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The primary end point was normalization of the alanine aminotransferase level.
Secondary end points included additional disease-related efficacy assessments,
safety, and side-effect profile.

RESULTS

Substantial disease burden at baseline included a very high level of low-density
lipoprotein cholesterol (2190 mg per deciliter) in 38 of 66 patients (58%) and cir-
rhosis in 10 of 32 patients (31%) who underwent biopsy. A total of 65 of the 66 pa-
tients who underwent randomization completed the double-blind portion of the
trial and continued with open-label treatment. At 20 weeks, the alanine amino-
transferase level was normal in 11 of 36 patients (31%) in the sebelipase alfa group
and in 2 of 30 (7%) in the placebo group (P=0.03), with mean changes from
baseline of —58 U per liter versus —7 U per liter (P<0.001). With respect to pre-
specified key secondary efficacy end points, we observed improvements in lipid
levels and reduction in hepatic fat content (P<0.001 for all comparisons, except
P=0.04 for triglycerides). The number of patients with adverse events was similar
in the two groups; most events were mild and were considered by the investigator
to be unrelated to treatment.

CONCLUSIONS
Sebelipase alfa therapy resulted in a reduction in multiple disease-related hepatic
and lipid abnormalities in children and adults with lysosomal acid lipase defi-
ciency. (Funded by Synageva BioPharma and others; ARISE ClinicalTrials.gov
number, NCT01757184.)
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SEBELIPASE ALFA IN LYSOSOMAL ACID LIPASE DEFICIENCY

YSOSOMAL ACID LIPASE DEFICIENCY (ON-

line Mendelian Inheritance in Man number,

278000)" is an autosomal recessive storage
disease that is caused by mutations in the LIPA
gene.” In infants, progression of the disease
(historically known as Wolman’s disease) is very
rapid, with death typically occurring by 6 months
of age.” In older patients, progression of the
disease (historically known as cholesteryl ester
storage disease) leads to cirrhosis and other
complications in childhood or later in life.> Com-
mon features in infants, children, and adults
include elevated serum aminotransferase levels,
dyslipidemia, hepatomegaly, liver fibrosis, and
cirrhosis.>® Awareness of the disease is low,
which has led to delayed diagnosis or misdiag-
nosis, and the severity of disease-related compli-
cations is not widely appreciated.>>®

The clinical manifestations and complications
of the disease are due to the lysosomal accumu-
lation of cholesteryl esters and triglycerides.>*>
The enzyme deficiency also leads to reduced
generation of free cholesterol, which results in
increased production of apolipoprotein B—con-
taining lipoproteins and reduced formation of
high-density lipoprotein (HDL) cholesterol par-
ticles.” There are no safe or effective therapies
for lysosomal acid lipase deficiency.? Statins and
other lipid-lowering medications have been used
with limited success in the control of low-density
lipoprotein (LDL) cholesterol levels and have had
little, if any, effect on liver injury and progres-
sion of fibrosis.>* In patients with advanced liver
disease, liver transplantation is required because
of complications related to portal hypertension
and liver failure, and there is limited information
on long-term outcomes after transplantation.’
Sebelipase alfa (Synageva BioPharma) is an in-

vestigational recombinant human enzyme-replace-
ment therapy for lysosomal acid lipase deficien-
cy.® A phase 1-2 study and follow-up extension
study involving adults with lysosomal acid lipase
deficiency showed that sebelipase alfa was as-
sociated with rapid decreases in serum amino-
transferase levels accompanied by improvements
in the serum lipid profile.®® We report results
from the phase 3 Acid Lipase Replacement Inves-
tigating Safety and Efficacy (ARISE) trial, which
was a multicenter, randomized, double-blind,
placebo-controlled trial of sebelipase alfa in chil-
dren and adults with lysosomal acid lipase defi-
ciency.

