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Abstract

Background and rationale Progressive familial intrahepatic cholestasis (PFIC) associated with myosin 5B deficiency
is a rare liver disease characterised by elevated serum bile acids (sBAs) and severe pruritus. The objective of this study
was to evaluate treatment with the ileal bile acid transporter inhibitor odevixibat in affected children.

Methods This was a retrospective analysis of five children with a diagnosis of PFIC associated with myosin 5B
deficiency and pruritus refractory to treatment with rifampicin and ursodeoxycholic acid, starting odevixibat
treatment (37.2-120 pg/kg.day) between 15 months and 10 years of age. Clinical and laboratory data were collected
regularly, including liver biochemistry and treatment history. Pruritus and sleep disorders were rated on a four-point
Likert scale (absent, mild, moderate or severe).

Results In the year before starting odevixibat, all patients presented with moderate to severe refractory pruritus.
Four patients had sleep disturbances. One patient had a history of microvillus inclusion disease and was parenterally
fed during his first year of life. In the year prior to initiating odevixibat, sBA levels were > 150 umol/L and total
bilirubin levels were > 25 umol/L in all patients. Within six months after starting odevixibat, sBA levels normalised

to <10 umol/L and total bilirubin fell to < 15 umol/L. Bilirubin and sBA levels remained mostly normal throughout
the treatment period (from 22 to 39 months) in four patients. Pruritus and sleep disturbances improved in the first
three months and disappeared completely on treatment in four patients. In two patients, compliance and access

to treatment were limited, which may explain the fluctuations in treatment response. In one patient, odevixibat
treatment was discontinued following an episode of infectious gastroenteritis leading to a rise in sBA and symptom
recurrence which did not respond to treatment reinitiation. Digestive tolerability of odevixibat was good; no new or
worsening gastrointestinal symptoms were observed in any child.

Conclusion This case series indicates that treatment with odevixibat is effective in children with myosin 5B-related
PFIC and encourages further research into the utility of this medication in rare forms of PFIC.
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Introduction

Progressive familial intrahepatic cholestasis (PFIC) is
a family of genetic, infantile-onset diseases character-
ised by impaired bile acid secretion and hepatocellular
cholestasis [1, 2]. Molecular genetic studies have shown
PFIC to be heterogenous in origin, the three most com-
mon forms being PFIC1, PFIC2, and PFIC3. With the
onset of high-performance genetic screening methods,
several other, much rarer, genetic defects associated
with PFIC have been identified [3]. One of these defects
corresponds to a biallelic variant in the MYOS5B gene
encoding myosin 5B, which was reported in 2017 from
patients with PFIC of unknown origin [4, 5]. This work
was inspired by several earlier observations of cholestatic
liver disease in patients with microvillus inclusion disease
(MVID), a genetic disease also caused by variants in the
MYOSB gene [6-8].

The incidence of PFIC associated with myosin 5B defi-
ciency is not known, but is likely to be very low, with less
than fifty cases described to date worldwide. Cholestatic
disease in these patients is thought to result from incor-
rect trafficking of transporter proteins in hepatocytes,
including the bile salt export pump (BSEP), due to mis-
sense variants in myosin 5B [9, 10]. Although both PFIC
and MVID can be caused by MYOS5B variants, most PFIC
cases described are not associated with MVID, although
intestinal symptoms such as diarrhoea are frequent [4, 5,
11-13]. On the other hand, around 50% of MVID cases
present with cholestatic liver disease [14]. Initially, PFIC
associated with myosin 5B deficiency was classified as
PFIC6, but it has recently been renamed PFIC10 [15].

The principal clinical manifestations are neonatal or
infantile jaundice, often transient, and severe chronic
pruritus [4, 5, 12]. At the biochemical level, PFIC asso-
ciated with myosin 5B deficiency is characterised by low
to normal levels of gamma-glutamyl transferase (GGT)
and elevated serum bile acid (sBA) concentrations. Treat-
ments include ursodeoxycholic acid (UDCA) and rifam-
picin to decrease cholestasis and pruritus. Surgical biliary
diversion or liver transplantation (LT) may be required in
patients with refractory pruritus or end-stage liver dis-
ease [4, 7, 11, 16].

