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Disclosure

I am the regional representative of the Sanofi 
international Pompe registry advisory board and the 
local PI of rare disease registry program sponsored by 
Sanofi

I am a member of the Amicus APAC regional advisory 
board on Fabry disease



These presentation materials have been prepared for medical and scientific
information sharing/ exchange purposes and not intended to encourage the
use of any product mentioned therein in any manner inconsistent with the
label approved by local regulatory authority.

Sanofi does not recommend nor encourage the use of any product in any
manner inconsistent with the locally approved label.

These presentation materials may include information about an
investigational product still under clinical study or uses of a product that are
outside the product’s approved label in your country and may include
information about preclinical studies or clinical studies that are still ongoing
and maybe outside a product’s approved label.

Disclaimer



A fairy tale



Mr Crowley resigned from his senior vice 
president position in Genzyme in 2002 to avoid 
conflict of interest in getting his children into 
ERT clinical trials, he later joined Amicus and is 
now the executive chairman of the company

A showcase in business study



Dr J. C. Pompe, a Dutch pathologist, first described in 1932 in 
his article Over idiopathische hypertrophie van het hart a 7 
month girl died with severe muscle weakness and hypertrophic 
cardiomyopathy, the critical observation from autopsy was the 
glycogen accumulations in tissue throughout the body. He 
called this disease Cardiomegalia Glycogenica in his thesis 
finished in 1936.

During WWII when 
Netherland was conquered 
by Germany, Dr Pompe
joined the Dutch Resistance 
and use his laboratory to 
shelter the tele 
transmitters, he was 
arrested and later executed 
on 15 April 1945 by Nazi 
army

http://pompestory.blogspot.com/2009/04/joan
nes-cassianus-pompe-1901-1945.html
Arch Neurol 2000;57:134-135



In 1955, Prof Christian de Duve and his team found that there 
was some intracellular particles with digestive properties while 
investigating insulin on liver cells, de Duve named these 
particles lysozomes. This is an important discovery to realise 
that our cells have internal compartments (organelles) with 
different functions. Prof de Duve was awarded the Nobel Prize 
for his discoveries in 1974.

Prof Henri-Gery Hers, a co-worker of de Duve, did not further the research in 
lysosomes, but established his own research team to continue his interest in 
carbohydrates. In testing an enzyme he thought for GSD3, he found the enzyme 
level was normal in GSD3 but generalized deficient in Pompe disease samples. He 
also found that the enzyme worked best under acidic medium. With this clue he 
went on to prove that the enzyme was located in lysosome which has acidic 
environment, this enzyme was responsible to decompose glycogen inside 
lysosome, and without the enzyme glycogen accumulates as they were isolated 
from the normal enzymes for glycogen metabolism in the rest of the cell. This 
was the discovery of acid α-Glucosidase in 1963.



Lysosomal storage disease types, list, causes, symptoms & treatment (healthjade.net)

There are > 70 LSDs identified with a 
collective birth incidence of 1:5,000

Hers then described the concept lysosomal storage disease based on the discovery of 
lysosomal enzyme acid α-Glucosidase deficiency in Pompe disease, Pompe disease is the first 
LSD being recognized.



EMBO Molecular Medicine 2021;13:e12836

Gaucher 
disease



Enzyme replacement therapy is particularly appealing in LSD since there is a 
natural mechanism for enzyme to enter the cell and concentrate in lysosome, this 
was where the story of Crowley family began

The initial attempts of enzyme replacement therapy in Pompe
disease has been disappointing, the first success came with Erasmus 
University group Prof Arnold Reuser and his then PhD student Van 
der Ploeg, they make use of the recently found enzyme trafficking 
into lysosome though a receptor for sugar mannose-6-phosphate, 
and inject the phosphorylated enzyme produced from bovine testes 
into mice, and demonstrated successful uptake of the exogenous 
enzyme in muscle and heart. Their result was published in 1991.

Clin Invest. 1991;87(2):513-518



Lancet 2000;356:297-8

Two methods for recombinant acid 
α-Glucosidase was developed, one 
from transgenic rabbit milk and 
one from Chinese hamster ovary 
(CHO) cell lines. 
The Dutch group published a first 
open label study on 4 IOPD 
patients using ERT from transgenic 
rabbit milk demonstrated positive 
results. In the later development 
production from transgenic rabbit 
milk was discontinued since it is 
easier for large scale production 
using CHO cell lines.

Prof Yuan-Tsong Chen (陳垣崇)
Duke University

Genetics in edicine,2001:3(2):132-8



• The Duke university group then published the first 
comparative study on 18 IOPD patients treated with 
aglucosidase alfa at 20mg/kg EOW and 40mg/kg EOW

• All survived at 18m age

• ERT reduced risk of death by 99%, risk of death or 
invasive ventilation by 92%, and risk of death or any 
type of ventilation by 88%, LV mass dropped by half

