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A B S T R A C T

Olipudase alfa is indicated for the non-central nervous system manifestations of Acid sphingomyelinase defi-
ciency (ASMD). Anaphylaxis is a very rare and life-threatening adverse reaction described for this drug. Here, we
report the case of a 2-year-old boy affected by chronic neurovisceral ASMD who experienced signs of hyper-
sensitivity reactions to olipudase alfa since the administered dose of 1 mg/kg during dose escalation and a proper
anaphylactic reaction during the second administration of the target therapeutic dose of 3 mg/kg. The treatment
was stopped for 15 weeks and then a 7-step desensitization protocol with the infused dose of 0.03 mg/kg was
applied. Subsequent gradual dose escalation was resumed, successfully reaching the dose of 0.3 mg/kg. More-
over, biochemical, and radiological disease indexes, which were increased during treatment discontinuation,
have gradually improved since the restart of treatment. However, at the second administration of the dose of 0.6
mg/kg, the patient experienced another adverse drug reaction with facial urticarial rash and bronchospasm,
requiring the administration of adrenaline, methylprednisolone, and inhaled salbutamol. This case report
highlights the need to customize the olipudase alfa desensitization protocol according to individual tolerance and
raises the issue of achieving the established therapeutic target in the most sensitive children.
Synopsis: We report a case of anaphylaxis to olipudase alfa in a child affected by chronic neurovisceral Acid
sphingomyelinase deficiency (ASMD) and describe a 7-step desensitization procedure. This procedure, with the
total administered dose of 0.03 mg/kg, followed by gradual dose escalation, allowed to reach the dose of 0.3 mg/
kg without adverse reactions; however, at the second administration of the dose of 0.6 mg/kg our patient pre-
sented another adverse reaction suggesting the need of a different desensitization strategy.

1. Introduction

Acid sphingomyelinase deficiency (ASMD) is a rare lysosomal stor-
age disorder (LSD) resulting from bi-allelic mutations in SMPD1 gene,
leading to progressive accumulation of sphingomyelin in different or-
gans. [1] The estimated global prevalence is about 1:100,000-
1,000,000. [2]
On the basis of its phenotype and natural history, ASMD is classified

into infantile neurovisceral (ASMD A), chronic neurovisceral (ASMD A/
B or intermediate ASMD) and chronic visceral (ASMD B).

Infantile neurovisceral ASMD presents with severe visceral and
neurological involvement presenting within the first 6–10 months of life
with progressive psychomotor deterioration, culminating in death usu-
ally by the age of 3 years. Chronic visceral ASMD manifests with a
protracted, multi-systemic, oligosymptomatic course, with no or mini-
mal neurological impairment. Its natural history encompasses a broad
spectrum of manifestations and severity. Survival typically extends well
into adulthood, and in some instances, approaches normalcy. Patients
may experience prolonged periods of stability spanning years. Patients
with chronic neurovisceral ASMD have visceral manifestations similar to
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chronic visceral ASMD but with an earlier onset, sometimes accompa-
nied by mild neurological symptoms [3]. Non-treated patients survive
beyond early childhood, extending sometimes into adulthood. [2]
ASMD non-neurological symptoms include hepatosplenomegaly,

liver dysfunction leading to fibrosis, interstitial lung disease, thrombo-
cytopenia, and coagulation defects, dyslipidaemia, osteopenia, growth
failure and delayed puberty. [4,5]
In the past, ASMD management was restricted to supportive care,

with a very low life expectancy and poor life quality. [6,7]. Disease
natural history has been modified by the introduction of olipulidase alfa,
a recombinant human acid sphingomyelinase that hydrolyses sphingo-
myelin. Like other enzyme replacement therapies (ERTs), olipudase alfa
does not cross the blood–brain barrier. In summer 2022 the U.S. Food
and Drug Administration approved olipulidase alfa for the treatment of
non-central nervous system (CNS) manifestations in chronic neuro-
visceral and chronic visceral ASMD.
Clinical trials demonstrated olipulidase alfa efficacy with significant