METHODS

STUDY DESIGN AND PATIENTS

The trial design included a screening period, a
20-week double-blind, placebo-controlled period,
and an ongoing open-label period (see the Sup-
plementary Appendix, available with the full text
of this article at NEJM.org). Efficacy assessments
included evaluations of alanine aminotransferase
and aspartate aminotransferase levels (including
the proportion of patients with normalized lev-
els) and levels of other biochemical markers of
liver function; serum lipid levels (LDL choles-
terol, non-HDL cholesterol, triglyceride, and HDL
cholesterol levels), hepatic fat content (assessed
by means of multi-echo gradient-echo magnetic
resonance imaging [MRI]), organ volumes (as-
sessed by means of MRI), and liver histopatho-
logical findings in a subgroup of patients (see
the Supplementary Appendix). Exploratory assess-
ments included apolipoprotein Al and apolipo-
protein B levels. The safety evaluation included
assessment of adverse events, infusion-associated
reactions, electrocardiographic results, vital signs,
laboratory testing, and testing for antidrug anti-
bodies. This article describes the results of the
20-week double-blind treatment period and pre-
liminary results through an additional 16 weeks
of the open-label period.

Eligibility criteria included an age of at least
4 years, confirmed enzyme activity—based diag-
nosis of the disease® with an alanine amino-
transferase level that was at least 1.5 times the
upper limit of the normal range (the upper limit
of the normal range was defined as 34 U per
liter for female patients 4 to 69 years of age and
male patients 4 to 10 years of age and as 43 U
per liter for male patients 10 to 69 years of age).
(Information provided by the central laboratory
included overlapping age ranges.) Patients who
were taking lipid-lowering medications had to
have been taking a stable dose for 6 weeks or
more before screening and had to continue tak-
ing a stable dose throughout the study. Patients
who had undergone transplantation or who had
severe hepatic dysfunction (Child-Pugh class C)
were excluded.

STUDY OVERSIGHT

The study was designed by the sponsor (Synageva
BioPharma) with input from all the authors. The
study protocol (available at NEJM.org), amend-
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ments, and informed-consent forms were ap-
proved by an independent institutional ethics
review committee before initiation of the study
(see the Supplementary Appendix). Safety was
monitored by an independent safety review com-
mittee. Data were collected at the study sites by
the investigators and their staff. Other organiza-
tions involved in the collection, management,
and analysis of study data are listed in the Sup-
plementary Appendix.

The first draft of the manuscript was written
jointly by the first and last authors, and all the
authors aided in the revision. Editorial and
medical-writing assistance, paid for by the spon-
sor, was provided by Peloton Advantage. The first
author and representatives of the sponsor made
the decision to submit the manuscript for publi-
cation. All the authors had access to all the data
and vouch for the accuracy and completeness of
the data and analyses and for the fidelity of the
study to the protocol.

RANDOMIZATION AND TREATMENT
Randomization was stratified according to age
(<12 years vs. >12 years), alanine aminotrans-
ferase level (<3 times the upper limit of the
normal range vs. 23 times the upper limit of
the normal range), and use or nonuse of lipid-
lowering medications at baseline. Patients were
randomly assigned in a 1:1 ratio to receive an
intravenous infusion of sebelipase alfa (at a dose
of 1 mg per kilogram of body weight) or placebo
every other week for 20 weeks (11 infusions)
before entering the open-label extension period,
at which point all the patients were to receive
sebelipase alfa.

STATISTICAL ANALYSIS

Efficacy and safety analyses were performed with
data from the full analysis set, which included
all the patients who underwent randomization
and received at least one dose of study drug. The
last assessment in the double-blind period was
the last measurement before the week 20 infu-
sion. The primary efficacy end point (normaliza-
tion of the alanine aminotransferase level) was
analyzed with the use of Fisher’s exact test at a
two-sided alpha level of 0.05. Key secondary end
points were analyzed with the use of the Wil-
coxon rank-sum test, and statistical significance
was assessed with the use of a prespecified

fixed-sequence hypothesis-testing approach to
ensure strong control of the type I error rate at
an alpha level of 0.05. Testing for significance
was stopped if the P value was greater than 0.05
for an end point, and any remaining end points
were not considered to be statistically significant.
Descriptive P values were computed for other
analyses of differences between the study groups
(see the Supplementary Appendix).

