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Abstract 

Background: Olipudase alfa is a recombinant human acid sphingomyelinase (ASM) enzyme replacement therapy 
(ERT) for non‑central‑nervous‑system manifestations of acid sphingomyelinase deficiency (ASMD). We report 2‑year 
cumulative safety and efficacy data after olipudase alfa treatment in 20 children (four adolescents [12–17 year], nine 
children [6–11 year], and seven infants/early child [1–5 year]) with baseline splenomegaly and growth deficits who 
completed the 1‑year ASCEND‑Peds clinical trial (NCT02292654) and who continue to receive olipudase alfa in a 
long‑term study (NCT02004704). Efficacy endpoints include spleen and liver volumes, diffusing capacity of the lung 
for carbon monoxide  (DLCO), high‑resolution computed tomography (HRCT) lung imaging, lipid profiles, liver function 
tests, and height Z‑scores.

Results: All 20 former ASCEND‑Peds patients completed at least 2 years of olipudase alfa treatment. No patient 
discontinued and no new safety issue arose during the second year of treatment; 99% of adverse events were mild or 
moderate. During year 2, one patient had two treatment‑related serious events of hypersensitivity that resolved. Mean 
reductions from baseline in spleen and liver volumes were 61% and 49%, respectively (p < 0.0001) and mean percent‑
predicted‑DLCO increased by 46.6% (p < 0.0001) in nine patients who performed the test at baseline. Lipid profiles 
and elevated liver transaminase levels that improved or normalized by 1 year remained stable. Mean height Z‑scores 
improved in all age groups (mean change from baseline 1.17, P < 0.0001).

Conclusion: Olipudase alfa was generally well‑tolerated during 2 years of treatment. Improvements in clinically 
relevant disease endpoints observed during the first year of treatment were maintained or augmented in the second 
year.

Trial registration NCT02004704 registered 26 Nov 2013, https:// clini caltr ials. gov/ ct2/ show/ record/ NCT02 004704.

Keywords: Recombinant human acid sphingomyelinase, Dose escalation, Organomegaly, Lung diffusing capacity, 
Acid sphingomyelinase deficiency, Niemann–Pick type B

Background
Acid sphingomyelinase deficiency (ASMD) (histori-
cally known as Niemann-Pick disease [NPD] types A 
[OMIM257200], B [OMIM607616], A/B) is an inherited 
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lysosomal storage disease characterized by deficient 
activity of the enzyme acid sphingomyelinase (ASM). 
Deficiency of ASM results in accumulation of gly-
cosphingolipids, including the primary substrate sphin-
gomyelin, in tissue macrophages and hepatocytes, and 
in the most severe form of ASMD, in neurons [1, 2]. 
Manifestations include hepatosplenomegaly and inter-
stitial lung disease (ILD) accompanied by thrombocyto-
penia, bleeding/bruising, dyslipidemia, growth deficits 
and delayed puberty, osteoporosis/osteopenia, liver dys-
function with progressive fibrosis, and cardiac disease 
[3, 4]. ASMD subtypes reflect a disease spectrum rang-
ing from ASMD type A (infantile neurovisceral disease) 
[5] that is uniformly fatal within the first 3 years of child-
hood, to chronic forms ASMD type B (chronic visceral) 
and ASMD type A/B (chronic neurovisceral) that lack 
predominant neurodegeneration and frequently present 
with visceral symptoms in childhood. Chronic forms of 
ASMD are associated with significant morbidity and 
sometimes early mortality due to respiratory or liver fail-
ure [6–9]. Supportive care is used for symptom manage-
ment in the absence of an approved disease-modifying 
therapy [10].

