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Evaluating avalglucosidase alfa for the management of late-onset Pompe disease

Corrado Angelini

Department of Neurosciences, University of Padova, Padova, Italy

ABSTRACT

Introduction: Glycogenosis type Il (GSDI) is a rare autosomal disorder that is caused by the deficiency
of alpha-glucosidase, a lysosomal enzyme that hydrolyzes glycogen to glucose. Autophagy dysregula-
tion plays a critical role. Importantly, since 2006, both patients with infantile (classic Pompe disease) and
adult GSDII (late-onset Pompe disease or LOPD) have been treated with enzyme replacement therapy
(ERT). To support this use, several double-blind and observational studies including large cohorts of
GSDII patients have been undertaken and have shown ERT to be effective in modifying the natural
course of disease. Indeed, most LOPD cases improve in the first 20 months of treatment in a six-minute
walk test (6MWT), while those who are untreated do not; instead, their response declines over time.
Areas covered: The author reviews avalglucosidase alpha, a therapy approved by both the FDA and
European regulatory agencies. Herein, the author considers the pathophysiological approaches such as
the role of enzyme entry, autophagy, and the response to ERT treatment of motor and respiratory
components.

Expert opinion: There has been a notable drive toward the research of various aspects of this disease
regarding the role of new enzyme penetration and immune adverse events. Consequently, avalgluco-
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sidase alpha might be a further step forward.

1. Introduction

Acid a-glucosidase (GAA) is an enzyme, known also as acid
maltase, which is deficient in Glycogenosis type Il (GSDII)
(EC232300). After human skeletal muscle fractionation, it was
found localized in lysosomal fraction and demonstrated that it
has both a-1,4 and a-1,6 glucosidase activities and could thus
degrade glycogen polysaccharide completely [1,2]. Defective
GAA determines lysosomal accumulation of glycogen and sub-
sequently of free cytoplasmic glycogen, while a lysosomal block
leads to the cellular accumulation of autophagosomes [3/4].
GSD |l presents across a spectrum of clinical phenotypes, that
manifest in the severe infantile Pompe disease (PD) or the
milder childhood type, to a relatively benign adult form. The
activity of residual enzyme is absent in PD and variably
decreased in childhood, and adult forms [1], in fibroblast culture
is possible to demonstrate the adult form of GSD Il [5]. The rate
of GSD Il progression appears inversely proportional to the
presence of residual enzyme activity. It is somewhat schematic
to use the onset before or after one year to differentiate PD
from LOPD since a whole spectrum of clinical presentations has
been described, more appropriate is to recognize infantile,
childhood, juvenile adult, and late-onset GSD Il forms. The
classic infantile-onset form arises in the first months of life
presenting with generalized muscle weakness, severe cardio-
megaly, difficulty in feeding, a failure to thrive, and respiratory
failure. Those children who are untreated children die within
one year, primarily because of progressive cardiomyopathy and
respiratory distress [6,7]. With juvenile forms of the GSDII,

symptoms appear between 2 years and 5 years of age, and, in
these instances, cardiomyopathy is seldom seen. Meanwhile,
late-onset GSDII is characterized by progressive proximal and
axial muscle weakness, leading to progressive loss of motor
function, an altered posture, and the alteration of normal pat-
terns of proximo-distal movement, a rigid spine and diaphrag-
matic weakness with respiratory insufficiency also frequent.
There is rarely cardiac involvement reported in adult patients
and is usually less severe than in infantile and juvenile patients,
characterized by cardiac hypertrophy (involving the left ventri-
cular wall or the interventricular septum), and conduction
abnormalities. In late-onset patients who remain untreated,
muscle strength and pulmonary function tend to deteriorate
over the years, leading to eventual wheelchair use and respira-
tory support in the majority of cases.Limb-girdle and trunk
muscles are typically affected in such cases also late-onset PD
(LOPD), associated with respiratory insufficiency; other clinical
features were described, such as limited exercise capacity and
ptosis. In untreated LOPD, limb, and trunk muscle weakness
progress and respiratory function decreases over the years,
leading in several cases to respiratory support and lack of
independent mobility [7-9]. A recent observational series
reported that 14% of adult cases might present cardiac involve-
ment, detected by echocardiography [10]. LOPD exhibit mark-
edly reduced quality of life [11,12], and have high mortality with
about 27 years survival after diagnosis [9]. Enzyme replacement
therapy (ERT) was introduced with rhGAA in 2006 and led to
variable motor improvement in LOPD, observational studies
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Article highlights

o In observational studies in adult GSD Il, maximal efficacy with rhGAA
was found in the first 24-36 months, and then it declined.

o Adverse events are relatively mild, and a rechallenge needs careful
evaluation.

» Prospects of enzyme replacement therapy (ERT) include the improved
enzyme preparation NeoGAA with larger tissue penetration.

¢ An evaluation of NeoGAA (avalglucosidase alfa) clinical trials is favor-
able regarding safety and has a positive outcome.

e Measurement of pulmonary capacity, as FVC percent, was chosen as
the primary endpoint in the COMET 3 trial, rather than the 6MWT,
and additional motor outcome measures such as GSGC or time-up-
and-go are needed.

e The complexity of GSD Il suggests that also combining multiple
interventions, such as autophagy modifiers, diet, and exercise,
might be an available winning strategy.

demonstrate a slow decline in performance after 24-36 months,
likely due to insufficient tissue penetration. To fulfill such unmet
needs, therefore, a new enzyme preparation, enriched in man-
nose was introduced, and its use needs evaluation. 1.2
Diagnostic clues by myopathology.The muscle histopathologic
feature of GSDII is the presence of autophagic vacuoles, the
degree of vacuolization is extensive in PD on the other hand
vacuolar changes are focal, limited in LOPD biopsies, where
autophagic vacuoles appear positive with periodic acid Schiff
staining and exhibit increased acid phosphatase reaction. When
muscle biopsy is morphologically unspecific, because of site
choice, the diagnosis might be reached by dried blood spot
(DBS), the golden standard is a biochemical enzymatic test in
fibroblast cells or muscle [13]. Analysis of variants of the GAA
gene is a needed complement [14] to the deficiency of 30-40%
GAA enzyme activity. DBS was used in Italy as a valid screening
in the LOPED study [15], selecting patients with elevated CK
and proximal myopathy. NGS has been used in cases of myo-
pathy cases without a diagnosis [16]. A characteristic morpho-
logical change is the internal vacuolar caveolin-3 and
dystrophin staining observed in LOPD biopsies [17]. This feature
might contribute to the partial ERT response.1.3 ERT
Development. Endogenous GAA formation is a multistep pro-
cess: the 110 kDa precursor enzyme is glycosylated in the Golgi
apparatus and acquires mannose-6-phosphate (M6P) residues,
is transported to the endoplasmic reticulum, and with succes-
sive molecular cleavage, the mature 76/70 kDa alpha-
glucosidase enters lysosomes [18]. Cells present specific recep-
tors for the uptake of exogenous lysosomal enzymes: the M6P
receptor [19,20]. This allowed new strategies for trials in PD,
performed initially with alpha-glucosidase derived from ham-
ster ovary cells [21]. Van der Hout used rabbit milk GAA-derived
ERT in PD, exhibiting a homogeneous course [22]. Since PD is
rare few studies proved that recombinant human a-glucosidase
therapy has been effective in improving cardiomyopathy, the
primary cause of death: children death was reduced by 99%,
and invasive ventilation by 92%, compared with control [23,24],
treated children acquired locomotor function, few were ambu-
latory [25]. 1.4 Phenotype/Genotype CorrelationThe correlation
phenotype/genotype required studies in various subtypes of
GSDIl. It showed that a combination of two GAA variants, that
encode null enzyme activity results in PD. Different variants