RESULTS

CHARACTERISTICS OF THE PATIENTS

AND TREATMENT

A total of 66 patients were randomly assigned to
receive either sebelipase alfa (36 patients) or
placebo (30 patients) (Fig. S1 in the Supplemen-
tary Appendix). All but 2 patients (97%) received
all 11 planned infusions during the double-blind
period; 1 patient in the sebelipase alfa group
temporarily discontinued dosing after an atypical
infusion-associated reaction, and 1 in the placebo
group missed 1 infusion. The characteristics of
the study groups were well balanced at baseline
(Table 1, and Table S1 in the Supplementary Ap-
pendix).

Baseline assessments showed a substantial bur-
den of disease in this young population (Table 1).
In addition to elevated aminotransferase levels,
LDL cholesterol levels were very high (2190 mg
per deciliter) in 38 of 66 patients (58%). A total
of 38% of the patients had an elevated baseline
y-glutamyltransferase level and 8% had an elevat-
ed total bilirubin level. Low platelet counts were
present at baseline in 11% of the patients. Evi-
dence of disturbed coagulation was also observed
in some patients. Hepatomegaly was common,
with 67% of the patients having a liver volume
that was at least 1.25 times the normal volume,
and 21% of patients had a spleen volume that was
at least 4 times the normal volume.

All the liver-biopsy samples that were ob-
tained at baseline from 32 patients showed fibro-
sis (Ishak score, >1, on a scale from 0 to 6, with
higher scores indicating a greater degree of fi-
brosis); 15 of these patients (47%) had bridging
fibrosis (Ishak score, 3 or 4), and 10 (31%) had
cirrhosis (Ishak score, 5 or 6). The mean age of
the patients with biopsy-proven cirrhosis was
12 years, and 8 of these 10 patients did not have
a medical history of cirrhosis.
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Among the 50 patients who were 18 years of
age or younger, 12% were below the fifth per-
centile for height. A total of 65 of the 66 patients
completed the double-blind treatment period
and entered the open-label period.

EFFICACY

Sebelipase alfa was associated with a signifi-
cantly higher rate of normalization of the ala-
nine aminotransferase level, (the primary end
point) than was placebo (31% vs. 7%, P=0.03).
In addition, sebelipase alfa was associated with
significant improvement in six consecutive sec-
ondary end points, as compared with placebo
(Table 2). The decrease from baseline in the
mean alanine aminotransferase level was sig-
nificantly greater in the sebelipase alfa group
than in the placebo group (58 U per liter vs. —7
U per liter, P<0.001) (Fig. 1A). Similar results
were seen with respect to normalization of the
aspartate aminotransferase level (42% vs. 3%,
P<0.001; mean reduction from baseline, —42 U
per liter vs. —6 U per liter; P<0.001) (Fig. S2A in
the Supplementary Appendix). An additional
analysis of reduction in the alanine aminotrans-
ferase level with the use of recently applied cri-
teria in studies of nonalcoholic fatty liver dis-
ease'’ showed a response rate of 67% with
sebelipase alfa versus 7% with placebo (Fig. S2B
in the Supplementary Appendix).

Decreases in the serum aminotransferase
levels were accompanied by significant reduc-
tions in hepatic fat content as assessed by means
of multi-echo gradient-echo MRI (mean reduc-
tion from baseline, —32.0 percentage points in
the sebelipase alfa group vs. —4.2 percentage
points in the placebo group; P<0.001) (Table 2
and Fig. 2A). Paired morphometric assessments
of microvesicular steatosis at baseline and at
week 20 were available in 16 patients in the se-
belipase alfa group and in 10 in the placebo
group. A reduction in steatosis occurred more
frequently in the sebelipase alfa group than in
the placebo group but the between-group differ-
ence did not reach significance (Fig. 2B). Al-
though patients in the sebelipase alfa group had
greater reductions in liver volume than did those
in the placebo group, the prespecified hierarchi-
cal fixed-sequence hypothesis testing nullified
the significance of this last secondary end point.

