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Abstract

Background: If symptomatic in infants, the autosomal recessive disease lysosomal acid lipase deficiency (LAL-D;
sometimes called Wolman disease or LAL-D/Wolman phenotype) is characterized by complete loss of LAL enzyme
activity. This very rare, rapidly progressive form of LAL-D results in severe manifestations leading to failure to thrive and
death, usually by 6 months of age. We report results from 2 open-label studies of enzyme replacement therapy with
sebelipase alfa, a recombinant human LAL, in infants with LAL-D: the phase 2/3 Survival of LAL-D Infants Treated With
Sebelipase Alfa (VITAL) study (NCT01371825) and a phase 2 dose-escalation study (LAL-CLO8 [CLO8]; NCT02193867). In
both, infants received once-weekly intravenous infusions of sebelipase alfa.

Results: The analysis population contained 19 patients (9 in VITAL; 10 in CLO8). Kaplan—-Meier estimates of survival to
12 months and 5 years of age were 79% and 68%, respectively, in the combined population, and the median age of
surviving patients was 5.2 years in VITAL and 3.2 years in CLO8. In both studies, median weight-for-age, length-for-age,
and mid-upper arm circumference-for-age z scores increased from baseline to end of study. Decreases in median liver
and spleen volume over time were noted in both studies. Short-term transfusion-free hemoglobin normalization was
achieved by 100% of patients eligible for assessment in VITAL, in an estimated median (95% confidence interval [Cl])
time of 4.6 (0.3-16.6) months. In CLO8, short-term transfusion-free hemoglobin normalization was achieved by 70% of
patients eligible for assessment, in an estimated median (95% Cl) time of 5.5 (3.7-19.6) months. No patient discontin-
ued treatment because of treatment-emergent adverse events. Most infusion-associated reactions (94% in VITAL and
88% in CLO8) were mild or moderate in severity.

Conclusions: The findings of these 2 studies of infants with rapidly progressive LAL-D demonstrated that enzyme
replacement therapy with sebelipase alfa prolonged survival with normal psychomotor development, improved
growth, hematologic parameters, and liver parameters, and was generally well tolerated, with an acceptable safety
profile.
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Plain Language Summary

-Lysosomal acid lipase deficiency (LAL-D) is a rare, inherited disease in which fatty material (cholesterol and triglycer-
ides) becomes trapped in cells throughout the body, causing organ damage.

-Infants can experience a particularly aggressive form of this disease where the functioning of the liver and intestine is
impaired, thus leading to an enlarged abdomen and failure to grow and thrive.

«If left untreated, LAL-D in infants leads to death, usually by 6 months of age.

- This publication reports the results from 2 studies involving 19 infants with rapidly progressive LAL-D; infants received
once-weekly intravenous infusions of sebelipase alfa for up to 3 or 5 years, depending on the study.

«Results show that with sebelipase alfa treatment, the likelihood of an infant with LAL-D surviving to 12 months of age
is 79% and the likelihood of surviving to 5 years of age is 68%.

-Throughout both studies, treatment with sebelipase alfa was associated with (1) improvements in growth (weight,
length/height, and arm circumference), (2) improvements in liver function, and (3) a decrease in liver and spleen size.

- All patients experienced 1 or more adverse events (unwanted side effects), most of which were mild or moderate in
severity; no patient stopped receiving treatment because of these events.

Keywords: Dyslipidemias, Growth, Wolman disease, Lysosomal storage diseases, Transaminases

Background

Lysosomal acid lipase deficiency (LAL-D) is a rare,
progressive, autosomal recessive disease caused by
LIPA mutations [1-3]. It is characterized by minimal
residual LAL activity in children and adults [1], which
leads to a severely impaired ability to hydrolyze cho-
lesteryl esters and triglycerides [3, 4], and by a com-
plete absence of LAL activity in infants [1], which
causes a more rapidly progressive, fatal disease course
very early in life [1, 3].

The intracellular accumulation of lipids causes
numerous disease manifestations [1, 3, 5]. In children
and adults with LAL-D, liver involvement and dyslipi-
demia similar to heterozygous familial hypercholester-
olemia dominate the clinical picture [1, 2]. Liver effects
include hepatomegaly, liver dysfunction, and hepatic
failure [1, 4]. In contrast, infantile-onset LAL-D (his-
torically called Wolman disease or LAL-D/Wolman
phenotype), a very rare form of the disease, is the most
rapidly progressive disease presentation, and is usu-
ally fatal within the first 6 months of life [1, 6-8]. The
predominant clinical features of infantile-onset LAL-D
are early growth failure, severe hepatic disease—as
evidenced by liver enlargement, elevation of transami-
nases, hyperbilirubinemia, coagulopathy, and hypoal-
buminemia—and a macrophage activation syndrome,
which are key contributors to early mortality [9-11].
Malabsorption is common in infants with LAL-D [1].
Infants are typically hospitalized within the first 2 to
3 months of life due to diarrhea, persistent vomiting,
feeding difficulty, and growth failure [12].

Sebelipase alfa (Kanuma®, Alexion Pharmaceuti-
cals, Inc.), the only approved treatment for LAL-D, is a

recombinant human LAL enzyme replacement therapy
indicated for the treatment of patients with a diagnosis
of LAL-D [13]. Infants treated with sebelipase alfa have
shown prolonged survival compared with historical
controls [8, 9]. Interim results from a phase 2/3 study
(Survival of LAL-D Infants Treated With Sebelipase
Alfa [VITAL]; also known as LAL-CL03) of 9 infants
with rapidly progressive LAL-D treated with sebeli-
pase alfa, the final results of which are reported herein,
showed that 6 (67%) survived to 12 months and 5 (56%)
survived to 24 months [9]. Among 35 historical control
patients, the median survival time was 3.7 months; 4
patients survived to at least 12 months, and 3 of those
patients underwent hematopoietic stem cell transplan-
tation (HSCT), including 1 who also received a liver
transplant [8]. The Kaplan—Meier estimate of survival
past age 12 months was 11% in the overall control pop-
ulation; in contrast, among the subset of 21 untreated
patients with early growth failure, survival at 12 months
was 0%.

We report final results from 2 studies (VITAL and
LAL-CLO8 [subsequently referred to as CLO8]) that
evaluated the safety and efficacy of sebelipase alfa in
infants with rapidly progressive LAL-D.