produce decreased alpha-glucosidase levels in LOPD, the
enzyme reduction modifies both the age of onset in patients
and course severity. Missense variants and the common IVS1
‘leaky’ splicing mutation, that originates residual GAA enzyme
activity are common in LOPD [26]. De Filippi [27] collected
genetic polymorphisms such as ACE, and ACTN3 in a large
LOPD series and demonstrated that they influence the age of
onset of disease, 6 MWT, and FVC.1.5 Autophagy Role in ERT.
Autophagy defect is a major contributor to muscle damage and
contributes to muscle atrophy [28]. In GSD Il a blocked autop-
hagic flux results in p62 aggregates, vacuolated fibers, and
failure of autophagosome turnover, thus impairing cell traffick-
ing and rhGAA uptake. Regarding ERT with neoGAA or other
synthetic enzymes, one should consider the role of dysfunc-
tional autophagy, since ERT might lead to lower glycogen in
biopsy but does not eliminate p62 aggregates and autophago-
some accumulation in muscle fibers. Some experts define
Pompe as massive glycogen overload in muscle leading to
progressive skeletal muscle damage, and autophagy role [29-
32] needs consideration, since a residual autophagic flux con-
tributes to GAA maturation, might protect myofiber from dis-
ease progression and improve uptake of recombinant GAA. 1.6
ERT status, an overview of the unmet needs.The first rando-
mized LOTS trial was conducted on a cohort of 90 LOPD
patients, that received biweekly intravenous subministration
either of recombinant alglucosidase alpha (rhGAA) 20 mg
per kg or placebo and the primary outcomes were reached:
improvement of distance in 6MWT and % of predicted FVC [33].
The trial suggested that ERT increases muscle strength, as seen
from the 6-MWT, while the response of respiratory muscles was
limited, suboptimal penetration to muscles provided poor long-
standing efficacy. Factors that might influence the body’s
enzyme distribution are differences in mannose receptor den-
sity in skeletal muscles. The open-label extension LOTS trial and
numerous observational studies confirmed the stabilization of
the disease [34-41]. The translational research investigated pre-
and post-ERT muscle biopsies to understand why long-term ERT
improves motor performance. The evaluation of glycogen clear-
ance in muscle biopsies pre and post ERT, correlated with
reduced glycogen levels after ERT in the EMBASSY study [35]
and in the reduction in PAS-staining and vacuolated fibers in
muscle biopsies after ERT. Moreover, western blot analysis
demonstrated there was the conversion of the 110-kDa precur-
sor to mature 76/70 kDa alpha-glucosidase, implying the
enzyme is targeted to lysosomes [40]. This change appeared
more marked in less affected muscle fibers, with smaller PAS-
positive vacuoles; this might suggest that ERT efficacy is greater
when initiated early. However, according to the European
guidelines [42] a clinical or instrumental manifestation of GSD
Il is required to start treatment, while ERT in patients should be
stopped in cases of severe infusion-associated reaction (IAR), or
loss of efficacy observed for more than 24-36 months [42].
A markedly variable response to ERT was documented in fol-
low-up studies [33-41]. Given the presence of residual GAA,
immunogenicity does not explain the variable therapeutic
response, and rarely highly neutralizing anti-rhGAA antibody
titers have a role in late-onset patients [43,44]. Survival and
long-term improvement studies underline the variability of the
response [45]. Younger age and initial performance for FVC or



muscle strength were identified as possibly positive prognostic
factors, but not confirmed. Since rhGAA biodistribution and
cellular uptake might be limited by low sarcolemmal M6P
receptor density, therefore, a new enzyme preparation neo-
GAA, enriched in mannose, was produced. This review consid-
ers the current ERT situation in LOPD, by evaluating the Neo-
GAA (Box 1).

2. Characteristics of the new drug

Chemically, avalglucosidase alfa-ngpt or NeoGAA is
a preparation, which is by oxime chemistry conjugated with
a couple of bis-M6P. NeoGAA is a drug specifically designed
for receptor interaction: the bis-M6P of avalglucosidase alfa
binds to CI-MPR present in sarcolemma with high affinity,
allowing a better drug uptake into muscle fibers. Inside the
muscle, NeoGAA acts on lysosomal glycogen degradation by
acid glucosidase enzyme activity and since has higher pene-
tration, compared to rhGAA for its chemical structure results in
a drug better designed for LOPD. Pharmacodynamics: NeoGAA
internalized in muscle fiber enters the sarcoplasm and pene-
trates lysosomes in active form, where it degrades glycogen
[46]. In infused patients, NeoGAA declined monoexponentially
8-12hours after its intravenous infusion. Pharmacokinetics
and metabolism: the distribution volume of NeoGAA was 3.4
L in LOPD with an average half-life of 1.6 h, measured in late-
stage cases. Regarding catabolism, we know the NeoGAA
clearance is 0.9 L/hour in LOPD. Cost Effectiveness: the analysis
is difficult for all orphan diseases including PD and LOPD.
Despite substantial survival benefits, alpha-glucosidase
appears noticeably less cost-effective because of its high
cost. With the evaluation of neo-GAA, no analysis has been
presented so far.

3. Phase I-lI-lll studies

The main purpose of designing neo-GAA was to increase its
targeted affinity for the CI-M6P receptor, resulting in a larger
tissue penetration [46,47]. Phase 1: the NEO1 Safety study was
6 months long, started in August 2013, and ended in
February 2014, and evaluated incremental doses of 5 to 20
mg/kg biweekly in enrolled patients [46]. The efficacy and
safety of Nexviazyme were first established in the NEO1 ran-
domized, double-blind, multicenter trial. Phase 2: NEO1 was
then followed by a NEO-EXT study with 24 participants 10
naive and 14 switched that ended in February 2020.
Nineteen patients entered NEO-EXT (two became pregnant),
and the series collected data for 6.5 years. The results of the
NEO1 and NEO-EXT trials [47,48] were positive. In NEO-EXT,
people with younger age, less than 45 years tended to show

Box 1. Drug Summary Box.