The sebelipase alfa group had significantly

greater mean percentage decreases from base-
line in the LDL cholesterol level (difference from
the change with placebo, —22.2 percentage
points; P<0.001), the non-HDL cholesterol level
(difference from placebo, —21.1 percentage points;
P<0.001), and the triglyceride level (difference
from placebo, —14.4 percentage points; P=0.04)
and a significantly greater mean percentage in-
crease in the HDL cholesterol level (difference
from placebo, 19.9 percentage points; P<0.001)
(Table 2 and Fig. 1B and 1C, and Fig. S2C in the
Supplementary Appendix). These improvements
in the serum lipid levels were accompanied by
significant decreases from baseline in mean serum
apolipoprotein B level (difference from placebo,
—23.1 percentage points; P<0.001) and an increase
from baseline in mean serum apolipoprotein Al
level (difference from placebo, 11.7 percentage
points; P<0.001).

A significant positive correlation was seen
between decreases in the LDL cholesterol level
and decreases in the alanine aminotransferase
level among patients in the sebelipase alfa group
(Fig. S2D in the Supplementary Appendix). De-
creases in the LDL cholesterol level with sebeli-
pase alfa were seen regardless of baseline status
with regard to use of lipid-lowering medication
(mean change from baseline, —36.7 percentage
points among patients receiving lipid-lowering
medication vs. —22.5 percentage points among
those not receiving lipid-lowering medication).

At baseline, 38% of the patients had an elevat-
ed level of y-glutamyltransferase. Among these
patients, normalization of the <y-glutamyltrans-
ferase level was seen in 62% of those in the
sebelipase alfa group, as compared with 8% of
those in the placebo group (mean change, -23.4 U
per liter vs. —2.4 U per liter). Spleen volumes
were also reduced significantly in the sebelipase
alfa group, as compared with the placebo group
(difference from baseline, —6.8% vs. 5.8%;
P<0.001).

SAFETY AND IMMUNOGENICITY

The frequency and overall distribution of adverse
events were similar in the two study groups;
most events were considered by the site investi-
gator to be unrelated to the study drug and were
mild in intensity (Table 3). Infusion-associated
reactions were uncommon. Three serious ad-
verse events were reported during the 20-week
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Sebelipase Alfa Placebo
Characteristic (N=36) (N=30)
Age at screening
Mean — yr 17£12 15+10
Median (range) — yr 13.5 (4-54) 13.0 (4-58)
Distribution — no. (%)
<12yr 14 (39) 10 (33)
212to <18 yr 9 (25) 14 (47)
=18 yr 13 (36) 6 (20)
Age at onset of disease manifestation — yr
Mean 8+8 5+5
Median (range) 5.0 (0-42) 4.0 (0-20)
Sex — no. (%)
Male 18 (50) 15 (50)
Female 18 (50) 15 (50)
Race —no. (%)
White 27 (75) 28 (93)
Other 9 (25) 2(7)
Height <5th percentile in patients <18 yr of age — no./total no. (%) 3/26 (12) 3/24 (12)
LIPA mutation — no. (%)
Homozygous for c894 G-A 11 (31) 10 (33)
Compound heterozygous for c894 G-A 17 (47) 18 (60)
Other mutation 8 (22) 2 (7)
Alanine aminotransferase
Mean — U/liter 105+45 99+42
Median (range) — U/liter 90.0 (52-212) 86.5 (50-237)
23x ULN — no. (%) 10 (28) 8 (27)
Aspartate aminotransferase
Mean — U/liter 87+34 78+35
Median (range) — U/liter 74.5 (41-173) 71.0 (39-220)
>3x ULN — no. (%)§ 7 (19) 2(7)
y-glutamyltransferase
Mean — U/liter 52146 52+60
Median (range) — U/liter 37.5 (14-239) 34.0 (13-333)
Elevated level — no. (%) 9 13 (36) 12 (40)
Total bilirubin — pmol/liter
Mean 18+16 19+16
Median (range) 13.5 (6-76) 13.0 (5-80)
Hepatic fat content — %||
Mean 8.7+4.0 8.2+2.8
Median (range) 7.7 (3.3-25.4) 7.9 (2.2-13.1)
Liver biopsy — no./total no. (%)**
Fibrosis 19/19 (100) 13/13 (100)
Bridging fibrosis 10/19 (53) 5/13 (38)
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Table 1. (Continued.)