Odevixibat is a small-molecule inhibitor of the ileal
bile acid transporter (IBAT) which has been developed
for the treatment of PFIC and other cholestatic liver
diseases [17—19]. It has been licensed for the treatment
of PFIC in Europe and for the treatment of pruritus in
patients with PFIC in the USA since July 2021 [17]. It
has also been approved for the treatment of cholestatic
pruritus in patients with Alagille syndrome in Europe

since September 2024, and in the USA since June 2023.
The Phase III PEDFICI clinical trial and its open-label
long-term extension (PEDFIC2) have shown that odevix-
ibat treatment results in reduction of sBA and improve-
ment of pruritus in a significant proportion of children
with PFIC [20, 21]. Although the PEDFIC1 study only
included patients with PFIC1 or PFIC2, PEDFIC2 was
open to patients with all types of PFIC. One patient
with PFIC associated with myosin 5B deficiency, whose
clinical features have been described previously [4], was
included in PEDFIC2. In addition, since odevixibat was
licensed in the European Union, children with PFIC (all
types) were eligible for treatment within the framework
of a compassionate use programme before odevixibat
became commercially available. This study describes out-
come in five patients with PFIC associated with myosin
5B deficiency treated with odevixibat.

Methods

Patients

This was a retrospective study of children with PFIC
associated with myosin 5B deficiency, who had started
treatment with odevixibat between March 2021 and July
2022. Participants were identified because they had been
enrolled either in the PEDFIC2 clinical trial (one child) or
in the European compassionate use programme initiated
by the manufacturers of odevixibat in July 2021. These
corresponded to all children with PFIC associated with
myosin 5B deficiency in this programme. The early medi-
cal history of Patient 1, enrolled in the PEDFIC2 trial, has
been previously reported elsewhere [4].

Patient follow-up

The children were followed-up for a period of 22 to 39
months according to the centre’s routine practice, which
was not standardised. This involved (generally quarterly)
visits at which a full clinical evaluation was performed.
Blood samples were taken at most, but not all, visits for
performing liver function tests. Liver echography was
performed when this was judged useful by the physician.

Data collection

Data was extracted retrospectively from the children’s
medical records. Pruritus and sleep disturbances were
rated on four-point Likert scales (absent, mild, moderate
or severe). The presence or absence of digestive symp-
toms was noted. Serum levels of bile acids, total biliru-
bin and alanine aminotransferase (ALT) at each visit were
retrieved. Introduction, changes and discontinuation
of treatments were documented. Treatments of interest



Roquelaure et al. Orphanet Journal of Rare Diseases (2025) 20:227 Page 3 of 8
Table 1 Principal patient characteristics prior to odevixibat treatment
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Gender Boy Girl Boy Boy Boy
Age at first symptoms' 6 months 5 months 7 years 1 month 15 months
Age at diagnosis of myosin 5B 18 months 15 months 7 years 9 months 25 months
deficiency
Age at odevixibat initiation 9years 11 mo 4 years 7 years 2 mo 15 months 3 years
MYO5B variants C356A>G, c3190C>TH, C244G> A, p.(Glus2lys) c.1208 C> A, 1072 C>GH
p.(Tyr119Cys) p.(Arg1064Ter) homozygous p.(Ala403Asp); p.(Leu358Val);
homozygous heterozygous c1361G> A", del Exon
p.(Cys454Tyr) 1-23
Serum bile acids? 293 umol/L 174 pmol/L 252 umol/L 380 ymol/L 337 ymol/L
Total bilirubin? 54 umol/L 26 pmol/L 89 pumol/L 102 pmol/L 62 pmol/L
Alanine aminotransferase’ 41 10/L 571U/L 58 1U/L 100 IU/L 371U/L
Prothrombin time/INR? 97% 100% 1.0 97% 100%
Pruritus? Moderate Severe Severe Moderate Severe
Sleep disturbances? Mild Severe Severe Severe Moderate

'First documentation, actual date of first symptoms unknown. 2Reported at the visit preceding the start of odevixibat treatment. #MYO5B variant not previously

reported. Reference values for the laboratory tests are listed in Supplementary Table 1

Table 2 Odevixibat treatment

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Starting daily dose 120 pgrkg 67 pg/kg 37.2 ug/kg 40 pg/kg 37.5 ug/kg
Dose escalation No No 48 pg/kg No 65 pg/kg
Dose at last follow-up 110.3 pg/kg.d) 50 pg/kgd 40 pg/kgd 46 pg/kgd

(4800 pg/d) (1200 pg/d) (1200 pg/d) (600 pg/d)
Duration of follow-up with 39 months 39 months 22 months 22 months 34 months
treatment
Treatment interruption Yes No No Yes No
Treatment rechallenge Yes No No VYes, at 20 pyg/kg.day then  No

full dose 40 pg/kg.day

were odevixibat, ursodeoxycholic acid (UDCA) and
rifampicin.

