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Purpose: This trial aimed to assess the efficacy and safety of olipudase alfa enzyme replacement
therapy for non—central nervous system manifestations of acid sphingomyelinase deficiency
(ASMD) in adults.
Methods: A phase 2/3, 52 week, international, double-blind, placebo-controlled trial (ASCEND;
NCT02004691/EudraCT 2015-000371-26) enrolled 36 adults with ASMD randomized 1:1 to
receive olipudase alfa or placebo intravenously every 2 weeks with intrapatient dose
escalation to 3 mg/kg. Primary efficacy endpoints were percent change from baseline to week
52 in percent predicted diffusing capacity of the lung for carbon monoxide and spleen
volume (combined with splenomegaly-related score in the United States). Other outcomes
included liver volume/function/sphingomyelin content, pulmonary imaging/function, platelet
levels, lipid profiles, and pharmacodynamics.
Results: Least square mean percent change from baseline to week 52 favored olipudase alfa over
placebo for percent predicted diffusing capacity of the lung for carbon monoxide (22% vs 3.0%
increases, P = .0004), spleen volume (39% decrease vs 0.5% increase, P < .0001), and liver
volume (28% vs 1.5% decreases, P < .0001). Splenomegaly-related score decreased in both
groups (P = .64). Other clinical outcomes improved in the olipudase alfa group compared
with the placebo group. There were no treatment-related serious adverse events or adverse
event-related discontinuations. Most adverse events were mild.
Conclusion: Olipudase alfa was well tolerated and associated with significant and comprehen-
sive improvements in disease pathology and clinically relevant endpoints compared with pla-
cebo in adults with ASMD.
© 2022 The Authors. Published by Elsevier Inc. on behalf of American College of Medical
Genetics and Genomics. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Olipudase alfa is a recombinant human acid sphingomyeli-
nase (ASM) in development to address non—central nervous
system manifestations of ASM deficiency (ASMD), an

autosomal recessive lysosomal storage disease caused by
pathogenic variants in the SMPDI (EC3.1.4.12) gene
encoding ASM.' ASMD (historically known as Niemann-
Pick disease [NPD] types A and B') is associated with a
spectrum of disease phenotypes. ASMD type B (OMIM
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607616; chronic visceral ASMD, NPD type B) and ASMD
type A/B (chronic neurovisceral ASMD, NPD type A/B, or
intermediate phenotype) have disease onset from childhood
to early adulthood. ASMD type B has little or no central
nervous system involvement, whereas ASMD type A/B has
less severe neurologic manifestations than those observed in
ASMD type A, which is uniformly fatal in early child-
hood.”™ Visceral manifestations across ASMD subtypes
include interstitial lung disease (ILD)>"® with decreased
diffusing capacity of the lung assessed using carbon mon-
oxide (DL¢o),”*"'” hepatosplenomegaly, progressive liver
disease with cirrhosis and fibrosis,'' dyslipidemia, osteo-
penia, and thrombocytopenia.””*'? Advanced lung disease/
lung infections, liver failure, and bleeding are leading causes
of early mortality in adults with ASMD."”

In open-label clinical trials in adults and children,
olipudase alfa decreased sphingomyelin storage, reduced
organomegaly, and improved lung and liver function and
other nonneurological parameters of chronic ASMD. This
report presents results of the placebo-controlled trial of
olipudase alfa in adults with ASMD.

14-16

Materials and Methods
Study design and participants

This phase 2/3 randomized, placebo-controlled, double-
blind study in adults with ASMD (ASCEND/
NCT02004691/EudraCT 2015-000371-26) was conducted
in 13 countries between December 18, 2015 and October 17,
2019 (52-week primary analysis period). Institutional Re-
view Boards approved the protocol, and patients provided
written informed consent. Adults diagnosed with ASMD by
enzymatic assay and/or genotyping with DLco <70% of
predicted normal value, spleen volume >6 multiples of
normal (MN), and splenomegaly-related score (SRS) >5
were eligible. ASMD types B and A/B were not differen-
tiated. Exclusion criteria included mean platelet counts
<60 x 10°/L, alanine aminotransferase (ALT) or aspartate
aminotransferase >250 IU/L, or total bilirubin >1.5 mg/dL
at screening (except for patients with Gilbert syndrome).

Olipudase alfa administration

Patients were randomized 1:1 to receive placebo (0.9% sa-
line) or olipudase alfa via intravenous infusion once every 2
weeks. Randomization was performed centrally by an
interactive voice response system, which generated the pa-
tient randomization list and allocated patient numbers. Pa-
tients, investigators, and the sponsor study team were
blinded to the identity of study treatment; all patients
regardless of treatment assignment underwent dose escala-
tion in the same manner. The dose escalation scheme'*
began at 0.1 mg/kg with scheduled increases every 2
weeks to a final target maintenance dose of 3 mg/kg or

maximum tolerated dose. Dosing schedules were adjusted
per tolerability and prespecified dose-limiting toxicity
criteria (defined in Supplemental Table 2).