and comprehensive improvements in disease pathology and in clinically
relevant endpoints. [7]
Experimental studies also demonstrated a good tolerability of oli-

pudase alfa in pediatric patients [7–10]. The most reported treatment-
related adverse reactions (ARs) are mild to moderate, being pyrexia,
headache, urticaria, and vomiting the most common. These ARs have
already been described during the infusion of other ERTs. [11] A recent
systematic review describes the ERTs related hypersensitivity reactions
(HR) in LSDs and the desensitization strategies applied. [11] Out of 52
patients with HR, 32 (61%) experienced anaphylaxis (3–5 HR grade
according to the World Allergy Organization Anaphylaxis Guidance
2020). [12]

2. Case report

A 15-month-old child came to our Emergency Department for acute
febrile pneumonia associated with hepatosplenomegaly. The child did
not present any neurological sign. Infectious and lymphoproliferative
diseases were excluded. In the suspect of a LSD, specific investigations
were carried out: Chitotriosidase was 10× normal value (nv), plasma
Lysosphingomyelin-509 was 4.3 ng/mL (nv < 0.9) and Sphingomyeli-
nase enzyme activity, assessed by spectrophotometry with a wavelength
of 410 nm, was 0.10 nmol/h/mg (nv 0.50–3.50). Genetic analysis
revealed a homozygous c.1177 T > G mutation in exon 3 of the SMPD1
gene, also known as W391G, confirming the diagnosis of chronic neu-
rovisceral ASMD (Fig. 1). Therefore, after obtaining informed parental
consent, ERT for compassionate use was introduced at the age of 22
months.
The first infusion at a dose of 0.03 mg/kg was administered by

increasing doses infusions every two weeks with clinical, biochemical
and instrumental follow-up [13].
Transaminases, evaluated 24 h before and 48 h after each infusion,

were always normal.
Infusions were well tolerated until the 7th one, at a dose of 1 mg/kg.

Before the end of the infusion the patient presented with erythematous
neck skin rash, slight tremors at lower limbs, vomiting and hyperpyrexia
with normal vital parameters (VPs). ERT was interrupted, and intrave-
nous (IV) hydrocortisone and oral paracetamol were administered with
the resolution of symptoms. Anti-olipudase alfa antibodies resulted in
the absence of specific IgE (sIgE), but high IgG titre (1:12800).
During the 11th and 12th administrations, at the same dose, the

patient presented respectively with a slight eyelid edema and fine
tremors at lower limbs and a mild temperature rise (38.5◦) with vom-
iting 30 min after the end of the infusion. VPs were normal and the
episodes resolved spontaneously within a few minutes. The patient
suffered from vomiting and diarrhea during the following days: similar
symptoms were reported in his parents, suggesting an infectious cause.
During the 12th administration, at 1 mg/kg, pre-post infusion plasma

complement proteins showed a decrease in C3 from 1.06 to 0.84 g/L (nv
0.9–1.8) and C4 from 0.42 to 0.13 g/L (nv 0.1–0.4).
An allergy counselling concluded for a class III allergic reaction ac-

cording to Gell and Coombs classification, recommending premed-
ication with betamethasone 0.1 mg/kg before the subsequent infusions.
At the 13th administration, still at the dose of 1 mg/kg, with pre-

medication, no ARs occurred. Pre- and post-infusion exams were per-
formed, confirming the increase in circulating immune complexes (Ic)
from 12 to 95 RU/mL (nv < 20) and the reduction of C3 (from 1.08 to
0.98 g/L); and C4 (from 0.44 to 0.18 g/L).
Fourteenth to 19th infusions, with premedication and increasing

olipudase dose from 1.5 to 3 mg/kg, were well tolerated, successfully
reaching the target dose of 3 mg/kg at 31 months of age.
During the 10 months of ERT, dried blood spot specific biomarkers

showed a dramatic decrease: Chitotriosidase from 62 to 20 μmol/h/L
(nv 8–121 μmol/h/L); lyso-sphingomyelin (Lyso-SPM) from 175.3 to
77.8 ng/mL (nv 0–70 ng/mL) (Fig. 2).
Both liver and spleen volumes, estimated by magnetic resonance

