
Research article
Interim results from an ongoing, open-label, single-arm
trial of odevixibat in progressive familial intrahepatic
cholestasis
Authors
Richard J. Thompson, Reha Artan, Ulrich Baumann, Pier Luigi Calvo, Piotr Czubkowski, Buket Dalgic,
Lorenzo D’Antiga, Angelo Di Giorgio, Özlem Durmaz, Emmanuel Gonzalès, Tassos Grammatikopoulos,
Girish Gupte, Winita Hardikar, Roderick H.J. Houwen, Binita M. Kamath, Saul J. Karpen, Florence Lacaille,
Alain Lachaux, Elke Lainka, Kathleen M. Loomes, Cara L. Mack, Jan P. Mattsson, Patrick McKiernan, Quanhong Ni,
Hasan Özen, Sanjay R. Rajwal, Bertrand Roquelaure, Eyal Shteyer, Etienne Sokal, Ronald J. Sokol, Nisreen Soufi,
Ekkehard Sturm, Mary Elizabeth Tessier, Wendy L. van der Woerd, Henkjan J. Verkade, Jennifer M. Vittorio,
Terese Wallefors, Natalie Warholic, Qifeng Yu, Patrick Horn, Lise Kjems

Correspondence

richard.j.thompson@kcl.ac.uk (R.J. Thompson).

Graphical abstract

Eligible patients had elevated serum bile acids and significant pruritus at screening

Completed
randomized trial

Odevixibat 40 µg/kg/day
Odevixibat 120 µg/kg/day
Placebo

PEDFIC 2
All patients received

odevixibat
120 μg/kg/day

Ongoing, open-label
extension study

n = 69 (15 July 2020)

PEDFIC 1 End

Cohort 1A

Cohort 1B 
Cohort 2

Week 24
PEDFIC 1

New patients; any age or PFIC type

Conclusions

In this prespecified interim analysis of
PEDFIC 2 data, odevixibat treatment

Patients in cohort 1A had up to 48 weeks of cumulative odevixibat exposure
PEDFIC 2 Week 24

-201 μmol/L, p <0.0001

-1.6, p <0.0001
Height 0.4, p = 0.02
Weight 0.4, p = 0.03

PEDFIC 1 Baseline

Serum bile acids

Pruritus score

Growth Z scores  

Resulted in mean reductions in
serum bile acids and pruritus,

Was generally well tolerated. 

Mean improvements in
growth, and

Odevixibat is a non-invasive option
for treating the clinical signs and
symptoms of PFIC
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Highlights Impact and Implications

� PEDFIC 2 enrolled patients from PEDFIC 1 or new

patients with PFIC; all received odevixibat 120 lg/
kg per day.

� Odevixibat was associated with mean improve-
ments in serum bile acids, pruritus, growth, hepatic
parameters, and sleep.

� Treatment effects were durable up to Week 24 of
PEDFIC 2.

� Odevixibat was generally well tolerated.
https://doi.org/10.1016/j.jhepr.2023.100782
Disrupted bile flow is a hallmark feature of patients
with progressive familial intrahepatic cholestasis and
can result in build-up of bile constituents in the liver
with spill over into the bloodstream; other effects that
patients can experience include extremely itchy skin,
and because not enough bile reaches the gut, patients
can have problems digesting food, which may lead to
poor growth. Odevixibat is an orally administered
medication that shunts bile acids away from the liver.
The current study, called PEDFIC 2, suggested that
odevixibat can improve the problematic signs and
symptoms of progressive familial intrahepatic chole-
stasis and was generally safe for patients.
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Background & Aims: PEDFIC 2, an ongoing, open-label, 72-week study, evaluates odevixibat, an ileal bile acid transporter
inhibitor, in patients with progressive familial intrahepatic cholestasis.
Methods: PEDFIC 2 enrolled and dosed 69 patients across two cohorts; all received odevixibat 120 lg/kg per day. Cohort 1
comprised children from PEDFIC 1, and cohort 2 comprised new patients (any age). We report data through 15 July 2020, with
Week 24 of PEDFIC 2 the main time point analysed. This represents up to 48 weeks of cumulative exposure for patients
treated with odevixibat from the 24-week PEDFIC 1 study (cohort 1A) and up to 24 weeks of treatment for those who initiated
odevixibat in PEDFIC 2 (patients who received placebo in PEDFIC 1 [cohort 1B] or cohort 2 patients). Primary endpoints for
this prespecified interim analysis were change from baseline to Weeks 22–24 in serum bile acids (sBAs) and proportion of
positive pruritus assessments (>−1-point drop from PEDFIC 2 baseline in pruritus on a 0–4 scale or score <−1) over the 24-week
period. Safety monitoring included evaluating treatment-emergent adverse events (TEAEs).
Keywords: Liver diseases; Bile acids and salts; Clinical trial; Enterohepatic circulation.
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Results: In cohort 1A, mean change from PEDFIC 1 baseline to Weeks 22–24 of PEDFIC 2 in sBAs was -201 lmol/L (p <0.0001).
For cohort 1B and cohort 2, mean changes from odevixibat initiation to weeks 22–24 in sBAs were -144 and -104 lmol/L,
respectively. The proportion of positive pruritus assessments in the first 24-week period of PEDFIC 2 was 33%, 56%, and 62% in
cohorts 1A, 1B, and 2, respectively. Most TEAEs were mild or moderate. No drug-related serious TEAEs occurred.
Conclusions: Odevixibat in patients with progressive familial intrahepatic cholestasis was generally well tolerated and
associated with sustained reductions in sBAs and pruritus.
Clinical Trials Registration: This study is registered at ClinicalTrials.gov (NCT03659916).
Impact and Implications: Disrupted bile flow is a hallmark feature of patients with progressive familial intrahepatic
cholestasis and can result in build-up of bile constituents in the liver with spill over into the bloodstream; other effects that
patients can experience include extremely itchy skin, and because not enough bile reaches the gut, patients can have
problems digesting food, which may lead to poor growth. Odevixibat is an orally administered medication that shunts bile
acids away from the liver. The current study, called PEDFIC 2, suggested that odevixibat can improve the problematic signs
and symptoms of progressive familial intrahepatic cholestasis and was generally safe for patients.
© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Progressive familial intrahepatic cholestasis (PFIC) is a group of
liver diseases resulting from mutations in genes encoding pro-
teins with diverse functions, including familial intrahepatic
cholestasis protein 1 (FIC1), bile salt export pump (BSEP), and
multidrug resistance protein 3 (MDR3) or PFIC1, PFIC2, and
PFIC3, respectively.1 Children with PFIC may experience high
serum bile acid concentrations, intractable pruritus, impaired
growth, and progressive liver disease.2 Historically, long-term,
effective treatment options for PFIC were limited to surgical
interruption of the enterohepatic circulation (i.e. biliary diversion
surgery) and liver transplantation.3