Efficacy outcomes

Percentage change from baseline to week 52 in % predicted
DLco'”'® adjusted for hemoglobin and ambient barometric
pressure and spleen volume (in MN'") were independent
primary efficacy endpoints. The spleen primary efficacy
endpoint in the United States was spleen volume combined
with SRS.

DL was standardized according to American Thoracic
Society/European Respiratory Society guidelines.”” Spleen
volume was determined by abdominal magnetic resonance
imaging.'” The proportion of patients who had an absolute
change from baseline value in percent predicted DL of at
least 15% and the proportion of patients who had at least a
30% reduction in spleen volume were prespecified analyses.

Secondary endpoints included liver volume (in MN'?),
platelet counts, and patient-reported outcomes (PROs)
(Brief Fatigue Inventory scale, Brief Pain Inventory, Func-
tional Assessment of Chronic Illness Therapy-Dyspnea
[FACIT-Dyspnea] symptom scale). SRS is a PRO devel-
oped from a subset of assessments used in myelofibrosis”’
trials. The SRS rates 5 items aiming to measure the
impact of splenomegaly on patient quality of life (abdominal
pain, abdominal discomfort, early satiety, abdominal body
image, and ability to bend down) on a scale of O (absent) to
10 (worst imaginable). SRS was used for the first time in
this clinical trial and has not been validated in patients with
ASMD. SRS was a secondary endpoint in all countries
except the US.

Additional endpoints were ILD”** assessment by high-
resolution computed tomography (HRCT) and chest X-
ray,'® pulmonary function tests,”’ fasting lipid levels,”
liver enzyme levels, liver sphingomyelin content (quanti-
fied from liver biopsies by computer morphometry of high-
resolution light microscopy images),”*”> and PROs
(36-Item Short Form Health Survey, EQ-5D-5L, and
Niemann Pick Type B Health Assessment Questionnaire).

Metabolite and biochemical marker analyses

Lysosphingomyelin was measured in plasma by liquid
chromatography—tandem mass  spectrometry.”*  Chito-
triosidase activity in plasma was normalized by doubling
values for individuals who were heterozygous for the null
CHITI allele 24 base pair duplication in exon 10 and
excluding values from patients who were homozygous for
this variant.

Safety

Safety assessments included physical examinations, cardiac
evaluations, clinical laboratory testing, safety biomarker
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plasma levels, and reporting of adverse events and infusion-
associated reactions (IARs) (typically occurring within 12 to
72 hours after olipudase alfa infusion and indicative of an
inflammatory response characterized by symptoms, such as
pyrexia, nausea, vomiting, fatigue, and pain, associated with
increases in proinflammatory laboratory values, such as high
sensitivity C-reactive protein and/or ferritin).
Immunogenicity was assessed using a validated enzyme-
linked immunosorbent assay to determine titers for immuno-
globulin G antidrug antibody (ADA). Positive samples were
evaluated for neutralizing antibodies against enzyme catalytic
activity and cellular uptake, using optical density absorbance
for catalytic activity and cellular imaging of fluorescent in-
tensity of Niemann-Pick fibroblasts for cellular uptake.

Analyses

Sample size calculations were made so that comparisons
between the olipudase alfa and placebo groups for per-
centage change from baseline to week 52 in spleen volume
and percent predicted DL had greater than 99% and 93%
power, respectively, using a 2-sided t-test at the 5% sig-
nificance level. To determine significance of the primary
endpoints, multiplicity adjustments were based on the
Hochberg method. Hypothesis testing of secondary end-
points proceeded using sequential testing at the 5% signif-
icance level if statistical significance was reached on both
primary endpoints. Formal testing in subsequent steps was
stopped if an endpoint was not significant, and P values for
subsequent endpoints in the sequence were considered
exploratory and interpreted at the nominal level. Details of
hypothesis testing methods and hierarchy of endpoints are
provided in Supplemental Material.

All treated patients were included in safety and efficacy
analyses. Demographic and disease characteristics were
summarized using descriptive statistics. The percentage
change from baseline to week 52 for primary and secondary
endpoints was analyzed using the mixed model for repeated
measures with baseline values, baseline age, treatment arm,
study visit, and study visit X treatment arm interaction as
covariates. Comparisons between treatment groups were
made using least square (LS) mean contrasts at the week 52
visit. SRS information collected by eDiary over 7 consec-
utive days was averaged for respondents with data for at
least 4 of 7 days.

Results
Patients

Of 62 screened patients, 2 withdrew consent, 24 were screen
failures (Figure 1), and 36 were randomized 1:1 to the
placebo or olipudase alfa group; 35 patients completed the
52-week primary analysis period. One patient in the placebo
group withdrew owing to poor compliance.

