P P "y AP

7%
university of :/g// 7
groningen 5L

%

University Medical Center Groningen

University of Groningen

Odevixibat Treatment Induces Biliary Bile Acid Secretion in Responsive Patients With Bile
Salt Export Pump Deficiency

Nomden, Mark; Kuipers, Folkert; Hulscher, Jan B.F.; Lindstréom, Erik; Valcheva, Velichka;
Verkade, Henkjan J.

Published in:
Gastroenterology

DOI:
10.1053/j.gastro.2023.03.226

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):

Nomden, M., Kuipers, F., Hulscher, J. B. F., Lindstrom, E., Valcheva, V., & Verkade, H. J. (2023).
Odevixibat Treatment Induces Biliary Bile Acid Secretion in Responsive Patients With Bile Salt Export
Pump Deficiency. Gastroenterology, 165(2), 496-498.e1. https://doi.org/10.1053/j.gastro0.2023.03.226

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.


https://doi.org/10.1053/j.gastro.2023.03.226
https://research.rug.nl/en/publications/574d00ee-8ec6-4df1-9739-e07ba04a5f61
https://doi.org/10.1053/j.gastro.2023.03.226

Odevixibat Treatment Induces Biliary Bile Acid Secretion in ®

Gastroenterology 2023;165:496-498

Check for
Updates

Responsive Patients With Bile Salt Export Pump Deficiency

P rogressive familial intrahepatic cholestasis (PFIC)
refers to a heterogeneous group of rare liver dis-
eases consisting of genetically defined subtypes all charac-
terized by defective bile formation and pruritus.' Deficiency
of the bile salt export pump (encoded by the ABCB11 gene),
referred to as PFIC type 2 (PFIC2), leads to defective hep-
atobiliary transport of bile acids (BAs), resulting in hepatic
BA accumulation and cholestatic liver damage.”

Odevixibat, an inhibitor of the ileal BA transporter (IBAT,
also known as apical sodium-BA transporter), blocks reab-
sorption of conjugated BAs from the terminal ileum and hence
promotes their passage into the colon and subsequent
excretion into feces.>* In a randomized, placebo-controlled
study, odevixibat reduced the concentration of serum BAs
(sBA) in patients with different types of PFIC, including
PFIC2® (PEDFIC1 study, NCT03566238). PFIC2 patients
receiving odevixibat could be divided into responders (Rs)
and nonresponders (NRs). Responsiveness was defined per
protocol as a reduction of sBA concentration by more than
70% or reaching a total sBA concentration below 70 umol/L at
the end of treatment at 22-24 weeks. To further characterize
odevixibat Rs vs NRs in bile salt export pump deficiency, we
analyzed the sBA composition at the end of treatment of all 45
genetically confirmed PFIC2 patients who participated in
PEDFIC1, divided into 15 Rs (8 women), 15 NRs (10 women)
and 15 (7 women) patients receiving placebo.

We quantified the absolute concentrations of individual
BA species using liquid chromatography-tandem mass
spectrometry and calculated the relative concentrations of
unconjugated BAs; the primary BAs cholic acid (CA) and
chenodeoxycholic acid (CDCA); the secondary BAs deoxy-
cholic acid, ursodeoxycholic acid, and lithocholic acid; and
the ratio of glycine-to taurine conjugated (G/T ratio) BAs.
Ursodeoxycholic acid was used in the treatment of several
patients participating in PEDFIC1. We therefore subtracted
ursodeoxycholic acid concentration from the total sBA
concentration after which the percentage of contribution of
each of the BAs to the total sBA concentration was calcu-
lated. Data were not normally distributed, and a Mann-
Whitney U test was used to assess differences between
separate groups. The median value (range) is reported for
each group.