(MR) every 3 months during ERT, decreased: liver from 887 to 811 cm3

and spleen from 380 to 304 cm3 after 7 months (Fig. 3). Echocardio-
graphic evaluations were consistently normal. No respiratory compli-
cations or pulmonary infections occurred. T0 chest computer
tomography (CT) showed initial thickening of interlobular septa with
possible interstitial disease and follow-up thoracic ultrasounds
described B lines. Normal growth and psychomotor development
(evaluated with CFCS-GMFCS-GMFM-Mini MACS scales) were recorded.
At the 20th administration (second infusion at the dose of 3 mg/kg),

with oral premedication (betamethasone 0.2 mg/kg and paracetamol),
one hour after the start of the infusion, the patient presented with face,
limbs, and trunk pruritic urticarial eruption. The infusion was dis-
continued, betamethasone 0.2/mg/kg and cetirizine were administered
orally. After 30 min, an episode of vomiting associated with hypotension
(blood pressure 86/44 mmHg) and bradycardia (heart rate 60 bpm)

wt sequence

Fig. 1. Index case mutation c.1171 T > G. (a) Portion of the electropherogram of the SMPD1 exon 3 in index case, homozygous c.1171 T > G is indicated by the blue
line. (b) Portion of sequence of SMPD1 exon 3 in patient aligned with the corresponding sequence of a healthy control (wt).
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occurred. Intramuscular adrenaline 0.01 mg/kg was administered with
the resolution of symptoms. The patient experienced a grade 5 HR. [12]
Post-therapy blood exams showed normal serum tryptase (obtained 3 h
after the event), normal circulating Ic but positive anti-olipudase IgE
(8.34 kUA/L) with positive IgG (titre>1:3200).
ERT infusion was therefore interrupted, pending the development of

a specific desensitization protocol.
After discontinuation of therapy, Lyso-SPM values increased to 172.6

and 194.9 ng/mL, respectively, 3.5 and 4 months after drug discontin-
uation (Fig. 1B). Furthermore, liver and spleen volume were increased
(Fig. 2).
A Sanofi desensitization guideline (available upon request to Sanofi)

which was not otherwise utilized or tested in clinical practice, was made
available to our team. This guideline represents suggestions only and
describes a desensitization procedure, to be tailored to the specific pa-
tient, that can be considered to rechallenge patients who have experi-
enced a severe allergic reaction during treatment with olipudase alfa
and/or were found to be positive for specific anti-olipudase IgE.
The desensitization procedure was performed using a serial dilution

scheme to a final drug dilution of 1:10,000.
Premedication with IV methylprednisolone (2 mg/kg/day) and oral

cetirizine (0.25 mg/kg/day) was started 18 h before the infusion.
The drug was administered using a syringe pump and IV infusion line

equipped with a polyethersulfone 0,2 μm filter, after priming the line at

1 ml/min for 30 min to saturate it.
The dose escalation was restarted from the lowest dose, as recom-

mended in the Sanofi Guideline referenced above.
A 7-step desensitization was performed using the 4 different olipu-

dase alfa concentrations obtained, with a progressive increase in the
infusion rate (Table 1).
A total amount of 0.4 mg (0.03 mg/kg) of olipudase alfa was

administered in approximately 3 h and 26 min in Pediatric Intensive
Care Unit. No ARs were observed during and after the infusion.
After desensitization, the patient has continued bi-weekly ERT

infusion, always preceded by premedication. Methylprednisolone was
substituted by oral prednisone at the third infusion. The dose escalation
was resumed from dose of 0.1 mg/kg, according to the Sanofi guideline
referenced above. The infusion time was doubled at each first admin-
istration of a higher dose to further reduce the risk of HR, as suggested
by the protocol.
All the infusions were well tolerated up to the first dose of 0.6 mg/kg

administered at half the infusion speed despite a positive molecular
COVID test in the child, who presented asymptomatic. Stature growth
had improved from a 10◦-25◦ to 25◦-50◦ percentile since the resumption
of treatment, weight growth was stable within the 3◦-15◦ percentile.
Lyso-SPM tested on dry blood spot decreased after 6 weeks of treatment
resumption (Fig. 1B).
Two weeks later, after the end of the second infusion at the dose of

