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Abstract Sebelipase alfa (Kanuma®, KanumaTM), the first
commercially available recombinant human lysosomal acid
lipase (LAL), is approved in various countries worldwide,
including those of the EU, the USA and Japan, as a long-
term enzyme replacement therapy for patients diagnosed
with LAL deficiency (LAL-D), an ultra-rare, autosomal
recessive, progressive metabolic liver disease. In an
ongoing study in nine infants presenting with early-onset
LAL-D (Wolman disease), open-label treatment with
sebelipase alfa significantly improved 1-year survival
compared with historical controls. A substantial mortality
benefit was maintained at 2 years of age, as was a reduc-
tion in disease-related activity. In an ongoing study of 66
children and adults with late-onset LAL-D (cholesteryl
ester storage disease), 20 weeks’ double-blind treatment
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with sebelipase alfa significantly reduced multiple disease-
related hepatic and lipid abnormalities compared with
placebo. Sustained improvements in markers of liver
damage and dyslipidaemia were seen after 76 weeks’
open-label treatment in an extension of this trial and,
similarly, after 2 years’ open-label treatment in an exten-
sion of another study in nine adults with late-onset LAL-D.
Sebelipase alfa therapy has thus far been generally well
tolerated, with signs and symptoms consistent with ana-
phylaxis being the most serious adverse reactions experi-
enced by patients receiving the drug in clinical trials. Due
to the rarity of the disease, these studies have enrolled a
limited number of patients. Nonetheless, the available data
indicate that sebelipase alfa is an effective disease-specific
therapy for individuals with LAL-D who have historically
been managed using supportive therapies (e.g. cholesterol
reduction, hematopoietic stem cell transplantation, and
liver transplantation).

Sebelipase alfa: clinical considerations in LAL-D

First recombinant human LAL

Administered as an intravenous infusion once
weekly or once every other week, depending on age

Addresses underlying cause of LAL-D, correcting
disease-related liver and lipid abnormalities

Improved survival in infants with early-onset disease

Some hypersensitivity reactions occurred in clinical
trials; however, patients were not routinely
premedicated
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1 Introduction

Lysosomal acid lipase (LAL) deficiency (LAL-D) is an
ultra-rare, autosomal recessive, progressive metabolic liver
disease caused by mutations in the LAL gene (LIPA) that
markedly reduce LAL activity [1-3]. LAL is responsible
for hydrolysing cholesteryl esters and triglycerides within
low-density lipoprotein (LDL) cholesterol particles into
free cholesterol and free fatty acids; LAL-D leads to
lysosomal accumulation of cholesteryl esters and, to a
lesser extent, triglycerides, predominantly in the liver,
blood vessel walls and other organs [1-3].

LAL-D presents as a clinical continuum, with two major
phenotypes: the early-onset variant (historically known as
Wolman disease) and the late-onset variant (historically
known as cholesteryl ester storage disease) [1-3]. Early-
onset LAL-D is the result of a complete or near complete
absence of LAL activity and occurs in infants (estimated
incidence 1 in 500,000 live births [3]). It is the most rapidly
progressive form of the disease and is characterized by
massive hepatosplenomegaly, malabsorption (due to diar-
rhoea and vomiting), growth retardation, liver failure and, in
approximately half of all cases, adrenal calcification, with
patients rarely surviving beyond 6 months of age [1-3].

In contrast, later-onset LAL-D is the result of a partial
loss of LAL activity and presents post-infancy (estimated
incidence between 1 in 40,000 and 1 in 400,000 individuals
[2, 4]). It has a more variable clinical course than early-
onset LAL-D, with some patients remaining asymptomatic
(or asymptomatic until adulthood) [1-3]. Typical clinical
features of LAL-D in children and adults include elevated
serum transaminases, hepatomegaly, microvesicular hep-
atosteatosis on biopsy and dyslipidaemia, with progressive
liver damage (i.e. fibrosis leading to cirrhosis and, even-
tually, liver failure) and accelerated atherosclerosis (sec-
ondary to the chronic hyperlipidaemia) contributing to
premature demise in some patients [1-3]. In part because
many of the typical clinical manifestations of late-onset
LALD are shared with other more prevalent cardiovascu-
lar, liver and metabolic diseases (e.g. familial hyperc-
holesterolaemia) [1, 2]), this condition is currently both
under-recognised and under-diagnosed [1-3]. A screening
algorithm for LAL-D has been proposed and discussed in
detail elsewhere [2]; diagnostic suspicion can be confirmed
by demonstration of markedly deficient LAL activity or
mutations in the LIPA gene [, 2].

