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Abstract

Background: Idursulfase and laronidase are drugs used to treat Hunter syndrome (mucopolysaccharidosis type

2) and Scheie syndrome (mucopolysaccharidosis type 1S), respectively. These are rare lysosomal storage disorders,
leading to accumulation of glycosaminoglycans within lysosomes. Failure of early recognition of the disease and/
or delay in starting the appropriate treatment result in severe clinical impairment and death. For almost 20 years,
enzyme replacement therapy with recombinant proteins has represented the first line therapeutic option. However,
administration of idursulfase and laronidase is associated with infusion-related hypersensitivity reactions, in approx.
20% of patients. In these patients, rapid desensitization by intravenous administration protocols has been used in
order to avoid treatment discontinuation. This approach proved effective and safe. However, long-term tolerance
could not be achieved. Thus, we decided to combine rapid desensitization with allergen immunotherapy-like
desensitization.

Results: Two patients with Hunter syndrome and one patient with Scheie syndrome developed severe allergy to
idursulfase and laronidase, respectively, preventing them from continuing the otherwise indispensable therapy. In
all three patients, the possible IgE-mediated nature of the reactions suffered was suggested by positive skin tests
with the two enzymes, respectively. By devising 12-step, 3-dilution rapid desensitization protocols, we resumed the
enzyme replacement therapy. However, the prolonged time required for administration (a not negligible pitfall, since
therapy should be given weekly for life) and the persistent occurrence of reactions (mild but still requiring anti-
allergic medication at full dosage) led us to combine rapid desensitization with a compact 11-step, 24-day allergen
immunotherapy-like desensitization protocol. Thus, idursulfase and laronidase were injected subcutaneously, with
a 500-fold increase from step 1 to step 11 for idursulfase and a 222-fold increase for laronidase. This strategy led to
restoration of long-term tolerance, allowing weekly intravenous therapy administration under standard conditions,
according to the manufacturer instructions, in the absence of side effects and with only precautionary low-dose
premedication.
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Conclusion: Rapid desensitization is a suitable and safe option in the case of idursulfase and laronidase allergy.
Combination with subcutaneous allergen immunotherapy-like desensitization afforded restoration of enzyme
replacement therapy given by the normal administration schedule, by inducing sustained tolerance.

Keywords Enzyme replacement therapy, ERT, Scheie syndrome, Hunter syndrome, Drug allergy, Allergen
immunotherapy, AlT, Rare diseases, Metabolic diseases, Enzyme deficiency

Introduction

Mucopolysaccharidosis (MPS) type 1 S (Scheie syn-
drome) is an autosomal recessive disease resulting from
reduced function of the gene codifying for alpha-L-
iduronidase. This enzyme is a lysosomal acid hydrolase,
which specifically cleaves iduronic acid residues at the
non-reducing terminus of long chain polysaccharides
derived from dermatan sulfate and heparan sulfate pro-
teoglycans [1]. Patients often show symptoms and clini-
cal signs after childhood. These include wide mouth and
square jaw, rhinorrhoea, sensorineural deafness, joint
stiffness, mild skeletal abnormalities, carpal tunnel syn-
drome, mitral and aortic valve abnormalities and cervical
cord compression [2, 3]. Life expectancy can range from
a few years, due to serious life-threatening complications
leading to death in the second-third decade, to a normal
life span (albeit with significant disease morbidity) [3].

On the other hand, MPS type 2 (Hunter syndrome) is
characterized by mutation of the iduronate-2-sulfatase
gene (X-linked recessive transmission). In normal indi-
viduals, the iduronate-2-sulfatase enzyme catalyses the
hydrolysis of C2-sulphate ester bonds of 2-O-sulfo-a-
L-iduronic acid residues in dermatan sulfate and hepa-
ran sulfate [4]. Patients are generally normal at birth
but develop characteristic signs and symptoms during
early childhood, such as low height, abdominal hernias,
ear infections, skeletal deformities, with coarse facies, a
nose with a flattened bridge, and enlarged tongue. During
growth, children may suffer from severe and progressive
neurologic and cognitive impairment, myocardiopathy,
airways obstruction. In the absence of a specific treat-
ment, affected patients often die in the second decade of
life [4, 5].

Both types of MPS described here are lysosomal stor-
age disorders that lead to accumulation of the same gly-
cosaminoglycans, heparan sulfate and dermatan sulfate,
within lysosomes. Until enzyme replacement therapy
(ERT; vide infra) was available, there were few therapeu-
tic options that could have a significant impact on the
natural course of both diseases. ERT consists of slow
intravenous administration of laronidase, in MPS type
1 S, and idursulfase, in MPS type 2 [6]. Both enzymes
are obtained by recombinant DNA technology. Thus, lar-
onidase compensates for the reduced enzyme function
in MPS type 1 S [7], whereas idursulfase compensates
for the more severe deficiency found in MPS type 2 [6].
However, administration of laronidase and idursulfase

is frequently associated with infusion-related hypersen-
sitivity reactions (HSR), in most cases represented by
flushing, erythema, skin rash, urticaria, pruritus [7, 8]. In
rare cases, severe anaphylaxis may occur, possibly leading
to treatment discontinuation.

