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Abstract

®

Check for
updates

Cipaglucosidase alfa (Pombiliti ") is a recombinant human acid a-glucosidase (GAA) product being developed by Amicus
Therapeutics along with the enzyme stabilizer miglustat as a two-component therapy for Pompe disease. Pompe disease is
arare, inherited lysosomal disease caused by a deficiency of the enzyme GAA, which leads to accumulation of glycogen in
various tissues. On 27 March 2023, cipaglucosidase alfa was approved in the EU as a long-term enzyme replacement therapy
(ERT) used in combination with miglustat for the treatment of adults with late-onset Pompe disease. This article summarizes
the milestones in the development of cipaglucosidase alfa leading to this first approval.

Digital Features for this AdisInsight Report can be found at
https://doi.org/10.6084/m9.figshare.22724324.

Cipaglucosidase alfa (Pombiliti™): Key Points

A long-term ERT being developed by Amicus Therapeu-
tics for the treatment of Pompe disease

Received its first approval on 27 March 2023 in the EU

Approved for use in combination with miglustat for the
treatment of adults with late-onset Pompe disease

1 Introduction

Pompe disease, also known as acid a-glucosidase (GAA)
deficiency or glycogen storage disease type II, is a rare dis-
order caused by mutations in the gene that encodes GAA
[1], the enzyme responsible for breaking down lysosomal
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glycogen into glucose [2]. A shortage of GAA results in
the accumulation of glycogen in various tissues, particu-
larly in skeletal muscle, cardiac muscle, and smooth muscle
[1]. Pompe disease is classified into infantile- and late-onset
subtypes according to age at symptom onset. The clas-
sic infantile form of Pompe disease is characterized by a
severe, progressive and rapidly fatal course [1]. Late-onset
Pompe disease is characterized by progressive weakness in
the axial, limb-girdle, and respiratory muscles, resulting in
motor and respiratory problems [3]. The first approved treat-
ment for Pompe disease, the enzyme replacement therapy
(ERT) alglucosidase alfa, has been shown to slow disease
progression and improve quality of life (QOL) [4]. However,
there is a need for more efficient treatments that are able to
reach skeletal muscle [4].

Cipaglucosidase alfa (Pombiliti™) is long-term ERT
being developed by Amicus Therapeutics for the treatment
of Pompe disease. On 27 March 2023, cipaglucosidase alfa
received its first approval in the EU for use in combination
with miglustat for the treatment of adults with late-onset
Pompe disease [5]. The recommended dosage of cipaglu-
cosidase alfa is 20 mg/kg every 2 weeks [2]. Cipaglucosidase
alfa is administered as an intravenous infusion, which should
be started 1 h after taking oral miglustat supplied as 65 mg
capsules. If the cipaglucosidase alfa infusion is delayed, it
must be started within 3 h of miglustat administration. The
recommended initial infusion rate of cipaglucosidase alfa is
1 mg/kg/h, which can be gradually increased by 2 mg/kg/h
every ~ 30 min if there are no signs of infusion-associated
reactions (IARs). The maximum infusion rate is 7 mg/kg/h
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p Preclinical trials initiated (Feb 2013)

Orphan Drug Status granted in the
» EU (Mar) |

p Orphan Drug Status granted in the USA (Sep)

p Breakthrough Therapy Status granted in the USA (Feb)
p Orphan Drug Status granted in Japan (Jan)

p PIM Designation granted by UK MHRA (Jan)

p Early Access to Medicines Scheme granted by UK MHRA (Jun)
p BLA accepted by US FDA (Sep)
p US FDA extends PDUFA date for BLA (May)
p US FDA defers action on BLA (Oct)
p Positive Opinion granted in the EU (Dec)
» Approved in the EU (Mar)

NCT02675465

PROPEL (NCT0372936

[l Phase I/l trial -
B Phase lll trials

Key milestones in the development of cipaglucosidase alfa
(co-administered with miglustat) for the treatment of Pompe disease.
BLA Biologic License Application, FDA Food and Drug Administra-

and the typical infusion duration is 4 h. Treatment should
be supervised by a healthcare professional with experience
in managing patients with Pompe disease or other inher-
ited metabolic or neuromuscular diseases. Home infusion
of cipaglucosidase alfa may be considered for patients who
tolerate infusions well and have no recent history of moder-
ate or severe IARs [2]. Cipaglucosidase alfa is under regula-
tory review in the USA for the treatment of late-onset Pompe
disease and is currently in phase III clinical development for
this indication in multiple other countries worldwide.

