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Case report

Odevixibat and partial external biliary diversion
showed equal improvement of cholestasis in a
patient with progressive familial

intrahepatic cholestasis
Christoph Slavetinsky, Ekkehard Sturm

SUMMARY

Untreated progressive familial intrahepatic cholestasis
(PFIC) type 2, or bile salt exporter protein deficiency,
frequently leads to severe pruritus, impaired growth
and progressive liver fibrosis with risk of organ failure.
We describe a 15-month-old male patient with severe
pruritus diagnosed with PFIC type 2 enrolled in an
open-label phase 2 study who received 4 weeks of
treatment with odevixibat, an ileal bile acid transporter
inhibitor under development for cholestatic liver disease
treatment. The patient experienced reductions in serum
bile acids and improvement in itching and sleep scores,
and odevixibat was well tolerated. After the odevixibat
study, symptoms returned and the patient underwent
partial external biliary diversion (PEBD). Odevixibat
treatment and PEBD produced similar normalisation of
serum bile acid levels and improvements in pruritus and
sleep disruptions. Thus, odevixibat appeared to be as
effective as invasive PEBD in treating serum bile acids
and cholestatic pruritus in this patient.

BACKGROUND

Progressive familial intrahepatic cholestasis (PFIC)
type 2, or bile salt exporter protein (BSEP) defi-
ciency, describes a rare liver disorder with onset in
childhood characterised by severe cholestasis and
low or normal gamma-glutamyltransferase (GGT)
activity. The accumulation of hepatic bile acids
leads to inflammation of the liver, and ultimately to
liver fibrosis and failure. Furthermore, the retained
bile acids can spill over into systemic circulation,
resulting in abnormally high serum bile acid levels.
PFIC diseases are believed to be responsible for
10%%-15% of paediatric cholestasis cases and
of paediatric liver transplantations.'™ The most
frequent early symptoms include jaundice as well
as severe pruritus and associated sleep disruption,
leading to substantial reductions in health-related
quality of life."**

Partial external biliary diversion (PEBD) is a
surgical option for PFIC treatment that involves
creation of a jejunal conduit between the gall-
bladder and an external abdominal stoma; PEBD
has been shown to improve pruritus, liver function,
liver histology and growth in patients with PFIC.*™
However, risks associated with PEBD include
post-surgical dehydration, electrolyte imbalances,

surgical complications and presence of a lifelong
stoma substantially affecting the patient’s quality
of life.” Patients not willing to receive an ostomy
can be offered a partial internal biliary diversion
(PIBD) which is often complicated by intermittent
diarrhoea due to high concentration of bile salts in
the colon.™

In general, surgical procedures like PEBD and
PIBD were developed to interrupt the enterohe-
patic circulation and divert bile acids away from the
liver.! 2 This reduction in bile acid load appears to
reduce PFIC symptom severity and at least partially
restore hepatic function,’ and recent reports indi-
cate that reduced serum bile acids following surgical
biliary diversion correlate with improved outcomes.
For example, using retrospective data, the NAtural
course and Prognosis of PFIC and Effect of biliary
Diversion consortium found that for patients with
BSEP-deficient PFIC who underwent surgical
biliary diversion (n=61, which was most commonly
PEBD in 47), pruritus was common prior to surgery
(occurring in 97%) and occurred in fewer patients
(46%) after surgery. This change corresponded
with a reduction in mean serum bile acids (from
363 umol/L to 48 umol/L, respectively)."? Overall,
a greater proportion of patients with lower serum
bile acids after surgery survived with their native
liver intact for up to 15 years versus those who had
elevated serum bile acids post-surgery.”> In addi-
tion, a systematic review and meta-analysis evalu-
ating studies with pre-PEBD and post-PEBD liver
biochemistry values found that patients with PFIC
with reduced serum bile acids post-PEBD were more
likely to have favourable clinical responses such as
improved pruritus and decreased need for liver
transplant." Thus, the reduction in bile acids and
improvement in clinical outcomes observed with
PEBD supports the idea that disrupting the entero-
hepatic circulation is a workable option for treating
patients with cholestatic liver disease. Ileal bile acid
transporter (IBAT) inhibition is a targeted pharma-
cologic approach based on the same premise: inhi-
bition of IBAT blocks intestinal resorption of bile
acids, which interrupts the enterohepatic circula-
tion and redirects bile acids away from the liver.”

Odevixibat (A4250) is a highly potent, orally
administered, selective, reversible IBAT inhibitor
currently under development for PFIC treatment."
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In an exploratory, open-label phase 2 study in children with
PFIC, odevixibat treatment was well tolerated and associated
with reduced pruritus, improved sleep and reduced serum bile
acids.'® In this case report, we compare the effects of IBAT
inhibition with PEBD surgery in a single patient with PFIC
who received odevixibat as a participant in that phase 2 study
followed by PEBD after the study ended and odevixibat was no
longer available.

