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Abstract
Background & Aims—Cholesteryl Ester Storage Disease, an inherited deficiency of lysosomal
acid lipase, is an underappreciated cause of progressive liver disease with no approved therapy.
Presenting features include dyslipidemia, elevated transaminases, and hepatomegaly.

Methods—To assess the clinical effects and safety of the recombinant human lysosomal acid
lipase, sebelipase alfa, 9 patients received 4 once-weekly infusions (0.35, 1, or 3 mg·kg−1) in
LAL-CL01 which is the first human study of this investigational agent. Patients completing LAL-
CL01 were eligible to enroll in the extension study (LAL-CL04) in which they again received 4
once-weekly infusions of sebelipase alfa (0.35, 1, or 3 mg·kg−1) before transitioning to long term
every other week infusions (1 or 3 mg·kg−1).
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Results—Sebelipase alfa was well-tolerated with mostly mild adverse events unrelated
sebelipase alfa. No anti-drug antibodies were detected. Transaminases decreased in patients in
LAL-CL01 and increased between studies. In 7 patients receiving ongoing sebelipase alfa
treatment in LAL-CL04, mean±SD decreases for alanine transaminase and aspartate
aminotransferase at week 12 compared to the baseline values in LAL-CL01 were 46±21U/L
(-52%) and 21±14U/L (-36%), respectively (p<0.05). Through week 12 of LAL-CL04, these 7
patients also showed mean decreases from baseline in total cholesterol of 44±41mg/dL (-22%;
p=0.047), low density lipoprotein-cholesterol of 29±31mg/dL (-27%; p=0.078), and triglycerides
of 50±38mg/dL (-28%, p=0.016) and increases in high density lipoprotein-cholesterol of 5mg/dL
(15%; p=0.016).

Conclusions—These data establish that sebelipase alfa, an investigational enzyme replacement,
in patients with Cholesteryl Ester Storage Disease is well tolerated, rapidly decreases serum
transaminases and that these improvements are sustained with long term dosing and are
accompanied by improvements in serum lipid profile.

Keywords
lysosomal storage; enzyme replacement; fatty liver; hepatomegaly; dyslipidemia

Lysosomal Acid Lipase (LAL) Deficiency [(LAL Deficiency) OMIMD 278000] is a
multisystem autosomal recessive disease caused by mutations in the LIPA gene, which
encodes the enzyme, lysosomal acid lipase. LAL Deficiency leads to the accumulation of
cholesteryl esters and triglycerides in the lysosomes of many tissues, including the liver,
spleen, and cardiovascular system (1). LAL Deficiency presents as a clinical continuum with
two major phenotypes: a rapidly progressive form, frequently called Wolman Disease,
which manifests in infants, and a form that manifests post-infancy, also called Cholesteryl
Ester Storage Disease (CESD). CESD is an under-appreciated cause of fatty liver, with
prominent microvesicular steatosis, hepatic fibrosis and progression to cirrhosis and early
death. Although the natural history of the disease has not been well studied, serious liver
complications are frequently described. Splenomegaly and cardiovascular involvement are
also commonly seen. Cardiovascular involvement includes accelerated (2) and premature (3)
atherosclerosis associated with dyslipidemia (high total and low density lipoprotein-
cholesterol [LDL], high triglyceride, and low high density lipoprotein-cholesterol [HDL]).
The management of patients with CESD has mainly focused on control of the dyslipidemia
through diet and the use of lipid lowering therapies including statins (4-10). Although
laboratory improvements may be seen in some cases (4, 6-10), the underlying disease
persists and disease progression still occurs (5, 11).

While the potential for enzyme replacement therapy as a treatment for patients with LAL
Deficiency has been recognized for more than 25 years (12, 13), earlier attempts to produce
recombinant LAL using different manufacturing approaches (Chinese Hamster Ovary (14),
yeast (14), and plant-based production systems (15)) did not yield a therapeutic enzyme that
progressed into clinical development.