Olipudase alfa (Xenpozyme®) is a recombinant human 
ASM enzyme replacement therapy (ERT) approved for 
the treatment of the non-central nervous system mani-
festations of ASMD in children and adults. Olipudase 
alfa is well-tolerated in adults [11–13] and pediatric 
[14] patients with chronic ASMD after a within-patient 
dose escalation regimen designed to gradually debulk 
tissue sphingomyelin [15, 16]. Olipudase alfa was asso-
ciated with clinically significant improvements in dis-
ease pathology and multiple endpoints compared with 
placebo in adults with ASMD [13]. In pediatric patients 
with chronic ASMD, an open label single-arm study 
demonstrated improvements across a range of endpoints 
after 1 year of treatment [14]. This paper reports on the 
safety and clinical outcomes data for these pediatric 
patients ranging in age from infancy to adolescence who 
have received olipudase alfa infusions every 2 weeks for 
24 months.

Methods
Study design/participants
As described previously, 20 pediatric patients with con-
firmed ASMD, spleen volume ≥ 5 multiples of nor-
mal (MN), and height Z-score ≤ − 1 participated in the 
open-label, single arm ASCEND-Peds trial [14]. The 
study included patients with ASMD types B or A/B and 
no patients with ASMD type A were enrolled. After 
the 52-week (efficacy)/64-week (safety) primary analy-
sis periods, all 20 patients have continued olipudase 
alfa treatment in a long-term study (trial registration 

NCT02004704; EudraCT2013-000051-40). Institutional 
Review Boards at study sites approved the protocol and 
patients/parents provided written consent.

Olipudase alfa infusions
Olipudase alfa infusions were administered every 
2  weeks. All patients underwent individualized dose 
escalation over a minimum of 16 weeks in the ASCEND-
Peds trial and achieved the target maintenance dose of 
3 mg/kg as described previously [14].

Outcomes
All safety and efficacy outcomes represent cumula-
tive patient data through 24 months from olipudase alfa 
initiation. Adverse events were summarized by inci-
dence, seriousness, severity, and relationship to olipu-
dase alfa treatment. Clinical parameters (spleen volume 
and liver volume in multiples of normal [MN], where 
normal spleen and liver volumes are considered to be 
0.2% and 2.5% of body weight, respectively [17], per-
cent predicted diffusing capacity of the lung for carbon 
monoxide  [DLCO] adjusted for hemoglobin, volumetric 
lung function tests, high-resolution computed tomogra-
phy [HRCT] lung imaging scores, platelet counts, liver 
function, plasma lipid profiles, height Z-scores) and 
biomarkers reflecting the activity of ASMD (plasma chi-
totriosidase activity [normalized, µmol/L/hr], plasma 
lyso-sphingomyelin [μg/L]) were evaluated as described 
previously [14]. X-ray of the left hand, fingers and wrist 
were used to determine bone age compared to actual age 
using the Greulich and Pyle atlas [18].

Analyses
Analyses were performed overall and by baseline age 
group. Descriptive statistics with standard deviations 
were used for continuous variables and for concentra-
tion–time data. Categorical variables were summarized 
using frequencies and percents. Change and percent 
change from baseline were analyzed with the analysis of 
covariance (ANCOVA) method adjusting for baseline 
value and without multiplicity adjustment except for 
HRCT scores, for which a linear regression model was 
used to assess change from baseline adjusted by baseline 
HRCT scores. P values from the various tests are pre-
sented for the mean or least square (LS) mean change (or 
percent change) from baseline to 24 months, and all are 
nominal.

Results
Patient baseline characteristics
Twenty enrolled patients completed the primary analy-
sis period of the ASCEND-Peds trial and continued oli-
pudase alfa treatment in the long-term study (Fig.  1). 
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Baseline characteristics have been previously published 
[14] and are shown in Additional file 1: Table S1. Age at 
symptom onset ranged from 1.9 months to 3.9 years and 
presenting symptoms at disease onset included spleno-
megaly (90%), hepatomegaly (90%), respiratory diseases 
(35%), thrombocytopenia (25%) and excessive bleeding 
and bruising (10%). Age at trial enrollment ranged from 1 
to 17 years, males and females were equally represented, 
and the majority were Caucasian. At baseline, 12 patients 
(60%) had severe splenomegaly (> 15 MN).