Results

Patients

The VITAL study enrolled patients from May 2011
through December 2013 at 8 sites in 6 countries (United
Kingdom [UK], United States [US], France, Ireland,
Egypt, and Turkey). The CLO8 study enrolled patients
from June 2014 to May 2016 at 5 sites in 4 countries (US,
Finland, and UK; 1 patient who initiated treatment in the
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Table 1 Baseline patient demographic and disease characteristics (full analysis set)

Parameter VITAL CLo8
(N=9) (N=10)
Age at first dose, months, median (range) 3.0 (1-6) 2.8(0.5-4)
Sex, n (%)
Male 5(56) 5(50)
Female 4 (44) 5(50)
Race, n (%)
American Indian or Alaska Native 0 1(10)
Asian 1(11) 6 (60)
Black 1011
White 4 (44) 1(10)
Other 0 2 (20)
Unknown 3(33)
Anthropometric parameters, median (IQR)
Weight-for-age, WHO percentile® 3.1 (1-8)P 1.1 (0.0-8)
Length (height)-for-age, WHO percentile® 1.8 (0.1-39)° 2.9 (0.6-50)°
Mid-upper arm circumference-for-age, WHO percentile® 0.01 (0.0-03) 0.001 (0.0-0.3)¢
Liver parameters, median (range)
ALT
u/L 145.0 (16-297) 37.0 (28-248)¢
pkat/L 242 (0.3-5.0) 0.62 (0.5-4.1)
AST
u/L 1250 (71-716) 995 (56-441)°
pkat/L 209 (1.2-12.0) 1.66 (0.9-7.4)°
Ferritin
pg/L (ng/mL) 586.3 (253-48,740) 1750.5 (481-3020)¢
Albumin, g/L 29.0 (13-40) 20.0 (18-29)¢
Total bilirubin
mg/dL 1.7 (0.2-27) 0.7 (0.2-3)
pmol/L 29.0 (3-464)° 120 (4-52)°
Hematologic parameters, median (range)
Hemoglobin, g/L 93.0 (1-103) 90.0 (81-131)
Platelets, 10°/L 173.0 (3-563) 146.0 (56-235)f
LAL-D manifestations, n (%)
Hepatomegaly and/or splenomegaly 9 (100) 9(90)
Diarrhea and/or vomiting 9 (100) 9 (90)
Adrenal calcification 9 (100) 5 (50)
Failure to thrive/malnutrition 9 (100) 5 (50)
Liver volume, MN, median (range) 34 (3-4)" 3.2(0.1-4)
Spleen volume, MN, median (range) 7.0 (3-10)9 5.8(0.7-15)°

ALT alanine aminotransferase, AST aspartate aminotransferase, CDC Centers for Disease Control and Prevention, IQR interquartile range, LAL-D lysosomal acid lipase
deficiency, MN multiples of normal, WHO World Health Organization

@ Based on WHO Multicenter Growth Reference Study Group, 2006 and 2007 WHO Child Growth Standards [18, 19]. After age 2, standardization is based on 2000 CDC
Growth Chart [20]
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Fig. 1 Patient Survival at End of Study

= Upper 95% confidence limit (LAL-1-NHO1)
== Survival function estimate (LAL-1-NHO1)
== Lower 95% confidence limit (LAL-1-NHO1)

== Upper 95% confidence limit (VITAL and CLO8)
=== Survival function estimate (VITAL and CL08)
== Lower 95% confidence limit (VITAL and CLO8)

Proportion of Patients Surviving

18 24 30 36 42 48 54 60
. . Age (mo)
Patients at risk (n) (VITAL and CL08):
19 15 15 13 13 12 1" 5 5 5 3
Patients at risk (n) (LAL-1-NHO01):
21 1 0 0 0 0 0 0 0 0 0

Fig. 2 Kaplan—-Meier Estimate of Survival, Birth to 60 Months. Kaplan-Meier estimates in VITAL and CLO8 study participants compared with
untreated infants with growth failure due to rapidly progressive LAL-D (natural history study LAL-1-NHO1) [9]. The patient population in LAL-1-NHO1
was similar in clinical characteristics to VITAL and CLO8 patient populations. Adapted with permission from Orphanet Journal of Rare Diseases (Jones
et al. [9]). LAL-D, lysosomal acid lipase deficiency

UK subsequently transferred to a site in Italy to receive
treatment). Nineteen patients were enrolled (10 males, 9
females) and received treatment in the 2 studies (VITAL,
N=9; CL08, N=10); 13 patients completed the studies
or switched to the commercial product upon study ter-
mination (CLO8 only) (VITAL, n=5; CL08, n=38). Six
patients died during the studies (4 in VITAL and 2 in

CLO08); none of the deaths was considered to be related
to sebelipase alfa treatment. Baseline demographic and
disease characteristics of the treated patients are summa-
rized in Table 1. The CL0O8 population appeared to have
more severe disease at baseline, based on lower World
Health Organization (WHO) percentiles for weight-for-
age and mid-upper arm circumference-for-age.
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Fig. 3 Median Weight-for-Age z Scores. Data reported weekly through week 16, then every 4 weeks through week 156 in both studies, then at
week 192 (month 48) and week 240 (month 60) in VITAL only. The horizontal line indicates the threshold for underweight [14]

Efficacy

Survival

Patient survival in each study is shown in Fig. 1. The
median (range) age of surviving patients at end of study
was 5.2 (4.8-5.6) years in VITAL and 3.2 (2.3-3.4) years
in CLO8. In VITAL, the Kaplan—Meier estimate of sur-
vival to 12 months of age was 67%, and to 4 years was
56%. In CLO8, the Kaplan—Meier estimate of survival to
12 months of age was 90%, and to 3 years was 80%. In
the combined population, the Kaplan—Meier estimate of
survival to 12 months of age was 79%, and to 5 years was
68%. After excluding the 4 patients who died after receiv-
ing 4 or fewer infusions of sebelipase alfa, the Kaplan—
Meier estimate of survival to 12 months of age was 100%
and to 5 years was 87% in the combined population. In
Fig. 2, the survival analysis for the combined population
is compared with a similar analysis of 12-month data
from untreated infants with growth failure due to rapidly
progressive LAL-D (natural history study LAL-1-NHO1),
in which none of the untreated infants survived past
12 months of age [9].