Drug Summary: NEXVIADYME is indicated for long-term enzyme
replacement therapy (ERT) for treating patients with GSD Il or
Pompe disease (acid a-glucosidase deficiency). It contains avalglu-
cosidase alfa as the active substance and is given by intravenous
infusion.
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better individual improvement than those over 45, suggesting
that sarcopenia and muscle wasting affect mobility. Phase 3
COMET Study: a NeoGAA trial comparing it to rhGAA was
conducted from February 2016 to February 2021. The 100
patients were administrated either rhGAA or neoGAA
biweekly. The primary objective for efficacy was non-
inferiority in respiratory function was positive, meeting this
aim. COMET trial was performed in 51 Neo-GAA treated and
49 rhGAA treated patients. The respiratory outcome chosen
was upright forced vital capacity (FVC) % predicted. Secondary
outcomes were 6MWT, QoL, minimal inspiratory capacity, and
maximal expiratory pressure. The neoGAA-treated group had
a greater improvement in respiratory outcomes and a 2.4%
increase in FVC % predicted versus the rhGAA-treated group.
It presented an increase in the 6-Minute Walk Test of about
30 m (4.7%). The primary outcome achieved statistical non-
inferiority (p =0.0074) [49,50].

4, Postmarketing surveillance, pediatric use

Avalglucosidase alfa was approved and surveillance of the
neoGAA is underway in LOPD patients with a 40% GAA defi-
ciency. Since the younger patient in the COMET study was 3
years old, patients to be treated should be older than 1 year.
Long-term studies regarding embryo-fetal damage or possible
carcinogenesis are needed. Children’s clinical trials are under-
way. For similar pathophysiology in Mini-Comet NeoGAA dose
in PD patients was established by extrapolation [51].
A preliminary analysis of the mini-COMET study showed
a favorable trend for patients treated with a higher dose of
Neo GAA (40 mg/kg biweekly) [52], in this context, the range
of doses used in the trial appears variable, especially in chil-
dren, probably since the critical CRIM factor that can be pre-
sent or absent in pediatric cases and therefore determine
a different outcome in relation to his critical presence.

5. Clinical outcomes measures

The choice of clinical outcomes appears critical in the evaluation
of the NeoGAA. COMET trial showed a borderline statistical
superiority of Nexviazyme over rhGAA (p=0.06). The clinical
significance of walking 30 m farther on 6MWT has to be inter-
preted according to baseline, and it appears more clinically
relevant for a late-onset patient with a baseline of 300 m since
might indicate the ability to walk a crossroad, than for a patient
with a baseline of 500 m. An extension study was performed [50],
and the protocol and outcome measures chosen were several.
Kishnani in the COMET 3 extension phase offered 100 partici-
pants to participate in the extension and 95 were accepted. From
the beginning to week 97, the least square mean FVC percentage
predicted increased by 2.65 for the NeoGAA-treated group and
0.36 for the switch group. The 6MWT increased by 18.6 m in
NeoGAA and 4.6 m in the switch group, indicating that for LOPD
cases, it might be worthwhile to start with a new enzyme
enriched with mannose-residues to have better motor outcomes.
Furthermore, patients who switched to NeoGAA presented dis-
ease stability. To evaluate ERT, experts advocate holistic efficacy
outcome measures, including coprimary measures alongside
FVC and the 6MWT. It is known that 6MWT presents variability
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according to fatigue. Additional functional respiratory measure-
ments were used, including minimal expiratory capacity and
maximal expiratory pressure. It is noticeable that the scores
Gait, Stairs, Chair, and Gower (GSCG) were previously validated
in ERT with rhGAA [41] and used in the extension trial. The only
reservation in this trial is that the primary endpoint chosen was
respiratory, rather than a locomotor one.

6. Safety and tolerability of NeoGAA

Critical AR was reported in 25% of NeoGAA-treated patients and
33% of patients treated with rhGAA. Adverse Events (AE) or IAR
reported on NeoGAA had a more favorable safety profile [45]. The
data available on AE are mostly with rhGAA [48-50], treatment-
emergent AE was reported in 86% of NeoGAA-treated and 92% of
rhGAA-treated patients in the COMET. We still do not fully under-
stand IAR pathophysiology: insights regarding their possible bio-
logical mechanisms are given by PD that have <1% residual acid
maltase since the presence of CRIM material is important; one-
third have no protein. LOPD has residual acid maltase in the 20~
30% range. Most LOPD patients carry the IVS1 mutation present in
about 90% of Caucasian patients. This common splicing variant
produces wild-type GAA protein, in the 10-15% range. The GAA
residual protein explains why few IARs are encountered, even if
most adults who are rhGAA-treated develop anti-rhGAA antibo-
dies [44]. Their titer level in LOPD correlated with the occurrence
and number of 1ARs according to a 3 years study [53]. Lessard,
exploring the French Registry on the use of ERT with rhGAA [54],
described a series of 15 cases with AE, nine patients were rechal-
lenged with a modified regimen and a Desensitization Protocol
(DP). The other six, not further treated cases, had an unfavorable
clinical course. The follow-up showed that four died during the
follow-up and one patient was lost to follow-up, between ERT
discontinuation and death; unfortunately, after ERT discontinua-
tion, the medical follow-up is often disrupted; both participate in
the indirect ERT efficacy. This is addressed by the recommendation
that the ERT stop should be short. The proposal to keep ERT stop
to less than 6 weeks is coherent with the observation of worsening
motor and respiratory function after 2 months of ERT pause during
COVID-19. The problem of the restart was examined [54] since
there are no established criteria for ERT rechallenge after AE. The
question of ERT pursuit/discontinuation was first discussed during
collegiate meetings. The benefit/risk ratio was assessed, and the

Table 1. Main clinical trials and outcomes.

final decision was further discussed with the patient; the risk of
pause was explained, as well as the course of the untreated
condition, and the impact of ERT pursuit/discontinuation on his/
her quality of life.

7. Protocol for AE, ERT rechallenge. Home infusions

The protocol used by Lessard [54] in ERT rechallenge in nine LOPD
cases shows that different strategies were adopted. Functional
assessment of the patients at ERT discontinuation and its reintro-
duction to monitor the impact of the transient ERT discontinuation
showed that motor and respiratory functions were stable only in
the patient that had the shorter ERT interruption (2 months). After
7 months of interruption, the 6MWT decreased and the FVC was
stable in a patient. After 16 months, a dramatic deterioration of
functional parameters occurred. The patient’s decision is difficult
when facing a potentially life-threatening pause, compared with
a slow progression without a short-term life threat; the final choice
is challenging, both for the clinician and the patient, who might
refuse ERT reintroduction, balancing the AE experience. Regarding
AE management it follows guidelines established by allergy
experts. With NeoGAA, some hypersensitivity reactions were
reported, but few were considered severe. For those whose
main indication is to discontinue the drug immediately, one
should cautiously assess DP.