Sebelipase alfa (SBC-102; Synageva BioPharma Corporation, Lexington, Massachusetts,
USA) is a recombinant human LAL produced using methodologies that allow targeted
expression of a gene sequence (16) in hen oviduct cells (17). The expressed gene sequence
encodes for the same amino acid sequence as the native human LAL enzyme with secretion
of the recombinant protein into egg white. Sebelipase alfa is the International
Nonproprietary Name given to SBC-102 in 2012. In a rat model of LAL Deficiency that
replicates a number of the abnormalities seen in patients with the disease (18, 19), sebelipase
alfa produced a dose-dependent decrease in transaminases, improvement in liver pathology,
and correction of impaired weight gain (20).
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This is the first clinical report of the use of sebelipase alfa in patients with liver
abnormalities due to CESD. The initial clinical trial and the long term treatment study were
designed to characterize the safety, pharmacokinetics, and pharmacodynamic activity of
repeat dosing with sebelipase alfa. The pharmacokinetic profile will be reported separately.

Patients and Methods
Sebelipase alfa

Sebelipase alfa is a glycoprotein with six potential N-linked glycosylation sites, of which
five are occupied. Structural and compositional analyses demonstrate that sebelipase alfa
glycans consist of predominantly N-acetylglucosamine and mannose terminated N-linked
structures, which target proteins to the mannose receptors. N-glycans containing terminal
mannose-6-phosphate moieties are also consistently expressed in sebelipase alfa, which
allow for targeting to a wide variety of cells expressing the mannose-6-phosphate receptor.
Cell culture studies (17) show that sebelipase alfa demonstrates mannose receptor dependent
uptake and traffics to the lysosomes in a rat macrophage cell line. Additionally sebelipase
alfa demonstrates mannose-6-phosphate receptor-dependent uptake and corrects the
intracellular enzyme deficiency in fibroblasts from a LAL deficient patient. The specific
activity of sebelipase alfa is approximately 260 U/mg protein [one unit is defined as the
amount of activity that results in the hydrolysis of 1 μmole of a synthetic substrate, 4-
methylumbelliferyl oleate, per minute under the assay conditions] (data on file, Synageva
BioPharma Corporation).

Study design
A Phase 1/2 open-label, multicenter, dose-escalation study (LAL-CL01) was conducted
between April 2011 and January 2012 across 6 sites in 4 countries. Patients completing
LAL-CL01 were eligible to enroll in the LAL-CL04 extension study to further evaluate the
clinical effects of sebelipase alfa. The research was conducted in accordance with the
Declaration of Helsinki and Good Clinical practice guidelines. The protocols were approved
by the appropriate ethics committees or institutional review boards at participating
institutions and conducted in compliance with country specific regulatory requirements. The
trials were registered as NCT01307098: CL01 (http://www.clinicaltrials.gov/ct2/show/
NCT01307098) and NCT01488097: CL04 (http://www.clinicaltrials.gov/ct2/show/
NCT01488097). All patients provided informed written consent before undergoing study-
specific assessments or procedures.

In LAL-CL01, screening assessments were conducted 7 to 28 days prior to the start of
dosing. Eligible patients were treated in 3 sequential dose cohorts (Figure 1): 0.35 mg·kg−1

(low dose, Cohort 1: patients 1-3), 1 mg·kg−1 (intermediate dose, Cohort 2: patients 4-6), or
3 mg·kg−1 (high dose, Cohort 3: patients 7-9). In each cohort, patients were administered
once-weekly infusions of sebelipase alfa on Day 0, Day 7, Day 14, and Day 21 with
monitoring for safety. Dose escalation to 1 mg·kg−1 and 3 mg·kg−1 dose levels was based on
review of safety data by an independent Safety Committee. Following completion of the last
infusion on Day 21, patients returned on Day 28 and Day 52 for assessment of safety and the
magnitude and reversibility of effects on serum transaminases, lipids, and other markers of
disease activity. Throughout the study, patients on lipid lowering medications continued on
their medications at a stable dose. Sebelipase alfa was provided as a liquid solution in single
use glass vials and diluted for infusion in normal saline. Diluted sebelipase alfa was
administered intravenously over a period of approximately 120 minutes.