In patients with a history suggestive of severe ana-
phylaxis to laronidase and idursulfase, respectively,
rapid desensitization and similar approaches have been
attempted and has proved effective in maintaining ERT,
avoiding the discontinuation of the treatment [9-11].
Rapid desensitization protocols consist in the induc-
tion of a temporary state of tolerance to a specific drug
responsible for a given hypersensitivity reaction. This is
achieved by administering increasing doses of the offend-
ing medication in a non-linear manner, over a period of
time longer than the standard one, until the total cumula-
tive therapeutic dose is given and tolerated. It is a delicate
and moderately risky procedure, used only in patients in
whom therapeutic alternatives are not available or signifi-
cantly less effective. Desensitization is mainly performed
in IgE-mediated reactions, but also in reactions in which
drug-specific IgE have not been demonstrated. Despite
its clinical success, little is known about the mechanism
and molecular targets of drug desensitization. Mast cells
and basophils seem to be targets in the process, since
mediators from these cells are released during hyper-
sensitivity reactions to drugs, as well as during desensi-
tization procedures [12]. Generally, rapid desensitization
protocols consist of 12 consecutive steps (usually, using
3 solutions with increasing drug concentrations). At
each step, the rate of drug administration is increased by
2-fold to 2.5-fold, with a 15’ duration for each step, apart
for Step 12, which lasts about 3 h [13].

Notably, the rapid desensitization protocols developed
so far for MPS require up to 6 h, for ERT administration,
and should be performed every week, for life. Moreover,
in spite of careful management and appropriate premedi-
cation, sometimes, mild, amenable HSR still occur [12].

On the other hand, IgE-mediated allergic diseases have
been treated for more than 110 years by allergen immu-
notherapy (AIT) [14], given subcutaneously (sublingual
AIT was also developed in the 1990s). Subcutaneous AIT
is regarded as effective and safe in the desensitization of
patients with pollen-related or house-dust mite-related
respiratory allergy [15, 16] and, particularly, in Hyme-
noptera venom allergy [17-19]. Usually, subcutaneous
AIT comprises an induction phase, in which increasing
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doses of the culprit allergen are administrated at short
intervals of time (e.g., weekly), and a maintenance phase,
in which a fixed dose of allergen is administrated at rel-
atively larger intervals of time (e.g., monthly) [20, 21].
Usually, the maintenance dose is approx. thousand-fold
higher than the first induction-phase dose [22].

Here, we report on three MPS patients (one case of
MPS type 1 S and two cases of MPS type 2) who devel-
oped severe HSR and discontinued ERT. All three
patients were desensitized by a protocol designed accord-
ing to Castells [13]. However, having resumed ERT,
we proceeded further with a novel AIT-like (allergen
immunotherapy-like) 11-step desensitization approach,
requiring three weeks, which ensured long-lasting toler-
ance, allowing safe continuation of ERT by a simplified
administration schedule. To our knowledge, this is the
first report of AIT-like desensitization for allergy to ERT
in MPS.

Methods

Patients

We report, in chronological order of observation, on
three male patients with MPS, who developed severe
HSR to ERT. They were seen and desensitized between
2019 and 2022, at the Allergology Unit of University
Hospital of Bari (Italy), in cooperation with the Unit of
Paediatric Metabolic Disease and Medical Genetics and
the Rare Disease Unit. The three patients were aged 38
(patient 1; MPS type 2), 35 (patient 2; MPS type 1 S) and
9 (patient 3; MPS type 2), respectively.

ERT medication
Idursulfase (Elaprase®), manufactured by Shire Pharma-
ceutical Ireland Ltd, Dublin, Ireland, was obtained from
Shire Human Genetics Therapies AB, Stockholm, Swe-
den, as a clear solution (2 mg/ml), and was kept at 4 °C
until used [23].

Laronidase (Aldurazyme®), produced by BioMarin
Pharmaceutical Inc., Novato, USA, was provided by
Genzyme Ireland Ltd., Waterford, Ireland, also as a clear
solution (100 U/ml — 0.58 mg/ml), kept at 4 °C [24].

Skin tests

The three patients were subjected to skin prick test (SPT)
and intradermal test (IDT), with idursulfase (patients
with MPS type 2) and with laronidase (patient with
MPS type 1 S), respectively. Idursulfase was used undi-
luted (2 mg/ml) for SPT, while for IDT it was diluted
1,000-fold (0.002 mg/ml), 100-fold (0.02 mg/ml) and
10-fold (0.2 mg/ml), respectively, with saline. Laroni-
dase was tested undiluted (100 U/ml or 0.58 mg/ml) for
SPT, while it was diluted 100-fold (1 U/ml or 0.0058 mg/
ml) and 10-fold (10 U/ml or 0.058 mg/ml) with saline
for IDT. The prescribing information leaflets of the
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two medications can be downloaded at the sites below:
https://www.ema.europa.eu/en/documents/product-
information/elaprase-epar-product-information_en.pdf
(Elaprase, idursulfase); https://www.ema.europa.eu/en/
documents/product-information/aldurazyme-epar-prod-
uct-information_en.pdf (Aldurazyme, laronidase). Skin
tests were performed in a quantitative way [25]. Hista-
mine (10 mg/ml for SPT and 0.002 mg/ml for IDT) and
saline were used as the positive control and the negative
control, respectively.