1427
Withdrawn consent n=2
Failed screening n=24 (patients may have multiple
reasons for failing)
20 failures to meet inclusion criteria
o Spleen volume (n=6)
e DLco(n=3)
Assessed for e SRS (n=6)
eligibility Informed consent (n=2)
n=62 o Documented ASM deficiency/clinical ASMD
diagnosis
I_ 5 exclusion criteria met
*  Medical conditions (n=2)
: e Platelet count (n=1)
Randomized o ALTor AST (n=1)
n=36 e Unable to adhere to study requirements (n=1)
1] v
Olipudase alfa Placebo
n=18 n=18
1 patient
discontinued due to
noncompliance
Completed Completed
52 wks 52 wks
n=18 n=17
Figure 1 Patient disposition. ALT, alanine aminotransferase;

ASM, acid sphingomyelinase; ASMD, acid sphingomyelinase
deficiency; AST, aspartate aminotransferase; DLco, diffusing ca-
pacity of the lung for carbon monoxide; SRS, splenomegaly-
related score.

Patient characteristics are shown in Table 1. Age ranged
from 18.6 to 65.9 years. Most patients (32/36, 89%) self-
identified as White and were from the United States,
Europe, or South America. The placebo group had propor-
tionally more women than men and a lower age of diagnosis
than the olipudase alfa group.

Treatment

Mean compliance was 95% of scheduled infusions in both
groups. One patient in the placebo group missed multiple
infusions and withdrew, and 1 patient in the olipudase alfa
group missed multiple infusions because of adverse events
unrelated to the study drug and reached the 0.6 mg/kg dose
through week 52 (but subsequently achieved the target dose
in the trial extension). Another patient in the olipudase alfa
group had a temporary dose reduction during dose escala-
tion for 1 infusion (owing to a non—drug-related adverse
event of pharyngitis) before resuming escalation to the
target dose.

Primary efficacy analyses

Mean baseline percent predicted DLco (placebo: 48.5 +
10.8, olipudase alfa: 49.4 + 11.0) indicated moderate
impairment.”® The LS mean percentage change from base-
line to week 52 was greater in the olipudase alfa group
(increase of 21.97%) than in the placebo group (increase of
2.96%) (difference = 19.01, P = .0004), and improvement
was evident at week 26 (difference = 14.14, nominal P =
.0015) (Figure 2A1). No olipudase alfa—treated patient had a
decrease in DLco (Figure 2A2); percent change from
baseline at week 52 ranged from increases of 7% to 78%. In
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Table 1  Demographics and baseline characteristics by treatment group and overall population.
Characteristic Placebo (n = 18) Olipudase Alfa (n = 18) Overall (n = 36)
Age, y

Mean + SD 335+ 17.1 36.2 + 12.7 34.8 + 14.9

Median (min:max) 24.1 (18.6:65.9) 34.9 (18.8:59.9) 29.9 (18.6:65.9)
Sex, n (%)

Female 13 (72) 9 (50) 22 (61)

Male 5 (28) 9 (50) 14 (39)
Self-identified race, n (%)

Asian 1(6) 1 (6) 2 (6)

White 16 (89) 16 (89) 32 (89)

Other 1 (6) 1 (6) 2 (6)
Self-identified ethnicity, n (%)

Hispanic or Latino 6 (33) 5 (28) 11 (31)

Not Hispanic or Latino 12 (67) 12 (67) 24 (67)

Not reported 0 1 (6) 1(3)
Age at ASMD diagnosis, y

Mean + SD 14.6 + 16.1 21.4 + 20.3 18.0 + 18.4

Median (min:max) 6.4 (1:49) 16.1 (1:58) 6.4 (1:58)
Years since ASMD diagnosis

Mean + SD 18.9 + 13.7 14.8 + 13.4 16.8 + 13.5

Median (min:max) 16.5 (2:51) 12.9 (0:42) 16.3 (0:51)
ASM activity in peripheral leukocytes, nmol/h/mg®

Mean + SD 0.121 + 0.086 0.118 + 0.073 0.119 + 0.079

Median (min:max) 0.14 (0:0.30) 0.10 (0:0.27) 0.10 (0:0.30)
SMPD1 genotype, n (%)

Homozygous for p.Arg610del 1 (5.6) 4 (22.2) 5 (13.9)

Heterozygous for p.Arg610del 5 (27.8) 5 (27.8) 10 (27.8)

Other variants 12 (66.7) 9 (50.0) 21 (58.3)

Patients were enrolled from Argentina, Australia, Brazil, Chile, France, Germany, Italy, Japan, the Netherlands, Spain, Turkey, the United Kingdom, and the

United States.

