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Abstract

Background Enzyme replacement therapy (ERT) with alglucosidase alfa is the treatment for patients with Pompe disease, a
hereditary metabolic myopathy. Home-based ERT is unavailable in many countries because of the boxed warning alglucosi-
dase alfa received due to the risk of infusion-associated reactions (IARs). Since 2008, home infusions have been provided
in The Netherlands.

Objectives This study aimed to provide an overview of our experience with home-based infusions with alglucosidase alfa
in adult Pompe patients, focusing on safety, including management of IARs.

Method We analysed infusion data and IARs from adult patients starting ERT between 1999 and 2018. ERT was initially
given in the hospital during the first year. Patients were eligible for home treatment if they were without IARs for multiple
consecutive infusions and if a trained home nurse, with on-call back-up by a doctor, was available. The healthcare providers
graded IARs.

Results We analysed data on 18,380 infusions with alglucosidase alfa in 121 adult patients; 4961 infusions (27.0%) were
given in hospital and 13,419 (73.0%) were given at home. IARs occurred in 144 (2.9%) hospital infusions and 113 (0.8%)
home infusions; 115 (79.9% of 144) IARs in hospital and 104 (92.0% of 113) IARs at home were mild, 25 IARs (17.4%) in
hospital and 8 IARs (7.1%) at home were moderate, and very few severe IARs occurred (4 IARs in hospital [2.8%] and 1
IAR at home [0.9%]). Only one IAR in the home situation required immediate clinical evaluation in the hospital.
Conclusion Given the small numbers of IARs that occurred with the home infusions, of which only one was severe, we
conclude that alglucosidase alfa can be administered safely in the home situation, provided the appropriate infrastructure

is present.
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1 Introduction

Enzyme replacement therapy (ERT) with intravenously
administered alglucosidase alfa (recombinant human alfa-
glucosidase [rhGAA]) is the treatment for patients with
Pompe disease (OMIM #232300), a metabolic myopathy
due to the deficiency of the lysosomal enzyme alfa-glu-
cosidase (GAA; EC 3.2.1.20) [1]. The clinical spectrum
of Pompe disease is broad and continuous. A differentia-
tion is made between the classic infantile form of the dis-
ease and late-onset Pompe disease (LOPD) or non-classic
Pompe disease. Classic infantile Pompe patients have a
severe enzyme deficiency with virtually no residual activ-
ity of alfa-glucosidase, leading to severe hypotonia and
a hypertrophic cardiomyopathy with a fast progressive
course of disease [2]. Patients with LOPD have a higher
residual enzyme activity than those with classic infan-
tile patients, leading to axial and limb girdle as well as
respiratory muscle weakness. LOPD patients can have a
disease onset at any age and do not have a hypertrophic
cardiomyopathy. ERT has positively altered the disease
course for most Pompe patients, improving both motor and
pulmonary function [1, 3]. Nevertheless, patients’ qual-
ity of life is negatively impacted by the time-consuming
biweekly infusions [4] taking several hours. Home infu-
sions provide more autonomy and flexibility for the patient
[5] and are therefore a more patient-centred approach to
ERT. However, when rhGAA was approved for the treat-
ment of Pompe disease in 2006, home infusions were
not included in the summary of product characteristics
(SmPC), and the drug received a boxed warning from the
US FDA due to the risk of anaphylaxis, severe allergic and
immune-mediated reactions, and risk of cardiorespiratory
failure [6]. A similar risk of severe IARs was included in
the European SmPC [7]. These warnings have hampered
the introduction of home infusion therapy with alglucosi-
dase alfa worldwide.

The coronavirus disease 2019 (COVID-19) pandemic
has prompted the need for home-based ERT. Patients have
missed their alglucosidase alfa infusions in the hospital
due to the downscaling of regular healthcare, resulting
in deterioration of clinical status, as reported in some
patients [8, 9]. Even when hospital-based infusions were
offered, 60% of patients with lysosomal storage disor-
ders (LSDs) refused to come to the hospital due to fear of
acquiring COVID-19 [10]. In addition, fear of infection
and reorganisation of infusion centres have led to patients
missing infusions with ERT [10, 11]. Of patients with an
inborn error of metabolism who reported a change to their
treatment during the COVID-19 pandemic, 50% switched
to home therapy [12]. Reliance on hospital infusion may
increase the risk of contracting COVID-19, and switching
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to home therapy may mitigate this risk [13]. Thus, the
pandemic has only made the need for home-based therapy
for Pompe patients more urgent.

Since 1999, ERT with alglucosidase alfa has been pro-
vided at the Center for Lysosomal and Metabolic Diseases,
Erasmus MC, the national referral centre for Pompe disease
in The Netherlands. The Netherlands was the first country
to implement home infusion with alglucosidase alfa. Since
2008, Pompe patients can receive their infusions at home
after 1 year of uncomplicated treatment in the hospital. In
this paper, we describe our experience with home-based
infusions with alglucosidase alfa in adult Pompe patients,
focusing on safety, including management of infusion-asso-
ciated reactions (IARs). This work may help implement
home-based ERT for Pompe disease in other countries.