1.1 Company Agreements

Amicus Therapeutics is using differentiated peptide tagging
technology acquired from Callidus Biopharma to engineer
its next-generation ERT compounds, including cipaglu-
cosidase alfa. Amicus Therapeutics acquired cipaglucosi-
dase alfa as part of its acquisition of Callidus Biopharma in
November 2013 [6].

In February 2019, WuXi Biologics and Amicus Thera-
peutics announced an exclusive commercial manufacturing
partnership for cipaglucosidase alfa [7]. Under the terms of
the agreement, WuXi Biologics will be the exclusive com-
mercial drug substance manufacturing partner and key com-
mercial drug product supplier. WuXi Biologics will manu-
facture both the drug substance and drug product at sites
across its global commercial supply network in the EU, the
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tion, MHRA Medicines and Healthcare Products Regulatory Agency,
PDUFA Prescription Drug User Fee Act, PIM Promising Innovative
Medicine

USA, and China. The contract, which has an initial 5-year
term, will be automatically renewed every 2 years until can-
cellation [7].

1.2 Patent Information

In February 2019, Amicus Therapeutics was issued the first
of two US patents for cipaglucosidase alfa [8]. This patent,
which is set to expire in 2035, reflects composition of matter
for highly potent recombinant human GAA with enhanced
carbohydrates. The second patent, issued in March 2019,
covers the methods of manufacturing cipaglucosidase alfa,
with protection extending through 2037. Amicus Therapeu-
tics is pursuing corresponding patent applications in other
regions, including Europe and Japan [8§].

2 Scientific Summary
2.1 Pharmacodynamics

Cipaglucosidase alfa is a novel recombinant human GAA
enriched with bis-phosphorylated (bis-M6P) N-glycans
for high affinity cation-independent mannose-6-phosphate
receptor (CI-MPR) binding [2]. It is coadministered with
miglustat, which acts as a stabilizer and prevents loss of
enzyme activity during cipaglucosidase alfa infusion. After
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CI-MPR binding, cipaglucosidase alfa is internalized in the
lysosome and is then processed (via proteolytic cleavage and
N-glycan trimming) into the most mature and active form
of the GAA enzyme. The enzymatic activity of cipaglucosi-
dase alfa is then exerted through cleaving glycogen, reducing
intramuscular glycogen and repairing tissue damage [2].

Cipaglucosidase alfa plus miglustat reduces biomarkers
of muscle damage (creatine kinase) and glycogen accumu-
lation (hexose tetrasaccharide; Hex4) in patients with late-
onset Pompe disease. Long-term (48 months) results from a
phase I/II trial (NCT02675465) demonstrated that cipaglu-
cosidase alfa plus miglustat was associated with reductions
from baseline in levels of serum creatine kinase and urine
Hex4; reductions were seen in all cohorts, but were most
notable among ERT-naive patients [9].

2.2 Pharmacokinetics

In ambulatory ERT-experienced patients with late-onset
Pompe disease, maximum plasma concentrations of
cipaglucosidase alfa (20 mg/kg) and miglustat (260 mg) were
reached by approximately the end of the 4-h infusion and
declined in a biphasic manner to negligible levels 24 h after
the start of infusion [2, 10]. Compared with administration
of cipaglucosidase alfa alone, coadministration with

miglustat increased the plasma total GAA protein area
under the concentration-time curve of cipaglucosidase alfa
by ~ 35% [10].