Conjugated BAs that escape IBAT reabsorption reach the
colon, where they can be deconjugated by bacteria with bile
salt hydrolase activity to form unconjugated BAs.” The
median contribution of unconjugated sBA to total sBA was
more than 70-fold higher in Rs (3.7%; range, 0.06%-28.4%)
compared with NRs (0.05%; range, 0.03%-0.3%; P < .001)
and placebo (0.05%; range, 0.02%-1.24%; P < .001)
(Figure 14). Both unconjugated CA and unconjugated CDCA
contributed to this difference (data not shown). The abso-
lute concentration of unconjugated sBA was 2-fold higher in
Rs (0.2 umol/L; range, 0.08-0.8) compared with NRs (0.1

umol/L; range, 0.08-0.3; P = .02) and placebo (0.1 umol/L;
range, 0.06-0.2; P = 0.002) (Supplementary Table 1). Me-
dian secondary BA fractions were very low and did not
differ between the groups (Figure 1B). The median G/T
conjugation ratio was higher in Rs (6.0; range, 2.0-12.7)
than in NRs (2.9; range, 1.6-4.3; P < .001) and placebo (3.0;
range, 1.3-4.5; P < .001) and reached values comparable
with those reported from healthy children.”” The median
CA/CDCA ratio was lower in Rs (0.6; range, 0.3-3.1)
compared with NRs (1.8; range, 0.9-3.9; P = .002) and
placebo (2.5; range, 1.0-5.2; P < .001) (Figure 1C and D).
The CA/CDCA ratio in Rs was comparable with that re-
ported from healthy children.®’

These results provide 3 important new insights in the
mechanism of the apparent anticholestatic actions of ode-
vixibat in responding PFICZ patients. First, in responsive
patients, the observed high fraction and high absolute con-
centration of unconjugated sBA results from improved
hepatobiliary BA secretion. The relative and absolute in-
crease in unconjugated BAs in serum indicates the appear-
ance of BAs into the peripheral circulation that must be of
intestinal origin. The virtual absence of unconjugated BAs in
serum of placebo and NRs and their presence in Rs may
suggest that inhibition of conjugated BA reabsorption by
odevixibat effectively induces hepatobiliary BA secretion.
This hepatobiliary BA secretion may be responsible for the
reduction of the total sBA concentration in Rs; however, this
remains speculative.

Second, responsiveness to odevixibat does not (at least
not after 22-24 weeks of treatment) coincide with a reap-
pearance of secondary BAs, which are formed by bacterial
dehydroxylation after deconjugation of primary BAs and
were only present in minimal amounts in some patients. The
lack of secondary BA formation in the colon of responsive
patients may be due to an absence of bacteria with BA
dehydroxylating activity or due to a rapid colonic transit.
Detailed characterization of fecal BA composition and
microbiome composition in future studies is expected to
provide more insight, but stool samples have not been
collected in the PEDFIC1 study.

Third, responsiveness to odevixibat was associated with
an increase of the G/T ratio and a decrease of the CA/CDCA
ratio in sBA, which may both reflect normalization of BA

Abbreviations used in this paper: BA, bile acid; CA, cholic acid; CDCA,
chenodeoxycholic acid; G/T ratio, glycine-to-taurine conjugation ratio;
IBAT, ileal bile acid transporter; NR, nonresponder; PFIC, progressive
familial intrahepatic cholestasis; PFIC2, progressive familial intrahepatic
cholestasis type 2; R, responder; sBA, serum bile acid.
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Figure 1. The median percentage that unconjugated (A) and secondary (B) sBA contribute to the total sBA concentration in
PFIC2 patients of the PEDFIC1 study in the R, NR, and placebo patient groups. Median G/T ratio (C) and CA/CDCA ratio (D) in
the R, NR, and placebo patient groups. (E) Schematic overview of patients with bile salt export pump (BSEP) deficiency at
baseline showing impaired secretion via BSEP with resulting low intestinal BAs but effective reabsorption via IBAT and passive
diffusion. (F) Schematic overview of patients with BSEP deficiency who are responsive to IBAT inhibition. Reabsorption via
IBAT is inhibited, resulting in increased excretion of BAs leading to a decrease in total sBA. There is relatively more reab-
sorption by passive diffusion compared with E.
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homeostasis based on comparison with healthy children.®’
A decreased G/T ratio has been described in biliary atresia
patients with persistent cholestasis after Kasai portoenter-
ostomy and may therefore be an indication of liver injury.
The CA/CDCA ratio at the end of treatment in odevixibat-
responsive PFIC2 patients was not only similar to that in
healthy children but also to that in biliary atresia patients
with a good prognosis on survival after Kasai
portoenterostomy.”