The ileal bile acid transporter (IBAT) resorbs intestinal bile
acids for recirculation to the liver and is a therapeutic target for
pharmacologic interruption of the enterohepatic circulation.4,5

Odevixibat, an orally administered IBAT inhibitor, markedly de-
creases ileal bile acid reuptake with minimal systemic exposure6

and is indicated for the treatment of pruritus in patients 3
months of age and older with PFIC in the USA and for the
treatment of PFIC in patients age 6 months and older in the
European Union and the UK.7,8

In the phase III PEDFIC 1 study, odevixibat produced statis-
tically significant reductions in serum bile acids and pruritus
relative to placebo in children with PFIC1 and PFIC2 and was
generally well tolerated over 24 weeks.9 The current study,
PEDFIC 2, is an ongoing, open-label extension study evaluating
long-term efficacy and safety of odevixibat in patients with PFIC.
Participants and methods
PEDFIC 2 (NCT03659916) was conducted in accordance with the
Declaration of Helsinki and the International Conference on
Harmonization guidelines for Good Clinical Practice. Research
protocols and amendments were approved by relevant institu-
tional review boards and ethics committees at each site
(Table S1), and patients (or their caregivers) provided written
informed consent.

Study design and treatments
Eligible patients were enrolled into one of two cohorts (Fig. 1A).
Cohort 1 comprised patients with PFIC1 or PFIC2 (aged 0.5–18
years) who completed the full 24-week treatment period in
PEDFIC 1 or early rollovers (see below). These patients had
received either odevixibat (40 or 120 lg/kg per day) or placebo in
JHEP Reports 2023
PEDFIC 1 (i.e. cohort 1A and cohort 1B, respectively). Initially,
patients who withdrew from PEDFIC 1 because of perceived
intolerable symptoms after >−12 weeks could rollover early into
PEDFIC 2; however, this option was later eliminated by a PEDFIC
1 protocol amendment.

Cohort 2 consisted of newly enrolled patients of any age with
any PFIC type. One patient in cohort 2 had been previously
treated with odevixibat in a phase II study approximately 3 years
prior; all other patients in cohort 1B and cohort 2 were naive to
odevixibat at the start of the study.

The PEDFIC 2 study included a screening period (for cohort 2
only) and a 72-week treatment period (Fig. 1B). During the
treatment period, all patients received once-daily odevixibat
120 lg/kg. The odevixibat dose could have been down-titrated to
40 lg/kg per day after >−1 week of treatment for tolerability
concerns, with a return to the higher dose as soon as was
considered clinically appropriate. Following the 72-week treat-
ment period, patients could either enrol in an optional extension
for continued treatment or return for a follow-up visit 4 weeks
after ending study drug. A prespecified interim analysis of
PEDFIC 2 data was conducted to fulfil regulatory requirements
and supplement the findings of the PEDFIC 1 study; this interim
analysis included data collected in PEDFIC 2 through a cut-off
date of 15 July 2020.

Eligibility criteria
Eligible patients were those with genetically confirmed PFIC,
elevated serum bile acids (>−100 lmol/L), and significant pruritus
(i.e. scratching or itching score >−2 per caregiver/patient report
[i.e. observer-reported outcome [ObsRO]/patient-reported
outcome [PRO] based on PRUCISION scores; see Supplementary
Materials & methods for details). Those with known pathologic
variations of the ABCB11 gene that resulted in complete absence
of the BSEP protein were excluded.