Historically, in the absence of any disease-specific
treatments, the management of LAL-D has focused on
supportive therapies to reduce the burden of disease
complications [1-3]. Such interventions have included
liver transplantation for liver failure, hematopoietic stem
cell transplantation (HSCT) in infants with early-onset
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LAL-D, and the use of lipid-lowering drugs [e.g. HMG-
coA reductase inhibitors (statins)] to control hyperc-
holesterolaemia in children and adults with late-onset
LAL-D. Although liver transplantation has been effec-
tive in providing relief from liver failure, extrahepatic
organ involvement has resulted in significant disease
burden and, in some patients, premature demise. HSCT
has been performed in a few infants. However, this
approach has been associated with serious complications;
most attempts have resulted in early death. Statins, alone
or in combination with other lipid-lowering agents, have
reduced LDL cholesterol levels in many patients, but
have little, if any, effect on liver abnormalities and
progressive damage [1-3]. As these therapies do not
successfully address the multi-system nature of the dis-
ease and are associated with poor treatment outcomes,
there is a need for novel interventions that target the
underlying defect in LAL-D [2].

Against this background, the potential of enzyme
replacement therapy (ERT) as a strategy to treat LAL-D
has long been recognized, although attempts to develop an
effective agent have hitherto proved unsuccessful [5, 6].
Sebelipase alfa (Kanuma®, Kanuma™) is the first com-
mercially available recombinant human LAL (thLAL); it
has been approved for long-term ERT in patients of all ages
with LAL-D in various countries worldwide, including
those of the EU [7], the USA [8] and Japan [9]. This nar-
rative review summarizes the pharmacological properties
of sebelipase alfa and discusses therapeutic efficacy and
tolerability data pertaining to its use in infants, children and
adults diagnosed with LAL-D.

2 Pharmacodynamic Properties of Sebelipase Alfa

Sebelipase alfa, a rhLAL produced in and purified from egg
whites of transgenic hens, has the same amino acid sequence
as the native human enzyme [5, 10]. It acts to replace the
deficient LAL enzyme, catalysing the lysosomal hydrolysis
of cholesteryl esters and triglycerides to free cholesterol,
glycerol and free fatty acids, reducing lysosomal lipid
accumulation and thereby improving the liver abnormalities
and dyslipidaemia associated with LAL-D [5, 10].

Sebelipase alfa has N-linked glycans with terminal N-
acetylglucosamine and mannose structures, as well as man-
nose-6-phosphate moieties [11]. Cellular uptake of fluores-
cently-labelled sebelipase alfa into macrophages and
fibroblasts via mannose and mannose-6-phosphate receptors,
respectively, has been demonstrated in vitro [11]; localization
to lysosomes has been confirmed using confocal microscopy
[11]. Normalization of LAL enzymatic activity was demon-
strated in fibroblasts from a patient with LAL-D [11].
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Studies using a preclinical (rodent) model of LAL-D
showed that intravenously administered sebelipase alfa
corrected abnormalities associated with this condition, as
evidenced by reductions in liver lipid content [12-14], size
[12, 13] and histopathology [12, 13, 15, 16], reductions in
spleen and jejunum size [13], reductions in serum transam-
inase levels [12], and increases in body weight [13].

In a phase I/II clinical trial in nine adult patients with
LAL-D (LAL-CLO1) [6], intravenous sebelipase alfa (four
once-weekly infusions of 0.35, 1 or 3 mg/kg) was asso-
ciated with significant (p < 0.05) mean reductions from
baseline to day 28 in levels of alanine aminotransferase
(ALT; 41%) and aspartate aminotransferase (AST; 32%).
Consistent with the hypothesis that the drug can rapidly
mobilize abnormal lysosomal lipids from affected tissues,
mean serum levels of total cholesterol, triglycerides and
LDL cholesterol increased by 70, 69 and 87%, respec-
tively, from baseline to day 28 [6]. However, this increase
was transient; mean serum levels of these lipid parameters
subsequently improved [lower LDL cholesterol, total
cholesterol and triglycerides, higher high-density
lipoprotein (HDL) cholesterol] from original baseline
levels in LAL-CLO4, an extension to LAL-CLO1 [6]
(Sect. 4.2).

