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Early diagnosis of infantile-onset lysosomal
acid lipase deficiency in the advent of
available enzyme replacement therapy
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Abstract

Background: Lysosomal acid lipase deficiency (LAL-D) is an autosomal recessive disorder that can present as a
severe, infantile form also known as Wolman disease. We sought to determine the outcomes and clinical needs of
infants diagnosed with LAL-D, treated with enzyme replacement therapy (ERT).

Methods: A chart review was conducted on two infantile-onset LAL-D patients to determine clinical outcomes
based on laboratory results, abdominal imaging, growth and dietary records, cardiology, endocrinology,
ophthalmology, hematology, and neurocognitive evaluations.

Results: Two patients, both diagnosed and treated before 6 months old, demonstrated clinical improvement
following weekly ERT. They required dosage increases to optimize growth and symptomatology. Both received a
formula low in long chain triglycerides and high in medium chain triglycerides, an intervention that allowed
significant catch-up growth. Patient 1 required treatment for partial adrenal insufficiency and hypothyroidism. Both
patients demonstrated reduction in liver and spleen size and varying degrees of improved liver function. Neither
experienced serious adverse reactions to ERT.

Conclusion: ERT has led to longer and healthier survival of affected infants. It is imperative that dietary
interventions and systemic clinical care become integral to the management. Continued evidence of survival and
clinical improvement in this population, coupled with available mass spectrometry enzyme assay from dried blood
spots, raises the question of this rare and possibly underdiagnosed disorder’s candidacy for newborn screening.

Keywords: Wolman disease, Enzyme replacement therapy, Lysosomal acid lipase deficiency, Diet, Adrenal
insufficiency

Background
Lysosomal acid lipase deficiency (LAL-D) is an auto-
somal recessive disorder that can present as a severe,
infantile form also referred to as Wolman disease
(OMIM #278000) [1]. Prior to the advent of enzyme
replacement therapy (ERT) with a recombinant form
of lipoprotein lipase, sebelipase alfa (Kanuma®), life
expectancy was typically less than twelve months [2]. The
only available treatment options (liver transplantation and

hematopoietic stem cell transplant) were rarely suc-
cessful in extending survival and were fraught with
additional medical complications [3–6]. Approval of
sebelipase alfa (Kanuma®) in 2015 by both the Food
and Drug Administration (FDA) and the European
Medicine’s Agency (EMA) has enabled longer survival
and better quality-of-life, as demonstrated by prior
clinical studies [7, 8]. The recommended starting dos-
age according to the prescribing information is 1 mg/
kg administered weekly via intravenous infusion. The
product label also states that for patients without op-
timal clinical response, the dosage should be in-
creased to 3 mg/kg weekly. Lastly, the manufacturers
note that in the 9-patient infant clinical trial with

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: ficicioglu@email.chop.edu
1Division of Human Genetics, Department of Pediatrics, The Children’s
Hospital of Philadelphia, 3401 Civic Center Blvd, Philadelphia, PA 19104, USA
2Perelman School of Medicine, University of Pennsylvania, 3400 Civic Center
Blvd, Philadelphia, PA 19104, USA
Full list of author information is available at the end of the article

Cohen et al. Orphanet Journal of Rare Diseases          (2019) 14:198 
https://doi.org/10.1186/s13023-019-1129-y

http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-019-1129-y&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ficicioglu@email.chop.edu


rapidly progressive LAL-D, a patient was increased to
5 mg/kg weekly at week 88 of treatment [9].
Infants treated with ERT enjoy improved hepatic func-

tion, somatic growth, and amelioration of gastrointes-
tinal and hematologic complications [9]. As patients
now survive beyond infancy, it is necessary to consider
additional manifestations of disease and to respond with
appropriate interventions. For instance, prior studies
have reported a low-fat diet as a supportive and/or com-
plementary treatment [9]. Other data underscore a need
to be attentive to adrenal complications that may occur
in utero [10, 11].
We report two patients who presented at two and six

months of age, respectively. Both patients presented with
failure to thrive and gastrointestinal issues (vomiting and
diarrhea). Imaging studies and laboratory data pointed
to a diagnosis of infantile-onset LAL-D. The diagnostic
suspicions in these two cases were then confirmed with
both enzyme assay and molecular genetic analysis. The
clinical course of the two infants was somewhat differ-
ent, but both cases highlight the need for early diagnosis
and swift initiation of ERT as well as the importance of
detecting and treating disease manifestations that may
not be immediately corrected by ERT.