Assessments, endpoints, and analysis
Assessments and endpoints
The primary endpoints of the overall PEDFIC 2 study are change
from baseline to the average of values at weeks 70 and 72 in
serum bile acids and proportion of positive pruritus assessments
at the patient level (i.e. scratching score <−1 or a >−1-point drop
from PEDFIC 2 baseline) over the 72-week period. ‘Positive
pruritus assessment’ was the terminology agreed upon with the
United States Food and Drug Administration to describe this
2vol. 5 j 100782
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pruritus endpoint. For this prespecified interim analysis, the
same outcomes were evaluated at Weeks 22–24 or over the first
24-week period of PEDFIC 2, respectively.

Blood samples for serum bile acid assessments were drawn at
all study visits from Day 1 for those in cohort 1, or during
screening for those in cohort 2, through Week 76. Caregivers/
patients used the validated PRUCISION instrument twice daily in
an eDiary format to record pruritus symptoms (and sleep char-
acteristics or tiredness).10 Scores range from 0 to 4, with higher
scores indicating worse symptoms (see Supplementary Materials
& methods for more details).

Secondary and exploratory outcomes assessed included mean
changes in serum bile acids at time points in addition to PEDFIC
2 Weeks 22–24; mean changes in pruritus scores over time; the
proportion of patients meeting criteria for treatment response;
and the effects of odevixibat on growth, sleep, biliary diversion
and/or liver transplantation, and markers of cholestasis and liver
disease. Native liver survival was assessed as an ad hoc supple-
mentary analysis in addition to pre-planned analyses. Thresholds
for serum bile acid response were based on levels from the
NAtural course and Prognosis of PFIC and Effect of biliary
Diversion (NAPPED) consortium that predict better long-term
outcomes (serum bile acid levels <65 or <102 lmol/L for pa-
tients with PFIC111 and PFIC2,12 respectively) or were pre-
specified in the study protocol (serum bile acid levels <−70 lmol/L
or reduced >−70% from baseline). Pruritus response was defined
as >−1-point reduction in pruritus score from baseline (i.e. a
clinically meaningful change).

Safety assessments included adverse event (AE) monitoring,
physical examination, measurement of clinical laboratory pa-
rameters, and results of abdominal ultrasounds. In addition,
because patients with PFIC may experience multiple comor-
bidities (i.e. fat-soluble vitamin deficiencies, diarrhoea, altered
hepatic parameters), AEs of interest related to these comor-
bidities were also summarised (see Supplementary Materials &
methods).

Data analysis
This interim data cut focused on efficacy data at Week 24 in
PEDFIC 2. This represents up to 48 weeks of cumulative ode-
vixibat exposure for those treated with odevixibat in PEDFIC 1
(cohort 1A) and up to 24 weeks of treatment for those who
initiated odevixibat in PEDFIC 2 (i.e. cohort 1B and cohort 2).
Future PEDFIC 2 data cuts will include data for up to 96 weeks of
odevixibat treatment for patients who initiated treatment in
PEDFIC 1, and up to 72 weeks of odevixibat treatment for pa-
tients who initiated treatment in PEDFIC 2. All analyses were
conducted in patients who received >−1 dose of odevixibat. AEs
were classified by preferred term according to the Medical Dic-
tionary for Regulatory Activities (MedDRA) version 23.0. Addi-
tional details, including estimates of sample size, are included in
the Supplementary Materials & methods.

Statistical methods
Descriptive statistics were mainly used for this open-label
extension study. However, statistical tests were prespecified for
some outcomes in cohort 1A, as follows: one-sample t tests were
used to evaluate statistical significance in change from PEDFIC 1
baseline to the average of values at Weeks 22 and 24 of PEDFIC 2
in serum bile acids, change from PEDFIC 1 baseline to Weeks
21–24 of PEDFIC 2 in pruritus scores, and change from PEDFIC 1
baseline to Week 24 in height and weight Z scores.
JHEP Reports 2023
Results
Study population
As of 15 July 2020, 69 patients have received treatment in PEDFIC 2
(Fig. 1A), including 53 patients who rolled over from PEDFIC 1 (i.e.
cohort 1; see Supplementary Materials & methods for more de-
tails) and 16 newly enrolled patients (i.e. cohort 2). Although part
of this study occurred during the COVID-19 pandemic, no patients
discontinued as a result. Most treated patients are ongoing on
therapy (64/69, 93%). Overall, four patients discontinued as of the
data cut-off date: three in cohort 1 (one because of withdrawal of
consent, one because of an AE of cholestasis and subsequent sur-
gical biliary diversion, and one who underwent liver trans-
plantation) and one in cohort 2 (because of withdrawal of consent
and acute pancreatitis). One additional patient was off treatment,
but the termination record was not complete at the time of data
cut-off.

Table 1 displays patient demographics and characteristics at
baseline of PEDFIC 1 and PEDFIC 2. PEDFIC 2 included a mostly
young patient population: at baseline, themedian patient agewas
4.1 years. More than half of patients had PFIC2 (n = 45),18 patients
had PFIC1, five patients had PFIC3, and one patient had myosin 5B
deficiency. The median time since PFIC diagnosis was 2.6 years.

The median duration of odevixibat exposure was 43.1 weeks
in cohort 1A and 36.1 weeks in cohort 1B; in cohort 2, which
started enrolment approximately 1 year after the first patient in
cohort 1 rolled over to PEDFIC 2, the median odevixibat exposure
was 19.4 weeks. There were 25 patients in cohort 1A and 11
patients in cohort 1B with >−24 weeks of odevixibat exposure at
the PEDFIC 2 interim data cut; in cohort 2, five patients had >−24
weeks of odevixibat exposure.