Lymphocyte proliferation test (LPT).

Two venous blood samples (15 ml unclotted with EDTA
2 uM and 15 ml clotted) were obtained from two of three
patients (patient 2, with MPS type 1S, and patient 3,
with MPS type 2), in order to perform LPT [26]. Briefly,
upon plasma removal and suspension of the blood cel-
lular moiety in Dulbecco’s phosphate buffered saline
(PBS), peripheral blood mononuclear cells were isolated
by gradient centrifugation (800 x g, 45’) on Lympholyte®
(Cedarlane, EuroClone, Milan, Italy). Mononuclear cells
were maintained in Dulbecco’s modified Eagle’s medium
(from Sigma, Milan, Italy), with 10% autologous serum
(v/v; from the homologous clotted sample), with strepto-
mycin (100 pg/ml), at 37 °C, in a 5% CO,, vapour-satu-
rated atmosphere, in 64 cm? glass Petri dishes, for 4 days,
in order to allow clearance of the monocyte-macrophage
component. At day 5, micro-cultures were generated
with the resulting purified lymphocytes (6x10* cells in
200 pl), in fresh buffer as above.

The micro-cultures of purified lymphocytes were incu-
bated in triplicate with the two drugs of interest (idur-
sulfase and laronidase), respectively, at three different
10-fold concentrations: the therapeutic concentration
(TC; calculated on the basis of the drug distribution
volume); TC/10 and TCx10 (defect concentration and
excess concentration, respectively). Triplicate micro-
cultures incubated with phytohemagglutinin-M (from
Phaseolus vulgaris; 2.25 pg/ml; also form Sigma) and the
medium alone served as the positive and the negative
control, respectively. The distribution volume and the
TC assumed for idursulfase were 198 ml/kg and 2.9 mg/1
[27]. The distribution volume and the TC assumed for
laronidase were 0.60 1/kg and 162 U/1 (0.940 mg/1) [24].

Following a 4-day incubation with the drug, lympho-
cyte proliferation was assessed upon inclusion of the
non-radioactive thymidine analogue 5-bromo-2’ deoxy-
uridine (BrdU; 100 uM), in the micro-cultures, for 2 h.
Then, we assessed the incorporation of the nucleotide in
proliferating cells by an anti-BrdU monoclonal antibody
(7.5 U/ml; from Roche Diagnostics GmbH, Mannheim,
Germany) [28]. LPT was deemed positive, when the pro-
liferation rate of any of the three concentrations tested
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Table 1 Rapid desensitization protocol for idursulfase

step solution minutes  rate deliv- deliv-
(ml/h)  ered ered
ml dose
(mg)
1 1/100 15 4 1 0.00048
2 1/100 15 10 2.5 0.0012
3 1/100 15 20 5 0.0024
4 1/100 15 40 10 0.0048
5 1/10 15 10 2.5 0.012
6 1710 15 20 5 0.024
7 1/10 15 40 10 0.048
8 1/10 15 80 20 0.096
9 1”71 15 20 5 024
10 1/1 15 40 10 048
11 11 15 80 20 0.96
12 11 182 150 455 21.84
total 347 23.71

Target dose: 24 mg. Dilution 1/100 (bag 1): 10 ml of dilution 1/10-bag 2 in 90 ml
of saline (0.00048 mg/ml). Dilution 1/10 (bag 2): 10 ml of dilution 1/1-bag 3 in
90 ml of saline (0.0048 mg/ml). Dilution 1/1 (mother solution; bag 3): 24 mg of
idursulfase in 500 ml of saline (0.048 mg/ml)

Table 2 Rapid desensitization protocol for laronidase

step solution minutes rate deliv-  deliv-
(ml/h) ered ered
ml dose
(mg)
1 1/100 15 4 1 0.00079
2 1/100 15 10 2.5 0.00197
3 1/100 15 20 5 0.00394
4 1/100 15 40 10 0.0079
5 1710 15 10 2.5 0.0197
6 1/10 15 20 5 0.0394
7 1710 15 40 10 0.079
8 1/10 15 80 20 0.158
9 11 15 20 5 0.394
10 11 15 40 10 0.79
11 11 15 80 20 1.58
12 11 182 150 455 35.89
total 347 38.96

Target dose: 39.44 mg (6,800 Units). Dilution 1/100 (bag 1): 10 ml of dilution 1/10-
bag 2 in 90 ml of saline (0.00079 mg/ml). Dilution 1/10 (bag 2): 10 ml of dilution
1/1-bag 3 in 90 ml of saline (0.0079 mg/ml). Dilution 1/1 (mother solution; bag
3):39.44 mg of laronidase in 500 ml of saline (0.079 mg/ml)

compared to the negative control (stimulation index)
equaled or exceeded 2 [29, 30].