The volume of distribution of cipaglucosidase alfa
ranged from 2.0 to 4.7 L [2]. Cipaglucosidase alfa does
not cross the blood-brain barrier and is not expected to
bind to plasma proteins. Coadministration of cipaglucosi-
dase alfa and miglustat was associated with a 48% increase
in the distribution half-life of cipaglucosidase alfa and a
27% reduction in plasma clearance. Cipaglucosidase alfa
is mainly eliminated in the liver by proteolytic hydrolysis.
The mean terminal half-life of cipaglucosidase alfa ranged
from 1.6 to 2.6 h [2].

Age (1874 years), sex and race/ethnicity did not affect
the pharmacokinetics of cipaglucosidase alfa to a clinically
meaningful extent when coadministered with miglustat [2].
Cipaglucosidase alfa plus miglustat has not been studied
in patients with kidney dysfunction or hepatic impairment.
However, kidney dysfunction is not expected to have an
impact on the pharmacokinetics of cipaglucosidase alfa. No
drug interaction studies have been conducted with cipaglu-
cosidase alfa alone or in combination with miglustat. How-
ever, as a recombinant human protein, cipaglucosidase alfa is
not expected to interact with other medicinal products metab-
olized by cytochrome P450 enzymes or P-glycoprotein [2].

Features and properties of cipaglucosidase alfa

Alternative names
Class
Mechanism of action

Alpha-glucosidases; enzymes
Alpha glucosidase replacements
Route of administration Intravenous infusion

Pharmacodynamics

ATB200; Pombiliti™"; recombinant human acid a-glucosidase enzyme-Amicus; rhGAA-Amicus

Binds to cation-independent mannose-6-phosphate receptor; undergoes rhGAA processing (proteolytic cleav-

age and N-glycan trimming) into mature and active form of GAA

Enzymatic activity: cleaves glycogen, reduces intramuscular glycogen and repairs tissue damage

Reduces biomarkers of muscle damage (CK) and glycogen accumulation (Hex4) in patients with LOPD

Pharmacokinetics C
terminal t,, 1.6-2.6 h

max 1 Teached after ~4 h and declines to negligible levels over 24 h; volume of distribution 2.0-4.7 L; mean

Coadministration with miglustat increases plasma total GAA protein AUC by ~35%, increases distribution
t,, by 48% and reduces plasma clearance by 27%

Most frequent adverse events

Chills, dizziness, flushing, somnolence, chest discomfort, cough, infusion site swelling, pain

ATC codes
WHO ATC code A16A-B23 (cipaglucosidase alfa)
EphMRA ATC code A16 (other alimentary tract and metabolism products)

AUC area under the concentration-time curve, CK creatine kinase, C,,,,

maximum plasma concentration, (rh)GAA (recombinant human) acid

a-glucosidase, Hex4 hexose tetrasaccharide, LOPD late-onset Pompe disease, #,, half-life