2 Methods

This study was conducted and reported in line with the
REporting of studies Conducted using Observational Rou-
tinely-collected health Data (RECORD) statement [14].
Patients or the public were not involved in the design, con-
duct, reporting, or dissemination plans of our research.

2.1 Patient Population

All adult patients with LOPD who started treatment with
alglucosidase alfa between 1999 and 2018 at the Center
for Lysosomal and Metabolic Diseases, Erasmus MC Uni-
versity Medical Center, Rotterdam, The Netherlands, were
included. Infusions with alglucosidase alfa from Chinese
hamster ovary (CHO) cells between 2002 and 2019 were
included for analysis in this study. We used observational
routinely collected infusion data, collected per our stand-
ardised protocol. All patients had a confirmed diagnosis
of Pompe disease, as demonstrated by a deficiency of alfa-
glucosidase (EC 3.2.1.20) in leucocytes, fibroblasts, and/
or two disease-causing GAA variants in trans. All patients
received their first infusion after the age of 18 years and
provided informed consent. They were followed up within a
standardised protocol approved by our Institutional Review
Board (IRB; METC 2007-103). Twenty patients were ini-
tially included in the randomised, double-blind, multicentre,
placebo-controlled study on the effects of alglucosidase alfa
in late-onset Pompe patients (Late-Onset Treatment Study
[LOTS/AGLUO02704], NCT00158600) [1] and the subse-
quent open-label study (AGLU03206, NCT00455195) [15].

2.2 Organisation of Alglucosidase Alfa Infusions

Alglucosidase alfa infusions were initially given in the hos-
pital for a year to monitor patients and assess the safety of
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infusions. Patients were eligible for home treatment if they
were without IARs for multiple consecutive infusions in the
hospital setting and if a home nurse trained by the Erasmus
MC was available to administer infusions at home (or at
a regional hospital if preferred by the patient). The nurse
stays at home for the entire duration of the infusion. The
infusion line is then flushed with at least 20 mL NaCl 0.9%,
after which the nurse stays with the patient for an additional
15 min, or longer on indication. Logistics for infusions pro-
vided in a regional hospital were similar to those in the home
situation.

All infusions were prepared centrally at our hospital’s
pharmacy and were then transported to the regional phar-
macy of the patient under strict conditions with continu-
ous temperature monitoring. A standard operating proce-
dure (SOP) was in place, describing the administration of

Table 1 Characteristics of patients receiving ERT

alglucosidase alfa and the management of IARs and other
emergencies (e.g. extravasation). Infusions were adminis-
tered stepwise according to a standard infusion schedule,
0.2, 0.8, and 3.5 mg/kg/h with steps of 30 min for the first
three infusion steps and 10 mg/kg/h for the remainder of the
infusion (see Online Resource 6, Table 1). Infusion rates
might be adapted if needed to treat or prevent IARs (see
Online Resource 6, Table 2 for our slow infusion sched-
ule). Premedication was not given as standard prior to infu-
sion but could be considered after the occurrence of IARs.
Patients were monitored in line with the SOP using on-site
charts with preset checklists. For each infusion, an infu-
sion form was filled out, containing information on the vital
parameters (before, during, and right after infusion), the
dosage and volume administered, (pre)medication (if any),
applied infusion schedule, start and stop time of the infusion,

Sex [n (% of total)]
Male
Female
Genotype [n (% of total)]
IVSI (c.-32-13T>G) + other GAA disease-causing variant
Two GAA disease-causing variants other than IVS1
Age at symptom onset, years [median (range)]
Age at diagnosis, years [median (range)]
Age at start of ERT, years [median (range)]

Disease duration at the start of ERT from symptom onset, years [median (range)]

59 (48.8)
62 (51.2)

117 (96.7)
4(3.3)

33.5 (1.4-67.4)
42,9 (1.4-72.2)
52.2(19.9-76.3)
13.7 (0.2-55.7)

Disease duration at the start of ERT from diagnosis, years [median (range)] 3.3 (0.2-31.1)
Number of patients ever treated at home [1 (% of total)]* 95 (78.5)
Duration of ERT per patient, years [median (range)] 9.4 (0.2-16.2)
GAA alfa-glucosidase, ERT enzyme replacement therapy, COVID-19 coronavirus disease 2019
#An additional four patients (3.3%) were temporarily treated at home due to the COVID-19 pandemic
Table 2 Infusion data

Total Hospital® Home
Patients ever receiving ERT 121 120° 95
Patient ERT at the end of the study 85 5 80°¢
Number of infusions [n (% of the total number of infusions)] 18,380 (100) 4961 (27.0) 13,419 (73.0)

Number of infusions per patient [median (IQR, range)]

Infusion schedule [n (% of total per category)]

148 (62.0-241.5, 6-330)

29 (18.5-52.5, 0-241) 110 (0.0-207.0, 0-281)

Standard 16,243 (88.4) 4265 (86.0) 11,978 (89.3)
Adapted? 1617 (8.8) 540 (10.9) 1077 (8.0)
Not available at the time of analysis 520 (2.8) 156 (3.1) 364 (2.7)

ERT enzyme replacement therapy, /QR interquartile range
*Erasmus MC

®In one patient, treatment was started in a nursing home

“This includes nine patients treated at a regional hospital at study data cap. The logistics of these infusions are similar to those at home

4 Adapted infusion schedules were defined as all non-standard infusion schedules, i.e. infusions with adapted infusion rates or extra infusion steps
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and possible adverse effects of ERT during infusion (if pre-
sent). A specialised education programme for home nurses
was developed at the Erasmus MC to ensure safe administra-
tion of ERT at home, including training by our specialised
nurses on how to manage IARs in the home situation. An
on-call service from the Erasmus MC run by nurses and doc-
tors with experience with ERT in Pompe disease was avail-
able for consultation on questions and emergencies related
to alglucosidase alfa administration.