Rapid desensitization

For both drugs (idursulfase and laronidase), rapid
desensitization was performed preparing three differ-
ent solutions for intravenous administration: for idur-
sulfase, a mother solution (0.048 mg/ml), a 1/10 dilution
(0.0048 mg/ml) and a 1/100 dilution (0.00048 mg/ml); for
laronidase, a mother solution (0.079 mg/ml), a 1/10 dilu-
tion (0.0079 mg/ml) and a 1/100 dilution (0.00079 mg/
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ml). The desensitization protocol consisted of 12 con-
secutive steps with increasing speeds and doses, at each
dilution/bag. Each step lasted 15 min, apart for step
12 which lasted approx. 180 min. Altogether, the drug
infusion lasted almost 6 h. In Tables 1 and 2, the rapid
desensitization protocols for idursulfase and laronidase,
respectively, are shown.

AlT-like desensitization

AlT-like desensitization was performed through sub-
cutaneous injections of idursulfase, for the two patients
affected by MPS type 2 (patient 1 and patient 3), and lar-
onidase, for the patient affected by MPS type 1 S (patient
2). The subcutaneous AIT-like desensitization protocol
consisted of 11 steps, with a total 3-week duration. Each
step was carried out every other day, consisting in 3 or 4
subcutaneous injections of the offending drug, spaced 20’
apart, at each session. For idursulfase, step 7 of the pro-
tocol was repeated 4 additional times (up to step 11). For
laronidase, step 8 was repeated three additional times (up
to step 11). In Tables 3 and 4, the AIT-like desensitization
protocols for idursulfase and laronidase, respectively, are
shown.

AlT-like desensitization for idursulfase was carried
out by using the following concentrations: idursulfase
diluted 100-fold (0.02 mg/ml); idursulfase diluted 10-fold
(0.2 mg/ml); undiluted idursulfase (2 mg/ml). Between
step 1 and steps 811, there was 500-fold increase in the
dosage administered.

As for the less concentrated laronidase, AIT-like desen-
sitization was carried out by using the following concen-
trations: laronidase diluted 100-fold (1 U/ml); laronidase
diluted 10-fold (10 U/ml); laronidase undiluted (100 U/
ml); and finally, laronidase concentrated 5-fold (500 U/
ml). The difference between step 1 and steps 7-11 was
222-fold.

Laronidase was concentrated 5-fold by ultrafiltration.
Ultrafiltration devices (Centricon, Amicon; 10,000 Da
MW cutoff) were from Millipore, Bedford, MA, U.S.A.
The devices of choice allowed separation of molecules
above 10 kDa, found in the retentate, from molecules
below 10 kDa, collected in the eluate. Thus, two ml of
laronidase were loaded into the ultrafiltration device
and subjected to centrifugation, at 3,000 x g, for 20 min
at 4 °C. At the end of the centrifugation, about 500 pl
of concentrated laronidase were collected in the upper
chamber of the device. The concentrated drug (retentate)
was then sterilized by filtration (0.22 u syringe driven fil-
ters, Millex, Millipore), under aseptic conditions.
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Results

Case presentation

Clinical features

Three MPS cases were studied. Here, they are presented
in chronological order of observation. A 38-year-old
patient (patient 1) was diagnosed with Hunter syndrome,
at age 6. Only at age 30, the patient could be treated with
ERT (idursulfase), 24 mg, given weekly intravenously in
1-3 h. This therapeutic approach was initially well toler-
ated. However, after one year of treatment, he developed
urticaria localized particularly at the upper limbs, approx.
90’ after beginning ERT infusion. The treatment was then
discontinued, until June 2019, when the patient, then 38,
restarted the weekly infusions of idursulfase (24 mg), at
the Rare Disease Unit of Bari University Hospital. The
first 6 administrations were tolerated without side effects.
However, during the seventh infusion, he developed
generalized urticaria again. The infusion was halted and
hydrocortisone (500 mg) and chlorpheniramine (10 mg)
were administered, with resolution of symptoms. No epi-
nephrine was required. The patient was then referred to
the Allergic Disease Unit at the same Hospital.

In consideration of the anamnesis (repeated urticar-
ial events, immediate nature of the reactions, prompt
response to anti-allergic treatment), a case of immedi-
ate allergy to idursulfase was suspected and a thorough
allergy workup was performed, with the purpose of
desensitizing the patient, in order to avoid further dis-
continuation of ERT. Thus, we performed SPT and IDT.
SPT, were performed by full-strength idursulfase solution
(2 mg/ml) and proved negative. For IDT, we used increas-
ing idursulfase concentrations: 0.002 mg/ml, 0.02 mg/
ml, 0.2 mg/ml, respectively. The tests proved positive.
While 0.002 mg/ml concentration produced no reac-
tion, the 0.02 mg/ml idursulfase concentration yielded
a wheal of 10 mm (average diameter), deemed as posi-
tive. According to the protocol adopted [25], IDT with
0.2 mg/ml concentration was not performed (due to the
10 mm diameter wheal obtained with the 0.02 mg/ml
concentration).