Growth and functional development

Median weight-for-age z scores in VITAL and CL08
are shown in Fig. 3; the horizontal line at—2 stand-
ard deviations indicates the threshold for underweight
established by the United Nations Children’s Fund [14].
The median (range) z score increased from —1.875
(—4.79 to 0.74; n=_8) at baseline to —0.669 (—1.41 to
1.87; n=5) at week 240 (month 60; last visit with data
available for >4 patients) in VITAL, and from —2.515
(—4.45 to 0.84; n=10) at baseline to 0.711 (—0.51 to

1.08; n=5) at week 156 in CL08. The median (range)
length-for-age z score increased from — 2.290 (—3.91 to
0.87; n=28) at baseline to —0.386 (—1.90 to 1.76; n=05)
at week 240 (month 60; last visit with data available
for > 2 patients) in VITAL, and from — 1.900 (— 3.20 to
0.47; n=9) at baseline to 0.209 (—1.20 to 0.73; n=5)
at week 156 in CL08. Median mid-upper arm circum-
ference-for-age z scores in VITAL and CL08 are shown
in Fig. 4. The median (range) mid-upper arm circum-
ference-for-age z score increased from —4.450 (—5.98
to —2.50; n=4) at baseline to—0.490 (—1.96 to 0.43;
n=23) at week 84 (month 21; last visit with data availa-
ble for > 2 patients) in VITAL, and from — 4.200 (— 5.88
to —1.73; n=5) at baseline to 0.190 (—1.42 to 1.08;
n=>5) at week 84 (last visit with data available for>2
patients) in CL08.

In both studies, patients remained generally stable in
all 4 skill areas of the Denver II Developmental Screen-
ing Test (language, fine motor—adaptive, gross motor,
personal-social) through end of study. In VITAL, none
of the surviving patients was untestable on a postdose
assessment, and no patient treated for at least 24 weeks
tested as “abnormal” in any skill area at any time point.
In CLO8, no patient treated for at least 24 weeks was
untestable in any skill area at any subsequent time
point.

Liver, hematologic, and lipid effects

Liver function, hematologic measures, and lipid lev-
els at baseline and end of study are shown in Table 2.
Median alanine aminotransferase (ALT) levels over time
in VITAL and CLO8 are illustrated in Fig. 5. In VITAL,
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Fig. 4 Median Mid-Upper Arm Circumference-for-Age z Scores. Data reported at weeks 0, 4, 8, 12, 16 in VITAL and CL08, at weeks 20 and 24 in VITAL
only, and then every 12 weeks from week 36 through week 96 in both studies; values are shown only for the weeks at which data are available from

among the 6 patients who survived beyond week 4, 4 had
abnormal ALT levels at baseline, and all 4 experienced
normalization of ALT during sebelipase alfa treatment.
Similarly, 4 of 6 patients who survived beyond week 4
had abnormal aspartate aminotransferase (AST) levels
at baseline, and all 4 experienced normalization of AST
during treatment. In CL08, normalization of ALT was
achieved for the 3 patients with abnormal baseline ALT
levels, and normalization of AST was achieved for 50%
of patients with abnormal baseline AST levels. As shown
in Table 2, decreases in median liver and spleen volume
over time were noted in both studies.

Liver biopsy was not obtained at baseline in VITAL or
CLO08 due to the critically ill status of the infants and the
potential risks associated with the procedure. In VITAL,
1 patient underwent a liver biopsy (and a lymph node
biopsy) on day 578 for abdominal adenomegalies and
suspicion of malignancy; pathology results relating to
LAL-D were not reported. No other patients in VITAL
underwent liver biopsy. In CLO08, liver histopathology
data were available for 6 patients. At the first assessment
(on or after week 48), patients generally had relatively lit-
tle fibrosis (as indicated by Ishak score), microvesicular
steatosis, and lobular or portal inflammation, and low
scores for percentages of collagen, macrophages, and
fibrogenic cells. Four patients in the study had repeated
assessments, with the first assessment occurring at either
week 48 (3 patients) or week 63 (1 patient) and follow-up
assessments at week 96 (3 patients), week 119 (1 patient),
and/or week 152 (1 patient). A review of the changes in
liver histopathology in these 4 patients did not suggest
any consistent trends over time.

Marked decreases in median serum ferritin levels
occurred from baseline to end of study in both studies
and median albumin levels and median hemoglobin lev-
els increased in both studies (Table 2). Depending on the
clinical status, patients received transfusions or blood
products as part of their clinical care.

Transfusion-free hemoglobin normalization (TFHN)
of at least 4 weeks (short-term TFHN)—which meant
that hemoglobin levels were consistently above the age-
adjusted lower limit of normal over a minimum period
of 4 weeks, with no transfusions during this period or
for 2 weeks prior to the first hemoglobin measurement
in the period—was achieved by the 6 (100%) patients
in VITAL who were eligible for assessment, which
included the 3 patients who had low hemoglobin lev-
els at baseline. The estimated median (95% confidence
interval [CI]) time to achieve TFHN was 4.6 (0.3-16.6)
months. Two of these patients also achieved TFHN
maintenance of 13 weeks or more (sustained early
TFHN). In CLO08, short-term TFHN was achieved by
7 (70%) patients, with an estimated median (95% CI)
time to achieve TFHN of 5.5 (3.7-19.6) months. Most
patients maintained TFHN for at least 13 weeks; how-
ever, no patient met the formal criterion for TFHN
maintenance, because TFHN was not attained until
after week 8.

Median (range) levels of total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cho-
lesterol, and triglycerides are summarized in Table 2; in
general, lipid data were more limited, but available data
suggest trends toward improvement in the serum lipid
profile of patients in both studies. In VITAL, 4 patients
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Parameter VITAL (N=9) CLO8 (N=10)
Baseline (n=9), End of study?® (n=4), Baseline (n=9), End of study" (n=5),
median (range) median (range) median (range) median (range)

ALT

u/L 145.0 (16-297) 26.5(18-38) 37.0 (28-248) 29.0 (22-106)

pkat/L 242 (0.3-5.0) 0.44 (0.3-0.6) 0.62 (0.5-4.1) 048 (0.4-1.8)
AST

u/L 125.0 (71-716) 44.5 (41-54) 99.5 (56-441)¢ 44,0 (38-110)

pkat/L 209 (1.2-12.0) 0.74 (0.7-0.9) 1.66 (0.9-7.4) 0.73 (0.6-1.8)
Ferritin

pg/L (ng/mL) 586.3 (253-48,740)¢ 93.5 (42-123) 1750.5 (481-3020)¢ 62.1 (49-75)