3 Pharmacokinetic Properties of Sebelipase Alfa

The pharmacokinetics of intravenous sebelipase alfa
appear to be non-linear, with greater than dose-proportional
increases in exposure observed between between 1 and
3 mg/kg doses in adults (based on a noncompartmental
analysis of data from the LAL-CLO1/LAL-CL04 studies;
Sects. 2 and 4.2) and between 0.35 and 3 mg/kg doses in
infants aged <6 months (based on data from the LAL-
CLO03 study; Sect. 4.1) [7]. No accumulation was seen with
sebelipase alfa dosages of 1 mg/kg once weekly or once
every other week, or with 3 mg/kg once weekly [7].
Mean pharmacokinetic parameters for sebelipase alfa in
adults and children with LAL-D have been estimated using
a population pharmacokinetic analysis of 65 patients who
received the drug at a dosage of 1 mg/kg once every other
week in the LAL-CLO02 study (Sect. 4.2) [7]. According to
this model, the area under the sebelipase alfa plasma
concentration-time curve at steady-state was 0.9-1.1,
1.4-1.5 and 1.9-2.0 pg h/mL in patients aged 4-11, 12-17
and >18 years, respectively (n = 24, 23 and 18). Maxi-
mum plasma concentrations of sebelipase alfa (0.5-0.6,
0.7-0.8 and 1.0-1.1 pg/mL in patients aged 4-11, 12-17
and >18 years, respectively) were reached in approxi-
mately 1.1-1.4 h. The central volume of distribution (V)
ranged from 3.3-5.5 L, clearance ranged from approxi-
mately 29-38 L/h and the elimination half-life was 0.1 h.

Neither V. nor clearance were significantly influenced by
age, body weight or sex [7].

Similar to that in adults and children, the elimination
half-life of sebelipase alfa ranged from 0.1-0.2 h in infants
(n = 4) who received the drug at a dosage of 3 mg/kg once
weekly in the LAL-CLO3 study [7].

Since sebelipase alfa is a recombinant human protein, it
is expected to be degraded through protein hydrolysis [7].
It is also expected to be an unlikely candidate for cyto-
chrome P450 or other drug—drug interactions [7].

4 Therapeutic Efficacy of Sebelipase Alfa

4.1 Early-Onset Lysosomal Acid Lipase Deficiency
(LAL-D)

The efficacy of sebelipase alfa in infants with early-onset
LAL-D was evaluated in an open-label, single-arm,
multinational, phase 2/3 study (LAL-CLO3; hereafter
referred to as VITAL) [17]. To date, results from this
ongoing study have been published in preliminary form (as
abstracts [18-20]) and/or reported on a clinical trials reg-
istry [17], with some trial design details available from
product labelling (in the EU [7] and USA [8]).

VITAL enrolled nine infants (five males and four
females) with LAL-D (confirmed by reduced enzyme
activity or by genetic testing) and growth failure or other
evidence of rapidly progressive disease within the first
6 months of life. The median age at study entry was
3.0 months (range 1.1-5.8 months) [17]. All participants
had significant liver dysfunction, as evidenced by elevated
levels of ALT (median 145 U/L) and AST (median 125
U/L) at baseline [7, 8]; eight had early growth failure [20].

Patients received sebelipase alfa 0.2 mg/kg (n = 1) or
0.35 mg/kg (n = 8) once weekly for the first 2 weeks and
then 1 mg/kg once weekly. Due to suboptimal clinical
response, all (surviving) patients underwent dose escalation
to 3 mg/kg once weekly between 4 and 88 (median 11)
weeks after starting treatment at 1 mg/kg once weekly; one
patient underwent dose escalation to 5 mg/kg once weekly
at week 88 [7, 8].

Sebelipase alfa therapy appeared to be associated with
substantial improvements in survival and clinically mean-
ingful improvements in multiple disease activity parame-
ters to beyond 1 [18, 19] and 2 [20] years of age in infants
with early-onset LAL-D. The primary endpoint of survival
at 12 months of age was met by six (67%) of the nine
infants at the time of the data cut-off (June 2014) [18]. In
comparison, the 12-month survival rate was 0% in a his-
torical cohort of 21 untreated infants presenting with LAL-
D who had similar clinical characteristics [21]. The median
age at death among the three infants who did not meet the
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primary endpoint was 2.9 months (range 2.8—4.3 months).
A fourth infant also died subsequent to meeting the primary
endpoint (at age 15 months) [7]. None of these deaths were
considered to be related to the drug (Sect. 5).