LPT could not be performed, in this case. Since the skin
test results were suggestive of immediate-type hypersen-
sitivity, considering the absolute necessity of maintaining
ERT, we devised and implemented a 3-bag, 12-step rapid
desensitization protocol, according to Castells [13]. Thus,
we used 3 idursulfase dilutions at increasing concentra-
tions: 0.00048 mg/ml, 0.0048 mg/ml, 0.048 mg/ml. The
weekly target dose was 24 mg, given intravenously (calcu-
lated on the patient body weight). The rapid desensitiza-
tion protocol is reported in Table 1. The procedure was
implemented for 8 consecutive times, with no adverse
events, with the exception of the first infusion, when
at step 12 (infusion rate 150 ml/h) mild itchy urticarial
lesions were observed at the level of the axillary spaces,
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the chest and abdomen, treated with chlorphenamine
10 mg and hydrocortisone 500 mg, intravenously. The
infusion rate was reduced to 40 ml/h for approx. 60’ and
then gradually brought back at 150 ml/h. The procedure
was finalized, without further adverse reactions.

Having resumed ERT, we sought to restore immune
tolerance by an 11-step AIT-like desensitization protocol.
While continuing the weekly intravenous administrations
of idursulfase, according to the rapid desensitization
protocol described, idursulfase was also administered
subcutaneously every second day, with increasing con-
centrations of the offending drug, for 11 consecutive
times, starting from 0.008 mg at step 1- day 1 up to 4 mg
at step 7- day 14, with a 500-fold increase (Table 3). Nota-
bly, 4 mg represented 17% of the whole weekly dose and
was readily tolerated. Step 7 was then repeated 4 more
times, up to step 11- day 26. Dosages at each step of the
AIT-like protocol were given fractionated by three subcu-
taneous injections, from step 1 to step 4, and by 4 injec-
tions, from step 5 to step 11. Single injections were given
20’ apart from each other and were performed at the level
of the external side of the arm, like in the classic subcu-
taneous AIT. Sessions lasted from 90’ to 120; including
30’ of final observation for possible side effects. At steps
1 and 2, idursulfase was diluted 1:100 (0.02 mg/ml). At
steps 3 and 4, the drug was diluted 1:10 (0.2 mg/ml).
From step 5 to 11, the drug was used undiluted (Table 3).
The total dose administered at the end of the procedure
(day-26) was 23.58 mg (almost equivalent to the weekly
intravenous target dose of 24 mg). Overall, the desensi-
tization procedure was well tolerated. No side effects,
either immediate or delayed, local or general, were
recorded. No premedication was required, throughout
the protocol. Upon completion of the AIT-like desensi-
tization procedure, idursulfase was delivered on a weekly
basis for 22 months, according to a simplified schedule:
i.e., full-strength concentration (0.048 mg/ml; 24 mg in
500 ml saline), at a rate of 150 ml/h for approx. 3 h. After
completion of the AIT-like course, anti-allergic premedi-
cation was reduced to fexofenadine 180 mg given orally
the night before ERT. For the first two infusions, fexof-
enadine 180 mg was given orally also 1 h prior of ERT. No
adverse events were recorded, with this simplified sched-
ule. In this case, due to circumstantial reasons, no AIT-
like maintenance injections were given (see below).

Patient 2. A 35-year-old farmer was diagnosed with
Scheie syndrome at age 13. The patient was treated with
weekly administrations of laronidase since diagnosis, at
the Metabolic Diseases Unit of Giovanni XXIII Bari Uni-
versity Hospital. Thus, 39.44 mg (6,800 U) of laronidase,
diluted in 250 ml saline, were given by slow intravenous
infusion in about 6 h (the infusion rate was increased
from 5 ml/h up to 50 ml/h every 15" and then kept at 50
ml/h till the end). This therapeutic approach was well
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tolerated until July 2021, when the patient developed dif-
fuse urticaria and lip angioedema, 10’ after starting the
infusion. The treatment was suspended and corticoste-
roids and antihistamines were administered, with resolu-
tion of symptoms. The patient was then referred to the
Allergy Unit of the same hospital. A thorough allergy
workup was performed with the purpose of desensitiz-
ing the patient, in consideration of the need discontinu-
ation of laronidase therapy. Thus, we performed SPT and
IDT with laronidase. For the SPT, we used full-strength
solution of laronidase (100 U/ml; 0.58 mg/ml). For the
IDT, we used increasing concentrations of laronidase:
0.0058 mg/ml (dilution 1:100) and 0.058 mg/ml (dilu-
tion 1:10). While SPT were negative, IDT were positive
at both 1:100 dilution and 1:10 dilution, with average
wheal diameter of 7 and 8.5 mm, respectively. Further-
more, LPT with BrdU assay was performed, with a nega-
tive result, adding to the possible immediate-type nature
of the allergic reactions suffered. Given the need of con-
tinuing the ERT, in consideration of the clinical history
and the results of the skin tests (suggestive of immediate
hypersensitivity) we devised and implemented a 3-bag,
12-step protocol of rapid desensitization. The target
dose was 39.44 mg — 6,800 U, intravenously (calculated
on patient body weight). Thus, we used 3 laronidase
dilutions at increasing concentrations: 0.00079 mg/ml —
0.136 U/ml (in 100 ml saline), 0.0079 mg/ml — 1.36 U/
ml (in 100 ml saline), 0.079 mg/ml — 13.6 U/ml (in 500
ml saline). The procedure lasted 5 h and 47’and was per-
formed 4 consecutive times. The rapid desensitization
protocol is reported in Table 2.