Olipudase alfa dosing
The median time (min, max) to achieve the target dose 
during the primary ASCEND-Peds 64-week study was 
18 weeks (16, 50). All patients maintained the target dose 
of 3  mg/kg during the second year of treatment. One 
patient had a temporary dose reduction during week 67 
of treatment due to adverse events of sore throat, phar-
yngotonsillitis, bronchitis, and fever unrelated to olipu-
dase alfa treatment.

Safety
There were no permanent treatment discontinuations 
or withdrawals from the study during 24  months of 
olipudase alfa treatment. Treatment-emergent adverse 
events occurring during the primary 64-week safety 
period have been described in detail previously [14]. 

No new safety issues occurred during the second year 
of olipudase alfa treatment and 99% (1070/1077) of 
all treatment-emergent adverse events from first dose 
through month 24 were reported as mild (960/1077, 
89%) or moderate (110/1077, 10%).

As reported for the primary safety period [14], the 
most common adverse events considered related to 
olipudase alfa were pyrexia, vomiting, urticaria, and 
headache, most of which were mild infusion-associ-
ated reactions (IARs) as shown in Table  1. IARs were 
reported for 13 patients during 24  months of olipu-
dase alfa infusions. The number of IARs and number 
of patients with IARs peaked by 6  months and subse-
quently steadily decreased over time as shown in Fig. 2. 
Among 115 IAR events occurring from first dose, 99 
(86%) were reported as mild, 15 (13%) as moderate 
and 1 (0.9%) as severe (an anaphylactic reaction in a 
patient during the second month of treatment as previ-
ously reported [14]). Among IARs occurring in the sec-
ond year of treatment, none were severe, 19/23 (83%) 
were reported as mild, and 4/23 (17%) were reported as 
moderate.

In addition to three patients with serious adverse 
events related to treatment that were reported dur-
ing the 64-week primary analysis period and described 
previously [14], a 6-year-old patient had two serious 
adverse events consisting of IARs of mild hypersensitivity 

Fig. 1 Patient disposition



Page 4 of 11Diaz et al. Orphanet Journal of Rare Diseases          (2022) 17:437 

reactions (sneezing, flushing, facial edema, and hives) 
during weeks 68–70 that resolved with supportive medi-
cation and temporary interruption of the olipudase alfa 
infusions (completed).

There were no clinically significant abnormalities in 
laboratory findings, vital signs, electrocardiograms, or 
echocardiograms during the second year of treatment.

Clinical outcomes
Spleen and liver volume
Splenomegaly and hepatomegaly were moderate or 
severe [17] at baseline and improved in all patients, with 
the largest magnitude of improvement during the first 
6  months of treatment [14] followed by further incre-
mental improvement over the subsequent 18  months 
(Fig.  3A, B for spleen and 3C and D for liver). Mean 
spleen volume decreased from 19.0 ± 8.8 MN at base-
line to 7.2 ± 3.3 MN at 24  months (LS mean percent 
difference ± SEM − 60.9 ± 1.9%, p < 0.0001). Individual 
decreases in spleen volume ranged from 41.6 to 76.2%. 
All patients achieved spleen volumes in the mild to mod-
erate [17] range by 24 months except for one patient with 
severe baseline splenomegaly whose 24-month value was 
borderline moderate at 15.1 MN. Decreases in spleen 
volume over time were similar across the different pedi-
atric age groups (Fig. 3B).

Similar patterns were observed for hepatomegaly 
(Fig.  3C). Mean liver volume decreased from 2.7 ± 0.7 
MN at baseline to 1.3 ± 0.2 MN at 24 months (LS mean 
percent difference ± SEM − 49.0 ± 1.7%, nominal 
p < 0.0001), with individual decreases ranging from 30.5 
to 66.5%. All patients achieved liver volumes in the mild 
to moderate range [17] by 24 months. Decreases in liver 

volume over time were similar across the different pedi-
atric age groups (Fig. 3D).

Summary data for mean decreases in organomegaly 
over time and percent change from baseline are provided 
in Additional file 1: Table S2.