Primary endpoints
Serum bile acids
For patients in cohort 1A, the mean (SE) change in serum bile
acids from PEDFIC 1 baseline to Weeks 22–24 in PEDFIC 2 (n =
21) was -201 lmol/L (38 lmol/L), p <0.0001; 95% CI: -281 lmol/L,
-121 lmol/L. Data for these patients by prior odevixibat dose in
PEDFIC 1 are presented in Table S2. Mean serum bile acid levels
over time for all cohorts are shown in Fig. 2; individual changes
in serum bile acids by PFIC type are presented in Fig. S1. For
patients in cohort 1B and cohort 2 with available data at Weeks
22–24 (n = 11 and n = 5, respectively), mean (SE) changes from
baseline in these patients were -144 lmol/L (49 lmol/L) and
-104 lmol/L (39 lmol/L), respectively.

Pruritus
The mean (SE) proportion of positive (i.e. improved) pruritus as-
sessments at the patient level during 24 weeks of treatment in
PEDFIC 2was 33% (7%) in cohort 1A (n = 26), 56% (11%) in cohort 1B
(n = 11), and 62% (20%) in cohort 2 (n = 5). For patients in cohort 1A,
Table S2 presents pruritus data by prior dose of odevixibat in
PEDFIC 1. Additionally, mean (SE) change in monthly pruritus
score (based on ObsRO assessments) from PEDFIC 1 baseline to
Weeks 21–24 in PEDFIC 2 in cohort 1A patients (n = 26) was -1.6
(0.2); p <0.0001; 95% CI: -2.0, -1.1. Fig. 3 shows pruritus scores over
time for all cohorts.

Additional efficacy endpoints
Other analyses related to serum bile acids and pruritus
From PEDFIC 1 baseline through Week 24 in PEDFIC 2, 18 of 33
patients (55%) with data in the interval had a serum bile acid
3vol. 5 j 100782
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Fig. 1. Patient disposition (A) and study design (B). (A) New patients in cohort 2 either did not meet PEDFIC 1 eligibility criteria or presented after closure of that
study’s recruitment. †One patient withdrew from treatment owing to AEs, but this was not reflected in the termination record at the time of data cut-off.
(B) Cohort 2 screening visits occurred during Days 56−35 and 28−7 before the first odevixibat dose. For patients in cohort 1, the first visit of the PEDFIC 2
treatment period coincided with the PEDFIC 1 end-of-treatment visit (there was no interruption of treatment). AE, adverse event.
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response based on published criteria11,12 and 18 of 34 patients
(53%) had a serum bile acid response based on criteria defined in
PEDFIC 1 (Table S3).9 For those who initiated odevixibat in
PEDFIC 2 (i.e. cohort 1B and cohort 2), six of 22 (27%) and 11 of 31
(36%), respectively, met published or PEDFIC 1 serum bile acid
response criteria through PEDFIC 2 Week 24 (Table S3). Addi-
tional responder analyses, such as those based on pruritus, are
also depicted in Table S3.

For patients in cohort 1A who received odevixibat 40 lg/kg
per day in PEDFIC 1 and transitioned to odevixibat 120 lg/kg per
day in PEDFIC 2, some patients had enhanced pruritus responses
after this dose escalation; outcomes for these patients related to
serum bile acid response were somewhat variable (Table S4).
JHEP Reports 2023
Odevixibat produced generally consistent treatment effects
on serum bile acids and proportion of positive pruritus assess-
ments across all subgroups examined (i.e. based on demographic
characteristics, baseline serum bile acid levels, degree of hepatic
impairment, baseline use of ursodeoxycholic acid [UDCA] and
rifampicin [data not shown]). Additionally, effects with odevix-
ibat were observed across PFIC types (Table 2). For example,
among odevixibat-naive patients (i.e. cohort 1B and cohort 2),
mean reductions in serum bile acids were observed through
PEDFIC 2 week 12 regardless of PFIC diagnosis (mean [n; SE]
change from baseline: -32 lmol/L [n = 5; 42 lmol/L], -121 lmol/L
[n = 17; 43 lmol/L], and -127 lmol/L [n = 4; 20 lmol/L] for those
with PFIC1, 2, and 3, respectively).
4vol. 5 j 100782



Table 1. Patient demographics and baseline characteristics.

PEDFIC 1 baseline† PEDFIC 2 baseline

Received
odevixibat in

PEDFIC 1
n = 42

Received
placebo in
PEDFIC 1

n = 20

Cohort 1A‡

n = 34
Cohort 1B§

n = 19
Cohort 2

n=16

Age, mean (SD), years{ 4.5 (3.9) 3.8 (3.9) 4.6 (3.6) 4.3 (4.0) 7.9 (4.9)
Female, n (%) 23 (55) 8 (40) 18 (53) 7 (37) 9 (56)
Race, n (%)

White 35 (83) 17 (85) 29 (85) 16 (84) 15 (94)
Black 2 (5) 0 1 (3) 0 0
Asian 1 (2) 1 (5) 1 (3) 1 (5) 0
Other 4 (10) 2 (10) 3 (9) 2 (11) 1 (6)