Fig. 2. Chitotriosidase (A) and Lyso-SPM (B) trend during ERT (Chitotriosidase: normal values 8–121 umol/h/L; Lyso-SPM: normal values 0–70 ng/mL).
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0.6 mg/kg, the child experienced facial urticarial rash, cough and res-
piratory distress with diffuse inspiratory wheezing. Oxygen saturation
was 94%, heart rate 150 bpm. Blood pressure was normal. The patient
experienced a grade 3 HR. [12] Methylprednisolone and inhaled sal-
butamol were administered. After 15 min, due to the persistence of
respiratory symptoms, intramuscular adrenaline 0.01 mg/kg was
administered with a rapid improvement of symptoms.
Blood samples were collected within 1–3 h. Complement activation

product C3a was positive, while mast cell activation tryptase was normal
(2.7 μg/L, nv2.2–13.2). Olipudase alfa-specific IgG and IgE levels were
evaluated 72 h later and both were high (sIgE 6.05 kUA/L; IgG antibody
titre >3200).
After this second severe adverse reaction, ERT infusion was dis-

continued for two months. Subsequently, a new personalized desensi-
tization protocol has been introduced and is currently ongoing.

3. Discussion

Although it is a rare complication, reports of HR to ERTs are
increasing due to their always more frequent therapeutic use in LSDs.
[11]
Homozygote patients with the same mutation of our child have a

wide variety of residual enzymatic activity and of neurological pre-
sentations, ranging from subclinical retinal involvement to severe
ataxia, cognitive deficits and psychiatric disorders. [14]
To the extent of our knowledge, this is the first case of anaphylaxis in

a patient with this mutation.
Most ARs can be counteracted by reducing the rate of infusion and by

premedication. [11,15–18] Desensitization protocols are usually
reserved to patients in whom these measures fail or when the initial
reaction is a life-threatening event.It has been suggested that patients
with negative skin test are more likely to resolve their ARs just
increasing the infusion time, unlike those with a positive skin test [16];
however, cases of scarce tolerance to prolonged infusion time have been
reported even in patients with negative skin test. [19] Furthermore, skin
tests for recombinant enzymes are neither standardized nor validated,
therefore their sensitivity could be low. [11]
The rationale of a drug desensitization is to modify the patient’s

immune response to a vital irreplaceable drug inducing at least a tem-
porary tolerance to it. Desensitization protocols should be personalized
to reach the best tolerance, although this is not always possible, even
with premedication. [20] In some patients the addition of leukotriene
receptor antagonists in premedication was useful in avoiding further HR
after desensitization. [15]

Fig. 3. Liver (A) and splenic (B) volume trend during and after discontinuation of ERT.

Table 1
Intravenous desensitization protocol of olipudase alfa according to Sanofi,
adapted to our patient’s weight (13 kg). [13].

Step Bag Concentration Infusion rate Duration Infused dose

1 A 0.1 μg/ml 0.1 ml/min 30 min 0.3 μg
2 A 0.1 μg/ml 0.3 ml/min 30 min 0.9 μg
3 B 1 μg/ml 0.1 ml/min 30 min 3 μg
4 B 1 μg/ml 0.3 ml/min 30 min 9 μg
5 C 10 μg/ml 0.1 ml/min 30 min 30 μg
6 C 10 μg/ml 0.3 ml/min 30 min 90 μg
7 D 100 μg/ml 0.1 ml/min 26 min 260 μg