2.3 Management of Infusion-Associated Reactions
(IARs)

We defined an AR as a disorder characterised by an adverse
reaction related to the infusion of pharmacological or bio-
logical substances [16]. Nurses and doctors from our centre
with experience treating Pompe disease, and trained home-
care nurses, graded the IARs based on the classification
described in Online Resource 1. If the severity of the IARs
had not been graded, the researchers retrospectively graded
the infusions (ID, HvdH, HH) according to the Common
Terminology Criteria for Adverse Events (CTCAE) classi-
fication version 5.0 to avoid classification bias [16]. CTCAE
Grade 1 corresponds with mild, CTCAE Grade 2 with mod-
erate, and CTCAE Grades 3, 4, and 5 correspond with severe
in the classification in Online Resource 1 [1]. We defined
IARs as a serious adverse event (SAE) when an undesired
medical event occurred that was fatal, and/or threatened the
life of the subject, and/or made hospital admission or an
extension of the admission necessary, and/or caused per-
sistent or significant invalidity or work disability [17]. If
an IAR occurred in the home situation, patients received
subsequent infusions in the hospital if indicated based on
the severity of the IAR (see Fig. 2). Patients were transferred
back to the home when hospital infusions were assessed to
be safe on a case-by-case basis.

2.4 Data Collection

Data on general descriptives (sex, genotype, age at symptom
onset, age at diagnosis, age at start of ERT, disease duration
at start of ERT from symptom onset, disease duration at start
of ERT from diagnosis, duration of ERT) were collected.
Based on the data on the infusion forms, the following infor-
mation was collected: data on infusions (number of infusions
in hospital and at home, number of infusions per patient,
infusion schedule) and data on IARs (number of IARs, fever
prior to infusion, sick/ill prior to infusions, severity of IAR,
type of IAR, most severe intervention needed, action taken
next infusion, premedication next infusion).

For interventions taken in response to IARs, the most
severe intervention needed was reported, with the sever-
ity ranging from mild to severe in order: none taken, set
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infusion back to the previous step, paused infusion and
restarted infusion later, antihistamine was given, other medi-
cation was given, corticosteroid was given, antihistamine
and corticosteroid were given, stopped infusion completely,
and the patient required immediate clinical evaluation in
hospital. For the action taken the next infusion after an IAR
occurred, the most severe intervention needed was reported,
with the severity ranging from mild to severe in order: none
taken, the patient received premedication, infusion sched-
ule was adapted, and the subsequent infusion was given in
hospital. Only TARs clinically judged to have a probable
or definite relationship with the infusion were included. To
evaluate whether we missed any IARs based on the infusion
forms, we checked the adverse event forms that were submit-
ted to the pharmacovigilance department of Sanofi. Three
researchers (ID, HvdH, and HH) had access to the database
population used to create the study population. Data were
cleaned by checking all data in duplicate, checking for miss-
ing values, and checking for numerical outliers. This study
does not include data linkage across databases.

2.5 Statistical Analysis

Statistical analysis was executed using SPSS 25.0 IBM
Corporation, Armonk, NY, USA). Data were cleaned by
checking for outliers. Descriptive analyses were performed,
tabulating demographic and clinical information of patients,
an overview of administered infusions, types of IARs, and
actions taken to resolve these. Descriptive data (numbers,
median, ranges, and percentages) were reported. We did not
perform any statistical tests. If data were missing, it was
reported as such.

3 Results
3.1 Study Population and Patient Characteristics

A total of 121 adult Pompe patients treated with alglucosi-
dase alfa in The Netherlands were included in this study.
All adult Pompe patients who met the inclusion criteria and
for whom data were available were included. We did not
filter participants based on data quality or linkage. Of these
121 patients, 95 (78.5%) received home infusions at some
point. In February 2019 (data cap of the study), 85 of the
121 patients (70.2%) were receiving treatment with ERT
(71 [58.7%] at home, 9 [7.4%] at a regional hospital, and 5
[4.1%] in the Erasmus MC). Reasons for receiving infusions
at the Erasmus MC other than starting treatment with ERT
were IARs, comorbidities, or a patient preference to receive
their infusions at the Erasmus MC. Thirty-six patients were
not receiving treatment with ERT as of February 2019.
Twenty patients died while receiving treatment. ERT was
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stopped in 16 patients; 8 of these patients were alive at study
end and 8 patients had passed away. The reasons to abort
treatment are discussed later. In total, 28 patients (23.1%)
had passed away due to respiratory problems (n=38, 28.6%
of deaths), malignancy (n=6, 21.4%), cardiovascular prob-
lems (n=3, 10.7%), cardiorespiratory failure (n=2, 7.1%),
an infection (n=2, 7.1%), respiratory insufficiency and
decubitus (n=1, 3.6%), aortic dissection (n=1, 3.6%), an
infection and cardiovascular problems (n=1, 3.6%), and an
autoimmune disorder (n=1, 3.6%). In three patients (10.7%
of deaths), the cause of death was not recorded. None of the
deaths were related to IARs.