A\ Adis



742

H. A. Blair

2.3 Therapeutic Trials
2.3.1 Phaselll

Cipaglucosidase alfa plus miglustat did not achieve sta-
tistical superiority over alglucosidase alfa plus placebo
for improving 6-min walk distance (6MWD) in patients
with late-onset Pompe disease participating in the rand-
omized, double-blind, multicentre, phase III PROPEL trial
(NCT03729362) [3]. However, cipaglucosidase alfa plus
miglustat did provide potentially clinically meaningful
improvements in motor and respiratory function compared
with alglucosidase alfa plus placebo. Key eligibility criteria
were age > 18 years, diagnosis of late-onset Pompe disease
based on documented GAA enzyme deficiency or GAA
genotyping, body weight > 40 kg and sitting forced vital
capacity (FVC) >30% of the predicted value for healthy
adults. Patients were also required to have performed two
valid 6-min walk tests, both with screening values of > 75 m
and < 90% of the predicted value for healthy adults. They
had either received alglucosidase alfa 20 mg/kg once every
2 weeks for >2 years (ERT-experienced; n = 95) or were
ERT-naive (n = 28). Patients were stratified by 6MWD at
baseline (75 to < 150 m, 150 to < 400 m or > 400 m) and
previous ERT status (ERT-naive or ERT-experienced) and
randomized to receive intravenous cipaglucosidase alfa
20 mg/kg plus oral miglustat (n = 85) or intravenous alglu-
cosidase alfa 20 mg/kg plus placebo (n = 40) once every
2 weeks for 52 weeks. Miglustat (195 mg in patients weigh-
ing 40 to < 50 kg and 260 mg in patients weighing > 50 kg)
and placebo were administered ~ 1 h prior to infusion of
cipaglucosidase alfa or alglucosidase alfa, respectively [3].
Cipaglucosidase alfa plus miglustat was not superior
to alglucosidase alfa plus placebo in terms of the mean
change from baseline to week 52 in 6MWD (20.8 vs 7.2 m;
between-group difference 13.6 m; primary endpoint) [3]. At
week 52, cipaglucosidase alfa plus miglustat was associated
with a clinically meaningful improvement in sitting FVC (%
predicted) relative to alglucosidase alfa plus placebo (mean
change from baseline —0.9 vs —4.0%; nominal p = 0.023).
The other key secondary endpoints numerically favoured
cipaglucosidase alfa plus miglustat over alglucosidase alfa
plus placebo, including change from baseline to week 52
in the lower manual muscle test score (1.6 vs 0.9), Patient-
Reported Outcomes Measurement Information System
(PROMIS) physical function (1.9 vs 0.2) and fatigue (— 2.0
vs — 1.7) scores and the Gait, Stairs, Gower’s manoeuvre,
Chair total score (- 0.5 vs 0.8; nominal p < 0.05) [3].
Prespecified and post hoc subgroup analyses demon-
strated that in the overall study population, including ERT-
naive and ERT-experienced patients, cipaglucosidase alfa
plus miglustat was associated with positive trends or clini-
cally meaningful improvements in motor and respiratory
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function compared with alglucosidase alfa plus placebo,
regardless of baseline 6MWD and FVC [11]. The change
from baseline in 6MWD was significantly associated with
improvements in QOL and other patient-reported outcomes,
including PROMIS physical function and fatigue scores and
the Rasch-built Pompe-specific Activity (R-PAct) score [12].

Long-term treatment with cipaglucosidase alfa plus
miglustat for up to 104 weeks was associated with a durable
effect in patients with late-onset Pompe disease participating
in an ongoing, open-label extension (OLE) of the PROPEL
trial (NCT04138277) [13]. The OLE enrolled 117 patients
who completed PROPEL and two patients who had been
enrolled but did not complete PROPEL. Patients either
continued to receive cipaglucosidase alfa plus miglustat
(n = 81) or switched from alglucosidase alfa plus placebo
to cipaglucosidase alfa plus miglustat (n = 37). One patient
did not receive any study treatment in the OLE; therefore,
the OLE safety population included 118 patients. Patients
treated with cipaglucosidase alfa plus miglustat through-
out demonstrated durable improvements in 6MWD that
were maintained throughout the OLE, while 6MWD was
stable throughout the OLE in patients who switched from
alglucosidase alfa plus placebo to cipaglucosidase alfa plus
miglustat. In terms of respiratory function, ERT-experienced
patients who received alglucosidase alfa plus placebo in
PROPEL experienced a decline in sitting FVC that stabilized
after switching to cipaglucosidase alfa plus miglustat in the
OLE. ERT-naive patients in both treatment groups experi-
enced some decline in FVC during PROPEL that stabilized
during the OLE [13].