Ditters [55] in a monocentric study compared IAR in
patients receiving home versus hospital alglucosidase alpha
infusions. IARs occurred in 257 cases: 1.4% of over 18,000
infusions. Most IARs were mild, and 80% of IARs were in the
hospital. They therefore suggest that, if the infrastructure
allows, home infusion could be implemented for ERT.

8. Pharmacological chaperone therapy (PCT)

One strategy to improve ERT was to use enzyme stabilizers to
modulate GAA enzymatic activity, PCT was first experimented
with for GSD I, and Pompe-selected variants [56,57]. However,
in preliminary trials, no clinical outcome was evaluated [58].
Different doses of the chaperone (50-600 mg) were studied
in an open trial, showing a 1.2-2.8-fold increase in GAA activ-
ity after PCT [59]. In a phase 3 trial PROPEL combining cipa-
glucosidase alfa, plus miglustat in 85 cases compared

Clinical trial Endpoints primary

Mechanism of action Key dates

INN Al-glucosidase alfa 6MWT, FVC

Avalglucosidase alfa
Sanofi’'s Phase Il COMET trial
studying Nexviazyme
(NCT02782741)

Astellas Gene Therapies’s Phase I/II
FORTIS trial studying AT-845
(NCT04174105)

Spark Therapeutics's Phase I/II
RESOLUTE trial studying SPK-3006
(NCT04093349)

Amicus’s Phase Ill PROPEL trial
studying AT-GAA (cipaglucosidase
alfa) (NCT03729362)

secondary endpoint

Safety and pharmacokinetics as primary
endpoints; 6MWT and FVC included as
secondary endpoints

Safety and pharmacokinetics as primary

endpoints

included as secondary endpoints

FVC as primary endpoint; 6MWT included as Enzyme replacement therapy

endpoints; ClinicalTrials.gov no secondary

6MWT as primary endpoint; FVC and GSCG  Chaperone advance enzyme replacement

Enzyme replacement therapy by intravenous
infusion of recombinant human GAA (rhGAA)

First approved on
28 April 2006 (FDA)
FDA approved
August 2021; full trial
completion May 2023

An Open-label, Multinational, Multicenter,
Intravenous Infusion Study of the Efficacy,
Safety, COMET Phase 3
Gene replacement therapy Primary completion
December 2022
Adeno-associated virus gene therapy Primary completion

October 2023

PDUFA May 2023
therapy




favorably to rhGAA plus placebo [60] (Table 1) and resulted in
approval for LOPD treatment in the EU [61].

9. Gene therapy trials

There are preliminary gene studies either having 6MWT as
the primary outcome, while other trial studies do not fore-
see efficacy outcome measures. Among the assets in earlier-
phase trials, Astellas Gene Therapies’ Phase I/Il FORTIS trial
studying AT-845 has 6MWT and FVC as secondary end-
points, while Spark Therapeutics’s Phase I/l RESOLUTE trial
studying SPK-3006 does not foresee any efficacy outcome
measures (Table 1).

10. Critical issues, open questions

According to experts, the digital health revolution could
utilize new equipments such as wearable technologies or
gait analysis to monitor outcomes. In diagnosis, the use of
artificial intelligence regarding clinical signs is already in
progress. Muscle MRI imaging is another useful available
tool.

The choice of clinical outcomes appears critical in the
evaluation of new drugs such as avalglucosidase alpha, as
well as other drugs in trials (Table 1). Experts advocate
holistic efficacy outcome measures, including coprimary
measures alongside the 6MWT, such as time-up-and-go
for postural transition or GSGC, since 6MWT can be highly
variable, especially in patients with low mobility.

11. Predictors of response to treatment

Several predictors of prognosis in patients’ clinical characteristics
such as gender, age, body mass index, genetic background,
disease duration, and severity were analyzed. In a study, low
body mass index (BMI) was evaluated with the opposite
response [62]. While a low BMI might allow better penetration
of rhGAA, it appears difficult to reach skeletal muscles in
advanced disease. Good clinical conditions and short disease
duration seem to be the best predictors of good response to
ERT. The response to treatment seems to decline over time. The
vacuolization with damage or loss of muscle fibers is an impor-
tant adverse parameter; however, limited clinical locomotor
benefits or stabilization in respiratory function were observed
even in advanced cases [63]. Skeletal muscle response or regen-
eration differs in skeletal muscles with muscle fiber type com-
position and structure as in limb muscle groups versus
diaphragm or respiratory muscles. Muscle fiber types are pecu-
liar in different muscles, and important in determining the
response to ERT, type 2 myofibers seem to be less responsive
than type | myofibers in GSD Il [64].

12. Conclusions

ERT has several limitations and unmet needs, in real-world experi-
ence such as limited efficacy over the years, high cost, and hospital
administration. NeoGAA appears to hold promise, providing
a better exogenous source of GAA for patients, given its
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preliminary outcome and few AEs, but extended studies with
multiple parameters are needed. In particular, motor outcome
efficacy studies are needed besides respiratory outcomes, and
a clear indication of dosage for adult and pediatric cases is still
underway.

13. Expert opinion

NeoGAA trials appear to be a step forward in improving and
prolonging over many years the respiratory and motor ERT
outcomes, this new enzyme preparation with better delivery
to key muscles has demonstrated benefits in both trials and
extension [49,50]. NeoGAA is expected to be available shortly,
and most patients might accept the switch, as observed in the
extension phase. Its use might change the dosage, targeting
tissue delivery. Several successful management strategies
could be tried: clenbuterol, and albuterol, previously found
effective with branched-chain amino acids [65], and other
drugs could be tried according to cellular autophagy studies
(i.e. rapamycin, metformin, etc.). They should be tried in
selected cases after appropriate translational studies since
autophagy might exhibit a double face effect in GSD I, i.e
both beneficial and detrimental. It is possible to predict in the
next 5 years the development of other treatments, such as
antisense oligonucleotides or gene therapy. A mandatory field
to be explored is the concomitant use of diets and submax-
imal exercise to improve fatigue in patients. Regular submax-
imal aerobic exercise and dietary high protein regimen [66]
were found to delay disease progression and could be added
to ERT [66-68]. In an EPOC meeting, the results of 65 LOPD
patients favored ERT efficacy [67] in people undergoing either
a concomitant diet or exercise protocol. The bis-MGP of aval-
glucosidase alpha binds to the cation-independent mannose-
6-phosphate receptor which is located on the skeletal muscles.
Once the molecule binds to the receptor, the drug enters the
cell [68]. In the future, wearable technologies, such as brace-
lets, smartwatches, and smartphones, will be increasingly used
to monitor GSD |l patients at home and during sleep. Five
years from now neonatal screening for GSD Il will be available
in several countries, like now in Italy [69], this will change the
perspective and policy of ERT in such countries. Accumulation
and tissue damage depend on residual enzyme activity and
autophagy blockade. Enzyme replacement therapy (ERT)
should be started before their symptoms are apparent to
achieve optimal outcomes, but it will be difficult to decide
how to separate detected infantile from childhood, juvenile, or
adult cases. Early initiation of ERT in infantile-onset PD
improves survival, reduces the need for ventilation, results in
earlier independent walking, and enhances patient quality of
life. Newborn screening (NBS) is the optimal approach for early
diagnosis and treatment of LOPD, but we need to learn to
detect early changes by use of artificial intelligence for symp-
toms, biomarkers, imaging by muscle MRI, and starting with
the newly available enzyme ERT both in childhood and young
age so as to prevent irreversible muscle damage. A closer
collaboration between metabolic doctors, neurologists, and
neuroradiologists is therefore needed and appears to be the
next target in this field.