After completion of LAL-CL01, patients were eligible to enroll in the LAL-CL04 extension
trial to evaluate the long-term effects of sebelipase alfa (Figure 1). In this study, patients
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resumed treatment with 4 once-weekly infusions of sebelipase alfa at the same dose as in
LAL-CL01 study (0.35, 1.0 or 3.0 mg·kg−1) before transitioning to every other week
infusions (1.0 or 3.0 mg·kg−1). Patients in the once-weekly 0.35 mg·kg−1 dosing regimen
moved to 1 mg·kg−1 every other week. Patients in the 1 and 3 mg·kg−1 once-weekly dosing
cohorts remained on the same dose but received it every other week.

Patients
Eligible patients were 18 to 65 years old. Deficient enzyme activity was confirmed upon
entry into LAL-CL01 at our central laboratory (Willink Biochemical Genetics Unit Regional
Genetics Laboratory, Manchester, England). Additionally, patients were required to have
either hepatomegaly on physical exam or elevated transaminases (between 1.5 and 3 times
the upper limit of normal of the clinical lab). Patients receiving statins or ezetimibe were
only eligible if on a stable dose for at least 4 weeks prior to screening. Female patients of
child-bearing potential and male partners of potentially fertile women were required to use a
medically acceptable form of contraception. Patients were excluded from this study if they
had severe hepatic dysfunction (Child-Pugh Class C); aspartate aminotransferase (AST) and/
or alanine transaminase (ALT) persistently elevated to greater than three times the upper
limit of normal; chronic liver disease attributed to a cause other than CESD; serological
evidence of hepatitis B virus or hepatitis C virus; a score of 8 or more on a screening
Alcohol Use Disorders Identification Test; previous hematopoietic bone marrow or liver
transplant; known hypersensitivity to eggs; had received an investigational therapy for
another indication within 30 days of screening; or they could not comply with the protocol
for any other reasons.

Safety Assessments
Patients were monitored for safety and tolerability of sebelipase alfa at regular intervals
from the time of signing the informed consent. In LAL-CL01, these assessments continued
until the end of study assessment on Day 52. In the ongoing LAL-CL04 extension study,
these assessments are analyzed to week 12. Safety evaluations included monitoring of
adverse events, concomitant medications, physical examinations, vital signs, and clinical
laboratory tests.

Pharmacodynamic assessments
Biological activity of sebelipase alfa was assessed by analysis of hepatic transaminases
(ALT, AST), lipid parameters (total cholesterol, triglycerides, HDL, LDL), and serum
ferritin. These were selected based on insights from preclinical studies of sebelipase alfa (20,
21) and disease biology (1). Ferritin was analyzed because it is increased in the presence of
macrophage activation (22) and has been reported to be elevated in patients with LAL
Deficiency (23).

Anti-drug Antibody assays
The presence of serum anti-sebelipase alfa antibodies was examined by use of a validated
(24, 25) “bridging ELISA.” In these assays, sebelipase alfa was immobilized onto 96-well
microtiter plates. Serum samples were subsequently added to the plates followed in series by
biotinylated sebelipase alfa, streptavidin-peroxidase, and TMB substrate. This was used as
the “screening assay” with a positivity cut-point predetermined by analysis of normal human
serum samples. Putative positive samples were subjected to confirmatory immunodepletion
assays in which sebelipase alfa was spiked into the serum samples, before the samples were
evaluated using the same bridging assay. This assay has a sensitivity of ≥312 ng/mL in
serum and has been used previously to successfully detect anti-sebelipase alfa antibodies in
pre-clinical studies in rats and cynomolgus monkeys (data on file, Synageva Biopharma).
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Statistical analysis
All patients who received at least 1 dose of sebelipase alfa were included in the safety
analysis. Adverse events, vital signs, and laboratory tests including pharmacodynamic
assessments and pharmacokinetics, were summarized. The study was not powered to detect
differences between cohorts and therefore no statistical comparisons of cohorts were
performed. Exploratory statistical analyses were performed to examine the effects of
sebelipase alfa on key activity parameters in both LAL-CL01 and LAL-CL04. Wilcoxon's
sign-rank test was used for statistical tests of change from baseline, without adjustment for
multiplicity.