Albumin, g/L 29.0 (13-40) 32.0(27-37) 20.0 (18-29) 33.0 (20-37)f

Hemoglobin, g/L 93.0 (1-103) 115.5(99-123) 90.0 (81-131)¢ 113.0 (103-129)
Total cholesterol

mg/dL 139.2 (67-225)¢ 112.1 (93-131)" 125.7 (97-1063)! 106.3 (85-205)"

mmol/L 36 (2-6)° 29(2-3)" 33(3-29) 2825
LDL-C

mg/dL 109.4 (19-194)° 64.2 (63-75)" 119.0 (62-143)" 76.6 (53-137)"

mmol/L 2.8 (0.5-5)¢ 17 2-2)" 314" 20(1-4)"
HDL-C

mg/dL 89 (0-10)¢ 189 (13-19) 94 (8-12)f 13.1 (1329

mmol/L 02 (0.0-0.3)° 05 (03-05)" 0.2 (0.2-03)f 03(03-08)"
Triglycerides

mag/dL 163.9 (31-218)¢ 99.2 (90-237)" 265.7 (71-424)9 151.1 (133-195)"

mmol/L 9(0.4-3)9 1(1-3)" 0 (0.8-5)9 702-2)"

Liver volume, MN 4 (3-4)" 6(03-3)" 2(0.1-4) 9(1-2)¢

Spleen volume, MN 0(3-11)° 6(2-7)M 8(0.7-15)¢ 0 (2-6)¢

ALT alanine aminotransferase, AST aspartate aminotransferase, HDL-C high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MN, multiples of

normal
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received lipid-modifying agents (cholestyramine, n=3;
other, n=1). Of these 4 patients, 3 were on a lipid-
modifying agent at the start of the study and continued
receiving it throughout the study at the same dose or a
higher dose; the fourth patient started a lipid-modifying
agent during the study and the dose was increased during
the study. In CLO8, lipid-modifying medication (fenofi-
brate 145 mg once daily) was routinely administered to
1 patient throughout the entire study. This patient also
received 2 potentially lipid-modifying agents (Carthamus

tinctorius oil and omega-3-acid ethyl ester) from day 651
through end of study; 2 other patients received treatment
with transient courses of lipid-modifying agents (atorv-
astatin [a 13-day course] or cholestyramine [several brief
courses]).

Nutritional status

Treatment with sebelipase alfa was associated with
a trend toward normalization of diet, although most
patients still required some form of nutritional
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Fig. 5 Median ALT Levels. To convert to SI units (ukat/L), multiply by 0.0167. ALT, alanine aminotransferase. * Patient n numbers are for weeks 32 and

Table 3 Summary of adverse events (full analysis set)

Event VITAL (N=9), CLO8 (N=10),
n (%) n (%)
Any TEAE 9 (100) 10 (100)
Mild or moderate TEAEs 0(0) 3(30)
Any treatment-related or possibly related TEAE 6 (67) 8 (80)
Any SAE 9 (100) 10 (100)
Any treatment-related or possibly related SAE 1011) 5(50)
Any IAR 5 (56) 8(80)
Mild or moderate IARs 5(56) 6 (60)
Dose modification due to a TEAE? 7 (78) 7 (70)
Discontinuation due to a TEAE 0(0) 0(0)
Death 4 (44) 2 (20)

IAR infusion-associated reaction, SAE serious adverse event, TEAE treatment-emergent adverse event

2 Includes dose increases, dose decreases, drug interruptions, and study drug withdrawal

modification (eg, medium-chain triglyceride formula,
fat-restricted diet, or fat-soluble vitamin supplementa-
tion). In the combined studies, 9 of 13 surviving patients
required parenteral nutrition at some point during the
study, typically at initiation of therapy or during intercur-
rent illness. In both studies, frequent adjustments were
made to meet the nutritional needs of each patient dur-
ing treatment.

Safety

A total of 1249 infusions were administered in VITAL,
and 1193 infusions were administered in CL08. Treat-
ment-emergent adverse events (TEAEs) were reported

for all 19 patients in the 2 studies (Table 3). No patient
discontinued treatment because of TEAEs. Ninety-
five percent of TEAEs in VITAL and 98% in CLO8
were mild or moderate in severity; 4 patients (44%) in
VITAL and 7 patients (70%) in CLO8 experienced 1 or
more severe TEAEs. In VITAL, reporting of TEAEs by
severity included 4 patients who died and 1 who had
life-threatening TEAEs (diarrhea, dehydration, and
metabolic acidosis; all considered serious, unrelated to
sebelipase alfa, and recovered/resolved). The most fre-
quently reported TEAEs that were considered related
or possibly related to treatment (occurring in >30%
of patients) were: vomiting, pyrexia, and urticaria in
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VITAL, and tachycardia, vomiting, pyrexia, irritability,
agitation, respiratory distress, tachypnea, and urticaria
in CLO8. Serious adverse events (SAEs) were reported
in all 19 patients. Serious adverse events related or pos-
sibly related to study drug were reported in 6 patients,
1 (11%) in VITAL and 5 (50%) in CLO8; with the excep-
tion of 1 patient in CL08, these were infusion-associ-
ated reactions (IARs). The patient in CL08 who had a
non-IAR SAE had initiated sebelipase alfa treatment at
2 weeks of age and developed hypertension and mod-
erate proteinuria at 6 months of age, along with high
anti-drug antibody (ADA) titers. The patient received
treatment with amlodipine, rituximab, and bortezomib,
and underwent HSCT at 30 months. Six months after
HSCT, the patient developed nephrotic syndrome, sus-
pected to have resulted from the deposition of circulat-
ing soluble immune complexes in the glomerulus, and
received multiple albumin infusions, furosemide, pred-
nisolone, lisinopril, and bortezomib. The patient’s pro-
teinuria had almost normalized by 8 months [15].

Infusion-associated reactions were reported in 13
of 19 patients. Of the 54 IARs reported in VITAL, 94%
were mild or moderate in severity, and of the 98 IARs
reported in CLO8, 88% were mild or moderate in sever-
ity. The most frequently reported IARs in VITAL were
pyrexia (33%), urticaria (33%), vomiting (33%), tachycar-
dia (22%), and pallor (22%); in CL08, they were tachy-
cardia (70%), pyrexia (60%), irritability (50%), agitation
(40%), and urticaria (40%). One patient in CLO8 experi-
enced IARs that required a per-protocol desensitization
procedure involving administration of lower concen-
tration solutions of sebelipase alfa over prolonged infu-
sion times, with stepwise increases in infusion rate and
an increase in dose from 0.35 mg/kg once weekly (qw) to
the full planned dose of 3.0 mg/kg qw over the initial 4
infusions of the desensitization period [16]. In all other
patients IARs were successfully managed and resolved
using local regular treatment protocols, as in studies of
other enzyme replacement therapies [17].