264 (&) C. ANGELINI

Funding

This paper was not funded.

Declaration of interest

The author has no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict
with the subject matter or materials discussed in the manuscript. This
includes employment, consultancies, honoraria, stock ownership or
options, expert testimony, grants or patents received or pending, or
royalties.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose

ORCID

Corrado Angelini

http://orcid.org/0000-0002-9554-8794

References

Papers of special note have been highlighted as either of interest ()
or of considerable interest (¢) to readers.

1.

10.

11.

.van der

Angelini C, Engel AG. Comparative study of acid maltase deficiency
biochemical differences between infantile, childhood, or adult
types. Arch Neurol. 1972;26:344-349. doi: 10.1001/archneur.1972.
00490100074007

. Angelini C, Engel AG. Subcellular distribution of acid and neutral

alpha-glucosidases in normal, acid maltase deficient, and myopho-
sphorylase deficient human skeletal muscle. Arch Biochem Biophys.
1973;156:350-355.

Subcellular localization of acid maltase.

. Hirschhorn R, Reuser AJ. Glycogen storage disease type IlI: acid

alpha-glucosidase (acid maltase) deficiency. In: Scriver C, Ba S
Valle W, editors. The metabolic and molecular bases of inherited
disease. 8th ed. (NY): McGraw-Hill; 2001. p. 3389-3420.

Ploeg AT, Reuser AJ. Pompe’s disease.
2008;372:1342-1353. doi: 10.1016/50140-6736(08)61555-X

Lancet.

. Angelini C, Engel AG, Titus JL. Adult acid maltase deficiency:

abnormalities in fibroblasts cultured from patients. N Engl J Med.
1972;287(19):948-951. doi: 10.1056/NEJM197211092871902

. Kishnani PS, Hwu WL, Mandel H, et al. A retrospective, multina-

tional, multicenter study on the natural history of infantile-onset
pompe disease. J Pediatr. 2006;148:671-676. doi: 10.1016/j.jpeds.
2005.11.033

. Hagemans MLC, Winkel LP, Hop WC, et al. Disease severity in

children and adults with pompe disease is related to age and
disease duration. Neurology. 2005;64:2139-2214. doi: 10.1212/01.
WNL.0000165979.46537.56

. Mellies U, Stehling F, Dohna-Schwake C, et al. Respiratory failure

in pompe disease: treatment with noninvasive ventilation.

Neurology. 2005;64(8):1465-1467. doi: 10.1212/01.WNL.
0000158682.85052.C0
. Hagemans ML, Hop WJ, Van Doorn PA, et al. The course of dis-

ability and respiratory function in untreated late-onset Pompe
disease. Neurology. 2006;66(4):581-583. doi: 10.1212/01.wnl.
0000198776.53007.2c

Angelini C, Semplicini C, Ravaglia S, et al. Observational clinical
study in juvenile-adult glycogenosis type 2 patients undergoing
enzyme replacement therapy for up to 4 years. J Neurol. 2012;259
(5):952-958. doi: 10.1007/500415-011-6293-5

Hagemans MLC, Janssens ACJW, Winkel LPF, et al. Late-onset
pompe disease primarily affects the quality of life in physical health
domains. Neurology. 2004;63:1688-1692. doi: 10.1212/01.WNL.
0000142597.69707.78

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

. Glngor D, Kruijshaar ME, Plug |, et al. Quality of life and parti-

cipation in the daily life of adults with Pompe disease receiving
enzyme replacement therapy: 10 years of international
follow-up. J Inherit Metab Dis. 2016;39(2):253-260. doi: 10.
1007/510545-015-9889-6

. Angelini C, Burlina A, Blau N. Ferreira CR. Clinical and biochemical

footprints of inherited metabolic disorders: X. Metabolic
Myopathies Mol Genet Metab. 2022 Sep;137(1-2):213-222. Epub
2022 Sep 18.PMID: 36155185 Review. doi: 10.1016/j.ymgme.2022.
09.004

. Musumeci O, Thieme A, Claeys KG, et al. Homozygosity for the

common GAA gene splice site mutation c.-32-13T>G in pompe
disease is associated with the classical adult phenotypical spec-
trum. Neuromuscular Disorders. 2015;25(9):719-724. doi: 10.1016/j.
nmd.2015.07.002

. Musumeci O, la Marca G, Spada M, et al. LOPED study: looking for

an early diagnosis in a late-onset Pompe disease high-risk
population. J Neurol Neurosurg Psychiatry. 2016;87(1):5-11. doi:
10.1136/jnnp-2014-310164

. Angelini C, Savarese M, Fanin M, et al. Next-generation sequencing

detection of late-onset pompe disease. Muscle&nerve. 2016;53
(6):981-983. doi: 10.1002/mus.25042

. Nascimbeni AC, Fanin M, Tasca E, et al. Molecular pathology and

enzyme processing in various phenotypes of acid maltase
deficiency. Neurology. 2008;70(8):617-626. doi: 10.1212/01.wnl.
0000299892.81127.8e

Description of multiple forms of acid alfa-glucosidase.

. Hug G, Schubert WK. Lysosomes in type Il glycogenosis. Changes

during the administration of an extract from Aspergillus niger.
J Cell Bio. 1967;35:C1-6. doi: 10.1083/jcb.35.1.C1

. Kornfeld S. Structure and function of the mannose 6-phosphate/

insulin-like growth factor Il receptors. Ann Rev Biochem.
1992;61:307-330. doi: 10.1146/annurev.bi.61.070192.001515
Neufeld EF. Enzyme replacement therapy — a brief history chapter
10. In: Mehta A, Beck M Sunder-Plassmann G, editors Fabry disease:
perspectives from years of FOS. Oxford: Oxford Pharma- Genesis;
2006.