Results
Nine patients met study eligibility criteria and were sequentially enrolled to one of the three
dose cohorts; all 9 patients received four weekly infusions in the LAL-CL01 study. At the
time of this analysis, seven of these patients have received sebelipase alfa through Week 12
in the LAL-CL04 study. In these 7 patients, the median (range) wash-out period off between
the last dose of sebelipase alfa in LAL-CL01 and the first dose of sebelipase alfa in LAL-
CL04 was 15.1 weeks (range 9.0 to 28.3 weeks).

Demographics and baseline disease characteristics
Baseline characteristics of the study population are described in Table 1. All patients were
Caucasian and two-thirds were male, with a mean age of 31.6 ± 10.7 years (range 19 to 45
years) at the time of enrollment. Dose cohorts were similar with respect to the patients' age
and gender. Mean body mass index was 26.8 (SD ± 6.3; range 20.5 to 42.4). Medical history
findings were consistent with those expected in this patient population. Seven patients had a
history of hepatomegaly and/or splenomegaly, and 2 patients had evidence of more
advanced liver disease; one subject in Cohort 2, had cirrhosis and portal hypertension and
one subject in Cohort 3 had periportal fibrosis. Eight of the 9 patients had clinical evidence
of hepatomegaly on physical exam. Seven (77.8%) patients also had a history of other
cardiovascular conditions. Seven (77.8%) patients were on one or more medications at
enrollment, and all 7 were receiving treatment with lipid-modifying therapies, including
ezetimibe, statins, and other medications. No change in lipid modifying therapies was made
during the studies. One patient (#3) discontinued lipid lowering medication between
completion of LAL-CL01 and beginning LAL-CL04.

Safety
LAL-CL01—All 9 patients completed LAL-CL01 with no serious adverse events,
treatment-related discontinuations, withdrawals or dose reductions. A total of 36 infusions of
sebelipase alfa were administered to the 9 patients with no infusion-related reactions, no
requirement for premedication with antipyretics or antihistamines, or modification of
infusion rate due to infusion related side effects. No anti-sebelipase alfa antibodies were
detected in any subject.

Seven of the nine patients experienced adverse events. Nausea, headache and diarrhea were
reported in 2 or more patients (Table 2). The overall frequency of adverse events was
comparable for the two highest dose cohorts and less frequent in Cohort 1. The majority of
events were mild (grade 1) and only six events in 2 patients were considered possibly related
to study drug. One subject in Cohort 3 developed asymptomatic elevation in cholesterol
(total cholesterol increased from 220 mg/dL at baseline to 772 mg/dL at Day 28), which was
classified as a grade 4 event based on the National Cancer Institute Common Terminology
Criteria adverse event grading scale used in this study (ctep.cancer.gov/reporting/ctc.html).
One additional subject in Cohort 1 had an asymptomatic increase in cholesterol to over 400
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mg/dL, from 391 mg/dL at baseline to 509 mg/dL at Day 28, which was not considered an
adverse event by the investigator. There were no clinically relevant trends in systolic or
diastolic blood pressure, heart rate, respiratory rate, or body temperature during this study.