Results

Patient characteristics

Five children aged 2-10 years, four boys and one girl,
were included from four European countries (DE, FR, IT
and GB). The characteristics of the patients are presented
in Table 1. Biallelic missense variants in MYOS5B were
identified in all patients but one, of which three have not
been previously reported. Patient 2 carried a monoal-
lelic non-sense (null) variant in MYOSB, inherited from
her father, as well as the ¢.3485G>T/p.(Argl162Leu)
variant of CFTR gene of unlikely pathological signifi-
cance, inherited from the mother. Patient 4 had a his-
tory of microvillus inclusion disease and, for this reason,
was fed parenterally for the first year of life. He has since
been receiving overnight enteral feeding while eating
and drinking orally in the day. Patient 1 had a history
of repeated episodes of severe acute diarrhoea, which
became less frequent and severe after age three years,
as previously described [4]. Patient 2 was on the waiting
list for a liver transplant at the time of starting odevixi-
bat treatment. In the year before starting odevixibat, all

patients presented with moderate to severe pruritus and
four out of five had sleep disturbances due to their pruri-
tus, despite treatment with UDCA and rifampicin in all
children. At the visit prior to starting odevixibat, total
bilirubin levels (median: 62 pmol/L [range: 26—102]) and
serum bile acid levels (median: 293 umol/L [range: 174—
380]) were elevated in all children (Table 1). Serum ALT
at baseline were slightly elevated in all patients but one,
ranging from 37 IU/L (Patient 5) to 100 IU/L (Patient 4).

Treatment

The initial daily dose of odevixibat ranged from 37.2 to
120 pg/kg (Table 2). This dose was later increased from
37.2 to 40 pg/kg in Patient 3 and from 37.5 to 65 pg/kg in
Patient 5, in the latter case because of residual pruritus.
In Patients 1 and 4, odevixibat treatment was temporar-
ily interrupted due to diarrhoea. Both boys subsequently
resumed the prior dose of odevixibat. In Patient 4, access
to treatment was irregular: initially, the daily dose was
reduced to 20 pg/kg for three weeks in this patient due
to an issue with supply. At the end of this period, the
patient experienced an episode of diarrhoea followed by
transient paralytic ileus and odevixibat was interrupted
for two weeks, before resuming the original daily dose of
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Fig. 2 Changes in serum bile acids over time

40 pg/kg. Subsequently, treatment was interrupted for up
to three months when the patient was out of the coun-
try, and no treatment has been documented for the last
six months of treatment for the same reason. In addition,
adherence to treatment in Patients 4 and 5 was suspected
to be inadequate. Adherence in Patient 5 improved after
a home-care team was provided eight months after
starting treatment. Treatment with UDCA and rifam-
picin was continued under odevixibat at the same dose.
These treatments were discontinued after six months of
odevixibat in Patient 2 and after two months in Patient
4. Rifampicin but not UDCA was reintroduced in patient
4, to control pruritus which worsened after stopping
odevixibat.

Clinical and biological outcomes
In Patients 1 to 4, pruritus had resolved within three
months following treatment initiation (Fig. 1). In general,
symptoms remained controlled, with occasional mild
pruritus, throughout the on-treatment follow-up period.
In Patient 4, moderate pruritus returned when odevixi-
bat treatment was interrupted due to gastroenteritis after
UDCA and rifampicin had been stopped. In spite of rein-
troduction of odevixibat, pruritus persisted and rifam-
picin was restarted. In Patient 5, mild pruritus resolved
completely after a daily dose increase from 37.5 to 65 pg/
kg. Sleep disturbances improved in parallel with the reso-
lution of pruritus in all children. Patient 2 has been with-
drawn from the waiting list for liver transplantation due
to symptomatic remission; her clinical state has remained
stable after five years of follow-up.

Serum bile acid levels fell rapidly over the three months
following initiation of odevixibat treatment and were

600 1100 600 1100 100 600 1100

close to or within the normal range by six months in four
out of five children (Fig. 2). The response was less rapid
in Patient 5, who was poorly compliant during the first
months of treatment. On-treatment sBA levels remained
within or close to the normal range throughout the
follow-up (except in Patient 4), which now extends to
around three years in three patients. In Patient 4, treat-
ment was interrupted after four months due to a gastro-
intestinal infection and a transient episode of paralytic
ileus, when sBA levels rapidly returned to above pre-
treatment levels. Once treatment with odevixibat (but
not UDCA) was reinstated, sBA levels remained elevated
for the rest of the follow-up, although it should be noted
that UDCA was never reintroduced. In Patient 1, odevix-
ibat was also interrupted for one week due to diarrhoea,
but sBA levels were not measured during or immediately
after this event.