Rossi M, Parenti G, Della Casa R, et al. Long-term enzyme replace-
ment therapy for Pompe disease with recombinant human
alpha-glucosidase derived from Chinese hamster ovary cells.
J Child Neurol. 2007;22(5):565-573. doi: 10.1177/0883073807302598
van den Hout H, Reuser AJ, Vulto AG, et al. Recombinant human
alpha-glucosidase from rabbit milk in pompe patients. Lancet.
2000;356:397-398. doi: 10.1016/50140-6736(00)02533-2

Kishnani PS, Corzo D, Nicolino M, et al. Recombinant human acid
[alphal-glucosidase: major clinical benefits in infantile-onset Pompe
disease. Neurology. 2007;68:99-109. doi: 10.1212/01.wnl.
0000251268.41188.04

Kishnani PS, Nicolino M, Voit T, et al. Results from a phase Il trial of
Chinese hamster ovary cell-derived recombinant human acid
a-glucosidase in infantile-onset Pompe disease. J Pediatr.
2006;149:89-97. doi: 10.1016/j.jpeds.2006.02.035

Van der Ploeg AT. Where do we stand in enzyme replacement
therapy in Pompe’s disease? Neuromuscular Disorders. 2010;20
(12):773-774. doi: 10.1016/j.nmd.2010.09.011

Zampieri S, Buratti E, Dominissini S, et al. Splicing mutations in
glycogen-storage disease type II: evaluation of the full spectrum of
mutations and their relation to patient’s phenotypes. Eur J Hum
Genet. 2011;19:422-431. doi: 10.1038/ejhg.2010.188

De Filippi P, Saeidi K, Ravaglia S, et al. Genotype-phenotype corre-
lation in pompe disease, a step forward. Orphanet J Rare Diseases.
2014;9(1):102. doi: 10.1186/513023-014-0102-z

Nascimbeni AC, Fanin M, Masiero E, et al. Impaired autophagy
contributes to muscle atrophy in glycogen storage disease type Il
patients. Autophagy. 2012;8(11):1697-1700. doi: 10.4161/auto.21691
Autophagy study in GSD II.

Drost MR, Hesselink RP, Oomens CW, et al. Effects of noncontractile
inclusions on the mechanical performance of skeletal muscle.
J Biomech. 2005;38:1035-1043. doi: 10.1016/j.jbiomech.2004.05.
040


https://doi.org/10.1001/archneur.1972.00490100074007
https://doi.org/10.1001/archneur.1972.00490100074007
https://doi.org/10.1016/S0140-6736(08)61555-X
https://doi.org/10.1056/NEJM197211092871902
https://doi.org/10.1016/j.jpeds.2005.11.033
https://doi.org/10.1016/j.jpeds.2005.11.033
https://doi.org/10.1212/01.WNL.0000165979.46537.56
https://doi.org/10.1212/01.WNL.0000165979.46537.56
https://doi.org/10.1212/01.WNL.0000158682.85052.C0
https://doi.org/10.1212/01.WNL.0000158682.85052.C0
https://doi.org/10.1212/01.wnl.0000198776.53007.2c
https://doi.org/10.1212/01.wnl.0000198776.53007.2c
https://doi.org/10.1007/s00415-011-6293-5
https://doi.org/10.1212/01.WNL.0000142597.69707.78
https://doi.org/10.1212/01.WNL.0000142597.69707.78
https://doi.org/10.1007/s10545-015-9889-6
https://doi.org/10.1007/s10545-015-9889-6
https://doi.org/10.1016/j.ymgme.2022.09.004
https://doi.org/10.1016/j.ymgme.2022.09.004
https://doi.org/10.1016/j.nmd.2015.07.002
https://doi.org/10.1016/j.nmd.2015.07.002
https://doi.org/10.1136/jnnp-2014-310164
https://doi.org/10.1136/jnnp-2014-310164
https://doi.org/10.1002/mus.25042
https://doi.org/10.1212/01.wnl.0000299892.81127.8e
https://doi.org/10.1212/01.wnl.0000299892.81127.8e
https://doi.org/10.1083/jcb.35.1.C1
https://doi.org/10.1146/annurev.bi.61.070192.001515
https://doi.org/10.1177/0883073807302598
https://doi.org/10.1016/S0140-6736(00)02533-2
https://doi.org/10.1212/01.wnl.0000251268.41188.04
https://doi.org/10.1212/01.wnl.0000251268.41188.04
https://doi.org/10.1016/j.jpeds.2006.02.035
https://doi.org/10.1016/j.nmd.2010.09.011
https://doi.org/10.1038/ejhg.2010.188
https://doi.org/10.1186/s13023-014-0102-z
https://doi.org/10.4161/auto.21691
https://doi.org/10.1016/j.jbiomech.2004.05.040
https://doi.org/10.1016/j.jbiomech.2004.05.040

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Raben N, Takikita S, Pittis MG, et al. Deconstructing pompe disease
by analyzing single muscle fibers: to see a world in a grain of sand.
Autophagy. 2007;3:546-552. doi: 10.4161/auto.4591

Thurberg BL, Lynch Maloney C, Vaccaro C, et al. Characterization of
pre-and post-treatment pathology after enzyme replacement ther-
apy for pompe disease. Lab Invest. 2006;86:1208-1220. doi: 10.
1038/labinvest.3700484

Raben N, Ralston E, Chien YH, et al. Differences in the predominance
of lysosomal and autophagic pathologies between infants and adults
with pompe disease: implications for therapy. Mol Genet Metab.
2010;101(4):324-331. doi: 10.1016/j.ymgme.2010.08.001

der Ploeg ATV, Clemens P, Corzo D, et al. A randomized study of
alglucosidase alfa in late-onset Pompe’s disease. N Engl J Med.
2010;362(15):1396-1406. doi: 10.1056/NEJM0a0909859

First randomized clinical trial with alglucosidase alfa.
Strothotte S, Strigi-Pill N, Grunert B, et al. Enzyme replacement
therapy with alglucosidase alfa in 44 patients with late-onset gly-
cogen storage disease type 2: 12-month results of an observational
clinical trial. J Neurol. 2010;257:91-97. doi: 10.1007/500415-009-
5275-3

van der Ploeg A, Carlier PG, Carlier R-Y, et al. Prospective explora-
tory muscle biopsy, imaging, and functional assessment in patients
with late-onset Pompe disease treated with alglucosidase alfa: the
EMBASSY study. Mol Genet Metab. 2016;119(1-2):115-123. doi: 10.
1016/j.ymgme.2016.05.013

Bembi B, Pisa FE, Confalonieri M, et al. Long-term observational,
non-randomized study of enzyme replacement therapy in
late-onset glycogenosis type Il. J Inherit Metab Dis. 2010;33
(6):727-735. doi: 10.1007/510545-010-9201-8

Regnery C, Kornblum C, Hanisch F, et al. 36 months observational
clinical study of 38 adult Pompe disease patients under alglucosi-
dase alpha enzyme replacement therapy. J Inherit Metab Dis.
2012;35(5):837-845. doi: 10.1007/s10545-012-9451-8

Stepien KM, Hendriksz CJ, Roberts M, et al. Observational clinical
study of 22 adult-onset Pompe disease patients undergoing
enzyme replacement therapy over 5 years. Mol Genet Metab.
2016;117(4):413-418. doi: 10.1016/j.ymgme.2016.01.013

Kuperus E, Kruijshaar ME, Wens SCA, et al. Long-term benefit of
enzyme replacement therapy in pompe disease: a 5-year prospec-
tive study. Neurology. 2017;89:2365-2373. doi: 10.1212/WNL.
0000000000004711

Ripolone M, Violano R, Ronchi D, et al. Effects of short-to-long-term
enzyme replacement therapy (ERT) on skeletal muscle tissue in
late-onset Pompe disease(LOPD). Neuropathol Appl Neurobiol.
2017,44:449-462.