The remaining five patients have continued to receive
sebelipase alfa [19]; as of the July 2015 data cut-off, all
five had survived to beyond 2 years of age (range 2 years
5 months to 4 years 7 months), with a mean time in the
trial of 33.8 months [20]. Consistent with findings from
earlier data cut-off dates [18, 19], the surviving individuals
had improvements from baseline in disease activity
parameters, including ALT (median decrease of 45.6%),
AST (median decrease of 39.4%), haemoglobin (median
increase of 29.8%), and albumin (median increase of
11.8%) levels [20]. They also experienced reductions in
hepatosplenomegaly (quantitative data not available) and
improvements in weight gain (median weight percentile
increased from 3.6% at baseline to 35.1% at data cut-off).
Furthermore, 4 of the 5 patients scored ‘normal’ on their
most recent Denver II developmental screening test; the
fifth patient scored ‘suspect’ [20].

4.2 Late-Onset LAL-D

The efficacy of sebelipase alfa in children and adults with
late-onset LAL-D was evaluated in a randomized, double-
blind, placebo-controlled, multinational, phase 3 study
(LAL-CLO02; hereafter referred to as ARISE) [22]. Results
from this ongoing study have been published in full [22] or
in preliminary form (as abstracts [23-26]). The long-term
efficacy of sebelipase alfa is also being assessed in LAL-
CL04, an ongoing, open-label, multicenter extension of the
LAL-CLO1 study in adults with LAL-D [6] (Sect. 2).

In ARISE, 66 patients (33 males and 33 females) aged
>4 years with LAL-D (confirmed by reduced enzyme
activity) and an ALT level >1.5 x the upper limit of
normal (ULN) [34 U/L for females aged 4-69 and males
aged 4-9 years; 43 U/L for males aged 10-69 years]
received sebelipase alfa 1 mg/kg (n = 36) or placebo
(n = 30) once every other week for 20 weeks (11 infu-
sions) [22]. The median age at randomization was 13 years
(range 4-58 years); median ALT and AST levels were 90
(range 52-212) U/L and 74.5 (range 41-173) U/L in the
sebelipase alfa group, and 86.5 (range 50-237) U/L and
71.0 (range 39-220) U/L in the placebo group. Of the
patients who had liver biopsies at baseline (n = 32), all had
fibrosis and approximately one-third (31%) had cirrhosis
[22]. One-half (50%) of sebelipase alfa recipients and two-
thirds (67%) of placebo recipients had an LDL cholesterol
level >190 mg/dL; ~40% of patients were receiving >1
lipid-lowering medication [22].

Sebelipase alfa therapy resulted in a reduction in multiple
disease-related hepatic and lipid abnormalities in children
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Fig. 1 Efficacy of 20 weeks’ sebelipase alfa therapy in terms of
normalizing high levels of serum transaminases in the ARISE study in
children and adults with lysosomal acid lipase deficiency [22]. One
patient in the placebo group had a normal aspartate aminotransferase
level at baseline

and adults with LAL-D [22]. At the end of the 20-week
double-blind period, sebelipase alfa recipients had signifi-
cantly (p < 0.001) greater mean reductions from baseline in
ALT (58 vs. 7 U/L) and AST (42 vs. 6 U/L) levels than
placebo recipients, and a significantly (p < 0.03) higher
proportion of sebelipase alfa recipients achieved normal-
ization of ALT levels (the primary endpoint) and normal-
ization of AST levels (a key secondary endpoint) [22]
[Fig. 1]. Decreases in aminotransferase levels were accom-
panied by a relative reduction in hepatic fat content (as
measured by magnetic resonance imaging) of 32% in the
sebelipase alfa group versus 4% in the placebo group
(p < 0.001). Among patients with paired liver biopsies at
baseline and week 20, 10 (63%) of 16 treated with sebeli-
pase alfa compared with 4 (40%) of 10 treated with placebo
had an improvement (i.e. >5% reduction) in microvesicular
steatosis; however, the between-group difference was not
statistically significant [22]. The decrease in liver volume in
sebelipase alfa-treated patients was almost fourfold greater
than that in placebo-treated patients (10.3 vs. 2.7%). How-
ever, because this secondary endpoint immediately followed
reduction in microvesicular steatosis in the prespecified
hierarchy, the between-group difference could not be inter-
preted as being statistically significant [22].