In parallel, total bilirubin levels in all children
descended into the normal range, within three months
of treatment initiation (Fig. 3). Patient 4 experienced a
progressive and persistent increase in bilirubin follow-
ing interruption of all treatments. Despite reintroduction
of odevixibat, bilirubin levels never normalised again.
The other children all maintained normal bilirubin levels
throughout the follow-up period.

Safety

Overall, the digestive tolerability of odevixibat was good.
Patient 1 presented one episode of diarrhoea, which
required hospitalization, and rehydration during which
odevixibat treatment was interrupted for one week.
Apart from this serious episode, this patient presented
episodic digestive symptoms similar to those occurring
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before odevixibat treatment. Nonetheless, these symp-
toms were in fact less frequent and less severe than
before treatment and no aggravation was observed whilst
on odevixibat. Patient 4 experienced an episode of diar-
rhoea due to enteropathogenic E. coli followed by tran-
sient paralytic ileus. Although these manifestations were
not deemed to be related to treatment, odevixibat was
nevertheless interrupted for two weeks, before resum-
ing the original daily dose of 40 pg/kg. Diarrhoea did not
recur following resumption of odevixibat treatment in
this patient. No new or worsening gastrointestinal symp-
toms were observed in the other children. No adverse
events were documented that were considered poten-
tially related to odevixibat.

Alanine aminotransferase levels remained unchanged
in Patients 1 and 3 after starting odevixibat. In Patients
2, 4 and 5, a transient rise in ALT was observed between
three and twelve months after treatment initiation
(Fig. 4). In all patients except Patient 4, ALT levels were
below or close to the upper limit of normal at the last
follow-up.

Discussion

Our observations in this case series indicate that treat-
ment with odevixibat reduced levels of sBA and bilirubin
in children with PFIC associated with myosin 5B defi-
ciency; levels normalised within 3 months in all patients
except Patient 5. Improvement in pruritus and sleep was
also seen following odevixibat treatment. The only child
on the waiting list for liver transplantation before starting
odevixibat was removed from the list due to symptomatic

remission (Patient 2). The outstanding clinical and bio-
logical benefits were sustained for as long as the children
were followed (up to 40 months), except Patient 4 who
relapsed following interruption of treatment and failed to
respond to rechallenge.

The methodology of this open-label retrospective study
does not permit assignment of causality to the clinical
benefits observed. While pruritus is a subjective symp-
tom and can be prone to placebo effects [22], biological
markers including sBA and total bilirubin are objective
markers which are not subject to placebo effects. The
time course of changes in symptoms and biomarkers is
also consistent with a real treatment effect, with rapid
improvement in all outcome measures after treatment
onset. In all patients but Patient 4, these benefits per-
sisted for at least two years. Taken together, these argu-
ments suggest a real treatment effect of odevixibat in our
patients.

All patients previously received rifampicin or UDCA
prior to initiation of odevixibat and initially continued to
receive these treatments, which could confound interpre-
tation of these data. Importantly, in two children UDCA
and rifampicin treatments were subsequently interrupted
without any recurrence of pruritus or perturbation of
liver biology, including sBA. This suggests that, in some
children with PFIC, IBAT inhibition has the potential
to control cholestasis completely, even when used as a
monotherapy. In contrast, Patient 4 did not respond to
odevixibat alone after treatment interruption and having
responded previously to a combination of odevixibat and
UDCA. Although other factors could have contributed
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to the lack of response to odevixibat monotherapy in this
patient, a synergistic effect between UDCA and odevixi-
bat cannot be excluded in certain patients.Further studies
may help to clarify this issue.

In our patients, the initial daily dose of odevixibat
ranged from 37.2 to 120 pg/kg, with two patients receiv-
ing dose increases. This is in line with the recommended
dose of odevixibat of 40 pg/kg administered orally once
daily in the morning. It is also suggested that improve-
ment in pruritus and reduction of sBA may occur gradu-
ally in some patients after initiating odevixibat, and if an
adequate clinical response is not achieved after 3 months
of continuous therapy, the dose may be increased to
120 pg/kg/day.