LAL-CL04—At the time of this report, 7 of the 9 patients have transitioned into the
ongoing extension study and have been administered a total of 56 infusions over the 12
week period. With the exception of occasional episodes of mild diarrhea temporally
associated with some infusions in 2 patients, the overall safety profile through 12 weeks in
LAL-CL04 remains consistent with that in LAL-CL01 with no findings of clinical concern.
A single patient during LAL-CL04 experienced acute cholecystitis classified as a serious
adverse event but deemed by the investigator unlikely to be related to sebelipase alfa. All 7
patients remained negative for anti-sebelipase alfa antibodies through the 12 week visit.

Pharmacodynamic Activity
Liver transaminases—Following initiation of treatment with sebelipase alfa, levels of
ALT and AST decreased rapidly in 8 of the 9 patients, regardless of whether their baseline
levels were within or above the normal range. No obvious difference in response was seen
between cohorts, and therefore data were pooled for all patients. This reduction in AST and
ALT was apparent within 2 weeks of the first infusion and levels continued to decrease in
most patients through Day 28. By Day 28, approximately 1 week after the fourth infusion,
transaminases had normalized in all 6 patients with abnormal baseline ALT and in 4 (66.7%)
of 6 patients with abnormal baseline AST. For the set of all 9 patients, treatment was
associated with statistically significant decreases (p<0.05) in AST and ALT from baseline to
Day 28. The mean decreases from baseline to Day 28 were 39 ± 26 U/L (41% decrease) for
ALT and 18 ± 15 U/L (32% decrease) for AST (Figure 2). As shown in Figure 2, the mean
improvements in ALT and AST were sustained for two weeks after the last infusion but had
partially reversed 3 weeks later. There was no evidence of a dose-related effect in the time to
onset or magnitude of the reduction in AST and ALT, or in the maintenance of that effect
after discontinuation of treatment.

Transaminases, which decreased with therapy in LAL-CL01, increased in patients off
treatment. All 7 patients who re-initiated sebelipase alfa in LAL-CL04 had rapid reductions
in transaminases similar to those seen in LAL-CL01, which were sustained with the
transition to every other week dosing. In the 7 patients receiving ongoing treatment with
sebelipase alfa in LAL-CL04, the statistically significant (p<0.05) decreases at week 12 for
ALT and AST (shown as mean decrease ± SD compared to the baseline values in LAL-
CL01) were 46 ± 21 U/L (52% decrease) and 21 ± 14 U/L (36% decrease), respectively
(Figure 2).

In the one patient with a markedly elevated gamma-glutamyl transpeptidase of 203 U/L at
baseline in LAL-CL01, gamma-glutamyl transpeptidase declined to 96 U/L at Day 28 before
increasing to 187 U/L off treatment between studies. Upon reinitiating treatment in LAL-
CL04, gamma-glutamyl transpeptidase decreased to 64 U/L at week 12.

Serum lipids—Total cholesterol, triglycerides, and LDL increased in most patients
between baseline and Day 28. Increases in total cholesterol and triglycerides were observed
for 8 patients with 7 of these patients also had increases in LDL. On average, total
cholesterol increased by 140 ± 168 mg/dL (70%), triglycerides increased by 82 ± 91 mg/dL
(69%), and LDL increased by 113 ± 169 mg/dL (87%) between baseline and Day 28. The
magnitudes of the increases in these serum lipids were comparable in the two lowest dose
cohorts, and more pronounced in Cohort 3. While one subject in Cohort 3 showed changes
comparable to those seen in the 6 patients in Cohorts 1 and 2, the largest increase in total
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cholesterol, LDL, or triglycerides were seen in the other two patients in the high dose
cohort. Post treatment lipid monitoring was not performed for patients in Cohort 1. By Day
52, thirty-one days after the last dose of sebelipase alfa in LAL-CL01, 5 of the 6 patients in
Cohorts 2 and 3 had levels for each lipid parameter that were below their baseline values.
One patient had normal total cholesterol and triglycerides, and a borderline abnormal LDL
that was approaching baseline levels. HDL levels were generally stable during treatment
with sebelipase alfa in LAL-CL01, with no consistent changes between baseline and Day 28
(range -8 to +9 mg/dL).