Sebelipase Alfa Placebo

Characteristic (N=36) (N=30)

Cirrhosis 5/19 (26) 5/13 (38)
Liver volume — multiple of the normal value

Mean 1.4+0.4 1.4+0.3

Median (range) 1.4 (0.8-2.9) 1.4 (1.1-22)
Total cholesterol — mg/dI

Mean 252.5+60.7 296.7+75.4

Median (range)
LDL cholesterol

253.0 (121-355)

278.0 (191-440)

Mean — mg/d| 189.9+57.2 229.5+70.0

Median (range) — mg/dI 193.0 (70-280) 213.0 (135-378)

=190 mg/dl — no. (%) 18 (50) 20 (67)
Non-HDL cholesterol — mg/dI

Mean 220.5+61.4 263.8+75.4

Median (range)

223.5 (93-332)

241.5 (155-408)

HDL cholesterol — mg/dl

Mean 32.4+7.1 33.4+7.4

Median (range) 32.0 (18-48) 33.5 (16-47)
Triglycerides

Mean — mg/dl 152.8+54.4 174.4+65.9

Median (range) — mg/dI 138.0 (65-307) 170.0 (66-361)

=200 to <500 mg/dl — no. (%) 6 (17) 8 (27)
Lipid-lowering medication — no. (%)

Statin 14 (39) 9 (30)

Other 3(8) 1(3)

=1 medication 15 (42) 11 (37)

Plus—minus values are means +SD. No difference between groups reached statistical significance as prespecified in
the statistical analysis plan (P<0.05). To convert the values for cholesterol to millimoles per liter, multiply by 0.02586.
To convert the values for triglycerides to millimoles per liter, multiply by 0.01129. HDL denotes high-density lipopro-
tein, and LDL low-density lipoprotein.

T Race was self-reported.

I The upper limit of the normal range for alanine aminotransferase that was used by the central laboratory was 34 U
per liter for female patients 4 to 69 years of age and male patients 4 to 10 years of age and 43 U per liter for male pa-
tients 10 to 69 years of age. Information provided by the central laboratory included overlapping age ranges.

§ The normal range for aspartate aminotransferase that was used by the central laboratory was 10 to 48 U per liter for
female patients 4 to 7 years of age, 10 to 40 U per liter for those 7 to 18 years of age, and 9 to 34 U per liter for those
18 to 59 years of age; for male patients, the normal range was 10 to 59 U per liter for those 4 to 7 years of age, 10 to
40 U per liter for those 7 to 18 years of age, and 11 to 36 U per liter for those 18 to 59 years of age. Information pro-
vided by the central laboratory included overlapping age ranges.

9§ The upper limit of the normal range for y-glutamyltransferase that was used by the central laboratory for female pa-
tients was 24 U per liter for those 4 to 10 years of age, 33 U per liter for those 10 to 18 years of age, and 49 U per liter
for those 18 to 59 years of age; for male patients, the upper limit of the normal range was 24 U per liter for those 4 to
10 years of age, 51 U per liter for those 10 to 18 years of age, and 61 U per liter for those 18 to 59 years of age.
Information provided by the central laboratory included overlapping age ranges.

| Data were missing for one patient in the sebelipase alfa group and for four in the placebo group. There was no signif-

icant difference in the mean percentage of hepatic fat content at baseline between patients who used lipid-lowering

medication and those who did not (9% and 8%, respectively).

Fibrosis was defined by an Ishak score of 1 or more, on a scale from 0 to 6, with higher scores indicating a greater

degree of fibrosis. Bridging fibrosis was defined by an Ishak score of 3 or 4, and cirrhosis by an Ishak score of 5 or 6.