Regarding serum lipid levels (all secondary endpoints),
sebelipase alfa recipients had significantly greater mean
reductions from baseline in LDL cholesterol (28 vs. 6%;
p < 0.001), non-HDL cholesterol (28 vs. 7%; p < 0.001)
and triglyceride (26 vs. 11%; p = 0.04) levels than placebo
recipients, and a significantly greater mean increase from
baseline in the HDL cholesterol level (20 vs. 0%;
p < 0.001). Of note, decreases in the LDL cholesterol level



Sebelipase Alfa: A Review

465

were seen in sebelipase alfa recipients, irrespective of
whether or not they were receiving >1 lipid-lowering
medication at baseline (mean reductions from baseline of
37 and 23%, respectively) [22]. In addition to LDL
cholesterol, a number of other key atherogenic biomarkers,
including apolipoprotein Al, apolipoprotein B, and LDL
particle number, were significantly (p < 0.022 vs. placebo)
improved from baseline with sebelipase alfa, regardless of
concomitant lipid-lowering medication usage [23].

Sixty-five patients entered a subsequent open-label
extension phase (up to 130 weeks) in which they initially
received sebelipase alfa 1 mg/kg once every other week,
with dose escalation permitted, based on clinical response
[7, 22, 24-26]. Unless stated otherwise, the preliminary
data reported herein are findings for all patients following
52 [24] or 76 [25] weeks’ exposure to the drug; baseline
refers to the last reading before sebelipase alfa inception,
i.e. at the beginning and the end of the 20-week double-
blind period for patients originally randomized to sebeli-
pase alfa and placebo, respectively.

During the open-label phase, patients originally ran-
domized to sebelipase alfa maintained the improvements in
disease-related hepatic and lipid abnormalities they achieved
during the double-blind period, whereas those originally
randomized to placebo had marked and sustained improve-
ments that mirrored those seen in the sebelipase alfa group
during the double-blind period [24, 25]. After 52 weeks’
exposure to sebelipase alfa, 47 and 56% of patients achieved
ALT and AST normalization, respectively; 73 and 85% of
patients reached an ALT and AST level <1.5 x ULN,
respectively [24]. These outcomes were at least maintained
after 76 weeks’ exposure to sebelipase alfa, with 52 and
65% of patients achieving ALT and AST normalization,
respectively, and 87 and 95% of patients reaching an ALT
and AST level <1.5 x ULN, respectively [24]. Mean LDL
cholesterol, non-HDL cholesterol and triglyceride levels
decreased from baseline by 28, 27, and 17%, respectively
after 76 weeks’ treatment; the mean HDL cholesterol level
increased from baseline by 23% [25].

Other observations from the open-label phase included
reductions from baseline in hepatic fat content and liver
volume of 25 and 13%, respectively, after 52 weeks’
exposure to sebelipase alfa [24]. In addition, liver fibrosis
was assessed using the Ishak staging system at the week 52
visit, representing 52 weeks’ sebelipase alfa exposure for
patients originally randomized to the drug and 30 weeks’
sebelipase alfa exposure for patients originally randomized
to placebo [26]. Twenty patients had paired liver biopsies at
baseline and week 52; eight had cirrhosis at baseline.
Among the 12 patients with 52 weeks’ exposure to sebeli-
pase alfa, eight had a reduction in fibrosis (six and two with
a >2- and 1-stage reduction, respectively). In comparison, 4
of the 8 patients with 30 weeks’ exposure to sebelipase alfa

had a 1-stage reduction in fibrosis. Additional data from 10
of the 20 patients indicated that two had a 1-stage reduction
in fibrosis after 20 weeks’ exposure to sebelipase alfa. As
such, reductions in fibrosis tended to increase with
increasing sebelipase alfa exposure. One of the six patients
with a >2-stage reduction and 5 of the 8 patients with a
1-stage reduction had cirrhosis at baseline [26].