L. Fiori et al.
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Data on desensitization in the pediatric LSD population are sparse.
Desensitization to alglucosidase alfa in 7 children with Pompe dis-

ease has been described [21–25] showing that high sustained antibody
titres have a negative impact on clinical outcomes [26] but that an
immune tolerance induction concurrent with ERT improves clinical
outcome. [27]
Gragnaniello et al. (2019) [23] adopted a premedication with tra-

nexamic acid, cetirizine, ranitidine and deflazacort from 72 h before the
infusion to improve tolerance in the desensitization of two young pa-
tients with infantile-onset Pompe disease treated with alglucosidase alfa.
Tranexamic acid was added to the premedication because it might
reduce complement activation and the risk of developing angioedema.
Anaphylaxis and other immediate HR to laronidase used in non-

neurological manifestations [28] of Mucopolysaccharidosis I patients
are rare. [29] In these patients, desensitization protocols have been
proved safe and efficient to avoid treatment discontinuation [30,31],
however not always long-term tolerance is maintained. [32] Therefore,
subcutaneous allergen immunotherapy-like desensitization has been
suggested in addition to rapid desensitization to obtain sustained
tolerance. [33] Moreover, the application of the desensitization protocol
proposed by Castells et al. for chemotherapy drugs (2008) [34],
including the administration of diphenhydramine, ranitidine, mon-
telukast, acetaminophen and methylprednisolone during the infusion to
block different allergy pathways, adapted for laronidase has been
demonstrated to be safe and effective. [35]
In Gaucher disease treatment, ARs to imiglucerase are mild and

infrequent and regressed by reducing the infusion rate. [36] Sanofi
desensitization protocols are available also for patients affected by
Gaucher disease who experience a severe HR to ERT. [37] In this pro-
tocol, pre-medication is not recommended since corticosteroids are not
effective in mitigating IgE mediated anaphylactic reactions, and anti-
histamines maymask the early signs or ARs symptoms. [38] Few cases of
successful desensitization to imuglucerase in Gaucher disease have been
reported in literature. [36,38–41]
Anaphylaxis is a rare AR in treated ASMD patients. One case of

anaphylaxis in a 16-month-old patient during infusion at the dose of 0.6
mg/kg has been described in literature. [8] Olipudase alfa was restarted
after 14 weeks of suspension at a dose of 0.3 mg/kg at a 1:100,000
dilution. Afterwards, a gradual dose escalation was resumed, although
the patient continued to experience mild ARs at higher drug doses which
required discontinuation of the drug administration. [8]
We report the first application of a desensitization protocol accord-

ing to Sanofi guidelines referenced above in a patient affected by chronic
neurovisceral ASMD. The desensitization procedure was not successful
in obtaining a long-term tolerance.
In our patient the high specific IgE level poses for a type I hyper-

sensitivity reaction. However, recent studies have demonstrated that
ARs to olipudase alpha are more likely due to a cytokine production and
inflammatory response to the release of ceramide than to a proper
allergic reaction to the drug. [42] In our patient both mechanisms,
together with complement system activation with consequent immune-
complex mediated reactions, may have contributed to the non-
satisfactory response to this desensitization protocol. A further reduc-
tion of infusion rate with higher dilution might be helpful.
Considering the good clinical response in the first 6 months of

treatment (dose escalation up to 1 mg/kg) with the reduction of disease
biomarkers and splenic and liver volume, together with the improve-
ment of height, we conclude that in our patient a lower ERT dose than
the target one can be effective, as describe in literature. [8] This evi-
dence may support the need for both a personalized dose escalation and
a target dose, especially in patients who experience a severe AR.
Among patients on compassionate use, until now ARs described are

more frequent and more severe in the children than in adult. [8]
Mechanisms underlying ARs in ASMD patients on ERT seem to be
multiple, depending both on the immune-allergic response of the patient
and on the ceramide release.

Considering our patient immune-allergic pattern and his excellent
clinical and biochemical response to the treatment but with HR, a new
desensitization protocol must be defined.
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