7 Data were missing for three patients in the sebelipase alfa group and for two in the placebo group.

F*x
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Table 2. Primary and Secondary Efficacy Assessments.*
End Point No. of Patients  Sebelipase Alfa Placebo P Value
Primary end point: normalization of alanine 66 11/36 (31) 2/30 (7) 0.03
aminotransferase level —
no./total no. (%)
Secondary end points
Change from baseline in LDL 66 -28.4+22.3 -6.2£13.0 <0.001
cholesterol level — percentage points
Change from baseline in non-HDL cholesterol 66 -28.0+18.6 -6.9+10.9 <0.001
level — percentage points
Normalization of aspartate aminotransferase 657 15/36 (42) 1/29 (3) <0.001
level — no./total no. (%)
Change from baseline in triglyceride level — 66 -25.5+29.4 -11.1+28.8 0.04
percentage points
Change from baseline in HDL cholesterol 66 19.6+16.8 -0.3£12.4 <0.001
level — percentage points
Change from baseline in hepatic fat content — 57§ -32.0+26.8 -4.2+15.6 <0.001
percentage points:
Reduction in steatosis — no./total no. (%) 26| 10/16 (62) 4/10 (40) 0.42
Change from baseline in liver volume — 60%* -10.3+10.5 -2.7+10.1 —7
percentage points

Plus—minus values are means +SD. The primary and secondary end-point results are presented in order of the pre-
specified fixed-sequence hypothesis-testing sequence for statistical significance. Fisher’s exact test was used to ana-
lyze normalization of the alanine aminotransferase level and liver histologic end points, and the Wilcoxon rank-sum
test was used for all other end points. Normalization of the alanine and aspartate aminotransferase levels was de-
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fined by the central laboratory.

T One patient in the placebo group had a normal aspartate aminotransferase level at baseline.

I Hepatic fat content was measured by means of multi-echo gradient-echo MRI.

§ Data were missing for four patients in the sebelipase alfa group and for five in the placebo group. MRI was not per-
formed in patients with medical implants or in children requiring sedation.

9 Reduction in steatosis was defined as an absolute decrease of 5 percentage points or more from baseline in the mor-

phometric assessment of the hepatic fat content.

| Paired biopsy samples were required in patients 18 years of age or older unless contraindicated and were optional in

patients younger than 18 years of age.

s
S

Data were missing for three patients in the sebelipase alfa group and for three in the placebo group.
iT The P value could not be interpreted as significant owing to lack of statistical significance of end point above, accord-

ing to prespecified fixed-sequence hypothesis-testing method.

double-blind period. Two of these events oc-
curred in the sebelipase alfa group, including
one that was considered to be related to the
study drug: an infusion-associated reaction that
was atypical in terms of timing relative to infu-
sion (8.5 hours after) and in terms of the symp-
toms; the reaction resolved rapidly after a single
dose of oral diphenhydramine.

A total of 5 of 35 patients in the sebelipase
alfa group had one or more positive antidrug-
antibody tests during the 20-week study period.
Titers were generally low and unsustained, and
the development of antidrug antibody did not
have any effect on safety or efficacy variables.

OPEN-LABEL PERIOD

In addition to the improvements with sebelipase
alfa that were observed during the double-blind
period, further reductions were observed during
the open-label period in the LDL cholesterol
level (mean reduction from baseline, —44.1 per-
centage points after 36 weeks of sebelipase alfa
treatment vs. —28.9 percentage points at the last
visit in the double-blind period) (Fig. 1B) and the
non-HDL cholesterol level (mean reduction from
baseline, —41.5 percentage points after 36 weeks
of sebelipase alfa treatment vs. —28.3 percentage
points at the last visit in the double-blind peri-
od). The alanine aminotransferase and LDL
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Figure 1. Effects of Sebelipase Alfa on Levels of Alanine
Aminotransferase, Low-Density Lipoprotein Cholester-
ol, and High-Density Lipoprotein Cholesterol.