2.3.2 Phasel/ll

Cipaglucosidase alfa plus miglustat was associated with
durable improvements in motor and respiratory func-
tion in patients with late-onset Pompe disease participat-
ing in an ongoing, open-label, multicentre, phase I/II trial
(NCTO02675465) [9]. The study enrolled four cohorts of
patients at staggered time points. Cohort 1 included ERT-
experienced patients with 2—6 years of prior ERT (n = 11)
who received single doses of cipaglucosidase alfa (5 mg/kg
— 10 mg/kg — 20 mg/kg) for 6 weeks (stage 1) followed
by cipaglucosidase alfa 20 mg/kg plus miglustat (130 mg
— 260 mg) every 2 weeks for 12 weeks (stage 2). Cohort 2
included non-ambulatory ERT-experienced patients with
> 2 years of prior ERT (n = 6), cohort 3 included ERT-
naive patients (n = 6) and cohort 4 included ERT-experi-
enced patients with > 7 years of prior ERT (n = 6). Patients
in cohorts 1-3 received cipaglucosidase alfa 20 mg/kg plus
miglustat 260 mg every 2 weeks for 2 years (stage 3) [9].
Ambulatory ERT-experienced patients treated with cipa-
glucosidase alfa plus miglustat had durable improvements
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in motor function that were sustained for up to 48 months,
with stable respiratory function [9]. In the pooled ERT-
experienced cohorts, the mean change from baseline in
6MWD after 6, 12, 24, 36 and 48 months of follow-up was
23.1, 33.5, 25.2, 9.8 and 20.7 m, respectively. Correspond-
ing changes in FVC were — 0.9, — 1.2, 1.0, — 0.3 and 1.0%,
respectively. Patients in the ERT-naive cohort demonstrated
durable improvements in motor and respiratory function
that were sustained for up to 48 months. In this cohort, the
mean change from baseline in 6MWD after 6, 12, 24, 36
and 48 months of follow-up was 36.7, 57.0, 54.4, 43.5 and
52.2 m, respectively. Corresponding changes in FVC were
4.2,3.2,4.7,6.2 and 8.3%, respectively [9].

Non-ambulatory ERT-experienced patients treated with
cipaglucosidase alfa plus miglustat had improvements in
motor function, respiratory function and patient-reported
outcomes [14]. After 6 and 12 months, cipaglucosidase alfa
plus miglustat was associated with increased upper extrem-
ity muscle strength, as well as improvements from base-
line on the R-PAct, the Rotterdam Handicap Scale and the
Fatigue Severity Scale. All patients reported improvement
in overall physical well-being [14].

2.4 Adverse Events

Cipaglucosidase alfa plus miglustat was generally well toler-
ated in patients with late-onset Pompe disease, according to
pooled data from three clinical trials [2]. The most frequent
adverse events (AEs) only attributable to cipaglucosidase
alfa in the pooled safety population were chills (4%), dizzi-
ness (3%), flushing (2%), somnolence (2%), chest discomfort
(1%), cough (1%), infusion site swelling (1%) and pain (1%).
Serious AEs only attributable to cipaglucosidase alfa were
urticaria (2%), anaphylaxis (1%), pyrexia (1%), presyncope
(%), dyspnoea (1%), pharyngeal oedema (1%), wheezing
(1%) and hypotension (1%) [2].

In the phase III PROPEL trial (NCT03729362), the safety
profile of cipaglucosidase alfa plus miglustat was similar to
that of alglucosidase alfa plus placebo [3]. Treatment-emer-
gent AEs (TEAEs) potentially related to treatment occurred
in 31% of patients in the cipaglucosidase alfa plus miglus-
tat group and 37% of patients in the alglucosidase alfa plus
placebo group. The most frequent (incidence > 15% with
cipaglucosidase alfa plus miglustat) TEAEs were fall (29 vs
39%), headache (24 vs 24%), nasopharyngitis (22 vs 8%),
myalgia (16 vs 13%) and arthralgia (15 vs 13%). Serious

Key clinical trials of cipaglucosidase alfa (Amicus Therapeutics)

Drug(s) Indication Phase Status

Location(s) Identifier

Cipaglucosidase alfa,

LOPD

/1

Active, no longer

miglustat recruiting
Cipaglucosidase alfa, LOPD I Completed
miglustat
Cipaglucosidase alfa, LOPD I Active, no longer
miglustat recruiting
Cipaglucosidase alfa, IOPD 11 Recruiting
miglustat
Cipaglucosidase alfa, LOPD I Recruiting
miglustat
Cipaglucosidase alfa ~ LOPD v Discontinued
Cipaglucosidase alfa ~ LOPD EAP Recruiting
Cipaglucosidase alfa, IOPD EAP Recruiting

miglustat

EAP expanded access programme, /OPD infantile-onset Pompe disease, LOPD late-onset Pompe disease