The altered G/T ratio and CA/CDCA ratio may be due to
preferential passive reabsorption of specific BA species from
the intestine. Although the contribution of non-IBAT-medi-
ated reabsorption is usually minor, glycine conjugates and
CDCA are more hydrophobic and are more readily reab-
sorbed by passive means as compared with taurine conju-
gates and CA, respectively.” This difference in passive
reabsorption may have more influence on sBA composition
when IBAT is inhibited. Assessment of biliary and fecal BA
composition in follow-up studies will provide more insight.
Interindividual differences in the fraction of unconjugated
sBA, G/T ratio, and CA/CDCA ratio within R, NR, and pla-
cebo subgroups (Supplementary Figure 1) may originate
from interindividual variation in the ratio in which primary
BAs are synthesized, cycling time of the enterohepatic cir-
culation, and metabolic conversion capacity of the colonic
microbiome.”

In conclusion, odevixibat, a nonabsorbable, intestinally
active IBAT inhibitor, may induce hepatobiliary BA secretion
in responsive PFIC2 patients as illustrated by a high un-
conjugated sBA fraction and may lead to improved prog-
nostic serum BA parameters of liver health (Figure 1E and
F). Normalization of G/T conjugation ratios and CA/CDCA
ratios may indicate recovery of a healthy hepatic BA pro-
duction after 24 weeks of treatment with odevixibat in
responding PFIC2 patients.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
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j.gastro.2023.03.226.

MARK NOMDEN

Department of Pediatric Surgery and
Pediatric Gastroenterology and Hepatology
Department of Pediatrics

University of Groningen

University Medical Center Groningen
Groningen, The Netherlands

FOLKERT KUIPERS

Department of Pediatrics

European Research Institute for the Biology of Ageing (ERIBA)
University of Groningen

University Medical Center Groningen

Groningen, The Netherlands

Gastroenterology Vol. 165, Iss. 2

JAN B.F. HULSCHER

Department of Pediatric Surgery
University of Groningen

University Medical Center Groningen
Groningen, The Netherlands

ERIK LINDSTROM
VELICHKA VALCHEVA
Albireo Pharma
Boston, Massachusetts

HENKJAN ]. VERKADE

Pediatric Gastroenterology and Hepatology
Department of Pediatrics

University of Groningen

University Medical Center Groningen
Groningen, The Netherlands

References
Felzen A, et al. Eur J Med Genet 2021;64:104317.
van Wessel DBE, et al. J Hepatol 2020;73:84-93.

Thompson RJ, et al. Lancet Gastroenterol Hepatol 2022;
7:830-842.

Out C, et al. J Hepatol 2015;63:697-704.

Wang D, et al. Cell Host Microbe 2021;29:1802-1814.
Niijima S-I. Pediatr Res 1985;19:302-307.

Jahnel J, et al. Clin Chem Lab Med 2015;53:1807-1813.
Harpavat S, et al. Hepatology 2023;77:862-873.

Hegyi P, et al. Physiol Rev 2018;98:1983-2023.

wn =

© N O

Received November 22, 2022. Accepted March 24, 2023.

Correspondence

Address correspondence to: Henkjan J. Verkade, Pediatric Gastroenterology/
Hepatology, Beatrix Children’s Hospital, University Medical Center
Groningen, PO Box 30001, 9700 RB Groningen, The Netherlands. e-mail:
h.j.verkade@umcg.nl.

CRediT Authorship Contributions
Mark Nomden, BSc (Data curation: Supporting; Formal analysis: Lead; Writing
— original draft: Lead; Writing — review & editing: Lead).

