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Abstract

Background. Pompe disease is a rare, progressive lysosomal storage disorder
caused by acid a-glucosidase deficiency, leading to glycogen accumulation,
proximal muscle weakness, and respiratory decline. Enzyme replacement
therapy (ERT) significantly improves survival and stabilizes motor function, but
IgE-mediated hypersensitivity reactions (HSRs) can critically compromise
treatment, posing a major clinical challenge. Desensitization protocols allow
temporary tolerance to ERT, yet breakthrough reactions may occur,
necessitating adjunctive strategies such as omalizumab.

Results. We report a 40-year-old woman with late-onset Pompe disease who
developed severe IgE-mediated HSRs to alglucosidase alfa after years of
uneventful therapy. Basophil activation testing (BAT) and serum-specific IgE
confirmed an IgE-mediated mechanism. A 15-step, 5-bag desensitization
protocol allowed temporary tolerance, but breakthrough reactions required
therapy interruption. Upon switching to avalglucosidase zalfa, BAT demonstrated
IgE cross-reactivity, and a new desensitization protocol was implemented. Initial
infusions were complicated by recurrent HSRs. The addition of subcutaneous
omalizumab (300 mg monthly), administered two days before ERT, enabled safe
reintroduction. Moreover, therapy was resumed gradually, starting at 50% of the
target dose and escalating stepwise to the full therapeutic dose, resulting in
uninterrupted treatment. Follow-up showed stable neuromuscular and
respiratory function, progressive decline in BAT reactivity, and improved quality
of life.

Conclusions. This case highlights the critical role of BAT in diagnosing and
monitoring IgE-mediated HSRs, the efficacy of individualized desensitization
protocols, and the utility of omalizumab as an adjunctive therapy in refractory
cases. In rare diseases like Pompe, documenting such integrated allergological
strategies provides practical guidance for maintaining access to life-prolonging
therapy and offers a reproducible framework for managing complex allergic

complications.
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1. Introduction

Pompe disease, or glycogen storage disease type ll, is a rare autosomal recessive
disorder caused by the deficiency of acid a-glucosidase, leading to lysosomal
glycogen accumulation, progressive muscle weakness, and respiratory decline
[1]. The clinical spectrum ranges from the severe infantile-onset form to late-
onset Pompe disease (LOPD), typically characterized by proximal limb-girdle
weakness and respiratory insufficiency [2]. The introduction of enzyme
replacement therapy (ERT) with recombinant human GAA has revolutionized the
management of Pompe disease, significantly prolonging survival and stabilizing
motor function [3]. Nevertheless, ERT administration is frequently complicated
by adverse reactions that may critically affect treatment adherence and
outcomes. These reactions can be broadly categorized into infusion-related
reactions (IRRs), usually non-lgE-mediated and driven by cytokine release or
complement activation, and hypersensitivity reactions (HSRs), which can be IgE-
dependent and potentially life-threatening [4]. Whiie IRRs often present with
fever, chills, flushing, or flu-like symptoms and may improve by reducing the
infusion rate or adding standard premedication, IgE-mediated HSRs manifest as
urticaria, angioedema, bronchospasm, or even anaphylaxis, and usually require
more advanced allergological strategies.

Among these, desensitization protocols represent the mainstay of management
in patients with recurrent or severe HSRs who cannot otherwise continue ERT.
Rapid drug desensitization induces a temporary state of tolerance by
administering the culprit drug in escalating doses through multiple steps and
bags with increasing concentrations [5]. The underlying mechanism is not fully
elucidated, but current evidence suggests that during desensitization, the
progressive administration of subtherapeutic doses of the enzyme may occupy
IgE molecules bound to FceRI without inducing effective cross-linking, or,
alternatively, may induce rapid internalization and downregulation of these
receptors, thereby making mast cells and basophils temporarily unresponsive to
further antigen exposure [6]. This controlled exposure enables patients to
tolerate subsequent full therapeutic doses safely, though tolerance is transient
and requires the protocol to be repeated at each infusion. Desensitization has
therefore become an essential tool in ensuring that patients with lysosomal
storage disorders, including Pompe disease, can continue to benefit from ERT



despite the occurrence of IgE-mediated HSRs [7]. Yet, a proportion of patients
experience breakthrough reactions even under optimized desensitization,
underlining the need for adjunctive strategies such as omalizumab, an anti-IgE
monoclonal antibody increasingly reported as a valuable rescue option in
refractory cases [8]. However, evidence on the combined use of desensitization
and omalizumab, along with the application of basophil activation testing as a
diagnostic and monitoring tool in Pompe disease, remains limited. Here, we
report a case illustrating the clinical utility of this integrated allergological
approach.