Results
Clinical manifestations and laboratory evaluations
Table 1 depicts the two patients’ similarities and differ-
ences in clinical course and progression of growth and
development. Both patients demonstrated absent lyso-
somal acid lipase enzyme activity as well as confirmed
pathogenic variants in LIPA with targeted gene sequen-
cing. Their parallel presentations of failure to thrive sec-
ondary to feeding difficulties and gastrointestinal
symptoms, coupled with hepatomegaly and adrenal cal-
cifications, are consistent with the classic presentation of
this disease [12].
The progression of laboratory studies in response to

ERT is depicted in Table 2. In Patient 1, treatment con-
sistently reduced aspartate aminotransferase (AST)
levels and maintained stable values for most other pa-
rameters. After 22 months of ERT, Patient 1 experienced
a 59% reduction in AST (currently within normal limits)
and a 32% reduction in ALT (currently within normal
limits); the total bilirubin and alkaline phosphatase were
within normal limits prior to ERT. Oxysterol levels on
plasma analysis in this infant were elevated but down-
trending after 12 months of ERT; after 22 months of
ERT, the cholestane-3beta,5alpha,6beta-triol on blood
spot analysis was within normal limits based on the
blood spot reference range of normal. Prior to ERT,
Patient 1’s liver volume was 338 mL (weight-adjusted
normal 144 mL) and his splenic volume was 35mL
(weight-adjusted normal 11.53 mL). After 12 months of

ERT, his liver measured 389 mL (weight-adjusted normal
247.5 mL) and his spleen was 43mL (weight-adjusted
normal 19.8 mL). Thus, hepatic volume declined from
2.3X to 1.6X normal and splenic volume from 3X to 2X
normal. Prior to ERT, ultrasound demonstrated normal
echogenicity of liver and spleen without focal lesions.
The MRI after 12 months of ERT showed normal signal
and no focal lesions of the liver or spleen.
ERT in Patient 2 either normalized or markedly re-

duced elevated levels of triglycerides, low-density lipo-
protein, ferritin, and AST. Patient 2 also demonstrated
normalization of pre-treatment hypoalbuminemia and
improvement in an elevated blood level of γ-gluta-
myl transpeptidase (GGTP). After 12 months of ERT, Pa-
tient 2 experienced an appropriate increase in albumin
(56%) to a level within normal range, and a 71% reduc-
tion in AST (currently within normal limits), a minimal
6% reduction in ALT (still mildly elevated), and a 79%
reduction in GGTP (though still elevated). Similar to Pa-
tient 1, total bilirubin and alkaline phosphatase were
within normal limits prior to ERT. Abdominal ultra-
sound imaging in Patient 2 confirmed a reduction in the
size of both her liver and spleen. Prior to ERT, her liver
measured 10.1 cm (age-adjusted normal 4-9 cm) and her
spleen was 9.7 cm (age and sex-adjusted normal 3.2–5.5
cm). After 12 months of ERT, her liver went from 1.1X
the upper limit of normal to within normal range at 8.6
cm (age-adjusted normal 6.5–10.5 cm) and her spleen
went from 1.8X the upper limit of normal to 1.2X the
upper limit of normal at 9.6 cm (age and sex-adjusted
normal 5.1–8.2 cm) [13, 14]. Prior to ERT, ultrasound
demonstrated normal echogenicity of liver and spleen
without focal lesions. After 18 months of ERT, Patient 2
demonstrated parenchymal heterogeneity of the liver,
which was essentially unchanged from prior studies, and
the echogenicity of the spleen was homogenous without
focal lesion.

Enzyme replacement therapy dosage and adverse
reactions
Patient 1 received 1 mg/kg/dose for the initial 3 weeks,
but this was increased to 3 mg/kg/dose due to inad-
equate weight gain. Dosage was increased after 17
months of therapy to 5 mg/kg/dose because of abdom-
inal bloating and distension and subsequent feeding dif-
ficulties even with adequate weight gain. Patient 2
initially received 3 mg/kg/dose and then was increased
to 5 mg/kg/dose because of persistently abnormal la-
boratory results. Based on the clinical trial conducted in
infant patients [9], in which two patients were increased
to a dose of 5 mg/kg, which is also reported on the pack-
age insert for Kanuma®, both patients reported here were
similarly increased to the highest reported dosage, 5 mg/
kg, to achieve optimal clinical improvement. Only
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Patient 1 in our cohort was tested for the presence of
drug antibodies at the time of this manuscript, and was
found to be negative for antibodies after 18 months of
weekly ERT.
A single episode of higher core temperature (37.8–