As noted previously, 6 patients died during the studies;
none of the deaths was considered to be related to sebe-
lipase alfa treatment. In VITAL, 3 of the 4 patients died
after receiving up to 4 doses of sebelipase alfa (1 patient
died at 2.8 months of age due to liver failure as a result of
LAL-D; 1 patient died at 3.0 months of age due to peri-
toneal hemorrhage following a non-study-related pro-
cedure [abdominal paracentesis]; and 1 patient died at
4.3 months of age due to cardiac arrest). One patient in
VITAL had sudden cardiac death at 15.0 months of age.
In CLO08, 1 patient died at 4.9 months of age from pericar-
dial effusion due to necrosis of the atrial wall associated
with leakage from an indwelling intravenous (IV) line,
and 1 patient died at 13.8 months of age from septicemia.
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Table 4 Sebelipase alfa dosing status and immunogenicity

VITAL(N=9) CL08 (N=10)

Final dose, surviving patients, n/N 5/9 8/10
1.0 mg/kg qw, n 0 1°
3.0 mg/kg gqw, n 3 3
5.0 mg/kg qw, n 2 4
Week of first 3.0 mg/kg dose, median 14 (6-91) 12 (4-58)
(range)®
Immunogenicity during the study®
Anti-drug antibody test, n positive/N 4/7 6/10
tested

Neutralizing assay, n positive/N tested ~ 3/4 6/6
Inhibit cellular uptake of LAL 3/4 6/6
Inhibit LAL enzyme activity 2/4¢ 6/6

LAL lysosomal acid lipase, gw once weekly

2 One patient received successive dose escalations up to a maximum dose
of 7.5 mg/kg qw. This patient had subsequent successive dose reductions to
1.0 mg/kg qw after a successfully engrafted bone marrow transplant at week
101

5 Among surviving patients
¢ Among all patients with posttreatment assessments

9 These patients also had neutralizing antibodies that inhibit cellular uptake of
LAL

Table 4 summarizes the final doses of sebelipase alfa
among surviving patients at the end of the VITAL and
CLO8 studies and immunogenicity results during the
studies. One patient in VITAL switched to an every-
other-week (qow) dosing regimen beginning at week
122, but ultimately reverted back to a qw dosing regimen
beginning at week 155 due to elevated serum transami-
nase levels during qow dosing; serum transaminases
returned to within the normal range with qw dosing.
Three additional patients in VITAL had isolated instances
of qow dosing during the study, including 1 patient who
was intermittently hospitalized due to intercurrent ade-
novirus and rotavirus infections. No patient in CLO8
switched to a qow regimen.

In VITAL, among 7 patients with posttreatment immu-
nogenicity data, 4 (57%) were positive for ADAs during at
least 1 assessment. Anti-drug antibody positivity was first
detected at week 5 for 1 patient, week 8 for 2 patients,
and week 59 for 1 patient, and ADA positivity persisted
(>1 ADA-positive result) in all 4 patients. One patient
remained ADA-positive at the majority of assessments
from the initial ADA-positive result at week 5 through
the end of the study, 2 patients were ADA-positive at the
majority of assessments for a period of 110 or 208 weeks
but then tested ADA-negative for the remainder of the
study, and 1 patient had only intermittent low-titer ADAs
interspersed with periods during which results were
ADA-negative. Among the 4 ADA-positive patients, peak
titers ranged from 223 to 4721; these were reported at
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the follow-up visit in the patient with intermittent low-
titer ADAs, and between weeks 35 and 216 in the other 3
patients. Those 3 patients had titers that decreased dur-
ing continued treatment with sebelipase alfa; 2 of these 3
patients tested ADA-negative at multiple assessments at
the end of the study. Three of the 4 ADA-positive patients
tested positive for neutralizing antibodies that inhibit the
cellular uptake of LAL, 2 of whom also tested positive for
antibodies that inhibit LAL enzyme activity.

In CLO8, 6 patients developed ADAs during treatment,
with positivity first detected at week 5 for 1 patient,
week 8 for 2 patients, and weeks 12, 20, and 60 (1 patient
each). Two of these patients tested ADA-positive at their
first postdose assessment (at week 8 and week 12), and
therefore may have developed ADAs prior to this time
point. The 4 patients who tested ADA-positive at or
prior to week 12 all had high antibody titers, with peak
titers ranging from 46,774 to 302,963 between weeks 86
and 118; the patient who tested ADA-positive at week
20 had a moderate antibody titer that peaked at 2958 at
week 84 and fluctuated but showed a decreasing trend
through the end of the study, and the patient who had
tested ADA-positive at week 60 continued to have low-
titer ADAs throughout treatment with a peak titer of
292 at the follow-up visit. All 6 ADA-positive patients
tested positive for neutralizing antibodies that inhib-
ited both LAL enzyme activity and cellular uptake. Data
suggested that neutralizing antibodies had an impact on
clinical response in 3 patients. These 3 patients had per-
sistent and notably higher ADA titers (peak titers rang-
ing from 222,070 to 302,963) than the ADA-positive
patients in whom sebelipase alfa efficacy was not affected
(peak titers ranging from 292 to 46,774). The 3 unrelated
patients in whom sebelipase alfa efficacy was affected by
ADAs had a complete deletion of LIPA, including the
neighboring gene for cholesterol 25-hydroxylase, CH25H
(Table 5). In these 3 patients, the development of high
ADA titers was associated with decreased weight for
age and other parameters of failure to thrive, suggestive
of decreased clinical efficacy. Loss of efficacy resulted in
sebelipase alfa dose increases (all 3 patients) and other
clinical measures, such as bone marrow transplant (week
101) and immunomodulatory therapy with bortezomib
(week 108) (n=1) and immunomodulatory therapy and
immune supplementation therapy with IV immunoglob-
ulin, rituximab, and bortezomib (intermittently between
weeks 85 and 128), followed by HSCT and bortezomib
(week 131) (n=1). After undergoing bone marrow trans-
plant or HSCT, these patients were able to re-establish
clinical efficacy at a reduced dose of sebelipase alfa,
which was associated with a decrease in the ADA titer.
There was no clear relationship between ADA status and
the risk of IARs.
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Discussion

In these 2 open-label clinical studies of infants with rap-
idly progressive LAL-D, enzyme replacement therapy
with sebelipase alfa qw for up to 5 years (VITAL) or up
to 3 years (CLO8) prolonged survival, with normal psy-
chomotor development. In VITAL, the Kaplan—Meier
estimate of survival to 12 months of age was 67% and
to 4 years was 56%. In CLO8, the estimates were 90%
to 12 months of age and 80% to 3 years. For the com-
bined studies, the Kaplan—Meier estimate of survival to
5 years was 68% in all patients and 87% in patients who
received more than 4 infusions of sebelipase alfa. In con-
trast, untreated infantile-onset LAL-D is typically fatal by
6 months of age [1, 6, 7], and in a population of untreated
infants with LAL-D with growth failure in a natural his-
tory study (LAL-1-NHO1), none survived past 12 months
of age [8]. At the end of the respective studies, the
median age of surviving patients was 5.2 years in VITAL
and 3.2 years in CL08.