Upon enrolment in LAL-CLO04, eight patients aged
18-65 years with confirmed LAL-D and either hep-
atomegaly on physical examination or elevated transami-
nases (1.5 to 3 x ULN) who received four once-weekly
infusions of sebelipase alfa 0.35, 1 or 3 mg/kg in LAL-
CLO1 received four further once-weekly infusions at the
same dose before transitioning to every-other-week infu-
sions of 1 mg/kg (if they received 0.35 or 1 mg/kg in LAL-
CLO1) or 3 mg/kg (if they received 3 mg/kg in LAL-
CLO1) [6, 27]. The median time between the last dose of
sebelipase alfa in LAL-CLOI and the first dose in LAL-
CL04 was 18 weeks (range 9-28 weeks) [27]. Results after
52 [27], 78 [28], 90 [29] and 104 [30] weeks’ follow-up in
this long-term extension study have been published in full
[27] or in preliminary form (as abstracts [28-30]).

Patients who re-initiated sebelipase alfa therapy in LAL-
CL04 had rapid reductions in transaminase levels (similar
to those seen in LAL-CLO1), which were sustained during
long-term dosing and were accompanied by improvement
in the serum lipid profile [27-30]. At week 52, mean ALT
and AST levels were normal, with mean reductions from
baseline in LAL-CLO1 of 58 and 40%, respectively (both
p = 0.016). LDL cholesterol, total cholesterol and
triglyceride levels were also decreased relative to baseline
in LAL-CLO1 (by 60, 39 and 36%, respectively; all
p < 0.05), whereas the HDL cholesterol level had
increased relative to baseline in LAL-CLOl (by 29%;
p = 0.016) [27]. The corresponding changes in these dis-
ease activity parameters at subsequent visits, including at
week 104, were of similar magnitude and, in general, were
statistically significant [28-30].

5 Tolerability of Sebelipase Alfa

Intravenous sebelipase alfa therapy has so far been gener-
ally well tolerated in ongoing clinical trials [10, 31], with
the proviso that the number of patients exposed to the drug,
especially infants, remains limited.

Two pooled safety analyses of infants, children and
adults participating in three clinical trials [VITAL, ARISE,
and LAL-CLO8 (n = 106) [7, 8, 10]; LAL-CL04, ARISE,
and LAL-CLO06 (n = 105) [31]] are available; one of these
analyses is available as an abstract [31]. Treatment-emer-
gent adverse events (TEAEs), the majority of which were
mild to moderate in severity and not considered to be
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related to the study drug, were reported by 84 [10] and 93%
[31] of sebelipase alfa recipients. Treatment-related
adverse events (TRAEs) were reported by 29% of sebeli-
pase alfa recipients [10]; infusion-associated reactions
(IARs; defined as any TEAE that occurred during or within
4 h of completion of the infusion that was considered to be
related to the study drug) occurred in 15% of sebelipase
alfa-treated patients [10, 31]. Serious TEAEs occurred in
10 [31] and 18% [10] of patients receiving sebelipase alfa;
the majority of these events were not considered to be
related to the study drug [10]. To date, no patient receiving
sebelipase alfa in a clinical trial has discontinued treatment
due to a drug-related adverse event and no drug-related
deaths have occurred [19, 20, 31].

The most serious adverse reactions in sebelipase alfa
recipients were signs and symptoms consistent with ana-
phylaxis; these occurred in 3 (3%) of 105 patients in clinical
trials, including 1 (7%) of 14 infants and 2 (2%) of 92
children and adults [7, 8]. Anaphylaxis occurred as early as
the sixth infusion and as late as 1 year after treatment ini-
tiation [7, 8]. Overall, 21 (20%) sebelipase alfa-treated
patients, including 9 (64%) of 14 infants and 12 (13%) of 92
children and adults, experienced signs and symptoms either
consistent with or that may be related to a hypersensitivity
reaction [7, 8]. The majority of reactions occurred during or
within 4 h of the completion of the infusion. Of note,
patients were not routinely pre-medicated prior to receiving
sebelipase alfa in these studies [7, 8].

In VITAL, the most common adverse reactions (i.e.
reported by >3 of the 9 infants receiving sebelipase alfa)
were: diarrhoea and vomiting (six patients each); fever and
rhinitis (five patients each); anaemia (four patients); and
cough, nasopharyngitis and urticaria (three patients each)
[8]. One infant experienced a serious TRAE (an IAR of
tachycardia, pallor, chills and pyrexia) that resolved [18-20].
The four deaths that have occurred to date in this trial are
deemed to be related to underlying disease (three) or com-
plications of an abdominal paracentesis (one) [18, 19].