CASE PRESENTATION

A male patient initially presented at age 7 months with therapy-
resistant pruritus, cholestasis, steatorrhoea and low GGT activity;
he was subsequently diagnosed with PFIC type 2 resulting from a
variant in ABCB11, the gene encoding BSER'” with two hetero-
zygotic exogenous changes compared to reference sequence
NM 003742.2 (BSEP; in exon 23¢.3149C>T(p.R1050C) and
in exon 23¢.3084A>G(p.A1028A; rs49769)) and a homo-
zygotic exogenous change (in exon 12¢.1331T>C(p.V444A,
rs2287622)). Because expression of BSEP was detected immu-
nohistochemically, the gene variant most likely results in trans-
lation of a functionally deficient BSEP protein. The patient had
failed conventional therapies (including ursodeoxycholic acid,
colestyramine, rifampicin, naltrexone and phenobarbital), and at
age 15 months was screened for, enrolled in and completed an
open-label phase 2 study of odevixibat (ClinicalTrials.gov iden-
tifier: NCT02630875).

TREATMENT

At enrolment, the patient was 75cm tall and weighed 9.0kg.
During the study, the patient received a daily dose of odevixibat
200 ug/kg for 4 weeks, along with concurrent rifampicin 40 mg
two times per day, ursodeoxycholic acid 100 mg two times per
day and naltrexone 2mg two times per day (during the single-
dose period of the study only). Although the patient responded
well during the study, severe pruritus returned after the odevix-
ibat trial ended, and the patient underwent PEBD about 3
months after the final odevixibat dose.

OUTCOME AND FOLLOW-UP

Patient response to odevixibat and PEBD

The sequential use of medical and surgical interventions for
treatment of PFIC in the same patient permitted the comparative
assessment of response to each treatment modality. At baseline
of the phase 2 study, the patient’s total serum bile acid level was
124.3 pmol/mL which fell by 95% to 6.5 umol/mL after 4 weeks
of odevixibat treatment. Immediately preceding PEBD, the total
serum bile acid level was 276 umol/mL which fell to <1 umol/
mL following PEBD (figure 1).

Pruritus and sleep disruptions demonstrated similar patterns.
During the odevixibat study, patient diary data showed reduc-
tions in visual analogue scale itch severity (VAS-Itch; 0-10
scale)'® scores of § points with odevixibat treatment (from 8 to
3 points). Pruritus improvements were also documented during
the clinical study on the 4-point Whitington-itch scale® (reduc-
tion from 2 to 1) and in Partial Patient-Oriented Scoring Atopic
Dermatitis (PO-SCORAD" ; 0-10 scale) itch score (reduction
from 8 to 3). A similar improvement (from 8 to 3) was observed
in PO-SCORAD sleep disturbance score during odevixibat
treatment. Following PEBD, VAS-Itch scores were reduced by
six points (from eight points before PEBD to two points after
surgery). In addition, sleep improvements were observed after
PEBD that were qualitatively similar to those observed with
odevixibat treatment.
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Figure 1 Bile acid levels over time in a patient with progressive

familial intrahepatic cholestasis (bile salt exporter protein deficiency)
who received treatment with the ileal bile acid transporter inhibitor
odevixibat and subsequently underwent partial external biliary diversion
(PEBD) surgery. *Values after PEBD surgery were <1.0 pmol/L.

Following PEBD surgery, the patient now continues on
ursodeoxycholic acid 200 mg/day, supplemented with vitamin
D 5001U/day; recurrent infection-triggered pruritus has also
required transient treatment with colestyramine.

Odevixibat safety

Throughout the odevixibat clinical study, the patient demon-
strated elevations in eosinophils and neutrophils; however, only
the values at screening (8.9% and 12.1%, respectively) were
considered clinically significant by study investigators. The
patient experienced two adverse events of mild intensity (naso-
pharyngitis and vomiting); neither was considered related to
odevixibat or to laboratory abnormalities. Stool consistency and
frequency did not change from baseline during treatment with
odevixibat or following PEBD. Liver function tests other than
serum bile acids were normal before and after both odevixibat
treatment and PEBD except for mild and transient elevations
during the post-operative phase and during viral upper airway
infections.

DISCUSSION
IBAT inhibition represents a pharmacologic alternative to
surgical bile acid reduction by interrupting the highly efficient
recovery of bile acids (estimated at >95%) from the distal colon
and return to the hepatobiliary system via the enterohepatic
circulation (figure 2)." *° Because IBAT is localised principally
on the brush border of ileal cells (facing the lumen of the gastro-
intestinal tract),?! IBAT inhibition using odevixibat could poten-
tially be effected with minimal systemic exposure.'”> Because
patients with PFIC may require lifelong treatment with an IBAT
inhibitor to maintain reductions in bile acid levels, it is important
to consider the compound’s long-term safety effects. The low
systemic exposure of odevixibat, along with the overall safety
profile of odevixibat in the phase 2 trial, suggest that odevixibat
is a safe compound for the long-term treatment of cholestatic
liver disease. However, additional long-term studies (ranging
from 6 months to 2 years) are ongoing or enrolling partici-
pants to assess the long-term effects, including safety, of IBAT
inhibitors in paediatric cholestatic disease (ClinicalTrials.gov
identifiers: NCT03566238, NCT03659916, NCT03905330,
NCT04185363 and NCT04168385). The current surgical alter-
native, PEBD, has similar restrictions (ie, follow-up required
to monitor potential post-surgical complications) and lifelong
consequences (ie, ostomy).22