At step 11 of the first infusion, the patient developed
severe generalized urticaria and angioedema of the lips.
We administered hydrocortisone (100 mg) and chlor-
pheniramine (10 mg) intravenously and, in the absence
of a prompt resolution, adrenaline, 0.5 mg intramuscu-
larly, leading to immediate remission. The infusion was
stopped. However, the desensitization procedure was
repeated the next day. This time, without any side effects,
upon premedication with betamethasone 2 mg and fexof-
enadine 180 mg, per os, the night before, at 08:00 p.m.,
and chlorphenamine 10 mg and dexamethasone 4 mg,
intravenously, just before starting the procedure.

During the following three desensitization procedures,
ensuring the weekly ERT administration, no adverse
effects occurred. Premedication with dexamethasone and
chlorphenamine, at the same dosage as above, was given
at the beginning of the rapid desensitization procedure.

Moreover, in order to induce long-lasting immune tol-
erance, also in consideration of the fact that the weekly
ERT had to be given for life, an 11-step AIT-like desensi-
tization protocol was devised and implemented (Table 4),
rather similar to that previously adopted for idursulfase.
The protocol foresaw 4 daily subcutaneous injections,
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given 20’ apart from each other, at any of the 11 steps,
every second day. Increasing concentrations of laroni-
dase were used: 0.058 mg/ml (10 U/ml) at steps 1 and 2;
0.58 mg/ml (100 U/ml) at steps 3 to 6; 2.9 mg/ml (500 U/
ml) at steps 6 to 11 (Table 4). Thus, at step 1- day 1, 9 U
of laronidase were injected. While 2,000 U were given at
step 8 - day 16 (222-fold increase). Notably, 2,000 U cor-
responded to 34% of the weekly dose. The 2,000 U dose
was then repeated three more times up to step 11- day
23. Altogether, 10,400 U were administered at the end of
the procedure. No adverse reactions occurred. No pre-
medication was required. After completion of the AIT-
like desensitization procedure (Table 4), we resumed
giving laronidase by intravenous administration, on a
weekly basis, reducing both infusion time and premedi-
cation. Thus, the patient tolerated the weekly laronidase
ERT according to the standard protocol adopted before
the emergence of the first HSR: full-strength concentra-
tion (0.157 mg/ml —27.2 U/ml; 39.44 mg —6,800 U, in
250 ml saline), with 5 steps at increasing rate of admin-
istration (10 ml/h, 20 ml/h, 40 ml/h, 80 ml/h, 100 ml/h,
respectively). The first 4 steps lasted 15’ each, while the
fifth one lasted 127’ The procedure was completed in 3 h
and 7. Premedication consisted of antihistamines only,
particularly oxatomide 30 mg per os, the night before
and 30’ before the infusion, and chlorphenamine 10 mg
intravenously between step 4 and step 5 of the infusion.
Moreover, in order to maintain the immuno-tolerance
state, we administered 2,000 U of 5-fold concentered lar-
onidase subcutaneously (4 subcutaneous injections of 1
ml), once a month, as for the classic AIT.

Under these conditions, when this report was writ-
ten, the standard weekly infusion protocol had been
performed at home for 8 months, without any adverse
events.

Patient 3. A 9-year-old boy was diagnosed with Hunter
syndrome in 2017 at the Metabolic Disease Unit of
Giovanni XXIII Pediatric Hospital of Bari. Thus, he
started the weekly ERT with idursulfase. Twenty-four
mg of idursulfase, in 250 ml saline, were given at home
by slow intravenous infusion for about 4 h (the infusion
rate was approx. 60 ml/h). ERT was well tolerated till July
2021, when the boy developed diffuse urticaria during
the last minutes of infusion (no premedication had been
administered). The same reaction occurred at the suc-
cessive infusion. On both occasions antiallergic therapy
was given with resolution of symptoms. However, home
ERT was discontinued and the subsequent administra-
tions of idursulfase were performed at the Metabolic Dis-
ease Unit. During the first two ERT infusions the patient
developed urticaria and dysphonia. Corticosteroids and
antihistamines were administrated with symptom resolu-
tion. But the full dosage ERT administration was inter-
rupted. The idursulfase dosage was then lowered to only
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4 mg, tolerated for 5 months, up to December 2021,
when, due to deterioration of the clinical conditions, the
boy was referred to our Allergy Clinic. An allergy workup
was carried out with the purpose of restoring the weekly
full 24 mg idursulfase dosage by implementing a rapid
desensitization protocol.