Improvements in liver function and weight gain with
sebelipase alfa treatment were sustained over time. While
liver histopathology data did not show any consistent
trends over time, the lack of baseline data and limited
number of patients who underwent the optional liver
biopsy procedure (n=4 in CL08) preclude any firm con-
clusions. Possible reasons for the improved survival and
weight gain observed in CLO8 compared with VITAL
may be related to an evolution in the understanding of
disease management in the later CLO8 study, leading to
better nutritional management and earlier initiation,
using a higher starting dose, and faster dose escalation
of sebelipase alfa in CLO8 compared with VITAL. The
results suggest that starting treatment as early as pos-
sible may allow for the achievement of better outcomes.
Comparison of baseline characteristics between VITAL
and CLO8 suggests there was a more severely affected
population in CLO8, with a lower weight for age and a
smaller mid-upper arm circumference for age. Base-
line mid-upper arm circumference data suggest more
severe malnutrition than would be predicted by weight
alone, which was potentially confounded by the pres-
ence of abdominal organomegaly and ascites. Although
detailed nutritional data were not collected in these stud-
ies, information from the treating centers indicated that
many patients still required a highly modified, low-fat
diet. Achievement of optimal outcomes in this group of
infants with complex disease requires a multidisciplinary
approach to treatment and care, including early initiation
and adequate dosing of sebelipase alfa along with a modi-
fied, fat-reduced diet.

Sebelipase alfa was generally well tolerated, consist-
ent with its known safety profile [13]. No patient discon-
tinued treatment because of TEAEs, and none of the 6
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Table 5 LIPA genotype (assessed by central laboratory)
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Study Patient # Allelic mutations Effects of mutation Variant severity
VITAL
1 ND NA NA
2 c46A>CHOMC p.Thr16Pro rs1051338 Common variant
c.676-42G>AHET Intronic rs1556478 Common variant
€966 +46C>THET Intronic rs3802656 Common variant
894G >AHET p.GIN298GINn rs116928232 Documented pathogenic
c455T>CHET p.Leul52Pro VUS
3 C.884A>GHET p.His295Arg VUS
4 €539-5C>THET Intronic rs2297472 Common variant
c482delAHET p.Asn161llefs*19 Documented pathogenic
c538G>AHET p.Gly180Ser VUS
5 €539-5C>THET Intronic rs2297472 Common variant
€.676-42G>A HOM Intronic rs1556478 Common variant
€966 +46C>T HOM Intronic rs3802656 Common variant
c.193C>THET p.Arg65Stop Documented pathogenic
894G >AHET p.GIN298GIn rs116928232 Documented pathogenic
c419G>CHOM p.Trp140Ser VUS
c676-2A>G HOM Intronic Documented pathogenic
€.350_351insCC HET p.Met117llefsStop45 Expected
c797G>THET p.Gly266Val Pathogenic VUS
ND NA NA
c67G>AHOM p.Gly23Arg rs1051339 Common variant
€539-5C>THET Intronic rs2297472 Common variant
260G >T HOM p.Gly87Val Documented pathogenic
CLos8
1 ¢.594dupT HOM p.Ala199Cysfs*13 Documented pathogenic
2%b c67G>AHOM p.Gly23Arg Common variant
€539-5C>T HOM Intronic Common variant
3 ND NA NA
4 ND NA NA
52 ND NA NA
6° ND NA NA
7 €229G>THOM Intronic Documented pathogenic
ND NA NA
c46A>C HOM p.Thr16Pro Common variant
c658C>T HOM p.Pro220Ser VUSe
€539-5C>T HOM Intronic Common variant
894+ 1G>AHOM Splicing Documented pathogenic
10 c892C>Td p.GIn298* Documented pathogenic

HET heterozygous, HOM homozygous, NA not applicable, ND not done, VUS variant of unknown significance

2 Patient was homozygous for whole LIPA deletion, including the neighboring gene for cholesterol 25-hydroxylase, CH25H, based on testing at a local laboratory

b Gene sequencing data from the central laboratory identified 2 polymorphisms, both common variants for the patient. It is recognized that the results from
the central and local laboratories are discrepant, in that allelic variants should not have been detected in a patient who is homozygous for a whole LIPA deletion.

Investigation into the cause of this discrepancy is ongoing

¢ Novel missense mutation

d The testing laboratory did not report whether the patient was heterozygous or homozygous for the given allelic mutation; however, both parents were

heterozygous for this mutation

deaths that occurred during the study was considered to
be related to treatment with sebelipase alfa. Of the IARs
reported in VITAL and CLO08, 94% and 88%, respectively,
were mild or moderate. Desensitization was required for
1 patient in CLO8. This involved administration of lower-
concentration solutions of sebelipase alfa over prolonged

infusion times, and ultimately led to the ability to admin-
ister the full planned dose, demonstrating that success-
ful implementation of rapid desensitization is possible
in affected patients [16]. The incidence of neutralizing
antibodies was higher in CL0O8 (100% of patients with
ADAs) than in VITAL (75% of patients with ADAs). In
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the combined studies, 8 of 10 patients tested positive for
neutralizing antibodies that inhibited both LAL enzyme
activity and cellular uptake, 1 patient tested positive for
neutralizing antibodies that inhibited cellular uptake
only, and 1 tested negative for neutralizing antibodies. In
patients without whole LIPA deletion, ADA titers in the
patient who tested positive for neutralizing antibodies
that inhibited cellular uptake only (peak=296) and the
patient who tested negative for neutralizing antibodies
(peak=223) were generally much lower and less vari-
able than in patients who tested positive for neutralizing
antibodies that inhibited both LAL enzyme activity and
cellular uptake (peak range =292-46,774). The 3 patients
with whole LIPA deletion had peak ADA titers exceeding
222,000. Although there was considerable fluctuation in
ADA titers over time, there was a trend toward reduction
with continued sebelipase alfa treatment. A total loss of
LAL enzyme expression may increase the risk of immu-
nogenicity, which could contribute to ADA development
in some patients. Although there was no clear relation-
ship between genotype and development of ADAs or
occurrence of IARs in VITAL, CLO8 contained patients
with a more severe LAL-D genotype, including 3 patients
with a complete deletion of LIPA, all of whom developed
high-titer ADAs during treatment with sebelipase alfa
and had diminished clinical efficacy over time.