Pulmonary disease
Among nine patients ≥ 5  years of age able to perform 
lung function tests, baseline percent predicted  DLCO was 
severely impaired in one patient, moderately impaired 
in four, and mildly impaired in four (Fig. 3E) [14]. Mean 
baseline percent predicted  DLCO was 54.8 ± 14.2 (moder-
ate impairment [19]).  DLCO improved in all nine patients 
with baseline data by 24 months, with a LS mean percent 
difference ± SEM of 46.4 ± 4.1% (p = 0.0039). Individual 
changes from baseline ranged from 17% to 85.3%, with 
eight patients improving to no or mild impairment at 
24  months, and one adolescent patient improving from 
severe impairment at baseline to moderate at 24 months 
(Fig.  3E). Mean percent predicted  DLCO for 14 patients 
with data at 24  months was 82.8 ± 27.5 (no impairment 
[19]). Mean percent predicted  DLCO stratified by age cat-
egory showed similar improvements over time in both 
the child and adolescent groups (Fig. 3F). Summary data 
are provided in Additional file 1: Table S2.

Lung volumetric tests included forced vital capacity 
(FVC) and total lung capacity (TLC) among those able 
to perform lung function tests. The mean percent pre-
dicted values over time are shown in Additional file  1: 
Fig. S1. The mean percent predicted value improved from 
77.4 ± 16.3% at baseline to 89.6 ± 23.4% at 24 months (LS 
mean difference ± SEM 22.6 ± 6.2%, p = 0.0081) for FVC 
and from 86.8 ± 23.3% to 122.6 ± 22.8% (LS mean differ-
ence ± SEM 52.9 ± 7.1, p = 0.002) for TLC.

Table 1 Related adverse events occurring in two or more patients during 24 months of olipudase alfa treatment

IAR infusion-associated reaction

Related adverse event Patients n (%) N=20 Events Events categorized as IARs Severity by event

Pyrexia 8 (40.0) 25 23/25 All mild

Vomiting 7 (35.0) 17 16/17 16 mild, 1 moderate

Urticaria 6 (30.0) 28 28/28 23 mild, 5 moderate

Headache 5 (25.0) 10 7/10 9 mild, 1 moderate

C‑reactive protein increased 4 (20.0) 4 4/4 3 mild, 1 moderate

Nausea 4 (20.0) 4 4/4 2 mild, 2 moderate

Rash 3 (15.0) 6 4/6 5 mild, 1 moderate

Serum ferritin increased 3 (15.0) 3 3/3 2 mild, 1 moderate

Abdominal pain 2 (10.0) 6 5/6 All mild

Blood bilirubin increased 2 (10.0) 2 1/2 All mild

Erythema 2 (10.0) 3 3/3 All mild

Macule 2 (10.0) 3 0/3 All mild
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As previously described [14], pulmonary imaging of 
lung regions was scored qualitatively by central readers 
for ground glass appearance, ILD, and reticulonodular 
density based percent of lung volume affected, where 
0 = no disease; 1 = mild (≤ 25% of lung volume); 2 = mod-
erate (26–50%); 3 = severe (51–100%). HRCT images 
and scores for ground glass appearance at baseline, 
12 months and 24 months are shown in Fig. 4A for the 
patient (baseline age 7 years) who had the worst ground 
glass score at baseline. In this patient, ground glass opac-
ity resolved with a score of 0 at 24 months.

At baseline, ground glass appearance scores were 
moderate to severe and ILD and reticulonodular den-
sity scores were mild. All three mean scores improved 
with 12  months of olipudase alfa treatment [14], 
and these improvements were maintained or further 
increased after 24  months (Fig.  4B). At 24  months, 
mean ± SD ground glass appearance score decreased 
from baseline by 0.44 points from 0.79 ± 0.75 to 
0.31 ± 0.77 at 24 months (p = 0.0012), mean ILD score 
decreased by 0.70 ± 0.63 from 2.49 ± 0.74 to 1.87 ± 0.83 
(p = 0.0001), and mean reticulonodular density score 

Fig. 2 Time course of infusion‑associated reactions (IARs) during olipudase alfa treatment