Thirty-one (86%) of 36 sebelipase alfa recipients and 28
(93%) of 30 placebo recipients experienced at least one
adverse event during the 20-week double-blind period of
ARISE [22]. The most common adverse events (i.e.
reported by at least three sebelipase alfa recipients) were:
headache (10 patients); pyrexia (seven patients); diarrhoea,
oropharyngeal pain and upper respiratory tract infection
(six patients each); epistaxis and nasopharyngitis (four
patients each); and abdominal pain, asthenia, constipation,
cough, nausea and vomiting (three patients each). The
frequency and overall distribution of adverse events among
sebelipase alfa recipients was similar to that among pla-
cebo recipients. Five (14%) sebelipase alfa-treated patients
compared with six (20%) placebo-treated patients reported
TRAESs; however, IARs were uncommon, occurring in two
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(6%) and four (13%) sebelipase alfa and placebo recipients.
Serious TEAEs occurred in two (6%) sebelipase alfa
recipients compared with one (3%) placebo recipient; one
sebelipase alfa-treated patient experienced a serious TRAE
(an atypical IAR) that resulted in dosing being paused [22].

The safety profile of sebelipase alfa during the open-
label period of this trial was consistent with that of the drug
in the double-blind period [22, 24, 25]. During 76 weeks’
exposure to the drug, TEAEs (most commonly headache,
nasopharyngitis, cough, and pyrexia) were mostly mild to
moderate in severity; no patient discontinued treatment due
to a TEAE. Four patients experienced serious TEAE:,
including one serious TRAE (an IAR) [25].

Anti-drug antibodies (ADAs) have been observed in
patients treated with sebelipase alfa in clinical trials
[7, 8, 20, 22]. ADAs usually developed within the first
2-3 months of exposure [7, 8] and seemed to occur more
frequently in infants than in children or adults [7], although
they were mostly transient [7, 8] and did not have any
effect on safety (or efficacy) variables [22]. ADAs devel-
oped during treatment with sebelipase alfa in 4 (57%) of 7
evaluable infants in VITAL [20], 1 (20%) of 5 evaluable
infants in LAL-CLO8 [7] and 5 (14%) of 35 evaluable
children and adults during the double-blind period of
ARISE [22]. Three infants (two in VITAL and one in LAL-
CLO08) developed ADAs that inhibited both in vitro enzyme
activity and cellular uptake of the enzyme [7]. In com-
parison, one patient developed ADAs during the double-
blind period of ARISE that inhibited in vitro cellular
uptake of the enzyme [7]; two additional patients devel-
oped neutralizing antibodies during the open-label period
of this trial (after 20 and 52 weeks’ follow-up) [8, 25].
However, the presence of neutralizing ADAs has not
impacted on the safety profile of sebelipase alfa [10].

No safety signals emerged, based on extensive evalua-
tion of clinical laboratory data [10]. The transient and
reversible hyperlipidaemia (likely due to lysosomal lipid
mobilization) that occurs following initiation of treatment
with sebelipase alfa (Sect. 2) is not associated with any
clinical sequelae [10, 22].

6 Dosage and Administration of Sebelipase Alfa

Intravenous sebelipase alfa is indicated in various countries
worldwide, including those of the EU [7], the USA [8] and
Japan [9], for long-term ERT in patients of all ages with a
diagnosis of LAL-D (Sect. 1). The recommended starting
dosage of sebelipase alfa in infants with rapidly progressive
disease presenting within the first 6 months of life is 1 mg/
kg once weekly; dose escalation to 3 mg/kg should be
considered, based on clinical response. The recommended
starting dosage in children and adults who do not present
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with rapidly progressive LAL-D prior to 6 months of age is
1 mg/kg once every other week. No dose adjustment is
recommended in patients with renal or hepatic impairment;
no alternative dose regimens can be recommended in
patients who are overweight (due to limited data) or older
than 65 years (due to a lack of data) [7].

Local prescribing information should be consulted for
detailed information, including instructions for adminis-
tration, contraindications, special warnings and precautions
and use in special patient populations.