The trial design included a 20-week double-blind place-
bo-controlled period and an ongoing open-label peri-
od; data from the open-label period were available
through the week 36 visit. The upper limit of the nor-
mal range for alanine aminotransferase was 34 U per
liter for female patients 4 to 69 years of age and male
patients 4 to 10 years of age and 43 U per liter for male
patients 10 to 69 years of age. Information provided by
the central laboratory included overlapping age ranges.
The vertical line between week 20 and week 24 indi-
cates the switch to the open-label period.

cholesterol levels that were persistently elevated
in patients in the placebo group during the
double-blind period decreased markedly with
the switch to sebelipase alfa (Fig. 1A and 1B).
The safety profile in the open-label period was
consistent with that in the double-blind period,
and no serious adverse events were considered
by the site investigator to be related to the
study drug.

DISCUSSION

Lysosomal acid lipase deficiency is an under-
recognized genetic cause of cirrhosis and se-
vere dyslipidemia that can, according to reports,
cause atherosclerotic cardiovascular disease ear-
ly in life.>>121> Although statins and other lipid-
lowering medications may reduce LDL choles-
terol levels, levels remain high and there is
continued progression to cirrhosis.>> In the
current study, fibrosis and cirrhosis were seen in
patients at an early age at a substantially higher
frequency than that observed in patients with
other chronic noncholestatic liver diseases. For
example, in a study involving 67 children with
biopsy-proven nonalcoholic fatty liver disease,
clinically significant fibrosis was seen in only
15% of the patients and cirrhosis was not ob-
served in any patient.’® As is the case with other
chronic liver diseases, the progression of fibro-
sis is probably related to the persistence of the
injurious agent, because current therapies for
lysosomal acid lipase deficiency do not appear to
reduce the abnormal lysosomal lipid levels in the
liver substantially.>"” Characteristics at baseline,
including portal hypertension, hyperbilirubine-
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mia, thrombocytopenia, disturbed coagulation,
splenomegaly, and short stature, provide evi-
dence of progression to advanced liver disease.'®

Enzyme-replacement therapies have substan-

N ENGLJ MED 373;11 NEJM.ORG SEPTEMBER 10, 2015

The New England Journal of Medicine

Copyright © 2015 Massachusetts Medical Society. All rights reserved.

1017

Downloaded from nejm.org at UNIVERSITA DEGLI STUDI DI PADOVA on April 12, 2021. For persona use only. No other uses without permission.



The NEW ENGLAND JOURNAL of MEDICINE

A Change in Hepatic Fat Content from Baseline to Wk 20
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Figure 2. Effects of Sebelipase Alfa on Hepatic Fat.

Panel A shows changes in absolute hepatic fat content, as assessed by
means of multi-echo gradient-echo MRI, in individual patients. Panel B
shows changes in steatosis, as assessed by means of morphometry, in
individual patients.

tially changed the outlook for patients with lyso-
somal storage disorders.”” The results of our
study showed the effectiveness and safety of
enzyme-replacement therapy with sebelipase alfa
in children and adults with lysosomal acid lipase
deficiency. Significantly greater improvements,
as compared with placebo, were seen in the pri-
mary end point and six consecutive secondary
efficacy end points. The significant reductions
in hepatic fat content, as assessed by means of
multi-echo gradient-echo MRI, were consistent
with the mechanism of action of sebelipase alfa
in decreasing accumulated tissue lipid. Improve-
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ment in an orthogonal measure of hepatic fat
content, microvesicular steatosis as assessed by
means of morphometry, was not significant,
possibly owing to small sample size. The mean
baseline hepatic fat content of 8.7% in the sebe-
lipase alfa group and 8.2% in the placebo group,
as assessed by means of multi-echo gradient-
echo MRI, was relatively low, as compared with
values that have been described in patients with
nonalcoholic fatty liver disease or nonalcoholic
steatohepatitis. Given the marked differences in
the composition and subcellular localization of
lipids between lysosomal acid lipase deficiency
and nonalcoholic fatty liver disease or nonalco-
holic steatohepatitis, absolute values for these
patients cannot be meaningfully compared.?*