Patient characteristics are described in Table 1. The
median age at symptom onset was 33.5 years (range
1.4-67.4) and the median age at diagnosis was 42.9 years
(range 1.4-72.2). Patient age at the start of treatment ranged
from 19.9 to 76.3 years (median 52.2 years). The time
between symptom onset and the start of ERT ranged from
0.2 to 55.7 years (median 13.7 years). The time between
diagnosis and start of ERT ranged from 0.2 to 31.1 years
(median 3.3 years), which was partly explained by the fact
that no treatment was available at the time of diagnosis for a
proportion of patients. ERT duration per patient ranged from
0.2 to 16.2 years (median 9.4 years). Most patients (n=117,
96.7%) carried the IVS1 variant (c.-32-13T>G) plus another

When to start ERT in the home situation:

disease-associated variant in the GAA gene. Only 3.3% of
patients (n=4) carried two disease-associated variants other
than IVSI1.

3.2 Infusion Characteristics

Infusion characteristics of 18,380 infusions provided to
patients since 2002 are described in Table 2. Of these infu-
sions, 27.0% (n=4961) were given in hospital and 73.0%
(n=13,419) were given at home. The median number of
infusions per patient was 148 (range 6-330). In all but one
patient, treatment with ERT was initially started in the hos-
pital (for an overview of when to start home treatment, see
Fig. 1). This patient started treatment with ERT in a nursing
home due to colonisation by highly resistant microorgan-
isms. During this patient's first infusions, a physician and an
additional nurse were present, similar to the situation in the
hospital. The median duration until the start of home infu-
sion was 17.4 months (interquartile range [IQR] 12.4-25.8,
range 0.0-121.4). This value was partly explained by the fact
that some patients experienced IARs during the first year
of treatment or because the home treatment only became
available in 2008, with a proportion of patients having
received treatment several years prior during a trial. At the
end of the study, 83.5% of alglucosidase alfa infusions in

Eligible for treatment

\ 4

Infusions in hospital for the duration

of 1year

Adverse events?

l

Yes*

No: Eligible for home treatment

h 4

A 4

Multiple infusions without I1ARs

l

]

No: Continue until IAR free*

Yes: Home treatment

*See appendix 2 for suggested interventions

Fig. 1 Flow chart depicting when to start with enzyme replacement therapy in the home situation. JAR infusion-associated reaction
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adults with Pompe disease were provided in the home situ-
ation. Of all infusions, 88.4% (n=16,243) were adminis-
tered using the standard infusion schedule, and 8.8% were
administered using an adapted infusion schedule (Table 2).
Ninety-three patients always received infusions as per the
standard schedule, and 28 patients received infusions using

Table 3 Infusion-associated reactions (IARs)?

Hospital® Home

Number of infusions [n (%)] 4961 (100) 13,419 (100)

With IAR? 144 (2.9) 113 (0.8)

No IAR? 4817 (97.1) 13,306 (99.2)
The severity of IARs [n (% of the total number of IARs®)]

Mild 115(79.9° 104 (92.0)

Moderate 25 (17.4)¢ 8(7.1)

Severe 4 (2.8)° 1(0.9)
Infusion schedule infusions with IARs, n (% of total per category)

Standard 43 (29.9) 91 (80.5)

Adapted? 100 (69.4) 22 (19.5)

Not available at the time of analysis 1 (0.7) 0(0)

IAR infusion-associated reaction

*We defined an IAR as a disorder characterised by an adverse reac-
tion to the infusion of pharmacological or biological substances [16]

*Erasmus MC
“In the hospital or at home

4Adapted infusion schedules were defined as all non-standard infu-
sion schedules (e.g. infusions with adapted infusion rates or extra
infusion steps)

“Due to rounding, the data add up to 100.1% for hospital infusions

Table 4 Number of patients with IARs and their symptoms

an adapted infusion schedule at some point during treatment.
The median duration for an infusion administered using
the standard infusion was 205 min (IQR 195-210, range
125-518), and the median duration of an adapted infusion
was 255 min (IQR 240-300, range 140-615).