These studies assembled and investigated an ultrarare
disease patient population, had a long duration and fol-
low-up, and included a comprehensive battery of clinical,
laboratory, and developmental and social outcome meas-
ures. Their limitations include their open-label designs
and small population sizes, which are consistent with a
rare disease study and make it difficult to distinguish
dose effects and do not allow for statistical comparisons.
In addition, their lack of a placebo group required the use
of a historical control population as a reference. It will
be of interest to determine whether potential predictors
of survival can be identified in future analyses of infants
with rapidly progressive LAL-D.

Conclusions

In 2 studies of infants with rapidly progressive LAL-D,
sebelipase alfa enzyme replacement therapy prolonged
survival, with normal psychomotor development in sur-
viving patients as assessed by the Denver II Develop-
mental Screening Test, improved growth and liver and
lipid parameters, and was generally well tolerated, with
an acceptable safety profile that was consistent with that
seen in other sebelipase alfa clinical studies. The majority
of surviving patients were ADA-positive during at least 1
assessment; however, an association with clinical efficacy
and safety cannot yet be established based on these data.
These findings support the long-term efficacy and safety
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of sebelipase alfa treatment in infants with rapidly pro-
gressive LAL-D and the importance of making a timely
diagnosis to allow for early treatment.

Methods

Study designs

Both studies were open-label dose-escalation stud-
ies; VITAL was a phase 2/3 study, and CLO8 was a
phase 2 study (ClinicalTrials.gov registration numbers:
NCT01371825 and NCT02193867, respectively). Eligible
participants received qw IV infusions of sebelipase alfa
for up to 3 years (CLO8) or 5 years (VITAL). The primary
objective of VITAL was to evaluate the effect of sebeli-
pase alfa therapy on survival at 12 months of age in chil-
dren with growth failure due to LAL-D, and that of CLO08
was to evaluate the safety and tolerability of sebelipase
alfa in infants with rapidly progressive LAL-D. A second-
ary objective was to evaluate the effect of sebelipase alfa
therapy on survival at (CL08) and past 12 months of age
(VITAL and CL08).

Patients

Both studies required participants to have a laboratory-
confirmed diagnosis of LAL-D (LAL activity or molecu-
lar testing). Key inclusion criteria for VITAL were growth
failure or evidence of a rapidly progressive disease course
with onset before 6 months of age; growth failure was
defined by crossing below the 2nd percentile lines on
standard weight-for-age curves over time, or below 10th
percentile weight-for-age lines and falling from the curve,
or loss of 5% or more of birth weight. For CL08, eligible
patients were required to show signs or symptoms of
rapid disease progression requiring urgent medical inter-
vention, including, but not limited to: (1) marked abdom-
inal distension and hepatomegaly; (2) failure to thrive,
as evidenced by weight-for-height at least 2 standard
deviations below the mean for sex and age; weight curve
crossed downward by more than 2 major percentile lines
on the WHO growth curves after a previous stable pat-
tern of growth; (3) disturbance of coagulation; (4) severe
anemia; (5) a sibling with a rapidly progressive course of
LAL-D.

Patients were excluded from the studies if they had a
clinically important concurrent disease or comorbid-
ity or had received a previous hematopoietic stem cell
or liver transplant. Patients were excluded from VITAL
if they were more than 24 months of age at enrollment;
patients more than 8 months of age on the date of the
first infusion of sebelipase alfa were not eligible for the
primary efficacy analysis (survival to 12 months of age).
Patients were excluded from CLOS if they were more than
8 months of age at the time of the first dose of sebelipase
alfa.
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VITAL CcLo8
3rd dose escalation 50 < 2nd dose escalation
2nd dose escalation 3.0 < 1st dose escalation

(24 infusions) (24 infusions)

Initial dose

1st dose escalation 10 <
(24 infusions) ‘

Initial dose
(22 infusions)

Dose (mg/kg qw)
Fig. 6 Dose Escalation in VITAL and CLO8

Dosing

Both studies permitted dose escalations of sebelipase alfa
for eligible patients (Fig. 6). In VITAL, the starting dose
was 0.35 mg/kg qw, with escalation to 1.0 mg/kg. If any
patient met protocol-defined dose-escalation criteria (see
the Additional file 1: Protocol-Defined Dose Escalation
Criteria), escalation to 3.0 mg/kg was considered. Further
escalation to 5.0 mg/kg was permitted at the discretion of
the investigator and study sponsor in patients who con-
tinued to meet dose-escalation criteria [9]. In CLO08, the
initial dose was 1.0 mg/kg qw, with escalation to 3.0 mg/
kg for patients who met protocol-defined dose-escalation
criteria. Dose escalation to 5.0 mg/kg was considered for
patients who continued to meet dose-escalation criteria.
Under a country-specific protocol amendment, patients
in the UK could be considered for a further dose escala-
tion to 7.5 mg/kg qw if a thorough case review indicated
that a patient continued to have evidence of disease pro-
gression at a dose of 5.0 mg/kg qw.

In both studies, patients who were on treatment for at
least 96 weeks and who had been receiving a stable dose
of sebelipase alfa for at least 24 weeks could be consid-
ered for a change in dosing schedule to qow infusions
of sebelipase alfa. Such patients received the same dose
per infusion that they had been receiving on their stable
qw dosing schedule. Any subject receiving qow dosing
who subsequently met criteria for dose escalation was
to either revert to his/her stable qw dosing schedule or,
if applicable, escalate from 1.0 mg/kg qow to 3.0 mg/kg
qow. After dose escalation, dose reduction could be con-
sidered if a patient could not tolerate a higher dose.

Efficacy assessments
The major efficacy assessments across both studies were
the effect of treatment on survival, growth and functional
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development, liver, hematologic, and lipid parameters,
and nutritional status. Growth assessments included
weight-for-age, length-for age, and mid-upper arm
circumference-for-age z scores relative to WHO child
growth standards [18-20]. Functional development was
assessed by the clinician at baseline and at various time
points throughout the studies with the Denver II Devel-
opmental Screening Test, a standardized measure that
assesses fine motor—adaptive, gross motor, personal-
social, and language skills [21].

Liver, hematologic, and lipid parameters

Changes from baseline in serum ALT, AST, ferritin, and
albumin levels were measured over time in both stud-
ies. Abdominal imaging with ultrasound was used to
measure liver and spleen volumes over time, and imag-
ing results were reviewed locally and centrally. Liver and
spleen volumes were expressed in terms of multiples of
normal, in which normal was defined as 2.5% and 0.2% of
body weight, respectively.