37.9 degrees Celsius) occurred during ERT infusion in
Patient 1. This resolved spontaneously. Patient 2 devel-
oped urticaria with ERT and the reaction of urticaria
continued for 5 weeks of treatment. At the time of the
initial reaction, she was treated with an antihistamine,
corticosteroids and an antipyretic. The patient was then
started on a combination of corticosteroid and H1 anti-
histamine for 4 weeks due to the severity of the urticaria,
followed by an H1 antihistamine continued for an add-
itional 4 weeks, after which time, all pre-infusion medi-
cations were discontinued, and no other adverse events
occurred. She is now receiving home infusions following
one year of hospital-based infusions, and is not requiring
any pre-medications.

Growth and dietary management
Patients 1 and 2 both demonstrated catch-up growth fol-
lowing initiation of ERT coupled with introduction of a
metabolic formula low in long chain triglycerides (LCT)
and high in medium chain triglycerides (MCT).
Due to vomiting and bloody stool early in infancy, Pa-

tient 1 had been switched from breast milk to Nutrami-
gen formula, and then to Alfamino by 2months of age.
At approximately 5 months old, his weight had precipi-
tously fallen below his age group’s growth curve, and at
the time of diagnosis (~ 6 months old) the weight and
height were respectively at Z-scores of −3.50 and −1.81.
After confirmation of the diagnosis, Patient 1 was slowly
transitioned (over two weeks) to Monogen (24 kcal/30
mL). He continued to receive pureed baby foods and
cereal. During the month following his transition to this
formula, he was gaining an average of 22 g/day (expected
weight gain for his 8 month old age: 9 g/day). Approxi-
mately 1 month after the diagnosis was confirmed, 5
mL/day of MCT oil was also added to his nutritional
regimen. One week following this addition, he was gain-
ing 35 g/day, demonstrating excellent catch-up growth.
Subjectively, his parents noted greater satiety with the
new formula, but also reported increased constipation.
The rate of weight gain in Patient 1 declined to 5.7 g/

day by 2–3 months after the start of dietary intervention,
thus prompting an increase in dietary LCT (as whole fat
baby yogurt) from 4 to 16% of total fat. Weight gain
then increased within 1 week to 16.4 g/day. After six
months of ERT (age 12 months) caloric density was in-
creased to 27 kcal/30 mL formula and his Z-scores for
weight and height improved respectively to −2.26 and
−1.89. By age 14months, most fat (80% of calories) was
provided as MCT and the remainder from LCT. After a

full year of diet therapy and ERT (age 18 months) he
gained an average of 5 g/day (normal 4–10 g/day) and
his Z-score for weight (−1.93) and height (−1.55) contin-
ued to improve. The growth velocity was 2.6 cm/month,
exceeding the expectation for age. After eighteen months
on ERT (age 24 months) his nutrition goals were 120-
125 kcal/kg of which 30% came from fat (80% MCT, 20%
LCT). Throughout his life, his head circumference con-
sistently showed a Z-score of −1.12. Due to the LCT-re-
stricted diet and risk for fat-soluble vitamin deficiencies,
Patient 1 was evaluated and demonstrated normal/high
levels of vitamin D and vitamin E and therefore no sup-
plementation was required.
At the time of Patient 2’s diagnosis (age 2 months, cor-

rected age 1 month based on her preterm 36-week gesta-
tion), she was switched from Enfamil 24 kcals/30 mL to
Monogen 24 kcal/30 mL. At 20 months old, she received
ad lib Monogen (~ 600 mL/day); LCT content from her
solid food intake was not restricted. Her weight percent-
ile increased from <5th percentile at diagnosis (6.94% for
corrected age, Z = −1.48) to just below the 10th percent-
ile by 19.5 months old (15.13% for corrected age, Z =
−1.03). Her weight-for-length percentile improved over-
all as well, moving from 12th percentile (Z = −1.18) to
5th percentile (8 months old), but most recently, to 50th
percentile (20 months old).