Height, mean (SD), cm 95 (21) 89 (24) 97 (19) 93 (24) 115 (25)
Weight, mean (SD), kg 16 (9.6) 15 (9.8) 17 (8.3) 16 (11) 25 (16)
PFIC type, n (%)

PFIC1 12 (29) 5 (25) 10 (29) 5 (26) 3 (19)
PFIC2 30 (71) 15 (75) 24 (71) 14 (74) 7 (44)
PFIC3 NA NA NA NA 5 (31)
MYO5B deficiency NA NA NA NA 1 (6)

Use of UDCA at baseline, n (%) 32 (76) 18 (90) 23 (68) 17 (90) 13 (81)
Use of rifampicin at baseline, n (%) 24 (57) 17 (85) 15 (44) 17 (90) 7 (44)
Serum bile acids, mean (range), lmol/L 252 (36−605) 248 (57−435) 127 (1–439) 271 (11–528) 222 (11–465)
Pruritus score††, mean (range) 2.9 (1.6−4) 3.0 (1.9−4) 2.0 (0–4) 2.7 (1.3–4) 2.9 (2–4)
ALT, mean (range), U/L 110 (16−798) 77 (19−236) 74 (9–352) 71 (14–193) 70 (14–231)
AST, mean (range), U/L 106 (37−405) 90 (32−219) 71 (15−211) 82 (17–210) 97 (31–251)
Total bilirubin, mean (range), mg/dl 3.2 (0.2−18.6) 3.1 (0.3−11.4) 1.7 (0.1–12.3) 3.1 (0.2–19.8) 2.4 (0.7–7.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; NA, not applicable; MYO5B, myosin 5B; PFIC, progressive familial intrahepatic cholestasis; UDCA, urso-
deoxycholic acid.
† Data at PEDFIC 1 baseline are for all patients in PEDFIC 1.
‡ Patients in cohort 1A are a subset of patients who received odevixibat in PEDFIC 1.
§ Patients in cohort 1B are a subset of patients who received placebo in PEDFIC 1.
{ For patients from France and Germany, only birth year is collected on the case report form and age is calculated based on collected age months and years from the external
file.
†† AM and PM scores.
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Fig. 2. Change in serum bile acids during PEDFIC 1 and through PEDFIC 2 Week 24. PEDFIC 1 time points represent all PEDFIC 1 patients (odevixibat group,
n = 42; placebo group, n = 20); values shown for PEDFIC 2 time points represent only the patients in PEDFIC 2 (cohort 1A, n = 34; cohort 1B, n = 19; cohort 2,
n = 16). Dashed purple line indicates period of placebo administration. In cohort 1A, a significant change was observed in serum bile acids from PEDFIC 1 baseline
to PEDFIC 2 weeks 22–24 (mean change: -201 lmol/L; 95% CI: -281 lmol/L, -121 lmol/L; p <0.0001 [one-sample t test]).
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Fig. 3. Change in pruritus scores during PEDFIC 1 and through PEDFIC 2 Week 24. PEDFIC 1 time points represent all PEDFIC 1 patients (odevixibat group,
n = 42; placebo group, n = 20); values shown for PEDFIC 2 time points represent only the patients in PEDFIC 2 (cohort 1A, n = 34; cohort 1B, n = 19; cohort 2, n =
16). Dashed purple line indicates period of placebo administration. In cohort 1A, a significant change was observed in pruritus score from PEDFIC 1 baseline to
PEDFIC 2 weeks 21–24 (mean change: -1.6; 95% CI: -2.0, -1.1; p <0.0001 [one-sample t test]).

Table 2. Changes in serum bile acids and percentage of positive pruritus assessments by PFIC type from PEDFIC 2 baseline through Week 24 of PEDFIC 2.

Serum bile acids, lmol/L Proportion of positive pruritus assessments, %

Baseline
Change from base-
line to Week 12

Change from base-
line to Weeks

22–24 Initial interval† Weeks 0–24

n Mean (SE) n Mean (SE) n Mean (SE) n Mean (SE) n Mean (SE)

PFIC1
Cohort 1A 10 154 (35) 7 -14 (10) 5 -27 (14) 10 27 (10) 7 24 (10)
Cohort 1B 5 206 (28) 4 -40 (53) 3 -82 (31) 5 33 (17) 3 15 (7)
Cohort 2 3 121 (59) 1 -1.5 NA NA 3 62 (19) NA NA

PFIC2
Cohort 1A 24 116 (27) 19 4 (24) 16 -15 (15) 23 24 (6) 19 36 (8)
Cohort 1B 14 294 (37) 11 -157 (48) 8 -167 (65) 13 53 (9) 8 72 (10)
Cohort 2 7 279 (64) 6 -54 (85) 4 -96 (49) 6 62 (14) 3 41 (28)

PFIC3‡

Cohort 2 5 212 (48) 4 -127 (20) 1 -136 5 95 (2) 1 94
MYO5B deficiency‡

Cohort 2 1 169 1 -45 NA NA 1 87 1 91

All patients in PEDFIC 2 receive odevixibat. For those who received odevixibat in PEDFIC 1, mean serum bile acid levels at PEDFIC 1 baseline were 226 lmol/L in patients with
PFIC1 and 263 lmol/L in patients with PFIC2; for those who received placebo in PEDFIC 1, patients with PFIC1 and PFIC2 had mean baseline serum bile acid levels of 200 lmol/L
and 263 lmol/L, respectively. The proportion of positive pruritus assessments fromWeeks 0–24 during PEDFIC 1 was 61% in patients with PFIC1 and 51% in patients with PFIC2
among those who received odevixibat and 22% and 31%, respectively, among those who received placebo.
MYO5B, myosin 5B; NA, not applicable; PFIC, progressive familial intrahepatic cholestasis.
† Represents Weeks 0–4 for patients with PFIC1 and PFIC2 and 0–12 for patients with PFIC3 and MYO5B deficiency.
‡ Data are only available for these patient types in cohort 2, per study eligibility criteria for PEDFIC 1 and PEDFIC 2.

