164 80 2.1 4.1 7.4 5 10 102 240 10.5 

2 10 137 69 2.2 0.2 2.4 11 18 134 270 8.1 

07 1 10 95 77 4.6 0.0 35.1 90 167 110 194 6.6 

2 0.1 82 62 5.0 0.0 14.9 105 148 114 183 6.2 

08 1 0.1 167 149 3.3 4.5 0.1 0 0 176 405 9.8 

2 1 174 142 2.9 5.0 No biopsy 0 0 217 397 11.4 

09 1 10 255 370 3.8 1.2 4.8 65 144 178 286 3.5 

2 1 278 417 4.3 0.6 No biopsy 71 153 263 502 5.2 

10 1 0.1 203 331 3.5 0.0 9.6 108 200 45 120 2.7 

2 10 237 390 3.8 2.4 3.6 87 227 44 77 2.2 

11 1 1 81 29 2.6 1.2 No biopsy 0 8 108 212 5.0 

2 0.1 90 29 2.9 0.0 No biopsy 0 48 158 370 3.8 

12 1 1 70 21 3.3 0.5 2.6 59 142 126 283 6.3 

2 10 81 23 3.5 0.0 No biopsy 32 79 166 297 6.8 

13 1 10 65 33 2.2 0.0 2.6 35 80 311 527 12.2 

2 1 83 47 3.0 0.0 244 24 58 534 957 12.4 

14 1 1 113 157 3.3 0.0 9.6 128 236 69 119 5.3 

2 10 132 175 4.0 0.0 3.3 71 134 47 84 2.4 

15 1 0.1 86 42 2.4 0.0 0.7 122 216 57 104 3.9 

2 10 73 40 2.1 0.0 1.0 89 144 109 187 5.2 

16 1 10 96 179 3.2 0.0 2.0 23 61 96 299 9.3 

2 0.1 89 156 4.2 0.0 2.5 102 171 50 109 6.8 

17 1 0.1 61 79 1.7 0.0 2.0 113 145 75 166 7.1 

2 1 . . . . . . . . . . 

18 1 1 813 73 4.1 0.0 No biopsy 40 114 265 473 8.6 

2 0.1 909 53 3.5 0.0 No biopsy 51 175 192 357 8.6 
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Table 4. Effects of glepaglutide on alkaline phosphatase, C4, FGF19, FXR gene 

expression, CCK, individual fecal bile acids and gallbladder motility. Results are 

calculated as changes from baseline in each treatment dose. Median and interquartile 

range values are shown. Test for difference is done by the Wilcoxon signed-rank test. 

Test for dose-response relationship is done by Friedman’s test. 

 0.1 mg 1 mg 10 mg Dose-response 

relationship 

FXR gene expression, 

relative to GAPDH 

1.6 (0.3, 2.6) P=0.100 

N=5 

0.5 (0.1, 0.9) P=0.125 

N=4 

0.8 (0.7, 1.1) P=0.563 

N=6 

P=0.368 

FGF19 fasting, ng/L 0 (-23, 12) P=1.000 

N=10 

9 (2, 24) P=0.015 

N=11 

86 (23, 162) P=0.007 

N=11 

P=0.131 

FGF19-AUC0-2h, h×ng/L -15 (-54, 0) P=0.301 

N=10 

14 (1, 34) P=0.102 

N=11 

150 (41, 195) P=0.001 

N=10 

P=0.031 

C4 fasting, µg/L 6 (-6, 18) P=0.695 

N=10 

-44 (-127, -1) P=0.054 

N=11 

-33 (-78, -18) P=0.042 

N=11 

P=0.424 

C4-AUC0-2h, h×µg/L -33 (-93, 35) P=0.557 

N=10 

-85 (-291, 8) P=0.042 

N=11 

-82 (-169, -28) P=0.010 

N=10 

P=0.449 

Alkaline phosphatase, U/L 1 (-10, 11) P=0.943 

N=10 

-10 (-33, 2) P=0.023 

N=11 

-8 (-24, 4) P=0.206 

N=11 

P=0.165 

Gamma glutamyltransferase, 

U/L 

-3 (-16, 5) P=0.570 

N=10 

-18 (-45, -3) P=0.012 

N=11 

-18 (-28, 21) P=0.378 

N=11 

P=0.394 

Total cholesterol, mmol/L -0.1 (-0.3, 0.0) P=0.232 

N=10 

-0.1 (-0.4, 0.2) P=0.831 

N=11 

0.2 (-0.3, 0.3) P=0.500 

N=11 

P=0.344 

Total plasma bile acid, 
µmol/L 

0.0 (0.0, 0.5) P=0.500 
N=10 

0.0 (-1.0, 0.8) P=1.000 
N=11 

0.0 (0.0, 0.0) P=0.625 
N=11 

P=1.000 

24-hour total fecal bile acid, 

mmol/day 

0.2 (-2.1, 0.9) P=1.000 

N=10 

-1.0 (-2.4, 0.1) P=0.175 

N=11 

-1.5 (-3.8, 0.5) P=0.102 

N=11 

P=0.131 

AUC, area under the curve; C4, 7α-hydroxy-4-cholesten-3-one; FGF19, fibroblast growth 

factor 19; FXR, farnesoid X receptor. 
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Figure legends 

 

Figure 1. Postprandial responses of FGF19 and C4 at baseline (blue dashed line) and after 

0.1 mg, 1 mg and 10 mg of glepaglutide treatment (red solid line). Fasting blood samples 

were taken at -15 min. Patients had 15 minutes to ingest the meal test. The reference line at 

time 0 represent the first sample after meal intake. Data are presented as means and standard 

error of mean. 
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Figure 2. Changes from baseline in fasting and postprandial responses in FGF19 and 

C4 for each dose group. Data are presented visually with a boxplot. AUC, area under 

the curve; C4, 7α-hydroxy-4-cholesten-3-one; FGF19, fibroblast growth factor 19. 

 