Clinical manifestations outside the therapeutic scope of
ERT
Patient 1 showed bilateral adrenal calcifications during
the initial diagnostic evaluation, a finding that was likely
present prenatally based on maternal report of fetal
ultrasound findings. A poor cortisol response to ACTH
stimulation pointed to partial adrenal insufficiency,
which was controlled with stress dose steroids rather
than maintenance therapy. Hypothyroidism was mani-
fested by a persistent increase of thyroid stimulating
hormone (TSH) first noted at 11 months old (with sub-
sequently normal total and free thyroxine levels); his
thyroid peroxidase antibodies were mildly positive. Of
note, his TSH level had been previously normal at 6
months of age during his initial diagnostic evaluation for
failure to thrive. He is currently treated with daily
levothyroxine therapy, in accordance with treatment
practice for an infant with TSH persistently greater than
10. Patient 2 was twice evaluated for adrenal insuffi-
ciency but showed no evidence of this endocrinopathy.
Additionally, her TSH level was evaluated once at the
time of her diagnosis (age 2 months) and was within the
range of normal for age.
Patient 1 has had intermittent mild eosinophilia with

two separate episodes of an elevated absolute eosinophil
count. With treatment of hypothyroidism, the eosino-
philia remitted. Patient 1 also presented with a mild and
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stable anemia (hemoglobin 10.1 g/dL) but a normal re-
ticulocyte count and a peripheral blood smear without
suggestion of hemolysis. Eventually, his complete blood
count (CBC) normalized. Patient 2 presented with severe
anemia (hemoglobin 6.8 g/dL) and thrombocytopenia
(platelet count 50 K/uL). She was diagnosed with sec-
ondary hemophagocytic lymphohistiocytosis, which has
been previously noted in infantile LAL-D patients [15].
Her anemia was determined to be secondary to both the
hematologic-related complications of infantile LAL-D, as
well as iron deficiency. Shortly after initiation with ERT,
her hemoglobin level rose to 9.6 g/dL, and platelet count
to 116 K/uL. After 18 months of ERT, her hemoglobin
was stable at 9.2 g/dL and her platelet count continued
to improve to 178 K/uL.
Both patients received cardiac evaluations. After 12

months of ERT, Patient 1 had a normal cardiology-fo-
cused physical examination, electrocardiogram and
echocardiogram. A repeat cardiac evaluation (at 18
months) was unchanged. A similar cardiac evaluation
was normal for Patient 2. A celiac panel sent at age 24
months on Patient 1 showed slightly elevated anti-tissue
transglutaminase IgA but negative anti-endomysial IgA
antibodies and normal immunoglobulin A. The celiac
panel had been normal at the time of initial diagnosis (6
months old); poor weight gain, however, prompted the
repeat test. A general ophthalmologic examination in
Patient 1 was normal. A more specialized exam and im-
aging completed by an ophthalmic geneticist determined
on slit lamp examination that the patient had an entirely
normal cornea and anterior segment; the patient’s cor-
nea was clear without accumulation, and his fundoscopy
exam was also normal. Functional studies of rods and
cones (electroretinogram) were not performed because
extensive ophthalmic imaging (blue light autofluores-
cence imaging, optical coherence tomography, and fun-
doscopic pictures) demonstrated an entirely normal
retinal phenotype.

Neurocognitive outcomes
Patient 1’s early developmental trajectory was unremark-
able according to parent report, with milestones such as
first words and steps emerging within the expected time
frames. He participated in feeding therapy from 12 to
18months of age and has had developmental instruction
through Early Intervention beginning at 8 months of
age. At 29 months of age, a neurodevelopmental evalu-
ation using the Bayley Scales of Infant Development,
Third Edition (Bayley-III) indicated that his overall cog-
nitive development was in the High Average range
(scaled score (ss) = 13) when compared to same-age
peers. Receptive language skills were in the Superior
range (ss = 15) and his expressive language skills were in
the High Average range (ss = 13). Fine and gross motor

skills were considered Average for his age (ss = 10 and
8, respectively). In order to document his level of func-
tion in everyday interactions and activities, a caregiver
completed the Vineland Adaptive Behavior Scales, Com-
prehensive Report Form, Third Edition (Vineland-3). On
this measure, the patient’s communication (receptive
and expressive), socialization, and motor (gross and fine)
skills were estimated to be within the Average range
(Standard Score (SS) = 104, 92, and 104, respectively),
while estimates of his daily living skills (e.g., dressing,
feeding, etc.) were in the Low Average range for his age
(SS = 85). Parent responses on the Achenbach Child Be-
havior Checklist (CBCL) revealed no significant con-
cerns regarding emotional or behavioral functioning.
For Patient 2, her development has been progressing

as follows: At 18 months of age she was cruising, and
was walking at 19 months old, which demonstrates mild
gross motor delay. She has been age-appropriate for her
receptive language skills but has had delayed expressive
language skills with only a couple of words at 20 months
old. She has thus far demonstrated age-appropriate so-
cial development and she is receiving early intervention
services. A formal neurocognitive evaluation is pending
at the time of this manuscript.