A blood sample of the patient was sent to Geneva-
Meyrin, Switzerland, for anti-idursulfase IgE assessment.
The assay proved negative.

Thus, we performed SPT and IDT with idursulfase.
While SPT vyielded a negative result, IDT were positive
at both 1:100 and 1:10 dilution, with an average wheal
diameter of 7 and 9 mm, respectively. LPT with BrdU
assay was also performed, with a negative result.

In consideration of the clinical history and the results
of the skin tests, suggestive of immediate hypersen-
sitivity, and the need to contnue the weekly ERT, we
implemented a 3-bag, 12-step protocol of rapid desensi-
tization, according to Castells. The target dose was also
in this case 24 mg, intravenously (calculated on patient
body weight). Thus, we adopted the same rapid desensiti-
zation protocol as for patient 1 (Table 1).

At the first infusion, premedication given to the patient
was: cetirizine 7.5 mg, orally, the night before the infu-
sion, and chlorphenamine 5 mg intravenously, 30" before
the infusion. Moreover, 5 mg of chlorphenamine were
given between step 8 and step 9. However, during step
12, the little patient developed severe generalized urti-
caria. The infusion rate was lowered and hydrocortisone,
200 mg intravenously, and cetirizine, 5 mg orally, were
given with resolution of symptoms. The 150 ml/h infu-
sion rate was then resumed and the ERT was completed.

Because of this reaction, a week later, the second rapid
desensitization procedure was carried out according
to a modified 4-bag, 20-step protocol and, on the same
day, AIT-like desensitization was started (dayl- stepl),
performed according to the protocol implemented for
patient 1 (Table 3). The whole AIT-like desensitization
cycle was completed about one month later, (step 11;
Table 3). Meanwhile, the first 20-step rapid desensiti-
zation procedure again was accompanied by general-
ized urticaria, requiring chlorphenamine and flow rate
reduction (in spite of that, the procedure was anyway
completed). However, the successive two intravenous
infusions (modified 20-step procedure), overlapping the
subcutaneous AIT-like injections of idursulfase, were
successfully completed without HSR and required nei-
ther supplementary medication nor flow rate lower-
ing. Thus, with the next 5 weekly intravenous infusions,
we rapidly decreased the number of bags and step, and
consequently the time required for administering ERT,
down to only one solution strength (24 mg/250 ml saline;
0.096 mg/ml), given in 6 steps, in approx. 2 h (10, 20, 40,
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80, 150, 180 ml/h, with increase every 15; apart from the
last step which lasted approx. 1 h).

At the time when this manuscript was written, the
weekly simplified ERT protocol had been administered
12 times without any HSR and with only a light premedi-
cation (cetirizine 7.5 mg, orally, the night before and 30’
before the infusion). The AIT-like desensitization was
maintained with a monthly 4 mg dose of idursulfase,
given subcutaneously (to date, for 5 months).

Discussion

MPS are various and rare metabolic disorders, which can
lead to progressive clinical impairment and death, mostly
if diagnosis is not done during childhood and/or ERT,
the first line therapy for these patients, is not promptly
started. Life expectancy can range from a few years to a
normal life span, depending on type, severity of the MPS
and therapy. ERT has significantly changed the natural
history of these diseases and patients’ life expectancy.
However, its real-world impact is limited for at least
three negative reasons: (a) costs are exceedingly high and,
therefore, difficult to afford in low-income countries; (b)
ERT should be given on a weekly basis for life, by usu-
ally complex intravenous administration schedules; (c)
allergic reactions are frequent (up to 20% of cases) [31,
32], given the non-self nature of these protein enzymes,
obtained by recombinant DNA technology.

Here, we report on three male patients with MPS type
2 (patient 1 and patient 3) and MPS type 1 S (patient 2),
who were subjected to ERT with idursulfase and laroni-
dase, respectively, and developed immediate severe HSR
during the administration of these drugs, leading to ERT
discontinuation.

In fact, HSR during idursulfase and laronidase infu-
sions occur frequently [31, 32]. In these three patients, in
consideration of the importance of maintaining ERT and
the severity of HSR suffered, which precluded continu-
ation of the therapy by simply slowing the flow rate or
potentiating the antiallergic premedication, rapid desen-
sitization protocols, according to Castells, were devised
and implemented [13].

Rapid desensitization procedures by intravenous
infusion have proved effective and safe and have been
employed in the management of allergy to a variety of
drugs, such as chemotherapeutic drugs, antibiotics,
monoclonal antibodies, iron therapy, etc. [33-45].

Rapid desensitization has been successfully performed
mainly for chemotherapeutic drugs, such as platins, tax-
anes, doxorubicin, and in 94% of cases only mild or no
reactions occurred [13].

Different antibiotics were administered successfully by
rapid desensitization schedules, such as penicillin G, in
patients with syphilis [33, 34], and ceftazidime/avibac-
tam in klebsiella pneumoniae severe respiratory infection
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[35]. Moreover, the literature abounds of case reports,
such as the successful 4-bag/16-step rapid desensitization
for ceftriaxone performed in 17-year-old patients, also
affected by mast cell activation syndrome [36].