Fig. 3 Changes in organomegaly and diffusing capacity of the lung over time with olipudase alfa treatment. A Individual patient responses for 
spleen volumes in multiples of normal (MN). Means for the overall population are indicated by the solid black line. Spleen absolute volumes were 
calculated as MN assuming normal volumes of 0.2% of body weight [17]. Severe and moderate splenomegaly were defined as > 15 and > 5 to 
≤ 15 MN, respectively [17]. Cutoffs of MN for severity of splenomegaly are indicated by horizontal lines. B Mean spleen volumes in MN ± standard 
deviations over time stratified by baseline age group. P values from the ANCOVA test used to examine mean percent difference from baseline 
to month 24 are: P = 0.0014 for the adolescent group (n = 4) and P < 0.0001 for both the child (n = 7) and the infant/early child (n = 7) groups. 
Level of significance at each timepoint is indicated in the figure with asterisks (*p < 0.05; **p < 0.01; ***p < 0.001). Summary data at month 24 are 
provided in Additional file 1: Table S2. C Individual patient responses for liver volumes in MN. Means for the overall population are indicated by the 
solid black line. Liver absolute volumes were calculated as MN assuming normal liver volumes of 2.5% of body weight [17]. Severe and moderate 
hepatomegaly were defined as > 2.5 and > 1.25 to ≤ 2.5MN, respectively [17]. Cutoffs of MN for severity of hepatomegaly are indicated by horizontal 
lines. D Mean liver volumes in MN ± standard deviations over time stratified by baseline age group. P‑values from the ANCOVA test used to 
examine mean percent difference from baseline to month 24 are: P = 0.0014 for the adolescent group (n = 4), P < 0.0001 for the child (n = 9), and 
P = 0.0002 for the infant/early child group (n = 6). Level of significance at each timepoint is indicated in the figure with asterisks (*p < 0.05; **p < 0.01; 
***p < 0.001). Summary data at month 24 are provided in Additional file 1: Table S2. E Individual patient responses for percent predicted  DLCO 
adjusted for hemoglobin for patients able to perform the assessment at baseline. Cutoffs for gas exchange impairment are indicated (> 80% was 
considered normal/no impairment, > 60–80% mild impairment, 40–60% moderate impairment, and < 40% severe impairment) [19]. F Mean percent 
predicted  DLCO adjusted for hemoglobin ± standard deviations over time stratified by baseline age group. P‑values from the ANCOVA test used to 
examine mean percent difference from baseline to month 24 are: P = 0.1747 for the adolescent group (n = 3) and P = 0.0002 for the child group 
(n = 6). Level of significance at each timepoint is indicated in the figure with asterisks (*p < 0.05; **p < 0.01; ***p < 0.001). Summary data at month 24 
are provided in Additional file 1: Table S2

(See figure on next page.)
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decreased by 0.58 ± 1.18 from 0.62 ± 1.1 to 0.07 ± 0.22 
(p = 0.0463).

Growth
Individual height Z-scores over time are shown in 
Fig.  5A. Baseline height Z-scores ranged from − 3.8 
to − 1.0 with a median of − 2.0 (mean − 2.1 ± 0.8). 
Ten patients (50%) met the criteria for short stature 
(i.e., height 2 or more standard deviations below the 
mean for age [20], equating to a Z-score of − 2 or less). 
Mean height Z-score improved from − 2.14 ± 0.84 at 

baseline to − 0.99 ± 0.88 at 24  months (LS mean dif-
ference ± SEM 1.17 ± 0.12, p < 0.0001) with individual 
scores ranging from − 2.7 to 0.3 (median − 0.9; mean 
− 1.0 ± 0.88). The proportion of patients with short 
stature at 24  months was 3/16 (19%). Mean height 
Z-score over time stratified by age category showed 
similar improvements over time (Fig. 4B).