2. Case Presentation

We describe the case of a 40-year-old Italian woman with genetically confirmed
LOPD (compound heterozygous GAA mutations ¢.3213T>G and c.1944 195del),
diagnosed at the age of 29 years following onset of progressive proximal
weakness and mild respiratory insufficiency. At baseline, serum creatine kinase
was 580 U/L (normal <170 U/L). Pulmonary funiction tests showed a forced vital
capacity (FVC) of 68% predicted upright and 61% supine, consistent with
diaphragmatic weakness. Neuromuscular assessment revealed hip flexors MRC
3/5, hip extensors MRC 3+/5, and shoulder abductors MRC 4/5. Functional
capacity was reduced, with a six-minute walking test (6MWT) distance of 385
meters (62% predicted) and a Quick Motor Function Test (QMFT) score of 38/64.
Notably, she had no¢ history of atopy, drug allergy, or previous episodes of
urticaria or angioedema.

Since 2013 she had been receiving alglucosidase alfa 20 mg/kg biweekly with
stable motor function and no adverse events until May 2024, when she
developed her first HSR consisting of generalized urticaria, angioedema,
bronchospasm, and hypotension within 30 minutes of infusion, which typically
lasted approximately 4 hours. Subsequent attempts with premedication,
including cetirizine and prednisone, did not prevent similar reactions, ultimately
requiring epinephrine. An allergology work-up was carried out performing the
Basophil Activation Test (BAT), which is a functional /n vitro assay that measures
the activation of basophils after exposure to the suspected allergen by detecting
surface markers such as CD63, thus providing evidence of an IgE-mediated
mechanism. The test was positive, with 45% CD63 expression (cut-off 15) and,



together with the detection of serum-specific IgE to alglucosidase alfa (0.48
kU/L), supported the diagnosis of an IgE-mediated hypersensitivity reaction.
Moreover, BAT provided functional evidence of basophil activation in response
to the drug. Skin testing was not performed, as non-irritant concentrations for
recombinant enzymes are not standardized and systemic risks were considered
significant.

In September 2024, in light of the previous reactions and the need of
reintroducing the ERT, a 5 bag, 15-step desensitization protocol over 10 hours
enabled the administration of the full therapeutic dose (20 mg/kg) under
premedication with prednisone and cetirizine. Initially tolerated, this approach
allowed several months of treatment, but in February 2025 a breakthrough
systemic reaction recurred with urticaria, hypotension and desaturation,
requiring therapy discontinuation and epinephrine.

In April 2025, since avalglucosidase alfa had just become available as a new
therapeutic option, the patient was switched to this drug at the 20 mg/kg dose:
900 mg every other week. Given the known structural similarity and potential
cross-reactivity between alglucosidase al!fa and avalglucosidase alfa, an
allergological work-up was performed prior to infusion. The BAT confirmed IgE
sensitization also to avalglucosidase alfa (42%), and therefore the
desensitization protocol previcusly adopted for alglucosidase alfa was
maintained, this time reinfocrced with low-dose methotrexate (10 mg/week) as
additional premedication. Nevertheless, in June 2025 the patient experienced
another systemic HSR, with pruritus, diffuse rash, and dyspnea within 30 minutes
of the infusion, again requiring suspension. Given the persistence of severe IgE-
mediated HSRs despite optimal management, subcutaneous omalizumab 300
mg every four weeks was introduced in July 2025, administration taking place
two days before re-exposure. Then, avalglucosidase alfa was reintroduced using
a 12-step, 3-bag desensitization protocol (Table 1) with progressive
concentrations (1:100, 1:10, 1:1), initially tolerated at 10 mg/kg (target dose:
450 mg) and thus subsequently escalated to 15 mg/kg (target dose: 675 mq).
Premedication consisted of cetirizine 10 mg. Once tolerance was achieved, the
protocol was progressively simplified: one bag at a time was removed, starting
from the most diluted, until the patient could begin infusions directly from the

full-strength solution (Figure 1).



At present, she receives/is receiving avalglucosidase alfa at the full standard
dose of 20 mg/kg (900 mg) directly from the mother solution according to the
leaflet schedule (standard protocol), with premedication limited to cetirizine
alone, so far without any adverse events. Follow-up monitoring demonstrated a
decline in BAT reactivity to 12%, suggesting an immunological modulation, and
the patient reports significant improvement in quality of life, with uninterrupted
ERT and no further hospitalizations. Neuromuscular follow-up showed stable
disease: FVC increased to 74% upright, QMFT 41/64, and 6MWT 425 meters,
indicating preserved respiratory and motor function under continued therapy.