ASM, acid sphingomyelinase; ASMD, acid sphingomyelinase deficiency; max, maximum; min, minimum.
3petermined by the Thomas Jefferson University LSD testing laboratory, Philadelphia, PA.?® Analytical validity of assay, enzyme activity less than 10% of

the normal mean.?’

comparison, changes in the placebo group ranged from a
decrease of 14% to an increase of 29%. In the olipudase alfa
group, 6 patients with moderate impairment at baseline had
mild impairment at week 52, and 1 patient with severe
impairment at baseline had moderate impairment at week
52. Of 18 olipudase alfa—treated patients, 5 had an absolute
increase from baseline value in DLq of at least 15% vs O of
18 patients in the placebo group (nominal P = .075). See
Supplemental Table 1 for week 26 and week 52 data.
Mean baseline spleen volume in the olipudase alfa (11.7
+ 4.9 MN) and placebo (11.2 + 3.8 MN) groups reflected
moderate to severe splenomegaly'’ (range = 6.1-20.9)
(Figure 3A2). The LS mean percentage change from base-
line to week 52 was greater in the olipudase alfa group
(decrease of 39.4%) than the placebo group (increase of
0.48%) (difference = —39.9%, P < .0001); improvement in
the olipudase alfa group was evident at week 26 (nominal
P <.0001) (Figure 3A1). All olipudase alfa—treated patients
had reductions in spleen volume (Figure 3A2). Among 5
patients with severe splenomegaly at baseline, 4 improved
to moderate levels, and 4 of 12 patients with moderate levels
improved to mild by week 52 (Figure 3A2). Spleen volumes
were essentially unchanged in the placebo group. Among
olipudase alfa—treated patients, 94.4% (17/18) had volume

decreases >30% vs 0 of 18 patients in the placebo group.
One patient in the olipudase alfa group who did not have a
>30% reduction in spleen volume missed multiple infusions
(unrelated to olipudase alfa) and had an overall decrease in
spleen volume of 17% at week 52.

Mean =+ SD baseline total SRS for placebo and olipudase
alfa groups were 28.1 + 10.6 and 24.6 + 11.1, respectively.
Mean scores on the 5 individual items of SRS varied from
3.9 to 6.6 on a 0 to 10 response scale. Both groups had
reductions in SRS total score at week 52 with a
non—statistically significant difference (1.6; P = .64)
(Figure 3B and Supplemental Table 1).

Other efficacy analyses

Pulmonary endpoints

Baseline lung imaging mean HRCT scores'® for ground
glass appearance (olipudase alfa group, 0.65; placebo group,
0.53) and ILD (olipudase alfa group, 2.0; placebo group,
2.1) (Supplemental Table 1) reflected mild to moderate lung
disease. The LS mean change in HRCT mean ILD score for
both lungs from baseline to week 52 was greater in the
olipudase alfa group (decrease of 0.36) than the placebo
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Figure 2 Pulmonary endpoints (diffusing capacity, lung disease imaging, and forced vital capacity) over time in the placebo and
olipudase alfa groups. Al. LS mean percent change from baseline in percent predicted DL adjusted for hemoglobin and barometric
pressure. Analysis of percent change from baseline used a mixed model for repeated measures. A2. Individual patient values for percent
predicted DLco adjusted for hemoglobin and barometric pressure. Percent predicted DLco values >80% were considered normal/no
impairment (LLN), >60% to LLN were considered mild impairment, 40% to 60% were considered moderate impairment, and <40% were
considered severe impairment.”**° Mean values are indicated by the black lines. B1. Change in mean high-resolution computed tomography
scores for ground glass appearance and interstitial lung disease (ILD) scores. Observed means at baseline and subsequent time points are
provided in Supplemental Table 1. B2. Illustrative high-resolution computed tomography image of ground glass opacity reflecting
sphingomyelin-filled macrophages at baseline and at week 52 for a patient in the olipudase alfa group. Patient had a baseline score for ground
glass appearance of 3 (severe, 51% to 100% of lung volume) and a score of 0 at week 52. C. LS mean percent change from baseline in %
predicted forced vital capacity (FVC). P values are nominal. Observed means + SD at baseline in the placebo and olipudase alfa groups,
respectively, were 83.14% =+ 11.75% and 81.62% + 17.99%. Data for subsequent timepoints are in Supplemental Table 1. DLco, diffusing
capacity of the lung for carbon monoxide; LLN, lower limit of normal; LS, least square.

group (increase of 0.09) (nominal P = .047) (Figure 2B1). week 52 (Figure 2B2) shows clearance of ground
Results were similar for HRCT ground glass appearance glass opacities (score improved from 3 at baseline to O at
scores (nominal P = .006). An illustrative HRCT image week 52). Chest X-ray imaging showed improvement

from a patient in the olipudase alfa group at baseline and in interstitial mean scores after olipudase alfa treatment
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Figure 3  Spleen endpoints and platelet count over time in the placebo and olipudase alfa groups. Al. LS mean percent change from