7 Current Status of Sebelipase Alfa
in the Management of LAL-D

Sebelipase alfa, the first treatment to specifically target the
underlying cause of LAL-D, has been approved in the EU
[7] and USA [8] for use in patients of all ages affected with
this condition, based on results from two ongoing pivotal
trials. In the pivotal VITAL study in infants with early-
onset LAL-D, open-label treatment with sebelipase alfa
significantly improved survival at 12 months of age com-
pared with historical controls (Sect. 4.1). A substantial
mortality benefit was maintained at 2 years of age, as was a
reduction in disease-related activity (Sect. 4.1). In the
pivotal ARISE study in children and adults with late-onset
LAL-D, 20 weeks’ double-blind treatment with sebelipase
alfa reduced multiple disease-related hepatic and lipid
abnormalities compared with placebo (Sect. 4.2). Sustained
improvements in markers of liver damage and dyslipi-
daemia were seen after 76 weeks’ open-label treatment in
an extension of this trial and, similarly, after 2 years’ open-
label treatment in an extension of another study in adults
(LAL-CL04) (Sect. 4.2). Data pertaining to hard clinical
outcomes (i.e. long-term progression of liver disease, car-
diovascular events and mortality) in the patient population
from the ARISE extension (Sect. 4.2) and other ongoing,
open-label, long-term studies (see discussion below) are
awaited with considerable interest [32].

To date, sebelipase alfa has been generally well toler-
ated, with signs and symptoms consistent with anaphylaxis
being the most serious adverse reactions experienced by
patients receiving the drug in ongoing clinical trials (who
were not routinely premedicated) (Sect. 5). Due to the
potential for anaphylaxis, appropriate medical support must
be readily available when the drug is administered [7, 8].
Local prescribing information should be consulted for
advice on managing suspected hypersensitivity reactions,
including anaphylaxis. ADAs developed in a few patients
receiving sebelipase alfa, albeit without affecting the
apparent safety (and efficacy) of the drug (Sect. 5).

The long-term efficacy and safety of sebelipase alfa in
the treatment of LAL-D are being investigated in a number

of ongoing, open-label studies or open-label extension
studies, including VITAL in patients who were infants at
the time of first dosing (up to 208 weeks’ follow-up) (Sect.
4.1), ARISE extension in children and adults (up to
130 weeks’ follow-up) (Sect. 4.2) and LAL-CL04 in adults
(up to 156 weeks’ follow-up) (Sect. 4.2). Two further
open-label, single-arm, multinational, phase 2 studies are
underway: LAL-CLOS8 in infants aged <8 months at the
time of first dosing (up to 156 weeks’ follow-up; planned
enrolment of 10 patients) [33]; and LAL-CLO6 in infants
aged >8 months at the time of first dosing, children and
adults (up to 96 weeks’ follow-up; planned enrolment 30
patients) [34]. Of note, the objective of LAL-CLO06 is to
assess sebelipase alfa in a more broad population of
patients with LAL-D than previously studied. Such patients
may have been excluded from enrollment in other studies
because of, among other reasons, age, disease progression
or previous treatment by haematopoietic stem cell or liver
transplantation [34].

Given that drugs developed for ultra-rare diseases are
among the most expensive medicines on a cost-per patient
basis [35], pharmacoeconomic analyses examining the
cost-effectiveness of sebelipase alfa would be of interest.

In conclusion, available data from a limited number of
patients (a reflection of the rarity of the disease) indicate
that sebelipase alfa is an effective disease-specific therapy
for individuals with LAL-D who have historically been
managed using supportive therapies.

Data selection sources: Relevant medical literature (including
published and unpublished data) on sebelipase alfa was identified
by searching databases including MEDLINE (from 1946),
PubMed (from 1946) and EMBASE (from 1996) [searches last
updated 13 October 2016], bibliographies from published litera-
ture, clinical trial registries/databases and websites. Additional
information was also requested from the company developing the

drug.
Search terms: Sebelipase, Kanuma, SBC-102, LAL-CLOI,
LAL-CLO02, LAL-CLO03, LAL-CL04, ARISE trial,

NCTO01307098, NCT01757184, NCT01371825, NCT01488097,
lysosomal, lipase, dyslipidaemia, LAL, LALD, Wolman¥,
cholesterol esters or cholesteryl esters.
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