3. Discussion

HSRs to ERT represent a challenging and still underrecognized complication in
the long-term management of Pompe disease. Although the overall safety profile
of alglucosidase and avalglucosidase is favorable, IgE-mediated reactions may
occur even after years of uneventful infusions, abruptiy threatening treatment
continuity and patient outcomes. In such cases, allergological assessment and
individualized therapeutic strategies become essential to ensure sustained
access to ERT, which remains fundarmental for prolonging survival and
maintaining neuromuscular and respiratory function. Desensitization protocols
have been increasingly applied In lysosomal storage disorders and currently
represent the cornerstone strategy to maintain ERT in patients with IgE-
mediated HSRs, althocugh standardized approaches are still lacking.

This case illustrates several points of clinical relevance. IgE-mediated HSRs to
ERT may occur even after years of uneventful treatment, and their severity can
critically compromise therapy in otherwise stable patients. In our patient, both
the BAT and the detection of drug-specific IgE confirmed the allergic nature of
the reactions. Importantly, BAT was not only essential in diagnosis but also
served as a valuable follow-up tool, demonstrating a progressive decline in
basophil reactivity during treatment with omalizumab. In this context, BAT may
represent a dynamic functional biomarker, reflecting the degree of IgE-mediated
cellular responsiveness to the culprit drug. Compared with in vivo testing, BAT
offers a safer in vitro alternative, particularly in patients at high risk of severe
reactions. Similar applications of BAT in drug hypersensitivity reactions,
including biologics and chemoterapy, have been reported, supporting its role as



a complementary diagnostic and monitoring tool in complex allergic conditions
[9,10]. This represents an added strength, as BAT provides a safe, functional,
and repeatable /n vitro alternative in situations where /n vivo testing is
contraindicated.

Desensitization played a central role as a first-line allergological tool, allowing
the reintroduction of ERT in greater safety by inducing a temporary state of
tolerance through stepwise exposure to increasing concentrations of the
enzyme. Although breakthrough reactions may occur despite optimized
protocols, desensitization remains the cornerstone strategy for maintaining
access to life-saving therapy.

In this context, the introduction of omalizumab proved decisive. Monthly
administration of 300 mg was sufficient to suppress IgE-mediated reactivity and
to enable the safe and sustained reintroduction of avalglucosidase alfa, with the
remarkable finding that a single monthly injection provided effective protection
for two biweekly infusions. Beyond its ability to neutralize circulating IgE,
omalizumab, as it is well known, also proaressively downregulates FceRI
expression on mast cells and basophils, thereby reducing their responsiveness
over time. This dual mechanism not only explains the immediate control of
allergic reactivity, but may alsc contribute to the long-term immunological
modulation observed in our patient, as reflected by the decline in BAT reactivity.
Moreover, in our patient, beyond the combination of desensitization and
omalizumab, an additional safety measure was the gradual escalation of drug
dosage across consecutive infusions: tolerance was first established at 10 mg/kg,
then consolidated at 15 mg/kg, and only thereafter was full treatment at 20
mg/kg resumed. This stepwise increase minimized the risk of severe reactions
during the reintroduction phase.

Nevertheless, this report has limitations. Skin testing was not performed, as the
patient had experienced severe anaphylaxis and the risk of provoking a further
reaction was deemed excessive. Moreover, non-irritant concentrations for
recombinant enzymes are not standardized, and ideally testing should begin
with a skin prick test before proceeding to intradermal testing, which carries
higher systemic risk. For these reasons, an /n vitro approach was preferred.
Recent reports have also addressed desensitization in Pompe disease. Gendive
et al. described a case of infantile-onset Pompe disease in which desensitization

to both alglucosidase alfa and avalglucosidase alfa was successfully performed



[11]. The protocol was rapid and effective, and intradermal skin testing was
positive for both enzymes, supporting the allergic basis. However, drug-specific
IgE were not assessed, leaving the serological characterization incomplete.
Mendelsohn et al. reported a patient with late-onset Pompe disease who
developed recurrent infusion reactions to both enzymes and was successfully
managed with an individualized desensitization protocol combined with
omalizumab [12]. In that case, intradermal skin testing was positive, and anti-
drug specific IgE were detected at very low levels. This report provided valuable
clinical confirmation that omalizumab can be integrated into desensitization
regimens.