baseline in spleen volume (in multiples of normal [MN]) at week 26 and week 52. Analysis of percent change from baseline used a mixed
model for repeated measures. A2. Spleen volume (in MN) for individual patients at baseline, week 26, and week 52. Severe, moderate, and
mild splenomegaly are defined as >15, >5 to <15, and <5 MN, respectively.'® There were 17 of 18 patients in the olipudase alfa group and
0 of 18 patients in the placebo group with reduction in spleen volume of 30% or more. Mean values are indicated by the solid black lines.
B. LS mean change from baseline in SRS. Observed means + SD at baseline were 28.05 + 10.56 and 24.55 + 11.13 for the placebo and
olipudase alfa groups, respectively. Data for subsequent timepoints are in Supplemental Table 1. C. LS mean percent change from baseline in
preinfusion platelet counts at 14, 26, 38, and 52 weeks. P values for percent change from baseline are nominal. Observed mean baseline
values in the placebo and olipudase alfa groups, respectively, were 115.6 + 36.3 and 107.2 + 0.32 X 10%/L. Data for subsequent timepoints
are in Supplemental Table 1. LS, least square; SRS, splenomegaly-related score.

(—=0.91 vs 0.28 in the olipudase alfa and placebo groups, forced expiratory volume in the first second and total lung

respectively; difference of —1.19, nominal P < .001)
(Supplemental Table 1).

Volumetric lung function at baseline indicated mild
impairment (Supplemental Table 1). Mean percent predicted
forced vital capacity was 81.6% and 83.1% in the olipudase
alfa and placebo groups, respectively. Mean percent pre-
dicted forced expiratory volume in the first second and total
lung capacity at baseline were 75.3% and 79.9% in the
olipudase alfa group and 78.6% and 77.9% in the placebo
group, respectively. The LS mean percentage change in
percent predicted forced vital capacity from baseline to
week 52 (Figure 2C) showed greater improvement in the
olipudase alfa group (6.8%) compared with the placebo
group (1.5%) (difference = 5.3%, nominal P = .026). Re-
sults were similar for percentage change in percent predicted

capacity from baseline to week 52 (nominal P values > .05).

Thrombocytopenia

Mean + SD baseline platelet counts were 115.6 + 36.3 and
107.2 + 26.9 x 10°/L in the placebo and olipudase alfa
groups, respectively (range = 63.6-207), reflecting mild
thrombocytopenia (week 26 and week 52 means in
Supplemental Table 1). The difference in LS mean (SE)
percentage change from baseline to week 52 of 14.3 (5.8)
favored olipudase alfa (P = .0185) (Figure 3C).

Hepatomegaly

Mean + SD liver volume at baseline indicated moderate
hepatomegaly'® in both the olipudase alfa (1.4 + 0.3 MN)
and placebo (1.6 + 0.5 MN) groups. The LS mean
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percentage change in liver volume from baseline to week 52
(Figure 4A1) showed greater reduction in the olipudase alfa
group (decrease of 28.1%) than the placebo group (decrease
of 1.5%) (difference = —26.6, P < .0001), with improve-
ment observed at week 26 (nominal P < .0001). All patients
in the olipudase alfa group had liver volume decreases, and
12 patients (67%) with moderate hepatomegaly at baseline
improved to mild (Figure 4A2). Liver volumes were largely
unchanged in the placebo group.

Sphingomyelin accumulation in liver

Computer morphometry of high-resolution light microscopy
images showed mean percent tissue area occupied by
sphingomyelin (Figure 4B, bar graph) at baseline to be
28.5% and 30.5% in the olipudase alfa and placebo groups,
respectively. At week 52, sphingomyelin burden (mean +
SD percent change from baseline) decreased by 92.7%
+ 5.8% in the olipudase alfa group vs an increase of 10.9%
+ 42.2% in the placebo group (representative patient images
shown in Figure 4B).

Liver function

Mean transaminase baseline levels were elevated relative to
normal ranges consistent with ASMD hepatic involvement
(Supplementary Table 1). The LS mean percentage change
in ALT from baseline to week 52 was —36.6% in the oli-
pudase alfa group and —0.98% in the placebo group
(nominal P = .006) (Figure 4Cl), and reduction was
observed at week 14. Results were similar for aspartate
aminotransferase and total bilirubin (Supplemental Table 1).

Lipid profiles

At baseline, 33% of patients in the placebo group and 28%
of patients in the olipudase alfa group were receiving lipid-
lowering agents. Mean baseline levels for proatherogenic
lipids (non-high-density lipoprotein cholesterol, tri-
glycerides, apolipoprotein B) and antiatherogenic lipids
(high-density lipoprotein cholesterol, apolipoprotein Al)
were above and below normal limits, respectively
(Supplemental Table 1). Olipudase alfa—treated patients had
a greater mean percent reduction from baseline to week 52
for proatherogenic lipid parameters and higher percent in-
crease in antiatherogenic lipid parameters than patients in
the placebo group (nominal P values < .001 for all)
(Figure 4C2; Supplemental Table 1). Differences were
observed as early as week 14 depending on parameter.