Folkert Kuipers, PhD (Conceptualization: Lead; Data curation: Supporting;
Formal analysis: Supporting; Supervision: Supporting; Writing — original draft:
Supporting; Writing — review & editing: Supporting).

Jan B. F. Hulscher, MD, PhD (Supervision: Supporting; Writing — review &
editing: Supporting).

Erik Lindstrédm, PhD (Data curation: Lead; Formal analysis: Supporting;
Funding acquisition: Supporting; Writing — review & editing: Supporting).

Velichka Valcheva, MD (Data curation: Lead; Funding acquisition: Lead;
Writing — review & editing: Supporting).

Henkjan J Verkade, MD, PhD (Conceptualization: Lead; Formal analysis:
Lead; Supervision: Lead; Writing — original draft: Lead; Writing — review &
editing: Lead).

Conflicts of interest

These authors disclose the following: Folkert Kuipers has had consultant fees
paid to the University of Groningen from Albireo. Erik Lindstrdm and Velichka
Valcheva are employees of Albireo. Henkjan J. Verkade has received grants
paid to the University of Groningen from Albireo and Mirum and consultant
fees paid to the University of Groningen from Ausnutria BV, Albireo, Danone/
Nutricia Research, Intercept, Mirum, Orphalan, and Vivet. The remaining
authors disclose no conflicts.

Funding
None.


http://www.gastrojournal.org
https://doi.org/10.1053/j.gastro.2023.03.226
https://doi.org/10.1053/j.gastro.2023.03.226
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref1
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref2
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref2
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref3
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref3
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref3
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref4
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref4
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref5
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref5
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref6
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref6
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref7
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref7
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref8
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref9
http://refhub.elsevier.com/S0016-5085(23)00567-X/sref9
mailto:h.j.verkade@umcg.nl

August 2023

>

Percentage Unconjugated
of Total Serum Bile Acids

-
o
|

=
2

GIT Conjugation Ratio
T

o

309 P<.001
204 P <.001
P=.55
10 “
I . =l
Placebo Nonresponder Responder
n=15 n=15 n=15
P<.001
P<.001
P=.60
N Placebo Nonresponder Responder
n=15 n=15 n=15

Percentage Secondary

CAJCDCA Ratio

N

of Total Serum Bile Acids

E
1

0-

Bile Acid Composition After Odevixibat Treatment 498.e1

30 P=.19
20 P=.72
P=.19
10
S ]
Placebo Nonresponder Responder
n=15 n=15 n=15
P<.001
P .002
“III||||||‘“| """"""""-'l'l““““ll“
Placebo Nonresponder Responder
n=15 n=15

-~ Mean from healthy pediatric population®”’

Supplementary Figure 1. The percentage that unconjugated (A) and secondary (B) sBA contribute to the total sBA con-
centration in each individual PFIC2 patient of the PEDFIC1 study, grouped by response category or placebo. G/T ratio (C) and
CA/CDCA ratio (D) per individual patient, grouped by response category or placebo, with horizontal dashed line indicating
mean values reported from healthy children.

Supplementary Table 1.Median Absolute Concentration of Total Unconjugated, Total Secondary sBA, Unconjugated CA, and
Unconjugated CDCA in PFIC2 Patients of the PEDFIC1 Study in the R, NR, and Placebo Patient

Groups
sBA Concentration (umol/L) P value
Placebo (n = 15) NR (n = 15) R(n =15 P vs NR Pvs R NR vs R
Total unconjugated 0.10 (0.06-0.16) 0.11 (0.08-0.31) 0.20 (0.08-0.82) 31 .002 .02
Unconjugated CA 0.05 (0.03-0.10) 0.05 (0.03-0.15) 0.06 (0.03-0.43) 65 A1 32
Unconjugated CDCA 0.05 (0.03-0.10) 0.05 (0.03-0.15) 0.10 (0.05-0.40) 18 <.001 .02
Total secondary 0.28 (0.03-0.58) 0.27 (0.15-1.49) 0.00 (0.00-2.26) .76 <.001 <.001

Values are median (range).
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