Research article
Growth
Mean (SE) changes in height and weight Z scores in cohort 1A
from PEDFIC 1 baseline through Week 24 of PEDFIC 2 were 0.4
(0.1; n = 18; p = 0.02; 95% CI: 0.1, 0.7) and 0.4 (0.2; n = 19; p =
0.03; 95% CI: 0.0, 0.7), respectively. Changes in growth over time
for all cohorts are shown in Figs 4A and B; those in cohort 1B and
cohort 2 also had mean improvements in height and weight Z
scores following odevixibat initiation in PEDFIC 2.
JHEP Reports 2023
Sleep
Patients treated with odevixibat in PEDFIC 1 had reductions in
the percentage of days they needed help falling asleep, needed
soothing, or slept with their caregiver.9 These improvements
continued for cohort 1A patients in PEDFIC 2 (mean [SE] re-
ductions from PEDFIC 2 baseline through the Week 24 of PEDFIC
2 were -12% [5%], -10% [5%], and -5% [5%], respectively; n = 26 for
all). Sleep parameters also improved with 24 weeks of odevixibat
6vol. 5 j 100782
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Fig. 4. Effects of odevixibat on height (A) and weight (B) from PEDFIC 1 baseline through PEDFIC 2 Week 24. PEDFIC 1 values represent all patients in PEDFIC
1 (odevixibat group, n = 42; placebo group, n = 20); PEDFIC 2 time points represent only patients in PEDFIC 2 (cohort 1A, n = 34; cohort 1B, n = 19; cohort 2,
n = 16). Dashed purple lines indicate placebo period. In cohort 1A, significant changes were observed in height and weight Z scores from PEDFIC 1 baseline to
PEDFIC 2 Week 24 (mean changes: 0.4 [95% CI: 0.1, 0.7; p = 0.02] and 0.4 [95% CI: 0.0, 0.7; p = 0.03], respectively [one-sample t tests]).
treatment in PEDFIC 2 for those in cohorts 1B and 2 (mean [SE]
values were -25% [12%], -18% [14%], and -10% [10%], respectively,
for cohort 1B [n = 11 for all] and -53% [18%], -21% [23%], and -23%
[19%], respectively, for cohort 2 [n = 5 for all]).

Surgical procedures
Surgical outcomes assessed using PEDFIC 2 data included the
number of patients with surgical biliary diversion or liver trans-
plantation; an ad hoc supplementary analysis also characterised
native liver survival in patients with serum bile acid reductions or
pruritus response with odevixibat. Of 69 patients who received
JHEP Reports 2023
odevixibat in PEDFIC 2, two (3%), both in cohort 1B, underwent
surgical biliary diversion or had a liver transplantation during
PEDFIC 2 owing to lack of improvement in pruritus. Both patients
had PFIC2 (BSEP subtype 1)12 and stable hepatic status. One pa-
tient had biliary diversion surgery at Week 37 of PEDFIC 2; this
patient did not experience a reduction in serum bile acids before
surgery. The secondpatient had an elective liver transplantation at
Week 19 of PEDFIC 2; the patient’s serum bile acids were reduced
25%at the last available assessment (Week12) vs.baseline. In anad
hoc supplementary analysis of pooled data from patients treated
with odevixibat from PEDFIC 1 and PEDFIC 2 to a data cut-off date
7vol. 5 j 100782



Table 3. Effects of odevixibat on markers of cholestasis through Week 24 of PEDFIC 2.

Week 12 Week 24

n Mean (SE) Mean (SE) change
from baseline

to Week 12

n Mean (SE) Mean (SE) change
from baseline

to Week 24

Serum ALT, U/L†

Cohort 1A 26 54 (8) -22 (13) 21 54 (16) -27 (23)
Cohort 1B 16 83 (23) 12 (18) 9 99 (33) 16 (21)
Cohort 2 12 116 (33) 37 (27) 4 44 (28) -10 (31)

Serum AST, U/L‡

Cohort 1A 27 57 (6) -13 (7) 20 54 (8) -15 (10)
Cohort 1B 16 92 (18) 6 (11) 9 86 (15) -1.7 (6)
Cohort 2 11 120 (34) 30 (23) 4 54 (21) -7.8 (16)

Total bilirubin, mg/dl§

Cohort 1A 26 1.3 (0.5) 0.0 (0.1) 21 0.9 (0.3) -0.2 (0.1)
Cohort 1B 16 2.7 (0.7) -0.6 (0.7) 9 2.3 (0.8) -1.6 (1.3)
Cohort 2 12 2.9 (1.0) 0.8 (0.9) 4 1.3 (0.4) -0.2 (0.5)

† Normal reference range varies by age and sex, but typical values are <−55 U/L.
‡ Normal reference range varies by age and sex, but typical values are <79 U/L.
§ Normal reference range: <−1.2 mg/dL. ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Research article
of 31 January 2022, reductions in serum bile acid levels with
odevixibat at 6months of treatmentwere strongly associatedwith
native liver survival for up to 3 years, with no patients who met
serum bile acid response criteria undergoing liver transplant
(Fig. S2). In addition, all patients with >−1-point reduction in pru-
ritus score at Month 6 remained liver transplant free during the
same period (Fig. S2).