3.3 IARs

IARs occurred in 257 (1.4%) of 18,380 infusions, of which
144 occurred in the hospital (2.9% of 4961 hospital infu-
sions) and 113 in the home situation (0.8% of 13,419 home
infusions). Most IARs were mild (79.9% of IARs in hos-
pital; 92.0% of home-based IARs) (Table 3). Only five
severe IARs were reported, one of which occurred at home
(Table 3, Online Resource 5). The most prevalent symp-
toms were chills, itching, trembling, urticaria, localised
exanthema, chest discomfort, and headaches (Table 4). An
overview of all reported symptoms is presented in Online
Resource 3. The median time between the start of treatment
with ERT and the first IAR was 7.6 months (IQR 2.3-28.1).
The median time between the start of an infusion and the
occurrence of an IAR was 180 min (IQR 105.0-255.0) for
IARs that occurred during hospital infusions (n=107) and
150 min (IQR 117.5-192.5) for IARs that occurred in the
home situation (n=61), typically corresponding to step 4 of
the infusion schedule. For the remaining IARs, these data
were not available.

In total, 32 patients (26.4%) experienced IARs, of whom
21 (65.6% of patients with IARs) experienced their first
IAR during the first year of ERT. Most patients with IARs
(n=22, 68.8%) experienced their first IAR in the hospital.

Total
Number of patients with TARs [n (% of total)] 32 (26.4)
> 10 IARs 6 (5.0)
5-10 IARs 4(3.3)
2-4 TARs 14 (11.6)
1TIAR 8 (6.6)
Reported IAR symptomsa’b [n(%)] 494 (100)
Very common (>10%): Chills 74 (15.0)
Common (>1% and < 10%): Itching, trembling, urticaria, localised exanthema, chest discomfort, headache, hypertension, subfe- 408 (82.6)
brile temperature, generalised exanthema, localised angioedema, flushing, tachycardia, nausea, dyspnoea, pallor, hyperthermia or
fever, malaise, coughing, dizziness, musculoskeletal pain, desaturation, fatigue, other®
Uncommon (>0.1% and < 1%): Vomiting, palpitations, excess sweating, agitation, bradycardia, oedema, paraesthesia 12 (2.4)

IAR infusion-associated reaction, ADR adverse drug reaction, CIOMS Council for International Organizations of Medical Sciences

*Patients may have had more than one symptom per IAR, percentages of the total number of symptoms (Online Resource 3)

®ADR frequency, CIOMS [18]

€Other symptoms reported include itchy throat, localised erythema, tingling/squeezing sensation throat, tingling sensation mouth, strange feeling
in the oesophagus, stomach ache, feeling warm/hot, drowsy, increased mucus production, tingling sensation cheek, sensitive palate, hypotension;
dry mouth, hyperglycaemia, heartburn, gagging, cyanosis, cold hands; nose, brain fog, atrial fibrillation, weird feeling, swollen throat, feeling
warm,; atrial fibrillation, hypotension and light-headedness; uncomfortable feeling in the gastric region and dirty flavour in the mouth
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Of these, 18 IARs (81.5%) were mild, 3 IARs (13.6%) were
moderate, and 1 IAR (4.5%) was severe. Ten patients (31.3%
of patients with IARs) experienced their first IAR at home;
6 of these IARs (60.0%) were mild, and 4 (40.0%) were
moderate. Twenty-four patients (75.0% of patients with
IARSs) experienced repetitive IARs. Only 6 patients (5.0%
of the total) experienced more than 10 IARs (Table 4). These
patients accounted for 181 (70.4%) of all IARs. At study
end, 11 of 24 patients with repetitive IARs (45.8%) were
treated at home and 2 (8.3%) were treated in a regional hos-
pital. The remaining 11 patients (45.8%) were not under
treatment with alglucosidase alfa at the study end.

During our study, 16 patients (13.2%) had stopped treat-
ment with alglucosidase alfa. Eight of these patients have
passed away and eight were still alive at study end. In the
eight patients who were still alive at study end, treatment
was stopped due to IARs (n=35), burden of ERT (n=1)
non-compliance with therapy (n=1), and IARs and high
antibody titres (n=1). In the eight patients who had passed
away during the study, treatment was stopped due to IARs
(n=1), being terminally ill (n=4), poor clinical condition,
i.e. fully invasive ventilation-dependent and wheelchair
bound (n=1), no effect of ERT (n=1), and both the burden
of ERT and IARs (n=1).

3.4 Management of IARs

In 22.9% (n=33) of IARs occurring in hospital and
72.6% (n=82) occurring at home, no intervention was
needed (Online Resource 4). In 18.1% (n=26) of hospi-
tal-based IARs, pausing the infusion and restarting it after
symptoms subsided without needing medication was suf-
ficient. This was also the most frequent intervention for
home-based IARs, with 12.4% (n=14) of IARs subsiding
without needing medication. Administration of antihista-
mines 8.0% (n=9) was the second most prevalent interven-
tion at home. In the hospital, the most severe interventions
needed were the administration of corticosteroids (5.6%,
n=238), antihistamines (18.1%, n=26), or both (2.8%, n=4).
In 18.1% (n=26), other medication (such as a beta-blocker
or codeine) was needed. Only 16 (0.3%) of the 4961 hospital
infusions and 6 (< 0.1%) of the 13,419 home infusions were
not restarted (on the same day) after the IAR occurred. Only
one AR in the home situation, during which atrial fibrilla-
tion occurred, required immediate clinical evaluation in the
hospital. Premedication was only given to patients who had
experienced IARSs in the past or had a high risk of develop-
ing them (e.g. allergic reactions to medication in medical
history). In 18.6% of IARs at home (n=21 of 113) and 66.0
% of IARs in hospital (n=95 of 144), the patient received
premedication before the infusion during which an TAR
occurred. The most common premedication to prevent IARs
in the hospital were an antihistamine and a corticosteroid

(22.2%, n=32) or only an antihistamine (20.8%, n=230). In
contrast, an antipyretic was the most common premedication
in the home situation, at 12.4% (n=14). For an overview of
our protocol regarding the management of IARs and subse-
quent infusions, see Fig. 2; for an overview of medication
to be administered during an IAR and actions and premedi-
cation to be considered for the subsequent infusion(s), see
Online Resource 2.