For 19 patients with baseline and 24-month bone 
age data determined from wrist x-rays, the mean delay 
in bone age decreased from 25.6 ± 18.1  months to 
17.0 ± 16.0 months after 2 years of olipudase alfa treat-
ment (LS mean difference ± SEM 8.6 ± 2.8  months, 
p = 0.0065).
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Other assessments
Improvements in liver function tests and plasma lipid 
profiles observed at 12  months[14] were maintained or 
further improved at 24  months (Additional file  1: Figs. 
S2 and S3, respectively), with mean values maintained 
within normal ranges. Mean baseline platelet counts 
reflected mild thrombocytopenia [14] and were improved 
at 24  months by 35.9 ± 32.4 ×  109/L (p = 0.0014) from 
137.7 ± 62.3 ×  109/L to 166.9 ± 64.9 ×  109/L.

Both plasma lyso-sphingomyelin, the deacylated form 
of sphingomyelin and plasma chitotriosidase activity, a 
biomarker of activated macrophages, were elevated at 
baseline (mean values > 60 and > 6 times the upper limit 
of normal [ULN], respectively) and decreases reported 
by 6  months were maintained at 12  months [14]. At 

24  months there was a mean reduction of pre-infusion 
plasma lyso-sphingomyelin of 87% and levels were near 
the ULN (Additional file  1: Fig. S4A). Plasma chitotri-
osidase activity was also close to the ULN at 24 months, 
reflecting a 76% reduction from baseline (Additional 
file 1: Fig. S4B).

Discussion
In the absence of disease-specific treatment, natural his-
tory studies indicate that disease burden and mortality 
risk increase over time in children and adolescents with 
chronic forms of ASMD [4, 9, 21–23], with liver and 
lung disease [24] identified as major contributors to early 
death [7, 8]. The 2-year results of this trial demonstrate 
that a disease-modifying therapy such as olipudase alfa 

A.

B.

Fig. 4 Changes in interstitial lung disease parameters over time with olipudase alfa treatment. A High‑resolution computed tomography (HRCT) 
lung images of lower lung zones for a patient in the child group at baseline, 12 months, and 24 months. Scoring of images for ground glass 
appearance shown in the table below the images is based on a 4‑point scale (0 = no disease; 1 = mild [1–25% lung volume affected]; 2 = moderate 
[26–50%]; 3 = severe [51–100%]). B Bar graph shows mean scores for ground glass appearance, interstitial lung disease, and reticulonodular 
density determined from HRCT images based on the percent of lung volume affected averaged over all four lung levels and both lungs. Images 
were scored based on the 4‑point scale shown. Level of significance at each timepoint is indicated in the figure with asterisks (*p < 0.05; **p < 0.01; 
***p < 0.001). Mean change from baseline to month 24 and P values are provided in the results section
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can substantially alleviate the disease burden in children 
from infancy through adolescence with chronic forms of 
ASMD.

Step-wise dose escalation is used for patients in olipu-
dase alfa clinical trials [12, 14] to minimize adverse events 
arising from rapid production of high concentrations 

A.

B.

Fig. 5 Changes in height Z‑scores over time with olipudase alfa treatment. A Individual height Z‑scores over time are shown. Per enrollment 
criteria, all patients were required to have a height Z‑score of − 1.0 or less at baseline. The solid line at Z‑score of − 2 indicates cutoff for short stature 
(height 2 or more standard deviations below the mean for age [20], equating to a Z‑score of − 2 or less). A Z‑score of 0 represents mean height. B 
Mean height Z‑scores ± standard deviations over time stratified by age category. P values from the ANCOVA test used to examine mean difference 
from baseline to month 24 are: P = 0.2028 for the adolescent group (n = 3), P = 0.0005 for the child (n = 7), and P = 0.0016 for the infant/early child 
group (n = 6). Level of significance at each timepoint is indicated in the figure with asterisks (*p < 0.05; **p < 0.01; ***p < 0.001). Summary data at 
24 months are provided in Additional file 1: Table S2
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of bioactive catabolites and depletion of the substrate 
sphingomyelin [15, 16]. With this dose escalation regi-
men, metabolite levels and disease biomarkers decrease 
following treatment initiation, confirming olipudase alfa’s 
mechanism of action [12, 14]. Plasma levels of the sphin-
gomyelin metabolite lyso-sphingomyelin levels shown 
to decrease over the first three months of olipudase alfa 
infusions in pediatric patients [14] remained stable at near 
normal values through 24 months of treatment. Activity 
of chitotriosidase, a biomarker of activated macrophages 
that was elevated at baseline decreased to near normal 
levels by 6 months [14], was stable through 24 months.