In the 7 patients receiving ongoing treatment with sebelipase alfa in LAL-CL04 through
Week 12, all 7 patients showed decreases from their original LAL-CL01 baseline values in
triglycerides (p=0.016) and increases in HDL (p=0.016); 6 of 7 patients had decreases in
total cholesterol (p=0.047) and LDL (p=0.078). The mean ±SD decreases for total
cholesterol, LDL, and triglycerides were 44±41 mg/dL (-22%), 29 ± 31 mg/dL (-27%), and
50 ± 38 mg/dL (-28%), respectively. Mean HDL increased from 35 ± 9 mg/dL to 40 ± 9 mg/
dL (15%)(Figure 3). The one patient who did not have a decrease in total cholesterol and
LDL had discontinued lipid lowering therapy between completing LAL-CL01 and
beginning LAL-CL04.

In addition to effects on liver transaminases and serum lipids, serum ferritin decreased in all
9 patients between baseline and Day 28. Mean decreases in serum ferritin from baseline to
Day 28 were comparable for Cohort 2 (112 ± 34 ng/mL) and Cohort 3 (119 ± 69 ng/mL),
and appeared to be slightly greater than those for Cohort 1 (54± 11 ng/mL). Ferritins
measured at the beginning of LAL-CL04 were higher than the last follow-up measurements
at the conclusion of LAL-CL01 in 5 of 7 patients. Nonetheless, by week 12 of treatment in
LAL-CL04, there was a decrease in serum ferritin in all 7 patients compared to both the
baseline values in LAL-CL01 and the baseline values in LAL-CL04. Mean changes by
gender for these 7 patients are shown in Figure 4.

Discussion
Herein we report on the first–in-human experience of enzyme replacement therapy with the
recombinant human lysosomal acid lipase enzyme, sebelipase alfa, in CESD patients.
Diagnosis of CESD requires a high index of clinical suspicion as the combination of fatty
liver, elevated transaminases and dyslipidemia is also seen in patients with the much more
common diagnosis of metabolic syndrome. As is the case for some other lysosomal storage
diseases (26), substrate accumulation in LAL Deficiency is also associated with macrophage
activation, elevation of ferritin (23), and chitotriosidase (27). The results of these studies
demonstrate that sebelipase alfa is well tolerated with infrequent, mild reactions. The
majority of adverse events were mild and unrelated to study drug. Taken together, this
patient population has now received more than 90 infusions with no infusion-related allergic
or hypersensitivity-type reactions. Our initial clinical experience suggests that sebelipase
alfa may be less immunogenic than many other enzyme replacement therapies. This
decreased immunogenicity may be due to (A) the rapid clearance of sebelipase alfa from the
circulation following administration (data not shown), (B) the ubiquitous expression of
homologous lipases that may decrease the likelihood that administered sebelipase alfa will
represent a “foreign” antigen likely to induce an immune response even in patients where
the enzyme is completely absent. (28), and (C) the finding that these patients, as expected in
patients with CESD, do have some residual LAL enzyme activity (Table 1).

While the main objective of these studies was to evaluate the safety of sebelipase alfa, they
provide evidence that enzyme replacement therapy with sebelipase alfa in patients with
CESD is mobilizing accumulated lysosomal lipid, and that this is accompanied by

Balwani et al. Page 7

Hepatology. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



normalization of serum transaminases and improvements in the serum lipid profile.
Additionally, there was evidence that substrate mobilization is associated with rapid
reductions in ferritin which suggests that correction of enzyme deficiency also is
accompanied by a reduction in macrophage activation. The significant reductions in ALT,
AST and ferritin after the commencement of enzyme replacement therapy with sebelipase
alfa were rapid and sustained. The time course of the reversibility of the effects of sebelipase
alfa on these pharmacodynamic biomarkers after cessation of dosing following LAL-CL01
supports consideration of either weekly or every other week dosing.