The benefit of IBAT inhibitors in PFIC has also recently
been demonstrated in a randomized placebo control
study of another drug of this class, maralixibat (MARCH-
PFIC), which included four patients PFIC associated with
MYOBS variants, two in each group [23]. In this study,
treatment with maralixibat was shown to improve pruri-
tus and decrease sBA level in all forms of PFIC studied,
including in those with myosin 5B deficiency. Impor-
tantly, in the single myosin 5B deficient patient who had
elevated bilirubin at baseline and was treated with mara-
lixibat, bilirubin normalised on treatment [23]. This find-
ing is entirely consistent with the changes reported in the
present study with odevixibat.

The precise mechanism responsible for the specific
PFIC phenotype in myosin 5B deficiency has not been
fully elucidated [1, 7]. The observation of reduced bile
acid levels in bile in one patient with myosin 5B defi-
ciency-associated PFIC [4] suggests a secondary bile acid
transport defect, perhaps involving impaired BSEP traf-
ficking [10]. However, the reduction of biliary BA in this
child was modest, especially compared to the reduction
observed in PFIC2 [24]. Patients with PFIC associated
with myosin 5B deficiency generally exhibit a milder liver
disease than those with PFIC2 [12, 25]. Moreover, a gen-
otype-phenotype correlation has been suggested in myo-
sin 5B deficient patients, with patients carrying biallelic
missense variants having milder forms of cholestasis than
those carrying null variants [26]. The patients reported
here all carried biallelic missense variants except Patient
2 who carried a single monoallelic null variant and
Patient 5 who harboured a monoallelic missense variant
and a deletion in the other allele. These considerations
suggest that the biliary BA transport defect in PFIC asso-
ciated with myosin 5B deficiency may be limited, espe-
cially in those carrying biallelic missense variants, and
therefore amenable to treatments that prevent reabsorp-
tion of BA. Surgical partial external biliary diversion has
indeed been reported to be effective in certain patients
with PFIC associated myosin 5B deficiency [4, 7, 11, 16]).
Odevixibat and maralixibat provide chemical biliary
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diversion by inhibition of IBAT and were highly effective,
further supporting this set of hypotheses.

In two patients (Patients 4 and 5) symptoms and bio-
markers fluctuated over time and treatment response was
not reproducible in Patient 4. This could be due to issues
with access to treatment and inadequate adherence. Both
these children came from immigrant families who expe-
rienced difficulties or delays in getting residence status
and local health insurance, and this may have compro-
mised their ability to access regular medical follow-up
and medication delivery. Given the mechanism of action
of odevixibat, which is a reversible inhibitor of the IBAT
[27] with minimal systemic absorption, continuous treat-
ment is important and the present results show that
drug interruption results in rapid symptom recurrence.
For treating physicians, it is important to emphasise to
patients’ families the importance of good adherence, all
the more so since these treatments are currently very
expensive.

Two patients experienced GI events, with one patient
experiencing an episode of severe diarrhea requiring hos-
pitalization. Despite this event, this patient experienced
less frequent and less severe episodic digestive symptoms
than prior to odevixibat initiation. These findings are
consistent with the safety profile of odevixibat reported
in the Phase III PEDFIC clinical trial program, during
which GI events reported with odevixibat were gener-
ally mild-to-moderate [20, 21]. The absence of any new
tolerability or safety signals with odevixibat is reassur-
ing with respect to the requirement for long-term treat-
ment with odevixibat. It is pertinent to emphasise the
good digestive safety and tolerability of this medication
observed here, given the fact that myosin 5b deficiency
may be responsible for a spectrum of digestive manifes-
tations. These could theoretically worsen upon treatment
with IBAT inhibitors due to their mechanism of action.
No such worsening was observed in the study, with one
patient presenting less digestive manifestations on treat-
ment than he did before.

The principal limitations of this study, besides its ret-
rospective nature, were the small number of patients
included and the lack of a formalised follow-up. Pruritus
was evaluated by a four-point Likert scale (commonly
used in practice settings) rather than using a validated
pruritus tool (such as those more often utilised in clini-
cal trials). Even though the children studied in this report
were all treated and followed in routine clinical practice
rather than in a controlled clinical trial, our findings pro-
vide useful information on the effectiveness and safety of
IBAT inhibitors in patients with myosin 5b deficiency.
Given the very low incidence of the disease on the one
hand, and the fact that these medications are already
licensed for the treatment of PFIC on the other, it is very
unlikely that new controlled studies will be performed.
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Further data will come from real world studies and
potentially from patient registries [25]. The present study
demonstrates the feasibility and the interest of perform-
ing such studies.

In conclusion, this case series indicates that treatment
with odevixibat is effective and safe in children with PFIC
associated with myosin 5B deficiency and encourages
further research into the utility of this medication in rare
forms of PFIC.
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