Olipudase alfa ERT was well tolerated over 24 months 
of treatment and there were no permanent discontinua-
tions or study withdrawals due to adverse events. Most 
treatment-related events were mild to moderate IARs 
occurring primarily in the first 6  months of treatment 
and becoming less frequent over time, which is a typical 
observation with ERT [25]. IAR events occurring with 
olipudase alfa infusions were managed in some cases 
with temporary infusion interruptions or dose reductions 
that did not prevent reaching or maintaining the target 
olipudase alfa dose.

Olipudase alfa treatment resulted in significant improve-
ments in key disease characteristics known to persist or 
worsen over time [9] in untreated pediatric patients of all 
ages with chronic ASMD. Deterioration in lung function 
occurs in children with untreated ASMD [9], and is asso-
ciated with increased risk of respiratory infections and 
respiratory failure [6]. Progressive decline in pulmonary 
function also contributes to early mortality and decreased 
quality of life [8, 23, 26–28]. Lung function and ILD 
improved in all pediatric patients receiving olipudase alfa. 
Diffusing capacity of the lung assessed by determining the 
percent predicted  DLCO improved to mild or no impair-
ment by 24 months in eight of nine children with baseline 
data, and to moderate impairment in one patient with 
severe impairment at baseline. Improvement in diffusing 
capacity was supported by pulmonary imaging assess-
ments of ILD with decreases in mean scores for ground 
glass appearance, ILD, and reticulo nodular density.

A hallmark clinical manifestation of ASMD is mod-
erate to severe organomegaly [8, 9, 29], which occurs 
early in life in children with chronic ASMD and does 
not resolve or improve over time [9]. Organomegaly in 
LSDs and other chronic diseases can impact satiety with 
consequences on nutrition and development in children 
[17, 30]. Splenomegaly in ASMD is also associated with 
increased bleeding risk [29]; thus, lifestyle modifica-
tions are often advised in order to reduce risk of splenic 
rupture [10]. All pediatric patients had reductions from 
baseline in spleen and liver volumes of greater than 30% 
by 24 months.

Other clinical parameters that worsen over time in pedi-
atric patients with ASMD include dyslipidemia [4, 9] and 
thrombocytopenia [9]. Lipid profiles and platelet counts 
significantly improved over 12  months of olipudase alfa 
treatment [14] and showed additional improvements and 
normalization by 24 months of treatment. Elevated liver 
transaminases reflecting ASMD-associated liver pathol-
ogy in pediatric patients [9, 29] normalized beginning in 
the first few weeks of olipudase alfa treatment [14] and 
remained within normal limits through 24 months.

Short stature is associated with poorer quality of life in 
children and adults [31]. Growth deficits in children and 
adolescents with chronic ASMD are common [9, 32, 33], 
although some patients achieve normal stature, often in 
association with homozygosity for the SMPD1 variant 
p.Arg610del [32, 34]. No patient enrolled in the ASCEND-
Peds study was homozygous for p.Arg610del and all had 
growth deficits at baseline per inclusion criteria [14]. 
Improvements in Z-scores occurred in all patients, and the 
percentage of children with short stature decreased from 
50% at baseline to 19% at 24 months of treatment. Mean 
bone age, which was delayed compared to actual age at the 
start of the study, increased over actual age for 19 children.

Conclusion
ERT with olipudase alfa remained well-tolerated through 
24  months of treatment in infants/young children, chil-
dren, and adolescents with chronic ASMD, and treat-
ment was associated with improvements in disease 
pathology across multiple clinically meaningful end-
points. Importantly, improvements observed during the 
first year of olipudase alfa treatment were maintained or 
further improved during the second year of treatment.
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