HSR are also frequent during monoclonal antibody
therapy and rapid desensitization procedures proved to
be effective and safe for rituximab [13, 37], tocilizumab
[38], infliximab [39], trastuzumab [40]. As for, iron ther-
apy, rapid desensitization schedules were published by
our group and others [41, 42]. Moreover, rapid desensiti-
zation has been used also in the case of allergy to recom-
binant enzymes in rare metabolic diseases, including
allergy to Pegvaliase in phenylketonuria [43], allergy to
elosulfase alfa in the Morquio syndorme [44] and allergy
to idursulfase [45] and laronidase [9].

Importantly, in virtually all these cases, the time
between each step was at least 15 min, as in our case. This
interval of time seems to be crucial in desensitization
procedures, in order to avoid major adverse reactions. In
vitro models of basophils desensitization demonstrated
that human basophil from allergic patients, when repeat-
edly incubated with suboptimal doses of the allergen,
reached a maximal unresponsiveness when the incuba-
tion time was between 15 and 30 min [12, 46].

In the cases presented, the skin tests were positive,
suggesting the allergic nature of the adverse reactions
occurred.

Thus, rapid desensitization effectively allows resump-
tion of therapy, as in our three cases. But this procedure
still has limits. Firstly, it requires a longer infusion time
(up to 6 h), compared to the already long (up to 3 h)
standard schedule, also considering that ERT should be
continued indefinitely. Secondly, as in our cases, rapid
desensitization to idursulfase and laronidase (both
recombinant protein enzymes) was not exempt from
occasional, often minor HSR, which, nevertheless, man-
dated enhanced premedication (including high-dose cor-
ticosteroids, not free from side effects) [47].

With relation to these limitations, we decided to man-
age our cases with a combination of rapid desensitization,
resulting in resumption of ERT, and AIT-like desensitiza-
tion, in order to induce a long-lasting immuno-tolerance
[48]. AIT has been known for many years to be effective
in conferring tolerance for non-self protein enzymes, as
in the case of Hymenoptera venom allergy [49].

Thus, exploiting our previous experience with Hyme-
noptera venom AIT, we devised a compact AIT-like
desensitization protocol for idursulfase and laronidase,
respectively. The two enzymes were administrated every
second day subcutaneously, at increasing dosages, start-
ing from approx. 8 pg (idursulfase) and 50 ug (laroni-
dase) at day-1, and reaching a dosage 500-fold higher, for
idursulfase, and 222-fold higher, for laronidase, in about
24 days (11th AIT session). This approach proved to be
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successful, allowing continuation of ERT in a standard
infusion mode, with a single drug dilution (according to
the drug’s leaflet). As in the case of Hymenoptera venom
AIT, we performed monthly subcutaneous maintenance-
phase injections, represented by the highest dosage
reached in the induction course, at the 11th session, viz.
4 mg for idursulfase and 2,000 U (11.6 mg) for laronidase.

Our approach of combined intravenous rapid desen-
sitization and subcutaneous AIT-like desensitization is
rather novel, to our knowledge, since only another case
report could be found in the literature, regarding two
breast cancer patients, desensitized for trastuzumab by
a rapid intravenous protocol, with interspersed weekly
subcutaneous administrations of the monoclonal anti-
body (20 mg), in order to control the still important
hypersensitivity symptoms associated with the intrave-
nous administration (2 mg/kg) in rapid desensitization
mode [48].

In spite of the novelty, the combined approach
appeared to be effective and safe, since it allowed resto-
ration of ERT in a standard mode, minimizing the time
required for the weekly infusion (down to approx. 3 h
with a single dilution bag). This is not trivial in consider-
ation of the fact that in patients with MPS who developed
allergy to ERT, rapid desensitization in not free from
HSR.

Therefore, we propose that this combined approach
may be adopted in at least the more problematic cases of
MPS with ERT allergy. By extension, this desensitization
strategy could be used also in other conditions in which
allergy to a protein drug has developed.

In contrast, as for hypersensitivity to platins and tax-
anes, which represent the major chemotherapeutic
agents involved in the vast majority of allergy to cancer
therapeutics, the AIT-like subcutaneous approach does
not appear feasible, given the inherent cytotoxicity of
these drugs and their different immunogenic (non-pro-
tein) profile.

Conclusion
To our knowledge, this is the first report showing the use-
fulness of rapid desensitization combined with an AIT-
like desensitization for allergy to recombinant enzymes.
We propose to use this approach, which proved to be
effective and safe, not only in patients with Hunter syn-
drome and Scheie syndrome, who develop HSR during
ERT with idursulfase and laronidase, respectively, but
also in ERT hypersensitivity in other types of MPS and
in other rare diseases, being treated by recombinant
enzyme medications. By extension, other forms of pro-
tein drug allergy (such as monoclonal antibody allergy)
might rely on this approach.
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