Discussion
Prior clinical trials document the safety and efficacy of
sebelipase alfa to treat infantile-onset LAL-D. The two
patients presented here are further examples of this
treatment’s safety (no serious adverse events) and effi-
cacy (improvement in clinical symptoms, laboratory pa-
rameters, survival, and growth). Therapeutic efficacy is
also reflected by a reduction of hepatosplenomegaly in
both patients as well as symptomatic improvement in
gastrointestinal function.
Relatively scant attention has been devoted to dietary

management for infantile LAL-D. Our two patients
showed improved growth during ERT when they re-
ceived a specialized formula either with (Patient 1) or
without (Patient 2) an additional fat-restricted diet. Of
note, Patient 1 who has been on a fat-restricted diet
showed a greater growth improvement (based on Z-
scores) compared to Patient 2 (Additional file 1: Figure
S1). Regular dietary adjustments appear to be indicated
in order to optimize growth. It is important to continu-
ously evaluate the patient’s intake to ensure fat con-
sumption remains within the recommended goals. Based
on the use of low-fat diet management in late-onset
LAL-D to help treat patients’ dyslipidemia and hepatic
impairment [16] we speculate that an LCT-restricted
and MCT-enriched diet is beneficial in infantile LAL-D
for the following reasons: the accumulation of fat in the
cells of the small intestine causes swelling and flattening
of the intestinal villi, resulting in impaired absorptive
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ability. Treatment with a low LCT diet reduces further
fat accumulation in the intestines and liver. MCT is pro-
vided to these patients because it enters the liver directly
via the hepatic portal vein and is then metabolized by
beta oxidation. MCT is more effectively absorbed and
therefore a smaller amount is re-esterified or elongated
to LCTs. There is a risk of fat-soluble vitamin deficien-
cies with this diet, therefore vitamin levels should be
evaluated, but only supplemented if there is evidence of
deficiency, given the risk of toxicity with administration
of fat-soluble vitamin supplements.
A limitation of the study is the small sample size of

patients, and therefore, further research is required to
study the utility of LCT restriction in this patient popu-
lation. An additional limitation of the study is that al-
though more advanced imaging techniques are being
used presently to assess liver fibrosis and fat content,
these were not available methodologies at the time of
diagnosis of these cases. Furthermore, there was no clin-
ical indication for liver biopsies in either Patient 1 or 2,
given the invasive nature of this test and the age of the
patients; therefore we are not aware of the potential de-
gree of liver fibrosis. Lastly, due to the recent advent of
available ERT for infantile LAL-D, our clinical results are
short-term outcome data, and longer follow-up is re-
quired to determine continued clinical management of
this patient population.

Conclusions
With the advent of ERT, extra-hepatic manifestations
of infantile-onset LAL-D, including adrenal calcifica-
tions and anemia, demonstrate the need for compre-
hensive clinical management, including thorough
endocrinology and hematology evaluations, in order
to detect treatable manifestations of disease which are
not remediated by ERT. Furthermore, in the era of
expanding newborn screening, it is equally important
to consider whether this rare but life-threatening dis-
ease may benefit from rapid and earlier diagnosis.
The present ability to accurately measure lysosomal
acid lipase enzyme level from a blood spot using a
specific substrate and UPLC-MS/MS [17], potentially
further qualifies this disease as a future candidate for
newborn screening.

Methods
Chart review was conducted on two infantile-onset
LAL-D patients with special reference to overall clinical
course, dietary intake and nutritional recommendations,
physical growth, laboratory testing, and imaging results.
Patient 1 was previously published as a case report [18].
Informed consent was obtained from both patients’ par-
ents to use their medical information for the purposes of
this study.

Both patients received ERT immediately following
diagnosis and continued on weekly infusions for at
least 20 months. Management in both cases com-
prised a team of subspecialists, including biochemical
geneticists and metabolic dietitians. Lysosomal acid
lipase enzyme deficiency and blood oxysterol levels
(Patient 1) were measured in Mayo Clinic Laboratory.
All other laboratory tests were performed at the pa-
tients’ respective treating institutions, Children’s Hos-
pital of Philadelphia (Patient 1) and Hackensack
University Medical Center (Patient 2).

Additional file

Additional file 1: Figure S1A. Growth charts for Patient 1. Figure S1B.
Growth charts for Patient 2. (PDF 2720 kb)
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