Sebelipase alfa was associated with signifi-
cant reductions in the LDL cholesterol level, with
a decrease from baseline of 28.4 percentage
points by week 20, as compared with a decrease
of 6.2 percentage points in the placebo group.
These reductions were accompanied by signifi-
cant decreases in the triglyceride level and in-
creases in the HDL cholesterol level. The contin-
ued reduction over time in the LDL cholesterol
level between week 20 and week 36 is similar to
findings in a long-term dosing study with sebe-
lipase alfa.’ Transient asymptomatic increases in
the blood cholesterol and triglyceride levels were
observed during the first 2 to 4 weeks of sebeli-
pase alfa therapy. These observations are consis-
tent with findings of earlier clinical trials of
sebelipase alfa and are probably related to the
mobilization of cholesterol and triglycerides into
the circulation from hydrolysis of accumulated
substrate in the tissues.*8

Infusions with sebelipase alfa did not engen-
der reactions that required routine premedica-
tion. One patient treated with sebelipase alfa did
not complete the double-blind period because
dosing was paused pending further investigation
of an infusion-associated reaction. This patient
successfully restarted therapy during the open-
label period. Antidrug-antibody titers developed
in few patients and were generally low and tran-
sient, with no apparent effect on the treatment
response or safety profile, including infusion-
associated reactions.

Our study has some limitations. The hetero-
geneous event and disease-progression rates and
predominantly pediatric population precluded
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assessment of some clinical-trial outcomes, such
X K . R Table 3. Adverse Events.
as long-term progression of liver disease, cardio-
vascular events, and mortality. In addition, al- . Sebe:\ilpa;: Alfa P'Lacgl:)O
though the study design controlled for the con- vent (N=36) (N=30)
. o, . .. number (percent)
founding effects of lipid-lowering medications Ay ad durine 20k - 8
and confirmed that sebelipase alfa reduced LDL nya Vde ;Zif;vf)ﬂ; dur)rg:lgo q W 31(86) 3)
cholesterol levels regardless of baseline status .
A . N R Most common events during 20-wk
with regard to the use of lipid-lowering medica- double-blind period*
tion, the potential additional benefits of com- o —— 10 (28) 6 (20)
bin.ing sebelipase alfa with lipid-lower?ng medi- Pyrexia 7 (19) 6 (20)
cations (;n the1 1LD(Ii,dchole(si@rol;ll_owerlélg effect — 6 (17) 5(17)
was not formally addressed in this study. Oropharyngeal pain 6(17) 10)
In conclusion, cirrhosis and severe dyslipid- i ) )
. . . Upper respiratory tract infection 6 (17) 6 (20)
emia often develop at an early age in patients
. 11 ) Epistaxis 4 (11) 6 (20)
with lysosomal acid lipase deficiency. Enzyme -
replacement with sebelipase alfa in affected MBS EITHS 4 (11) 3(10)
children and adults was superior to placebo in Abdominal pain 38) 13)
producing significant reductions in serum amino- Asthenia 3(3) 1(3)
transferase levels, disease-related lipid abnor- Constipation 3(3) 13)
malities, and hepatic fat content. The broad Cough 3(8) 3 (10)
range of effects is consistent with a mechanism Nausea 3(8) 2(7)
of action that addresses the enzyme deficiency Vomiting 3(8) 3 (10)
and resultant lysosomal lipid accumulation that | Adverse event related to study drug 5 (14) 6 (20)
causes this multisystem disease. Because lyso- | seyere adverse event 3(8) 103)
somal cholesteryl esters, triglycerides, or both | | fsion-associated reaction 2 (6) 4(13)
appear to be potent inducers of liver fibrosis | ¢ .. i b pevsce dlastiorg 10)t 0
(100% of the patients who underwent biopsy in .
R . KX Serious adverse event 2 (6)1% 13)§
the current study had evidence of fibrosis, and . )
. . s . . Serious adverse event related to study drug 13)7 0
cirrhosis appeared within months after birth in Ad leadin to death o 0
the most severely affected patients),*?*> the verse event leading to dea

marked reductions in aminotransferase levels
and other markers of hepatic disease and in
hepatic fat content seen in this study suggest
that sebelipase alfa may have potential value in
reducing the risk of fibrosis and progression to
cirrhosis among patients with lysosomal acid
lipase deficiency.
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