Multinational

Multinational

Multinational
USA
Multinational

Multinational
Unknown
Italy, Taiwan, USA

NCT02675465;
EudraCT2015-004798-34

PROPEL; NCT03729362;

EudraCT2018-000755-40;

cCTI194887

AMICUS; NCT04138277;
EudraCT2019-000954-67

Japi-

ROSSELLA; NCT04808505

NCT03911505

STRIDE; EudraCT2017-004370-34

NCT03865836
NCT04327973
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TEAE:s occurred in 9% of cipaglucosidase alfa plus miglus-
tat recipients and 3% of alglucosidase alfa plus placebo
recipients; one event (anaphylaxis in the cipaglucosidase alfa
plus miglustat group) was potentially related to treatment.
TEAEs led to treatment discontinuation in three cipaglucosi-
dase alfa plus miglustat recipients (severe chills, severe ana-
phylaxis, moderate COVID-19-related pneumonia) and one
alglucosidase alfa plus placebo recipient (stroke; unrelated
to treatment). The incidence of IARs was similar both treat-
ment groups (25% with cipaglucosidase alfa plus miglustat
and 26% with alglucosidase alfa plus placebo) [3]. Most
IARs were transient and of mild or moderate severity [2].

No new safety signals were identified during the OLE of
the PROPEL trial (NCT04138277) [13]. The safety profile in
patients who switched from alglucosidase alfa plus placebo
to cipaglucosidase alfa plus miglustat was similar to that in
patients who continued cipaglucosidase alfa plus miglustat
from the start of PROPEL. The majority of TEAEs reported
during the OLE were mild or moderate in severity [13].

There have been reports of immune complex-related reac-
tions (including severe cutaneous reactions and nephrotic
syndrome) with other ERTs in patients with high immu-
noglobulin G titres [2]. A potential class effect cannot
be excluded. Therefore, patients should be monitored for
clinical signs and symptoms of systemic immune complex-
related reactions during treatment with cipaglucosidase alfa
plus miglustat [2].

As with all therapeutic proteins, there is potential for immu-
nogenicity with cipaglucosidase alfa. In the PROPEL trial, the
proportion of ERT-naive patients treated with cipaglucosidase
alfa plus miglustat with detectable anti-drug antibody (ADA)
titres increased from 0% at baseline to 88% at the final visit,
while the proportion of ERT-experienced patients with detect-
able ADA titres remained stable (83% at baseline and 74% at
the final visit) [15]. The incidence of enzyme-activity neu-
tralizing antibodies was low. The presence of ADAs had no
impact on the efficacy (6MWD and FVC), pharmacodynamics
(CK and Hex4), pharmacokinetics, or safety of cipaglucosi-
dase alfa plus miglustat [15].

2.5 Ongoing Clinical Trials

In addition to the ongoing OLE (NCTO04138277) and
phase I/II trial (NCT02675465) discussed in Sect. 2.3,
recruitment is underway for two open-label, multicentre,
phase III trials assessing the safety, efficacy, pharmacoki-
netics, pharmacodynamics, and immunogenicity of cipa-
glucosidase alfa plus miglustat in ERT-experienced and
ERT-naive paediatric patients (aged O to < 18 years) with
infantile-onset Pompe disease (NCT04808505; ROSSELLA)
or late-onset Pompe disease (NCT03911505). Two expanded
access programmes are also ongoing in patients with Pompe
disease (NCT03865836 and NCT04327973).
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3 Current Status

Cipaglucosidase alfa received its first approval on 27 March
2023 as a long-term ERT used in combination with miglustat
for the treatment of adults with late-onset Pompe disease in
the EU [5].

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40265-023-01886-5.
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