During VITAL, the protocol was amended to include
optional liver biopsies for evaluation of hepatic histology
after a patient had completed at least 1 year of treatment,
with consent from the patient’s parent or legal guard-
ian and where local regulations permitted, and subject
to discretionary approval from each center’s institu-
tional review board/independent ethics committee. Liver
biopsy procedures were to be performed according to the
local institutional practices by a qualified professional.
All biopsies collected were to be centrally evaluated by
a pathologist with the appropriate expertise. This evalu-
ation would include an assessment of the overall disease
activity, as well as a description of specific histopatho-
logical features of the disease. In CL08, optional liver
biopsies for evaluation of hepatic histology were obtained
at weeks 48, 96, and 144. As in the VITAL study, liver
biopsies were performed with consent from the patient’s
parent or legal guardian and where local regulations per-
mitted; were subject to discretionary approval from each
center’s institutional review board/independent ethics
committee; and were to be performed according to the
local institutional practices by a qualified professional.
Sites were provided with a histopathology manual detail-
ing the procedures for collecting and processing the liver
biopsy specimens. All biopsies were centrally evaluated
by an independent expert hepatopathologist from Inova
Fairfax Hospital (Falls Church, VA, US). Liver histopa-
thology was largely based on a thorough examination of
sections stained with hematoxylin and eosin:
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+ DPercent steatosis by morphometry

» Portal inflammation (scored 0-4), where 0=none;
1=mild, some or all portal areas; 2=moderate,
some or all portal areas; 3=moderate/marked, all
portal areas; 4 =marked, all portal areas

+ Lobular inflammation (scored 0—4), where 0 =none;
1=one focus or less per 10X objective; 2=two to
four foci per 10X objective; 3=five to ten foci per
10X objective; 4=more than ten foci per 10X objec-
tive

+ Microvesicular steatosis and macrovesicular steatosis
(scored 0—4), where 0=none; 1 =fat vacuoles replac-
ing less than 5% of the hepatocyte area; 2=fat vacu-
oles replacing 5% to 33% of hepatocyte area; 3 =fat
vacuoles replacing 33% to 66% of hepatocyte area;
4 =fat vacuoles replacing more than 66% of hepato-
cyte area

Additional stains were used to identify features not eas-
ily seen on a hematoxylin and eosin stain:

« Ishak stage (scored 0-6) (Sirius Red stain), where
stage 0=no fibrosis (normal); stage 1=portal fibro-
sis (mild); stage 2=portal fibrosis (moderate to
severe); stage 3 =bridging fibrosis (few bridges); stage
4=bridging fibrosis (many bridges); stage 5=-early
cirrhosis; stage 6 = established or advanced cirrhosis

« Percent collagen (Sirius Red stain)

+ Percent macrophages (CD68 stain)

« Percent fibrogenic cells (smooth muscle actin stain)

Changes from baseline in hemoglobin levels were meas-
ured in both studies. The proportion of patients achiev-
ing TFHN for at least 4 weeks at any time (short-term
TFHN) and the proportion of patients who maintained
TFHN for at least 13 weeks beginning at week 6 (sus-
tained early TFHN) were calculated.

Lipid parameters were exploratory efficacy measures
assessed at baseline and over time in both studies, and
included low-density lipoprotein cholesterol, high-den-
sity lipoprotein cholesterol, total cholesterol, and triglyc-
eride levels.

Nutritional status

Dietary changes, including discontinuation of a low-fat/
low-cholesterol diet and/or introduction of an unre-
stricted, age-appropriate diet, were monitored in both
studies.

Safety assessments

Major safety outcomes in both studies included discon-
tinuations, TEAEs, SAEs including IARs, laboratory
results, vital signs, physical examination results, and
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development of ADAs. The severity of TEAEs was graded
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.0
(VITAL) or Clinical Data Interchange Standards Consor-
tium Study Data Tabulation Model standard terminology;,
version 3.1.1 (CL08), and all adverse events were coded
using the Medical Dictionary for Regulatory Activities,
version 20.1. As previously reported, in VITAL, clinical
laboratory tests were analyzed by local laboratories [9].
In CLO08, all clinical laboratory tests, with the exception
of coagulation parameters, were analyzed by a central
laboratory (Covance; Indianapolis, IN, US; Geneva, Swit-
zerland; or Singapore); coagulation parameters were ana-
lyzed by the site’s local laboratory. Assessment of results
as normal or abnormal was based on age- and gender-
specific normal ranges provided by the central or local
laboratory at the time of the test. In both studies, ADAs
and neutralizing antibodies in serum were analyzed by a
central laboratory (Covance; Chantilly, VA, US). ADAs
were detected and confirmed using an enzyme-linked
immunosorbent assay (ELISA); a patient was considered
to be ADA-positive if a positive result was obtained on
both the screening and confirmatory ELISAs [9]. ADA
titers were determined for all ADA-positive patients by
serial dilution and were reported as the dilution yielding
an optical density response at the ADA assay cut point.
Patients with a confirmed ADA-positive result were also
tested for the presence of neutralizing antibodies that
inhibited sebelipase alfa enzyme activity and/or cellular
uptake. LIPA mutation analysis was performed by Pre-
vention Genetics (Marshfield, W1, US); functional effects
of identified sequence changes were assessed using Poly-
Phen-2, SIFT, and MutationTaster. In CLO8, the presence
of whole LIPA deletions was determined based on testing
performed at a local laboratory.

Statistical analyses

The full analysis set included all patients who received
at least 1 infusion of sebelipase alfa. In VITAL, the pro-
portion of patients surviving to 12 months of age was
calculated, along with an exact 95% CI based on the
Clopper-Pearson method; the proportion of patients
surviving to 18 and 24 months of age was estimated by
Kaplan-Meier (product-limit) methodology. In CLOS,
survival was analyzed as the proportion of patients sur-
viving to 12, 18, 24, and 36 months of age, along with an
exact 95% CI based on the Clopper-Pearson method. In
addition, a Kaplan—Meier estimate and exact 95% CI for
median survival were determined and a Kaplan—Meier
estimate and 95% CI for median time to short-term
TFHN were calculated. Given the extreme rarity of this
disease, the planned enrollment was approximately 8 to
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10 patients in each study; no formal sample size calcula-
tions were performed. The studies were not powered to
make any statistical inferences.

Supplementary information

Supplementary information accompanies this paper at https://doi.
org/10.1186/513023-020-01577-4.
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