These observations confirm that alglucosidase alfa and avalglucosidase alfa are
cross-reactive at the immunological level, which has practical implications for
clinical management. In patients with IgE-mediated HSRs to alglucosidase alfa,
it is therefore advisable to perform an allergological work-up - including skin
tests, when feasible, and BAT as a complementary or alternative tool - before
initiating avalglucosidase alfa [13,14]. Such pre-infusion testing may help to
stratify risk, anticipate cross-reactive hypersensitivity, and guide the safest
therapeutic approach.

Taken together, the available literature, along with our case, support the concept
that desensitization is the fundamental approach for managing IgE-mediated
HSRs to ERT, while adjunctive omalizumab can secure tolerance in refractory
cases, as described for other recombinant enzymes [15,16].

Our case underscores the added value of the BAT as a both diagnostic and
monitoring tool, supporting its role as a complement and, in selected high-risk
cases, a potential alternative to skin testing, in situations where /n vivo
procedures are unsafe or not standardized. In addition, the desensitization
strategy, reinforced by a cautious stepwise dose escalation across consecutive
infusions and the use of omalizumab as an adjunctive safety measure, minimized
the risk of severe hypersensitivity reactions. This integrated allergological
approach ultimately enabled the safe continuation of full-dose ERT without
recurrence of hypersensitivity, providing a practical and reproducible framework

for managing similarly complex cases.



List of abbreviation

BAT, basophil activation test

ERT, enzyme replacement therapy
FVC, forced vital capacity

HSR, hypersensitivity reaction
LOPD, late-onset Pompe disease
QMFT, Quick Motor Function Test
6MWT, six-minute walking test

Ethics approval and consent to participate: Written informed consent was
sought after and obtained from the patient, for publication. The work was carried
out in compliance with the Declaration of Helsinki. This study was approved by
the Local Ethics Committee IRCCS Istituto Oncologico “Gabriella Serio” of Bari,
Italy, with protocol number 2461.

Availability of data and materials: Datasets are available on reasonable
request from the corresponding author.

Competing Interests: Authors declare no conflicts of interests.

Funding: This study was funded by the postgraduate school of Allergy and
Clinical Immunology Program, Bari Aldo Moro University. Moreover, this study
was funded by the Complementary National Plan PNC-I.1 "Research initiatives
for innovative technologies and pathways in the health and welfare sector” D.D.
931 of 06/06/2022, DARE - DigitAl lifelong pRevEntion initiative (code
PNC0000002) to R.R.

Authors' contributions: AL and FS developed the concept of the manuscript
and wrote the first manuscript draft. AL provided clinical care and follow-up for
the patient throughout the entire course of the case. EA, MS, GPC and SC carried
out part of the clinical work and contributed with relevant ideas. SD’A and RR
critically reviewed the manuscript. VD and AGS corrected the manuscript and



secured the financial support. FS conceived the desensitization approach. All

authors have read and approved the manuscript

Acknowledgements: This work was promoted within the European Reference

Network (ERN) for Neuromuscular Diseases.

References

1. Kishnani PS, Steiner RD, Bali D et al (2006) Pompe disease diagnosis and
management guideline. Genet Med 2006;8:267-288.
https://10.1097/01.9im.0000218152.87434.13.

2. van der Ploeg AT, Reuser AJJ (2008) Pompe’s disease. Lancet 372:1342-
1353. https://doi.org/10.1016/S0140-6736(08)61555-X.

3. Diaz-Manera J, Kishnani PS, Kushlaf H, i_Ladha S, Mozaffar T, Straub V et al
(2021) Safety and efficacy of ava!glucosidase alfa versus alglucosidase alfa
in patients with late-onset Pompe disease (COMET): a phase 3,
randomised,  multicentre  trial. Lancet  Neurol 20:1012-1026.
https://10.1016/51474-4422(21)00241-6.

4. Lessard LER, Tard C, Salort-Campana E et al (2023) Hypersensitivity
infusion-associated reactions induced by enzyme replacement therapy in
a cohort of patients with late-onset Pompe disease: an experience from the
French Pompe Registry. Mol Genet Metab 139:107611. https://doi. org/ 10.
1016/j. ymgme. 2023. 107611.

5. Castells MC, Tennant NM, Sloane DE, Hsu Fl, Barrett NA, Hong DI et al
(2008) Hypersensitivity reactions to chemotherapy: outcomes and safety
of rapid desensitization in 413 cases. ] Allergy Clin Immunol 122:574-80.
https://10.1016/j.jaci.2008.02.044.



6. Cernadas JR, Brockow K, Romano A, Aberer W, Torres MJ, Bircher A et al
(2010) General considerations on rapid desensitization for drug
hypersensitivity - a consensus statement. Allergy 65:1357-66.
https://doi.org/10.1111/j.1398-9995.2010.02441 .x.