Metabolite and biochemical marker levels

The sphingomyelin metabolite lysosphingomyelin was
elevated at baseline in all patients (range = 157-830 pg/L;
upper limit of normal [ULN] = 9.99 pg/L). Preinfusion
levels steadily decreased in the olipudase alfa group
beginning at the start of treatment, whereas levels remained
unchanged in the placebo group (78% decrease in the oli-
pudase alfa group vs 6.1% decrease in the placebo group at
week 52) (Supplemental Figure 1A). All patients in the
olipudase alfa group except 1 had decreased levels below

200 pg/L by week 52 (mean + SD = 88.5 + 101.3; range =
38.2-483 pg/L). One patient in the olipudase alfa group had
a level >400 pg/L at week 52 and missed multiple infusions
(unrelated to olipudase alfa) (individual patient responses,
Supplemental Figure 1A).

Mean plasma levels of the biochemical marker chito-
triosidase were elevated at baseline with ranges of 128 to
8610 pmol/L/hr and 262 to 2260 pmol/L/hr in the placebo
and olipudase alfa groups, respectively (ULN = 71 pmol/L/
hr). Overall, 23 of 36 patients had 2 functional alleles, 8
were heterozygous, and 5 had 2 nonfunctional alleles.
Ranges at week 52 were 164 to 7170 pmol/L/hr and 83 to
1190 pmol/L/hr in the placebo and olipudase alfa groups,
respectively. The week 52 LS mean percentage change from
baseline in chitotriosidase after normalization based on
chitotriosidase genotype was a decrease of 54.7% in the
olipudase alfa group (n = 16) vs a decrease of 12.3% in the
placebo group (n = 15) (nominal P = .0003) (Supplemental
Figure 1B).

Patient-reported outcomes

Baseline scores for Brief Fatigue Inventory, Brief Pain In-
ventory, 36-Item Short Form Health Survey, and EQ-5D-5L
reflected moderate impairment, and scores improved in both
groups. Changes from baseline were not different between
the olipudase alfa and placebo groups for any instrument
(data not shown). FACIT-Dyspnea symptom scale scores
were largely unrelated to predicted DL at baseline and
were not significantly associated with the patient’s global
evaluation of shortness of breath; changes from baseline did
not differ between groups (data not shown).

Treatment-emergent adverse events and other
safety assessments

Treatment-emergent adverse event profiles are summarized
in Supplemental Table 2. All patients experienced at least 1
adverse event, and numbers were similar in the olipudase
alfa (242) and placebo (267) groups. The most reported
events were headache, nasopharyngitis, arthralgia, upper
respiratory tract infection, and cough (Supplemental
Table 2). Most events were mild (190/242 [79%] and 206/
270 [76%] among olipudase alfa— and placebo-treated pa-
tients, respectively). No event led to permanent treatment
discontinuation or study withdrawal, and none that were
serious were considered potentially related to the study
drug. The frequency of clinically significant abnormalities in
laboratory findings, vital signs, electrocardiograms, or
echocardiograms was similar between treatment groups.
The proportion of patients with adverse events consid-
ered potentially related to treatment was greater among
olipudase alfa—treated patients (12/18, 66.7%) compared
with placebo-treated patients (6/18, 33.3%). Events are lis-
ted in Supplemental Table 2, and many overlap with those
considered IARs. One olipudase alfa—treated patient with 1
related adverse event of a non—clinically significant increase
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Figure 4 Liver endpoints (liver volume, sphingomyelin burden, and liver transaminase) and lipid profiles over time in the olipudase
alfa and placebo groups. Al. LS mean percent change from baseline in liver volume (in multiples of normal [MN]) at week 26 and week 52.
Analysis of percent change from baseline used a mixed model for repeated measures. A2. Liver volume (in MN) for individual patients at
baseline, week 26, and week 52. Severe, moderate, and mild hepatomegaly were defined as >2.5, >1.25 to <2.5, and <1.25 MN,
respectively.'” Mean values are indicated by solid black line. B. Liver sphingomyelin burden assessed by computer morphometry of high-
resolution light microscopy images (1-pm epoxy resin sections, 600X; bar indicates 20 pm). Images show representative toluidine blue
staining of liver biopsies from patients at baseline and after receiving olipudase alfa (treatment) or placebo for 52 weeks. Sphingomyelin
appears dark blue. Numbers at lower right corner of each image indicate mean + SD percentage of tissue area occupied by sphingomyelin.
Bar graph shows the mean percent tissue area of sphingomyelin and percent sphingomyelin tissue content for all patients with biopsy data at
baseline and week 52. C1. LS mean percent change from baseline in alanine aminotransferase (ALT) levels. P values are nominal. Observed
mean + SD baseline values in the placebo and olipudase alfa groups, respectively, were 44.67 + 30.79 and 40.78 + 28.32 U/L (0.75 + 0.51
and 0.68 + 0.47 pkat/L [multiply by 0.0167 to convert conventional to SI units]). Data for subsequent timepoints are in Supplemental
Table 1. C2. LS mean percent change from baseline in proatherogenic non-high-density lipoprotein (non-high density lipoprotein
[HDL]) cholesterol. P values are nominal. Observed mean + SD baseline values in the placebo and olipudase alfa groups, respectively, were
5.12 + 1.75 and 4.43 + 0.94 mmol/L (197.7 + 67.6 and 171.0 + 36.3 mg/dL; multiply by 38.61 to convert SI to conventional units). Optimal
level: <3.4 mmol/L, (<130 mg/dL) for individuals at risk of heart disease. Data for subsequent timepoints are in Supplemental Table 1.
C3. LS mean percent change from baseline in antiatherogenic HDL cholesterol lipid profiles. P values are nominal. Observed mean + SD
baseline values in the placebo and olipudase alfa groups, respectively, were 0.53 + 0.25 and 0.62 + 0.22 mmol/L (20.5 9.7 and 23.9 + 8.5
mg/dL; multiply by 38.61 to convert SI to conventional units). Normal ranges: >0.78 mmol/L, US male; >0.91 mmol/L, US female;
>1.2 mmol/L, United Kingdom. Data for subsequent timepoints are in Supplemental Table 1. LS, least square.
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in ALT and bilirubin met criteria for a dose-limiting toxicity
definition 1. A total of 4 placebo-treated patients experi-
enced 6 events that met dose-limiting toxicity definition 2,
criteria and 1 met definition 3 criteria (definitions in
Supplemental Table 2).