The phase 2 study in which the patient in this case report was
enrolled aimed to evaluate the safety and efficacy of odevixibat in
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Figure 2 Schematic illustration of the proposed mechanism of

action of odevixibat (A4250). Bile acids are synthesised in the liver
from LDL-derived cholesterol and secreted into the small intestine.
Approximately 95% of secreted bile acids are transported into ileal
cells by IBAT and recirculated back to the liver via the enterohepatic
circulation. In cholestatic liver disease, bile acids accumulate in the
liver, leading to clinically significant sequelae. Inhibition of IBAT by
odevixibat is believed to lead to reduced circulation of bile acids back to
the liver and thus might help to normalise the elevated bile acid levels
observed in cholestatic liver disease. IBAT, ileal bile acid transporter;
LDL, low-density lipoprotein. *Also known as apical sodium-dependent
bile acid transporter. This illustration was professionally drawn for this
case report and we hold the ownership (illustrator: Rob Flewell, CMI;
anatomy by design, Inc.).

patients diagnosed with pruritus associated with cholestatic liver
disease. The phase 2 study also assessed pruritus and sleep as
secondary efficacy endpoints, given the negative impact pruritus
can have on patient sleep and quality of life.* #* These pruritus
and sleep outcomes were based on daily diaries recorded by care-
takers or patients aged 11 years or older, who were instructed on
the daily use of the diary. Each day, caregivers or age-appropriate
patients evaluated the severity of itch (VAS Itch), characterised
signs of visible scratching (Whitington Itch) and assessed prob-
lems with itch or sleep (PO-SCORAD Itch, PO-SCORAD Sleep).
Because pruritus is a subjective symptom and may be difficult
to assess objectively, reviews on chronic pruritus recommend
using a combination of instruments to capture various aspects
of pruritus (eg, severity and quality/course).** ** The caregiver-
reported or patient-reported scales used in the phase 2 study for
measurement of pruritus and sleep are well known in specific
fields (ie, dermatology) and/or are frequently used scales in
clinical trials.” **%° One limitation of using these scales here is
that they have not been specifically validated in children with
cholestatic disease. However, at the time the phase 2 study was
conducted, there were no alternative assessment tools. The lack
of validated instruments in paediatric cholestasis has recently

Patient’s perspective

Our son realised an equal improvement of symptoms with

both odevixibat and surgical partial external biliary diversion.
Considering the burden of surgery and continuous care of the
stoma, we would have preferred medical therapy if available.

Learning points

» Progressive familial intrahepatic cholestasis (PFIC) type 2, or
bile salt exporter protein (BSEP) deficiency, typically presents
during infancy or early childhood with cholestasis, severe
pruritus, and high bilirubin and serum bile acid levels but
normal gamma-glutamyltransferase activity.

» In patients with PFIC type 2, pruritus is frequently
unrelenting, with severe quality of life impairment, and
untreated PFIC leads to impaired growth and development
and progressive liver fibrosis.

» A 15-month-old patient with PFIC type 2 suffering from
severe cholestatic pruritus was enrolled in a clinical trial
of odevixibat, an ileal bile acid transporter inhibitor under
development for treatment of cholestatic liver disease, and
underwent partial external biliary diversion (PEBD) after the
trial ended due to recurrence of symptoms.

» Odevixibat appeared to be as effective as invasive PEBD in
successfully treating cholestatic pruritus in this patient with
PFIC type 2 as measured by symptom scores and serum bile
acid levels over a 4-week treatment period.

led to the development of new tools*® *” which were reported

after the case report data were collected and now serve as assess-
ments in phase 3 trials of IBAT inhibitors underway in paedi-
atric patients with intrahepatic cholestasis (NCT03566238 and
NCT03905330).

For the patient described here, IBAT inhibition using odevix-
ibat led to reductions in serum bile acids. Moreover, the severity
of cholestatic pruritus also improved with odevixibat, in parallel
with the observed improvements following the subsequent
PEBD. The efficacy of odevixibat, with respect to sustained
reductions in serum bile acids and amelioration of cholestatic
pruritus, remains to be determined. Furthermore, PFIC type 2
patients may require continued monitoring for hepatocellular
carcinoma in spite of symptom control.”® However, the ability
to effectively manage bile acid levels and reduce pruritus using
IBAT inhibition to an extent comparable to that observed with
PEBD may provide a novel approach in the treatment of PFIC.
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