3.5 Subsequent Infusions After the Occurrence
of an IAR

After the occurrence of an IAR, no intervention was needed
for the subsequent infusion in 16.0% (n=23) of hospital
and 69.9% (n=79) of home infusions. Administration of
premedication was the most prevalent intervention for the
infusion after an IAR had occurred, with premedication
administered the next infusion after 56.9% of IARs (n=82)
in the hospital and 18.6% of IARs (n=21) at home. Adapta-
tion of the infusion schedule was the second most prevalent
intervention after 18.1% (n=26) of the IARs in the hospital
and 7.1% (n=28) of IARs at home. In the hospital, an anti-
histamine and a corticosteroid (27.1%, n=39) or an anti-
histamine alone (20.8%, n=30) were most commonly pre-
scribed. In contrast, an antipyretic drug (11.5%, n=13) and
an antihistamine (9.7%, n=11) were the most commonly
prescribed premedication after an IAR in the home situation
(Online Resource 4).

3.6 SeverelARs

A total of five severe IARs were reported in three different
patients, two of whom had two severe IARs each. The first
patient experienced the first severe IAR in the home situ-
ation after 9 years of ERT and the second in the hospital
immediately after. In this patient, the first severe IAR was
also an SAE. Before this severe IAR, the patient had previ-
ously experienced 30 mild IARs. A second patient experi-
enced two severe IARs in the hospital; she had experienced
two previous IARs, a mild IAR a year ago and a moderate
IAR during the infusion prior to the severe IAR. The third
patient in whom a severe IAR occurred in the hospital had
a history of allergic reactions to other medications and was
still in the first year of treatment (see Table 5 and Online
Resource 5 for a more detailed overview).

4 Discussion

Based on the analyses of 18,380 alglucosidase alfa infu-
sions administered to 121 adult patients with Pompe disease
between 2002 and 2019, we concluded that alglucosidase
alfa can be provided safely at home in adult patients with
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A. Course of action after an IAR = acute situation

I Infusion associated reaction? ‘

l

‘ Mild/Moderate* ‘

‘ Stop infusion, do not remove needle

l

‘ Severe/Life-threatening* ‘

‘ Stop infusion, do not remove needle

I
v '

I Assess the situation ‘ |

Severe* | I Life-threatening*

Call the hospital, in consultation,
restartinfusion at previous step

Call the treating hospital** Assess
and treat patient using ABCDE and

Call emergency number** Assess and
treat patient using ABCDE and ALS

ALS method method

v
Slowly restartinfusion until maximum
infusion rate, based on clinic

In case of persistent symptoms, call
hospital again**

*According to CTCAE classification **Emergency medication as indicated, see appendix 2a ‘medication during an IAR’. Clear IV line prior to giving intravenous

medication.

B. Course of action after an IAR = next infusions

‘ Infusion associated reaction? ‘

|

| Unclear or very mild* ‘

Perform nextinfusion at home
without premedication

l
! !

}

| Definitely l

Perform nextinfusionin hospital ‘

'

‘ No recurrence of event ‘ ‘ Recurrence of event

Recurrence of event, consider

No recurrence of event . f
adapting infusion

v

‘ Continue without premedication ‘

scheme/premedication**

Continue at home without

premedication ‘ . . ;
Multiple infusions without IARs

| Restart ERT at home ‘

* No vital sign abnormalities, very mild symptoms, no higher than CTCAE classification grade 1

** See appendix 2b ‘premedication’

Fig.2 Protocol regarding IARs and subsequent infusions. a The
course of action after an IAR in the acute situation. b Course of
action the next infusion after a (possible) IAR has occurred. /AR infu-

Pompe disease in the presence of trained home care nurses
and protocols describing infusion and IAR management.
In 1.4% of infusions, an IAR occurred in 2.9% of hospi-
tal infusions and only 0.8% of home infusions. Most first
IARs (68.8%) occurred in the hospital, illustrating that it is
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sion-associated reaction, ALS advanced life support, CTCAE Com-
mon Terminology Criteria for Adverse Events, ERT enzyme replace-
ment therapy

important to start ERT in the hospital initially. Most IARs
were mild (85.2%), and only five severe IARs were reported,
of which only one occurred in the home situation. This dem-
onstrates that the current organisation of infusion therapy
in The Netherlands ensures that ERT can be administered
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safely in the home setting. A period of 12 months is suffi-
cient for a safe transfer to home treatment since the median
time from starting treatment with ERT until the first AR
occurred was 7.6 months. This duration is in line with our
previous publication [19]. The three patients who experi-
enced severe IARs did so after first having milder IARs,
except for one patient who had a history of autoimmune
disease and allergies. In case of (recurrent) IARs, patients
should thus return to treatment in the hospital, as they may
be at risk of developing a severe IAR. Eventually, in our
population, 78.5% of patients (n=95) could be transferred
home after 1 year.

