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I. Introduction 
Pompe disease, also known as glycogenosis type 2 or acid maltase deficiency is a rare autosomal 

recessive disease that disables the heart and skeletal muscles. It is caused by more than 450 mutations in the 

GAA gene that makes acid alpha-glucosidase. 
1
 The enzymatic deficiency of alpha-glucosidase leads to the 

accumulation of glycogen within the lysosome, which leads to deterioration in cardiac and skeletal muscle, and 

fatality by cardiorespiratory failure.Pompe disease encompasses a spectrum of clinical manifestations which 

vary by age of onset, organ involvement and degree of myopathy
2
.  

In general, Pompe disease is classified either as infantile onset (IOPD), often defined as onset of 

disease at age ≤ 12 months with cardiomyopathy or late onset (LOPD), with presentation after > 12 months of 

age or presentation at ≤12 months without cardiomyopathy. However, a variety of definitions are used and 

patients with onset of disease at ≤12 months without cardiomyopathy can also be categorized as atypical IOPD 
3
. IOPD is usually characterized by a complete loss of GAA activity; most common symptoms include 

hypotonia, progressive weakness, macroglossia, hepatomegaly and hypertrophic cardiomyopathy. Life 

expectancy for IOPD is around 1 year, and death is usually due to cardio–respiratory failure 
4
. In contrast, LOPD 

is generally associated with a wider range of age of onset and clinical symptoms, and the level of reduction of 

GAA enzyme activity shows inter-patient heterogeneity 
5
. Common symptoms of LOPD include progressive 

limb girdle weakness and respiratory insufficiency, without cardiomyopathy
6
. 

 

Epidemiology 

Around 1 in every 40,000 births inherit Pompe disease and experts estimate that 5,000 to 10,000 people 

have Pompe disease worldwide.
6
 It is most common in African Americans and some Asian groups. The highest 

genetic prevalence for GAA deficiency is observed in the East Asian population at 1 in 12,125. In Taiwan, the 

incidence rate is lower and is estimated to be 1 in 34,348.
7
 

One study estimated the carrier frequency (CF) and predictive genetic prevalence (pGP) of GAA 

deficiency by region. The authors analyzed variants of the GAA gene using the GnomAD (v2.1.1) database in 

unrelated Africans/African Americans (12,487), Latino/admixed Americans (17,720), Ashkenazi Jews (5185), 

East Asians (9977), Finnish (12,562), non-Finnish Europeans (64,603), South Asians (15,308), and others 

(3614). A total of 3270 genetic variations of GAA were identified, of which 154 were classified as pathogenic or 

likely pathogenic variants (PLPVs) (Table A).
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Table A 

 

Current standard of care and cure for Pompe disease 

Until recently, there has been no specific treatment for Pompe disease, other than supportive care. 

Alanine, high-protein diets, branched chain amino acids and β-agonists such as albuterol
8
 have been reported to 

offer limited benefits in some individuals. Epinephrine and glucagon
9
, which enhance cytosolic glycogen 

breakdown, have also been attempted with no therapeutic effect.
10

 Bone marrow transplantation has not been 

shown to be useful, though experience is very limited.
11

 Similarly, heart transplant for which there is even less 

experience has not been shown to be useful. 

Moreover, the treatment of Pompe disease is disease-specific, symptomatic and supportive.  The input 

of pediatricians, internists, neurologists, orthopedists, cardiologists, dieticians, physical therapists and other 

healthcare professionals may be needed to develop the treatment plan. 

The assessment of cardiac function by echocardiography is an essential part of the ongoing 

management of Pompe patients. Initial findings of increased wall thickness and left ventricular (LV) mass need 

to be evaluated on a regular basis by a standardized approach since establishing the stage of the cardiomyopathy 

is useful in determining treatment. This also can help with following disease progression and response to 

intervention. Functional measures including 2-D ejection fraction (EF) and the myocardial performance index 

are helpful in longitudinal follow-up.
12

In the presence of LV outflow tract obstruction, the use of digoxin, other 

inotropes, diuretics, and afterload reducing agents such as ACE-inhibitors may exacerbate the left ventricular 

outflow tract obstruction. 

There is a liberal use of bronchodilators, steroids and selective beta agonists like levalbuterol for 

Cardiomyopathy. Supplemental O2 (either nocturnal or continuous) can be used to treat hypoxia, provided that 

hypoventilation is not present, and this has proven to work on infants as well
13

 

If hypoventilation is present while both awake and asleep, consideration is given to using continuous 

noninvasive positive pressure ventilation or tracheostomy tube placement with mechanical ventilation. 
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Additionally, people suffering from Pompe disease require physiotherapy and nasoduodenal or gastro-jejunal 

feeding to minimize the risk of aspiration. They also require needle electromyography (EMG) in initial 

evaluation to determine presence of denervation as evidence of anterior horn cell involvement. 