IARs were more frequent in the olipudase alfa group than
the placebo group (8 [44.4%] patients/51 events vs 5
[27.8%] patients/22 events, respectively). The most frequent
IAR in the olipudase alfa group was headache. IARs, none
of which were categorized as severe or serious, are listed in
Supplemental Table 2. IARs considered manifestations of
hypersensitivity occurred in 1 patient in the olipudase alfa
group (2 events of erythema and urticaria) and 2 placebo-
treated patients (2 events of erythema and 1 each of pruri-
tis, erythematous rash, and infusion site urticaria). IARs
were managed with supportive medications, including use
of premedication per investigator discretion, and/or tempo-
rary infusion interruptions. There were no reported cases of
acute phase reactions or cytokine release syndrome.

Serious adverse events were reported for 3 olipudase
alfa—treated patients (5 events) and 4 placebo-treated pa-
tients (11 events); no event was considered treatment-
related. One patient in each group had hepatic hemorrhage
related to liver biopsy. In the olipudase alfa group, there
were single events of cellulitis, viral gastritis, transient
ischemic attack, and lower limb fracture. In the placebo
group, there were 3 events of epistaxis and single events of
liver abscess, appendicitis, peritonitis, anemia, syncope,
hemorrhagic shock, and pleural effusion.

Mean preinfusion plasma ceramide levels shown in
Supplemental Table 3 were slightly elevated at baseline (~1.5x
ULN) relative to the lower limit of normal to ULN range of 1.3
to 3.3 mg/L and gradually decreased in the olipudase alfa group
through 52 weeks while remaining unchanged in the placebo
group. Mean + SD percentage change from baseline in the
olipudase alfa and placebo groups decreased by 34.8% =+
18.1% and 3.5% =+ 27.2, respectively. In the olipudase alfa
group, 24- and 48-hour postinfusion ceramide levels were
within normal limits by week 12. Ceramide peak responses
after infusion were higher after the first infusion despite a
minimal dose of olipudase alfa (0.1 mg/kg) compared with
responses observed after reaching the maximal dose.

Most patients (16/18 [89%] in the olipudase alfa group
and 14/18 [78%] in the placebo group) were negative for
ADA at baseline. Four patients (25%) in the olipudase alfa
group had treatment-induced ADAs: 2 with transient re-
sponses and 2 with persistent responses with peak titers
from 50 to 100 (low-titer responses defined as an ADA titer
of <400). One patient in the placebo group had a transient
ADA response. Among 6 patients with positive ADA at
baseline (2 in the olipudase alfa group and 4 in the placebo
group), none had a treatment-boosted response. No patient
had neutralizing antibodies that inhibited cellular uptake of
olipudase alfa. Two patients each in the olipudase alfa and
placebo groups had transient (1 timepoint each) positive
neutralizing antibodies for inhibition of catalytic activity.