The safe implementation of home-based ERT after an
initial start-up phase has been demonstrated in other LSDs,
such as Gaucher, Fabry, and mucopolysaccharidosis (MPS)
I, II, and VI [20-24]. One of the main factors initially pre-
venting home infusions from being implemented on a larger
scale was that alglucosidase alfa received a boxed warning
from the FDA due to a risk of anaphylactic, severe allergic,
and immune-mediated reactions [6]. This risk was also men-
tioned in the European Medicines Agency (EMA) SmPC
[7]. The higher risk of severe IARs in response to thGAA
compared with other enzyme replacement therapies may be
explained by the higher dosages of ERT needed in Pompe
disease to sufficiently reach the target tissues [25-27]. In
other LSDs, such as Fabry and MPS I, II, and VI, patients
are treated with doses of 0.2—4 mg/kg [21, 24, 28]. In adults
with LOPD, 20 mg/kg is needed to adequately target skeletal
muscle tissue, as a large fraction of ERT is taken up in the
liver and spleen [29, 30].

Drug hypersensitivities can be immunoglobulin
(Ig) E-mediated or non-IgE-mediated [31]. IgE-mediated
reactions are mostly immediate [32, 33], while non-IgE-
mediated reactions can be both immediate and delayed
[34]. Symptoms at clinical presentation also show overlap,
with both IgE- and non-IgE-mediated reactions causing
cutaneous reactions as well as systemic symptoms [31-33].
Diagnostic testing with validated biomarkers to differenti-
ate the two reactions is limited, with mast cell and basophil
activation occurring in both IgE- and non-IgE-mediated
reactions through MRGPRX2, cytokine release and IgG-
mediated mast cell activation through FcyRIII [31, 34, 35].
Overall, there is considerable overlap between IgE-mediated
and non-IgE-mediated reactions. The exact mechanism of
infusion-associated reactions to biologic agents, such as
recombinant alfa-glucosidase, remains poorly understood.

The prevalence of IARs and high IgG antibody titres are
known to be disease and medication-dependent, with some
ERTs being more immunogenic than others [36]. Especially
in classic infantile Pompe disease, the effect of anti-rhGAA
IgG antibodies has been demonstrated [36—40]. These
patients may be more prone to develop antibodies because
patients with classic infantile Pompe disease have < 1%
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residual alfa-glucosidase activity; one-third do not express
any GAA protein. In contrast, patients with the late-onset
form of the disease have more residual activity, albeit usu-
ally no more than 20-30% of normal average activity [2]. In
our cohort, 96.7% of patients carried the IVS1 variant, con-
sistent with the literature, where 90% of Caucasian patients
have been reported to carry this variant [41-52]. Patients
with this common splicing variant produce wild-type GAA
protein, although only approximately 10-15% of transcripts
are spliced normally [53, 54]. The presence of wild-type
GAA may partially explain why we saw relatively few IARs
in this cohort.

Although the relation between antibody titres and IARs
has been less clearly demonstrated in LOPD than in classic-
infantile Pompe disease [55], it has been shown that most
adults receiving alglucosidase alfa develop anti-thGAA
antibodies [1, 19]. The IgG antibody titre level seems to
positively correlate with the occurrence and number of
IARs in adults with Pompe disease in a study with 3 years
of follow-up in 73 patients, who are also included in this
study. Only 1/28 (4%) patients in the no- to low-titre group,
5/29 (17%) in the intermediate-titre group, and 7/16 (44%)
in the high-titre group experienced IARs (p =0.001). Fur-
thermore, the total number of IARs that patients experi-
enced during this study increased with higher antibody titres
(p=0.46, p<0.001). No correlation between antibody titres
and treatment efficacy was found [19]. It should be noted
that not all patients with high titres developed IARs, while
some patients with low to intermediate titres did experience
IARs. In the current study, only one of the three patients
with severe IARs had a high IgG antibody titre around the
time of the IARs (with persistent high titre during the whole
treatment period). One patient had a low to intermediate
titre around the time of IARs, and one patient had a low titre
around the time of the TAR.

The differences between patients with regard to the con-
sequence of anti-thGAA antibodies, such as a decline in the
clinical effects of ERT or the development of IARs, may
be explained by the different IgG subclasses produced in
response to ERT. The IgG1 and IgG4 subclasses in particu-
lar have been shown to be elevated in a subset of LOPD sub-
jects who received long-term ERT, however these antibodies
tend to be non-inhibitory antibodies with no evident effect
on enzyme activity or uptake [55].