Biochemical and autophagy study in naive and ERT-treated
muscle biopsy.

Angelini C, Semplicini C, Ravaglia S, et al. New motor outcome
function measures in the evaluation of late-onset Pompe disease
before and after enzyme replacement therapy. Muscle Nerve.
2012;45(6):831-834. doi: 10.1002/mus.23340

Van der Ploeg AT, Kruijshaar ME, Toscano A, et al. European con-
sensus for starting and stopping enzyme replacement therapy in
adult patients with pompe disease: a 10-year experience. Euro J Of
Neurology. 2017;24(6):768-e31. doi: 10.1111/ene.13285

Filosto M, Piccinelli SC, Ravaglia S, et al. Assessing the role of
anti-rh-GAA in modulating response to ERT in a late-onset Pompe
disease cohort from the Italian GSDII study group. Adv Ther.
2019;36:1177-1189. doi: 10.1007/512325-019-00926-5

Schoser B, Stewart A, Kanters S, et al. Survival and long-term out-
come in late-onset Pompe disease following alglucosidase alfa
treatment: a systematic review and meta-analysis. J Neurol.
2017;264(4):621-630. doi: 10.1007/s00415-016-8219-8

Pena LDM, Barohn RJ, Byrne BJ, et al. Safety, tolerability, pharma-
cokinetic pharmacodynamics, and exploratory efficacy of the novel
enzyme replacement therapy avalglucosidase alfa (neoGAA) in
treatment-naive and alglucosidase alfa-treated patients with late-
onset pompe disease: a phase 1, open-label, multicenter, multi-
national, ascending dose study. Neuromuscular Disorders.
2019;29:167-186. doi: 10.1016/j.nmd.2018.12.004

46.

47

48.

49.

50.

51.

52.

53.

54.

55

56.

57.

58.

59.

60.

EXPERT REVIEW OF NEUROTHERAPEUTICS e 265

Dimachkie MM, Barohn RJ, Byrne B, et al. NEO1 and NEO-EXT
studies: long-term safety and exploratory efficacy of repeat aval-
glucosidase alfa dosing for 5.5 years in late-onset pompe disease
patients. Mol Genet Metab. 2020;129:549. doi: 10.1016/j.ymgme.
2019.11.107

. Dimachkie MM, Barohn RJ, Byrne B, et al. Long-term safety and

efficacy of avalglucosidase alfa inPatients with late-onset pompe
disease neurology. Neurology. 2022;99:e536-e548. doi: 10.1212/
WNL.0000000000200746

Diaz-Manera J, Kishnani PS, Kushlaf H, et al. Safety and efficacy of
avalglucosidase alfa versus alglucosidase alfa in patients with
late-onset Pompe disease(COMET): a phase 3, randomized, multi-
centre trial. Lancet Neurol. 2021;20:1012-1026.

First avalglucosidase alfa multicenter trial.

Kishnani P, Diaz Manera J, Toscano A, et al. Efficacy and safety of
Avalglucosidase Alfa in patients with late-onset pompe disease
after 97 weeks: a phase 3 randomized clinical trial JAMA neurol.
2023 Jun 1;80(6):558-567. doi: 10.1001/jamaneurol.2023.0552
Avalglucosidase alfa extension study.

Li RJ, Ma L, Drozda K, et al. Model—informed approach supporting
approval of nexviazyme (avalglucosidase alfa—ngpt) in pediatric
patients with late-onset pompe disease. AAPS J. 2023;25:16.
CrossRef. doi: 10.1208/s12248-023-00784-8

Kishnani PS, Kronn D, Brassier A, et al. Safety and efficacy of
avalglucosidase alfa in individuals with infantile-onset Pompe dis-
ease enrolled in phase 2, open-label mini-COMET study: the
6-month primary analysis report. Genet Med. 2022;25:100328. doi:
10.1016/j.gim.2022.10.010

Lessard LER, Tard C, Salort-Campana E, et al. Hypersensitivity
infusion-associated reactions induced by enzyme replacement ther-
apy in a cohort of patients with late-onset pompe disease: an experi-
ence from the French pompe Registry. Mol Gene Metabol. Epub 2023
May 19;139(3):107611. doi: 10.1016/j.ymgme.2023.107611

Ditters IAM, van Kooten HA, van der Beek NAM, et al. Home based
infusion of alglucosidase alfa can safely be implemented in adults
with late-onset pompe disease: lessons learned from 18,380
infusions. Bio Drugs. 2023;37:685-698. doi: 10.1007/540259-023-
00609-2

de Vries JM, Kuperus E, Hoogeveen-Westerveld M, et al. Pompe
disease in adulthood: effects of antibody formation on enzyme
replacement therapy. Genet Med. 2017;19:90. doi: 10.1038/gim.
2016.70

. Parenti G, Zuppaldi A, Pittis MG, et al. Pharmacological enhancement of

mutated -glucosidase activity in fibroblasts from patients with pompe
disease. Mol Ther. 2007;15:508-514. doi: 10.1038/sj.mt.6300074
Flanagan JJ, Rossi B, Tang K, et al. The pharmacological chaperone
1-deoxynojirimycin increases the activity and lysosomal trafficking
of multiple mutant forms of acid alpha-glucosidase. Hum Mutat.
2009;30(12):1683-1692. doi: 10.1002/humu.21121

Parenti G, Fecarotta S, la Marca G, et al. A chaperone enhances
blood -glucosidase activity in pompe disease patients treated with
enzyme replacement therapy. Mol Ther. 2014;22:2004-2012. doi:
10.1038/mt.2014.138

Kishnani P, Tarnopolsky M, Roberts M, et al. Duvoglustat HCI
increases systemic and tissue exposure to active acid
alfa-glucosidase in pompe patients co-administered with algluco-
sidase alfa. Mol Ther. 2017;25:1199-1208. doi: 10.1016/j.ymthe.
2017.02.017