Discussion

No disease-modifying treatment for ASMD is currently
available, and supportive care is the only management op-
tion.”” The ASCEND clinical trial assessed olipudase alfa vs
placebo in adult patients with chronic ASMD. Treatment
with olipudase alfa resulted in clearance of sphingomyelin
from tissues and produced clinically relevant improvements
in multiple aspects of the ASMD clinical profile that are
known to persist or worsen over time.”’*****3! Treated
patients showed significant improvement in DLco and
reduction in splenomegaly after 52 weeks of treatment. Im-
provements in liver volume and increased platelet counts
were seen with olipudase alfa compared with placebo. Clin-
ical improvements were consistent with those reported in
previous non—placebo-controlled clinical studies of olipudase
alfa in adults and children with chronic forms of ASMD.'* '

A gradual, stepwise olipudase alfa dose escalation protocol
has been used in olipudase alfa clinical trials'*'® to mitigate
rapid production/release of sphingomyelin catabolite(s)
thought to contribute to acute phase responses observed in
animal studies and the initial phase 1 trial.*>** Plasma lysos-
phingomyelin and ceramide levels gradually decreased in
treated patients, signifying debulking of sphingomyelin stores
and further supporting olipudase alfa’s mechanism of action.
Treatment with olipudase alfa resulted in a >90% clearance of
sphingomyelin from the liver, whereas sphingomyelin accu-
mulation continued for patients in the placebo group.

Radiographic improvement in ground glass opacities
indicated reduction in interstitial cellular infiltrates.”* ILD
worsens with age in patients with chronic ASMD,” although
some patients may not have overt symptoms.”””' The
impact of lung involvement on the burden of ASMD is
significant, however, respiratory infections and respiratory
failure are major contributors to death in adult patients with
chronic ASMD.*'?  Significant improvements in lung
diffusing capacity were evident in the olipudase alfa group
but not in the placebo group. Improved pulmonary gas ex-
change was in some cases accompanied by improvements in
volumetric lung assessments.

Progressive liver disease, cirrhosis, and liver failure are
major contributors to morbidity and mortality in patients
with chronic ASMD.'” Patients treated with olipudase alfa
showed significant and sustained improvements in liver
disease. Olipudase alfa treatment led to decreases in liver
volume, and clearance of sphingomyelin storage in hepa-
tocytes and Kupfer cells was accompanied by improvements
in biochemical parameters of liver function. Dyslipidemia,
which typically worsens over time in patients with chronic
ASMD,*" improved in patients receiving olipudase alfa.

Splenomegaly is a prominent clinical feature of ASMD
and contributes significantly to symptoms and disease
burden.'” Olipudase alfa treatment led to a reduction in
spleen volume accompanied by increases in platelet counts,
reflecting correction of secondary hypersplenism.”> SRS
was used to collect data on symptoms related to
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splenomegaly and was adapted for use in the ASCEND trial
from a PRO tool used in patients with myeloproliferative
diseases.”' Although myelofibrosis disease pathology is
different from ASMD, splenomegaly in both diseases is
correlated with increased morbidity and mortality and is a
clinically relevant treatment endpoint in clinical trials.'**'~*
However, the validity, reliability, and sensitivity to change
of SRS has not been established in patients with ASMD.
SRS improved in both the placebo and olipudase alfa groups
without a statistically significant difference between groups,
and scores did not correlate with baseline spleen volume.
Therefore, SRS does not appear to reflect ASMD disease
burden and does not seem to be a useful tool for assessing
splenomegaly-related symptoms in this population.

As with SRS, there were no differences between the
olipudase alfa and placebo groups in changes from baseline
in other quality of life instruments used. Patients reported
improvements in shortness of breath, but the FACIT-
Dyspnea symptom scale was not significantly associated
with these or with percent predicted DLco. These in-
struments have been developed and validated in other dis-
eases with pathologies distinct from that of ASMD. In this
study, we have not been able to identify PROs that reflect
the multisystemic improvements observed after 1 year of
olipudase alfa treatment.

Olipudase alfa was well tolerated, with a safety profile
consistent with previous studies using within-patient dose
escalation.'*'® Most events were nonserious, non—drug-
related, and mild in severity. All IARs were mild to
moderate in severity and consistent with events commonly
occurring with enzyme replacement therapy. No acute
phase reactions or cytokine release syndrome were
reported.

Patients with posttreatment ADA had either transient
responses or low-tier peak titers. One patient in the placebo
group had a transient ADA response, and 6 patients had
positive ADA at baseline. The nature of this crossreactivity
is not known but has been observed with other bio-
therapeutics.”’ There were no instances in which neutral-
izing antibodies inhibited olipudase alfa cellular uptake.
Two patients in the olipudase alfa group and 2 in the pla-
cebo group had transient positive neutralizing antibodies for
inhibition of catalytic activity, the clinical relevance of
which is not known.

Conclusions

Treatment with olipudase alfa can clear sphingomyelin from
organs and reverse multisystemic clinical features of
ASMD. Improvements in lung and liver function should in
turn lead to decreased disease burden with potential to
improve survival for these patients. Treatment with olipu-
dase alfa was well tolerated. Olipudase alfa has the potential
to transform the lives of patients with this progressive
multiorgan disorder.

Data Availability

Information regarding data and materials will be made
available individually on request.
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