Very few papers report on IgE in Pompe patients [1,
56—60]. In the initial phase I/II study in classic-infantile
Pompe patients, IgE levels did not rise above background
levels [60]. One paper describes a patient with a grade III
anaphylactic reaction, with negative IgE, normal tryptase
and complement C3/C4/CHS50 [58]. Two other papers also
measured complement and tryptase, with one describing
two classic-infantile patients who tested positive for com-
plement, with normal to elevated tryptase but negative for
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IgE [59], and one describing a patient testing negative for
complement with normal tryptase and positive IgE [56]. In
two patients in our study, IgE and tryptase were measured
at the time of a severe IAR. IgE and tryptase were normal
in one patient, while IgE was slightly elevated in the other
patient with normal tryptase, complement C3, C4 and Clq.
These data suggest that IARs in Pompe disease are usually
IgG-mediated or anaphylactoid reactions, with IgE-mediated
or anaphylactic reactions making up < 1% of IARs [61].

Studies on effective management of IARs in biologicals in
general and in ERT more specifically are scarce. Empirical
experience has learned that in case of an AR, the infusion
must be stopped, after which the symptoms mostly resolve
[31, 62]. Reoccurrence of IARs in future infusions can be
prevented by reducing the infusion rate [62]. The fact that
this is successful in most patients is also an indication that
the IgE pathway is not involved [31]. In IgG-mediated IARs,
sufficiently large amounts of antigen are needed to induce an
IAR [34]. Potentially, the reduction of the infusion rate may
decrease the concentration of the drug in the circulation,
avoiding the induction of the cascade leading to an IAR.
Finally, pretreatment with antihistamines, leukotriene-mod-
ifying agents and systemic steroids, as well as paracetamol
in case of the occurrence of fever, can ameliorate the IARs.
This is also our experience. When we performed the very
first study on ERT in Pompe disease in 1999, we started with
a constant infusion rate over 2 h. After four to six infusions,
patients started to develop IARS. Trial and error learned that
(1) IAR symptoms resolved after stopping the infusion; and
(2) subsequent IARs could be managed by slowing down the
infusion rate in the beginning.

IARs typically occurred during step 4 of the infusion
schedule, corresponding with an infusion rate of 10 mg/
kg/h. The Dutch infusion schedule for adult patients has
been adapted from the schedule recommended by the phar-
maceutical company and starts slower to prevent IARs (see
Online Resource 6, Table 1). This schedule has been used
since the first trial with ERT in adult Pompe patients [1] and
was applied in the Dutch patients (n=20) participating in
this multicentre, randomised, placebo-controlled trial with
alglucosidase alfa. This slower build-up of infusion speed
may be one of the reasons we see relatively few IARs in our
population.

Home-based therapy has advantages over hospital therapy
as it decreases the burden of ERT, which has been demon-
strated in other LSDs [20-22]. It has less impact on daily
life, is more convenient, is less stressful [63], and improves
patients’ self-perceived quality of life [64]. In addition, it
might improve treatment compliance, as demonstrated in
MPS, Fabry, and Gaucher [64—-66], as well as reduce costs
of ERT [21, 67] and thus release resources for alternative
use and thereby improve the efficacy of healthcare [68]. One
study in Gaucher patients comparing home therapy with

hospital infusion demonstrated a reduction of approximately
90% in therapy costs (excluding the cost of the enzyme)
[20]. A Dutch study using bottom-up costing research esti-
mates drug administration out of the hospital to be about
15% cheaper than in-hospital drug administration [69].

Based on our results and experience, we aim to provide
guidance for transitioning to home therapy with ERT (Fig. 1)
and for acute management of IARs, and actions to take to
prevent subsequent IARs (Online Resource 2, which can be
deviated from at the discretion of the treating physician),
such as slowing down the infusion rate (see Online Resource
6, Table 2 for our slow infusion schedule) and/or prescrib-
ing premedication. Antipyretics, antihistamines and corti-
costeroids were the most commonly used medications for the
managements of [ARs in our study. This is in line with what
has been described in the literature as the standard approach
for the management of IARs [19, 48, 57, 61, 70]. To ensure
safe administration of ERT in the home situation, it is nec-
essary to monitor patients in the hospital during the first
year of ERT, and if IARs occur, to take measures until these
are well managed. Only when hospital infusions have been
demonstrated to be safe can ERT be safely transferred to the
home situation. In case of recurrent IARs, hospital treatment
should be re-initiated until the IARs are under control.

Although a strict protocol was in place and trained nurses
were present during the home infusions, the home infusions
were not monitored with the rigour of a clinical trial. Clini-
cal information was occasionally limited during the analysis
of 18,380 infusions, making interpretation of some [ARs
more difficult. Therefore, it cannot be ruled out that there
were underreported mild IARs or minor interventions during
infusions. Nevertheless, we think our results and recommen-
dations are sufficiently substantiated by the analysis of such
a vast number of infusions.

5 Conclusion

Our data demonstrate that few IARs occur during ERT with
alglucosidase alfa. The majority of IARs were mild and did
not necessitate any clinical intervention. Five severe IARs
occurred, of which only one was during a home infusion.
This shows that ERT with alglucosidase alfa can safely be
administered in the home situation, provided an appropriate
protocol and infrastructure is in place.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40259-023-00609-2.
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