7. Spataro F, Solimando AG, Desantis V, Vacca A, Di Girolamo A, Ria R (2025)
How to manage hypersensitivity reactions to enzyme replacement therapy
in lysosomal storage diseases? Orphanet ] Rare Dis 6;20:287.
https: i.org/10.11 13023-025-03844-

8. Bumbacea RS, Ali S, Corcea SL, Spiru L, Nitipir C, Strambu V et al (2021)
Omalizumab for successful chemotherapy desensitisation: What we know
so far. Clin Transl Allergy. 2021 13;11:e12086. https://doi:
10.1002/clt2.12086.

9. Pascal M, Chauhan J, Knol E, Bianchini R, Castells M, De Las Vecillas L,
Hartmann K, Izquierdo E, Jappe U, Jimenez-Rodriguez TW, Levi-Schaffer F,
Mayorga C, Poli A, Redegeld F, Santos AF, Jensen-Jarolim E, Bergmann C,
Karagiannis SN, Bax HJ. Basophil Activation Test: Bridging Allergy and
Oncology for Diagnostic, Therapeutic and Prognostic Applications in
AllergoOncology: An EAACI Position Paper. Allergy. 2025 Aug;80(8):2097-
2112.

10. Mayorga C, Celik GE, Pascal M et al. Flow-based basophil activation
test in immediate drug hypersensitivity. An EAACI task force position
paper. Allergy. 2024 Mar;79:580-600.

11. Gendive M, Delgado TC, Unceta M, et al (2025) Successful
desensitization protocol to alglucosidase and avalglucosidase alfa in a
patient with infantile-onset Pompe disease. Mol Genet Metab Rep
43:101207. https://10.1016/j.ymgmr.2025.101207


https://doi.org/10.1186/s13023-025-03844-8
https://doi.org/10.1186/s13023-025-03844-8
https://10.0.3.248/j.ymgmr.2025.101207

12. Mendelsohn DH, Garcia-Angarita N, Hahn A, et al (2025)
Management of hypersensitivity in a patient with late-onset Pompe disease
experiencing recurrent infusion-related reactions. ] Neurol 272:625.

13. Kishnani PS, Kronn D, Brassier A, Broomfield A, Davison J, Hahn SH
et al (2023) Safety and efficacy of avalglucosidase alfa in individuals with
infantile-onset Pompe disease enrolled in the phase 2, open-label Mini-
COMET study: The 6-month primary analysis report. Genet Med
25:100328. https://10.1016/j.gim.2022.10.01

14. Mayorga C, Celik G, Rouzaire P, et al (2016) In vitro tests for drug
hypersensitivity reactions: an ENDA/EAACI Drug Allergy Interest Group

position paper. Allergy 71:1103-1134. https://10.1111/all.12886.

15. Spataro F, Ria R, Chaoul N, Solimando AG, Desantis V, Vacca A et al
(2024) Two-year  follow-up after  drug desensitization in
mucopolysaccharidosis. Orphanet J Rare Dis 27;19:491.
https://10.11 13023-024-03516-z.

16. DuBuske i, Schmidlin K, Bernstein JA (2021) Successful
desensitization of a patient with Fabry disease with agalsidase beta
anaphylaxis after omalizumab pretreatment. Ann Allergy Asthma Immunol
126:96-98. https://10.1016/j.anai.2020.08.026.


https://10.0.3.239/s00415-025-13357-w
https://10.0.3.248/j.gim.2022.10.010
https://10.0.4.87/all.12886
https://10.0.4.162/s13023-024-03516-z

Table 1. Desensitization protocol for avalglucosidase alfa.

bag infusion rate delivered dose

step (dilution) (ml/h) time (min) (mg)

1 1/100 2.5 15 0.01125

2 1/100 5 15 0.0225

3 1/100 10 15 0.045

4 1/100 20 15 0.09

5 1/10 5 15 0.225

6 1/10 10 15 0.45

7 1/10 20 15 0.9

8 1/10 40 15 1.8

9 1/1 10 15 4.5

10 1/1 20 15 9

11 1/1 40 15 18

12 1/1 80 166.875 400.5
total 321.375 435.5

Target dose: 450 mg.

Bag 1/1: 450 mg of avalglucosidase alfa in 250 ml of 5% glucose solution [1.8 mg/ml];
Bag 1/10: 10 ml of 1/1 dilution in 90 ml of 5% glucose solution [0.18 mg/ml];

Bag 1/100: 10 ml of 1/10 dilution in 90 ml of 5% glucose solution [0.018 mg/dl].



Figure 1. Chronological overview of clinical management.
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