Changes in key liver function tests over time
Before initiation of odevixibat, most patients had elevated he-
patic biochemical parameters (Table 1), per their underlying
disease. Patients generally had improvements in these hepatic
laboratory values with odevixibat, although some mean values
remained elevated; in some cases, normalisation or levels near
normalisation were reached (Table 3). Changes in other markers
of liver disease are presented in Table S5.

Safety
In this prespecified interim analysis of PEDFIC 2 data, 50 of 69
(72%) patients experienced at least one treatment-emergent AE
(TEAE) (Table 4). Of these, 45 had mild or moderate TEAEs. The
most commonly reported TEAEs in PEDFIC 2 at the data cut-off
(occurring in >−10% of patients overall) were upper respiratory
tract infection (n = 14, 20%), pyrexia (n = 13, 19%), cough (n = 10,
Table 4. Summary of TEAEs during the PEDFIC 2 treatment period.

Patients, n (%) Cohort 1A n = 34

Any TEAE 28 (82)
Mild 17 (50)
Moderate 10 (29)
Severe 1 (3)

TEAEs of diarrhoea 7 (21)
Drug-related TEAEs 10 (29)
Serious TEAEs 0
TEAEs leading to discontinuation 0
Drug-related TEAEs occurring in >−5% of patients overall, by preferred term

ALT increased 1 (3)
Blood bilirubin increased 3 (9)

All patients in PEDFIC 2 received odevixibat 120 lg/kg per day. Adverse events were un
assessed by investigators, and are presented by Standardized Medical Dictionary for Re
ALT, alanine aminotransferase; TEAE, treatment-emergent adverse event.

JHEP Reports 2023
15%), increased blood bilirubin (n = 9, 13%), and diarrhoea (n = 8,
12%). For patients with diarrhoea, all events were mild or mod-
erate in severity. Six patients had diarrhoea events that were
deemed unrelated or unlikely related to treatment, and two
patients had events that were possibly or definitely related to
treatment.

Three (4%) patients discontinued as a result of a TEAE (none of
which were considered related to odevixibat); these included one
patient in cohort 1B with a TEAE of cholestasis, one patient in
cohort 2with amedical historyof chronic pancreatitiswith a TEAE
of acute pancreatitis, and one patient in cohort 2 with TEAEs of
splenomegaly, jaundice, hypophagia, and decreased weight.

Drug-related TEAEs were reported in 20 of 69 (29%) patients.
The most common drug-related TEAEs (occurring in >−5% of pa-
tients overall) are shown in Table 4. Four of 69 (6%) patients
experienced serious TEAEs, including three (16%) in cohort 1B
and one (6%) in cohort 2. All serious AEs were assessed as un-
related to study treatment. No deaths occurred. Three patients
underwent a dose reduction from 120 to 40 lg/kg per day (after
elevated transaminases and/or bilirubin, n = 2; and after a TEAE
of constipation, n = 1); two patients continued on this dose and 1
patient was off the study drug as of the data cut-off date.

With regard to AEs of interest, no patients experienced new or
worsening fat-soluble vitamin deficiency refractory to clinically
Cohort 1

Cohort 2 n = 16Cohort 1B n = 19

14 (74) 8 (50)
6 (32) 2 (13)
7 (37) 3 (19)
1 (5) 3 (19)
1 (5) 0

5 (26) 5 (31)
3 (16) 1 (6)
1 (5) 2 (13)

1 (5) 2 (13)
2 (11) 2 (13)

toward events that had worsened in a clinically significant manner from baseline, as
gulatory Activities preferred terms.
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recommended vitamin supplementation based on mean changes
in fat-soluble vitamin levels during the study (Table S6), and
medical review of individual patient data uncovered none that
met the criteria for clinically significant diarrhoea. Overall, 34
events in 26 patients underwent review and adjudication by the
Data and Safety Monitoring Board for suspected drug-induced
liver injury or liver-related events. All but one of these events
were assessed as related to the patient’s underlying disease or
other causes. The remaining event (increased alanine amino-
transferase and total bilirubin) occurred in a patient in cohort 1B
and was considered related to the study drug. No patients devel-
oped liver decompensation or had hepatic events reported in the
Standardized MedDRA Query of Drug Related Hepatic Disorders –
Severe Events Only. No clinically significant changes or safety sig-
nals were noted based on laboratory assessments or physical
examinations.
Discussion
Results from the ongoing open-label PEDFIC 2 study suggest that
odevixibat 120 lg/kg per day can provide durable treatment ef-
fects in patients with PFIC. These interim data supplement the
results from the preceding PEDFIC 1 study9 and extend to other
PFIC types the observations that odevixibat is associated with
reductions in serum bile acids and improvements in pruritus.
Odevixibat also had a safety profile that was consistent with
prior odevixibat studies in both healthy individuals and paedi-
atric patients with cholestatic liver disease,6,13 with no unex-
pected AEs reported.