 

Several open-label clinical trials involving patients with infantile-onset Pompe disease have shown that 

enzyme replacement therapy significantly prolongs survival,
14

 decreases cardiomegaly
15

, and improves cardiac 

and skeletal muscle function. In the vast majority of cases cardiac response appears to be good, irrespective of 

the stage of the disease at the start of Enzyme Replacement Therapy (ERT) . Skeletal muscle response has been 

more variable than cardiac muscle response. The best skeletal muscle response has been noted in patients treated 

early, prior to severe skeletal muscle damage. There are several patients on ERT who can walk. With the advent 

of ERT, the natural history of this once lethal disease has changed and additional physical and mental 

disabilities may be uncovered. However, there are patients who have not had a good outcome despite early 

treatment. Factors such as muscle fiber type, stage of disease at start of therapy, genotype and immune response 

to the recombinant enzyme may play a role in determining outcome and need further investigation. Additional 

larger-scale trials in infants to establish the extent of long-term benefit, the optimal dosing protocol, and the 

effect of other factors on outcome of therapy are needed and are currently underway. Trials of ERT in late onset 

Pompe disease are also underway. With the introduction of therapies such as ERT, long term survival is now a 

reality and closer attention to the natural history of treated patients is of paramount importance. 

The use of small molecules to treat lysosomal storage disorders is also emerging as a therapeutic option 

either as a single agent or in combination with other therapies. Work on a second generation recombinant 

enzyme for Pompe disease for more efficient targeting to muscle is currently in the preclinical stages. 

Pharmacologic chaperones that bind to the affected proteins and restore their shape, proper trafficking, and 

biological activity may also become available for those who can make protein. Several challenges remain before 

clinical testing of these therapeutic strategies can be considered. In the case of gene therapy, work still remains, 

especially in terms of safety. 

Moreover, treatment with the two-part investigational therapy AT-GAA improved walking ability and 

lung function for up to three years among adults with Pompe disease in a Phase 1/2 clinical trial. AT-GAA is an 

investigational two-component therapy that consists of cipaglucosidase alfa (ATB200), a recombinant human 

acid alpha-glucosidase (rhGAA) enzyme with optimized carbohydrate structures, particularly bis-

phosphorylated mannose-6 phosphate (bis-M6P) glycans, to enhance uptake into cells, administered in 

conjunction with miglustat (AT2221), a stabilizer of cipaglucosidase alfa. In preclinical studies, AT-GAA was 

associated with increased levels of the mature lysosomal form of GAA and reduced glycogen levels in muscle, 

alleviation of the autophagic defect and improvements in muscle strength. 

The ongoing study enrolled three cohorts of ambulatory patients: 2–6 years (n=11; aged 18–65 years) 

or ≥7 years (n=6; aged 18–75 years) prior enzyme replacement therapy (ERT) with 20 mg/kg alglucosidase alfa 

biweekly, ERT-naïve (n=6; aged 18–65 years). Doses were 20 mg/kg cipa glucosidase alfa by intravenous 

infusion/260 mg miglustat orally biweekly in the long-term extension. Changes from baseline (CFBL) in 

multiple endpoints were assessed at intervals. Results from ATB200-02 showed that most ERT-experienced 

patients either improved or stabilized in their efficacy and biomarker outcomes. ERT-naïve patients 

demonstrated clinical benefit with cipa glucosidase alfa/miglustat. Overall, there were sustained and durable 

improvements in clinical response up to 36 months’ follow-up. 

 

Companies working in Enzyme Replacement Therapy and AT-GAA 

 

1. Sanofi Genzyme 

The FDA cleared Sanofi’s Nexviazyme, also known as avalglucosidase alfa-ngpt, to treat patients ages one and 

older with LOPD. It marks the FDA’s second approved drug for the rare genetic disease, the first of which also 

belongs to Sanofi.
16

 

The company's earlier ERT, alglucosidase alfa, was first approved in 2006 as Myozyme for IOPD. In 2010, the 

same ERT was approved as Lumizyme to treat LOPD in patients ages eight and older, and, in 2014, the FDA 

expanded its label to treat IOPD as well.  
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2. Amicus Therapeutics 

The US FDA has accepted filings for Amicus’ AT-GAA for the treatment of Pompe disease.
17

 The FDA has set 

a Prescription Drug User Fee Act (PDUFA) action date of May 29, 2022 for the NDA and July 29, 2022 for the 

BLA. The BLA and NDA are based on the evaluation of the effects of AT-GAA in Pompe disease patients and 

its safety profile, which include data from the Phase 1/2 and Phase 3 PROPEL studies as well as data from the 

open-label extension study.
18
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