Characteristically, some patients demonstrated elevated serum total cholesterol, LDL, and/or
triglycerides, despite having been on various regimens of lipid lowering agents (5).
Increases in total cholesterol, triglyceride and LDL were seen in all cohorts after 4 weekly
infusions of sebelipase alfa in LAL-CL01, which rapidly reversed following discontinuation
of therapy. In most patients, serum cholesterol, triglyceride and/or LDL were below their
baseline values at Day 52. The transient rise in serum total cholesterol, LDL, and
triglyceride following initiation of treatment with sebelipase alfa may be the result of
increased free cholesterol and fatty acids in the cytoplasm leading to increased secretion of
VLDL and down-regulation of the LDL receptor. The finding that there was not a
concomitant rise in either alkaline phosphatase or gamma-glutamyl transpeptidase suggests
that increases in cytoplasmic free fatty acids and cholesterol are not accompanied by
transient intrahepatic cholestasis (supplemental Figure 1). More importantly, with continued
treatment with sebelipase alfa in LAL-CL04, the mean serum total cholesterol, LDL, and
triglycerides all decreased to below original baseline levels at week 12. This trend strongly
suggests that continued sebelipase alfa treatment is correcting the dyslipidemia associated
with enzyme deficiency in addition to its effects on mobilizing accumulated lipid from the
liver, spleen, and other tissues.

Decreased HDL levels have also been described in patients with CESD and a recent study
has established a link between LAL activity, cholesteryl ester, and triglyceride breakdown
products and expression of the ABCA1 transporter which is important for reverse
cholesterol transport (29). With the more sustained dosing in LAL-CL04, HDL levels
significantly increased by week 12 compared to baseline in LAL-CL01. With enzyme
replacement, the decreases seen in LDL and triglycerides, together with the increases seen in
HDL, are important given the recognized clinical sequelae of premature atherosclerosis
reported in CESD (1, 2).

In summary, these initial human clinical studies demonstrate that sebelipase alfa is well
tolerated with an acceptable safety profile over a broad range of doses in this CESD patient
population. ,. We have established that enzyme replacement produces a rapid and sustained
reduction in transaminases in patients with CESD. Consistent with the hypothesis that
sebelipase alfa can rapidly mobilize abnormal lysosomal lipid from affected tissues in these
patients, treatment was associated with rapid but transient increases in serum total
cholesterol, LDL, and triglycerides. As anticipated from the recognized association between
CESD and dyslipidemia, continued treatment with enzyme replacement led to statistically
significant decreases to below baseline levels in not only serum total cholesterol and
triglycerides, downward trends in LDL, and but also modest but significant improvements in
HDL. Taken together, these findings provide evidence that sebelipase alfa corrects a broad
range of abnormalities associated with this inherited enzyme deficiency and has the potential
to improve the clinical course for patients afflicted with CESD.
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LAL lysosomal acid lipase
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AST aspartate aminotransferase

ALT alanine transaminase
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Figure 1.
Schema of the LAL-CL01 and LAL-CL04 trial designs.
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Figure 2. Mean hepatic transaminases (U/L) in 7 patients in the LAL-CL01 and LAL-CL04
study
ALT alanine transaminase
AST aspartate aminotransferase
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Figure 3. Mean percent change from CL01 baseline for serum lipids in 7 patients in the LAL-
CL01 and LAL-CL04 study
HDL high density lipoprotein-cholesterol
LDL low density lipoprotein-cholesterol
T-Chol Total cholesterol
Trig Triglycerides
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Figure 4. Mean serum ferritin by gender in 7 patients in the LAL-CL01 and LAL-CL04 study
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