Schoser B, Roberts M, Byrne BJ, et al. Safety and efficacy of cipa-
glucosidase alfa plus miglustat versus alglucosidase alfa plus pla-
cebo in late-onset Pompe disease (PROPEL): An international,
randomized, double-blind, parallel-group, phase 3 trial. Lancet
Neurol ++international trial of ERT+chaperone.
2021;20:1027-1037. doi: 10.1016/51474-4422(21)00331-8

Amicus therapeutics. Amicus therapeutics announces European
Commission approval for Pombiliti™ in patients with late-onset
Pompe disease [media release]. [cited 2023 Mar 27]. Available
from: https://ir.amicusrx.com/news-releases/news-release-
details/amicus-therapeutics-announces-european-commission-
approval-1


https://doi.org/10.4161/auto.4591
https://doi.org/10.1038/labinvest.3700484
https://doi.org/10.1038/labinvest.3700484
https://doi.org/10.1016/j.ymgme.2010.08.001
https://doi.org/10.1056/NEJMoa0909859
https://doi.org/10.1007/s00415-009-5275-3
https://doi.org/10.1007/s00415-009-5275-3
https://doi.org/10.1016/j.ymgme.2016.05.013
https://doi.org/10.1016/j.ymgme.2016.05.013
https://doi.org/10.1007/s10545-010-9201-8
https://doi.org/10.1007/s10545-012-9451-8
https://doi.org/10.1016/j.ymgme.2016.01.013
https://doi.org/10.1212/WNL.0000000000004711
https://doi.org/10.1212/WNL.0000000000004711
https://doi.org/10.1002/mus.23340
https://doi.org/10.1111/ene.13285
https://doi.org/10.1007/s12325-019-00926-5
https://doi.org/10.1007/s00415-016-8219-8
https://doi.org/10.1016/j.nmd.2018.12.004
https://doi.org/10.1016/j.ymgme.2019.11.107
https://doi.org/10.1016/j.ymgme.2019.11.107
https://doi.org/10.1212/WNL.0000000000200746
https://doi.org/10.1212/WNL.0000000000200746
https://doi.org/10.1001/jamaneurol.2023.0552
https://doi.org/10.1208/s12248-023-00784-8
https://doi.org/10.1016/j.gim.2022.10.010
https://doi.org/10.1016/j.gim.2022.10.010
https://doi.org/10.1016/j.ymgme.2023.107611
https://doi.org/10.1007/s40259-023-00609-2
https://doi.org/10.1007/s40259-023-00609-2
https://doi.org/10.1038/gim.2016.70
https://doi.org/10.1038/gim.2016.70
https://doi.org/10.1038/sj.mt.6300074
https://doi.org/10.1002/humu.21121
https://doi.org/10.1038/mt.2014.138
https://doi.org/10.1038/mt.2014.138
https://doi.org/10.1016/j.ymthe.2017.02.017
https://doi.org/10.1016/j.ymthe.2017.02.017
https://doi.org/10.1016/S1474-4422(21)00331-8
https://ir.amicusrx.com/news-releases/news-release-details/amicus-therapeutics-announces-european-commission-approval-1
https://ir.amicusrx.com/news-releases/news-release-details/amicus-therapeutics-announces-european-commission-approval-1
https://ir.amicusrx.com/news-releases/news-release-details/amicus-therapeutics-announces-european-commission-approval-1

266 (&) C. ANGELINI

61.

62.

63.

64.

65.

Ravaglia S, Carlucci A, Danesino C. Prognostic factors for late-onset
Pompe disease with enzyme replacement therapy: the two sides of
low BMI. Mol Genet Metab. 2010;100(4):388. doi: 10.1016/j.ymgme.
2010.04.005

Orlikowski D, Pellegrini N, Prigent H, et al. Recombinant human
acid alpha-glucosidase (rhGAA) in adult patients with severe
respiratory failure due to pompe disease. Neuromuscular
Disorders. 2011;21(7):477-482. doi: 10.1016/j.nmd.2011.04.001
Drost MR, Schaart G, van Dijk P, et al. Both type 1 and type 2a
muscle fibers can respond to enzyme therapy in pompe disease.
Muscle Nerve. 2008;37(2):251-255. doi: 10.1002/mus.20896
Angelini C, Pegoraro E, Zambito-Marsala S, et al. Adult acid maltase
deficiency: an open trial with albuterol and branched-chain amino
acids. Basic Appl Myol. 2004;14(2):71-78.

Slonim AE, Bulone L, Goldberg T, et al. Modification of the natural
history of adult-onset acid maltase deficiency by nutrition and exercise
therapy. Muscle&nerve. 2007;35:70-77. doi: 10.1002/mus.20665

66.

67.

68.

69.

Angelini C. Exercise, nutrition, and enzyme replacement therapy
are efficacious in adult Pompe patients: Report from EPOC
Consortium. Eur J Transl Myol. 2021;31:9798. ++ use of exercise
and diet is beneficial in ERT treated LOPD. doi: 10.4081/ejtm.2021.
9798

Nexviazyme [4890-A SGM]. Cambridge MA: Genzyme Corporation.;
2021. p. 2. [Accessed 2022 Dec]. https://www.shpnc.org/

Sechi A, Zuccarelli L, Grassi B, et al. Exercise training alone or in
combination with a high-protein diet in patients with late-onset
Pompe disease: results of a cross-over study. Orphanet J Rare Dis.
2020;15:143. doi: 10.1186/513023-020-01416-6

Gragnaniello V, Pijnappel PWWM, Burlina AP, et al. Newborn
screening for pompe disease in ltaly: long-term results and
future challenges.Mol Genet Metab Rep. Mol Gene Metabol
Rep. 2022 Oct 22 eCollection 2022 +a long term screening
newborn program;33: 100929. doi: 10.1016/j.ymgmr.2022.
100929


https://doi.org/10.1016/j.ymgme.2010.04.005
https://doi.org/10.1016/j.ymgme.2010.04.005
https://doi.org/10.1016/j.nmd.2011.04.001
https://doi.org/10.1002/mus.20896
https://doi.org/10.1002/mus.20665
https://doi.org/10.4081/ejtm.2021.9798
https://doi.org/10.4081/ejtm.2021.9798
https://www.shpnc.org/
https://doi.org/10.1186/s13023-020-01416-6
https://doi.org/10.1016/j.ymgmr.2022.100929
https://doi.org/10.1016/j.ymgmr.2022.100929

	Abstract
	1.  Introduction
	2.  Characteristics of the new drug
	3.  Phase I-II-III studies
	4.  Postmarketing surveillance, pediatric use
	5.  Clinical outcomes measures
	6.  Safety and tolerability of NeoGAA
	7.  Protocol for AE, ERT rechallenge. Home infusions
	8.  Pharmacological chaperone therapy (PCT)
	9.  Gene therapy trials
	10.  Critical issues, open questions
	11.  Predictors of response to treatment
	12.  Conclusions
	13.  Expert opinion
	Funding
	Declaration of interest
	Reviewer disclosures
	References