The characteristics of the patients included in this study were
consistent with the known characteristics of patients with PFIC1,
PFIC2, and PFIC3.1,14 For example, the majority of patients were
receiving UDCA and/or rifampicin, conventional therapies for
PFIC,14 at study baseline. Also, patients in cohort 2 were slightly
older, which may be attributable to the expanded eligibility
criteria in cohort 2; in addition, some patients such as those with
PFIC3 may present later in life.1,15 These observations suggest
that the results of this study can be generalised to the larger
population of patients with PFIC.

Patients in cohort 1A (of whom 33 of 34 were ongoing on
treatment as of the data cut-off date) who received odevixibat in
PEDFIC 1 and entered PEDFIC 2 with improved serum bile acid
levels generally had a durable effect with longer-term treatment.
For patients in cohort 1B and cohort 2 who initiated odevixibat
treatment in PEDFIC 2, reductions in serum bile acids were
observed as early as Week 4 of treatment and generally continued
through Week 24. Data from this interim analysis preliminarily
suggest that response to odevixibat may improve over time,
although longer-term studies are needed to confirm this finding.

The NAPPED consortium, which aims to detail the natural
history of PFIC and uncover associations between treatments and
long-term outcomes,16 analysed outcomes following surgical
biliary diversion, a procedure which aims to divert bile acids out
of the enterohepatic circulation and reduce the size of the bile
acid pool, in patients with PFIC1 and found that lower serum bile
acid levels (<65 lmol/L) post-surgery tended to be associated
with prolonged native liver survival.11 Similarly, lower serum bile
acid levels post diversion in patients with PFIC2 (<102 lmol/L or
decreased >−75%) reliably predicted native liver survival for >−15
years.12 Here, we present ad hoc supplementary data on native
liver survival in patients treated with odevixibat, a medical
JHEP Reports 2023
option to divert bile acids from the gut; this analysis indicates
that all odevixibat-treated patients with a serum bile acid
response to treatment retained their native livers, whereas those
who did not meet serum bile acid response criteria had higher
rates of liver transplantation (Fig. S2).

Significant pruritus can lead to severe cutaneous mutilation,
loss of sleep, and multiple behavioural impairments.2,17 Thus,
improvement in pruritus, and particularly night-time scratching,
is a goal of therapy as it is of clinical benefit. Indeed, in the
preceding PEDFIC 1 study, positive effects on patient and family
quality of life were observed with odevixibat vs. placebo.18 Here,
mean pruritus scores declined over the treatment period in all
patients, with continued mean improvements in patients who
received odevixibat in PEDFIC 1 and rolled over to PEDFIC 2 (i.e.
cohort 1A) and overall mean improvements in patients who
started odevixibat 120 lg/kg per day in PEDFIC 2 (i.e. cohorts 1B
and 2). For patients naive to odevixibat, pruritus scores
decreased within 4 weeks of initiating odevixibat in PEDFIC 2,
with further decreases observed over time. Consistent with re-
ductions in pruritus with odevixibat, numerical improvements in
several measures of patient sleep were observed. Additionally,
mean changes in height and weight through Week 24 of PEDFIC
2 suggested growth gains, observations that are consistent with
growth changes previously reported following surgical biliary
diversion in patients with PFIC.19

Mean improvements in serum bile acids and pruritus scores
with odevixibat were generally accompanied by mean decreases
in hepatic laboratory values that are commonly associated with
paediatric cholestasis.20 End-stage liver disease resulting from
prolonged cholestasis, or pruritus unresponsive to medical
therapy or surgical diversion, are indications for liver trans-
plantation in patients with PFIC,4,21,22 and preclinical evidence
suggests IBAT inhibition may reduce hepatic inflammation or
fibrosis.19,23,24

Some limitations warrant discussion. PEDFIC 2 was an open-
label study, with no comparator arm. Although this design could
make distinguishing treatment effects from regression to the
mean and Hawthorne effects challenging, these study results are
supported by data from the randomised, placebo-controlled
PEDFIC 1 trial, where odevixibat treatment of patients with
PFIC resulted in significant mean reductions in serum bile acids
and pruritus vs. placebo.9 In addition, treatment effects in PEDFIC
2 were not determined by a single outcome, but rather were
based on both biologic assessments (for serum bile acids) and
report of observed symptoms (for pruritus). A final limitation is
that some subgroups (e.g. those with PFIC3; patients in cohort 2
with available data at Week 24 of odevixibat treatment) were
represented by small numbers of patients. Because cohort 2 was
still enrolling at the time of the data cut-off, these subgroups
may be larger in the final analysis.

Data from this ongoing, long-term study suggest that ode-
vixibat has durable effects in PFIC, including improvements in
serum bile acid levels, pruritus, growth, and hepatic measures, as
well as survival with native liver in treatment responders. Ode-
vixibat was generally well tolerated, reduced the systemic
accumulation of bile acids that results from cholestasis, and
improved pruritus. Together, these effects have the potential to
improve hepatic health and delay or prevent liver trans-
plantation in patients with PFIC. The totality of the evidence
across multiple endpoints suggests the benefit of odevixibat for
treating the clinical signs and symptoms associated with PFIC.
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