Neurology 2007;68(2):99–109 

Survival

LV mass



Alglucosidase alfa was approved by FDA & EMA in 
2006 for Pompe disease

J Pediatr 2015;166:985-91

survival

Ventilator 
free survival



Impact of high & sustained anti-drug 
antibody titre (HSAT) on disease 
outcome in IOPD
CRIM status
• Presence of endogenous GAA detected on Western 

blot-> CRIM+ve
• No detectable GAA on Western blot-> CRIM-ve

Mol Genet Metab 2010;9:26-33

Genet Med 2011;13:729-736

With ERT, CRIM+ve patients 
had much better survival 
than CRIM-ve patients

CRIM+ve patients who 
developed HSAT had poor 

survival, similar to CRIM-ve
patients





Evolvement of cerebral white matter change occurred in 
three-stage pattern:
• Stage 1: around 2y, periventricular white matter 

involvement at centrum semiovale
• Stage 2: from 8y onwards, white matter abnormalities 

expanded to subcortical areas and internal / external 
capsule

• Stage 3: from 11y onwards: infratentorial white matter 
being involved

Dev Med Child Neurol
2018;60:579-586



ERT experience in IOPD

Survival

Ventilator free survival

Mobility

o Age of ERT
o Immunogenicity
o ERT dosage



N Engl J Med 2010;362:1396-406

Improve
ment in 
ambulatio
n, 6min 
walking 
distance 
improved 
by 25m or 
7.5%

Stabilization 
of 
respiratory 
function



Neurology 2017;89:2365–2373

Dutch national cohort involving 102 
adult Pompe patients



This registry included 158 adult Pompe patients after ERT, a two-model effect was observed in 6MWD with 
initial improvement in the first 2y followed by a gradual decline of 2.3%/y while the FVC showed a single slop 
-0.9%/y, a ceiling effect is seen at 2-3y after ERT

J Inherit Metab Dis. 
2020;43:1219–1231





Neurology 2019;93:e1756-e1767

10y Fu in 30 patients initially 
recruited in LOTS (Late Onset 
Treatment Study), majority of 
patients had decline in 6MWT 
and FVC after initial improvement 
or stabilization, large variation in 
individual response was seen in 
long term Fu



Experience of ERT in LOPD

Improvement or stabilization of muscle strength and respiratory function

Improvement of QoL

Possible better survival

Although there is gradual deterioration over time, ERT in 
LOPD still brings about



Unmet needs in the treatment of Pompe disease

• Although as a group both IOPD and LOPD responds to ERT, individual 
patient response highly variable

• Gradual deterioration of strength and respiratory function over years

• Lysosomal glycogen storage and autophagic buildup are the two 
main pathological findings in Pompe disease, autophagic buildup 
interrupts the trafficking of rhGAA to the target lysosome, and with 
accumulation of acid-phosphatase +ve inclusions (lipofuscin 
inclusions) further disrupt the myofibril architecture and muscle 
damage, disruption of enlarged lysosomes with accumulation of 
cytoplastic glycogen accumulation, autophagic buildup is more 
prominent in type II (fast fibre, glycolytic)

• ERT cannot reverse the autophagic buildup or clear the cytoplastic 
glycogen accumulation

• Lack of abundant M6P receptor in skeletal muscle cell and the low 
M6P content in aglucosidase alfa results in suboptimal targeting of 
ERT to its target tissue Acta Neuropathol Commun 2014;2:2



Aims at better target tissue delivery through 
modification of M6P moiety in rhGAA

Second generation ERT

Avalglucosidase alfa 

Cipaglucosidase alfa 



Cipaglucosidase alfa + miglustat as two component 
study developed by Amicus. Cipaglucosidase alfa is 
a rhGAA enriched with bis-phosphorylated (bis-
M6P) N-glycans for high affinity mannose-6-
phosphate receptor binding. Co-administraton of 
miglustat increases the GAA area under 
concentration-time curve by 35%. The drug 
manufacturer is WuXi biologics 药明生物, a 
Chinese biologics company listed in HKEX.

Drugs 2021; 81:1803–1809

Drugs 2023; 83:739–
745

Avalglucosidase alfa is a rhGAA enzyme conjugated 
with multiple synthetic bis-mannose-6-phosphate 
(bis-M6P)-tetra-mannose glycans developed by 
Sanofi, aims to enhance receptor targeting and 
enzyme uptake. Preclinical studies found that 
avalglucosidase alfa had increased binding affinity 
for the M6P receptor compared with alglucosidase
alfa (> 95% vs 15–30%), and it achieved 5x more 
glycogen clearance in muscle cells



-

Therapeutics and Clinical Risk 
Management 2022:18 1099–1115

Both products 
demonstrated better 
patient outcome in 
phase III trials over a 
wide range of different 
parameters and 
biomarkers



Gene therapy in Pompe disease: the future is 
approaching
• Gene therapy is frequently quoted as the ultimate cure in hereditary disease

• Gene therapy has many therapeutical advantages over ERT
• One-off treatment, avoid the need for life-long regular enzyme infusion 

• No immunogenicity

• CNS correctable

• Muscle-directed, liver-directed

• In vivo vs ex-vivo

Biomedicines 2022;10:302



Biomedicines 2022;10:302

In autologous ex 
vivo lentiviral gene 
therapy, CD34+ 
cells are extracted 
form the mobilized 
blood and 
transduced with 
the LV vector 
carrying the 
functional GAA, 
and infused back 
to patient. Patient 
are conditioned 
with alkylating 
agents to assist the 
engulfment of 
marrow and 
repopulation of 
haematopoietic
cells capable to 
secret GAA, cross 
correcting the 
affected tissues

Utilization of 
different
AAV vector capsid 
proteins and 
routes of 
administration are 
used to target 
distinct tissue 
niches. Transduced 
cells secrete 
functional enzyme 
locally, or 
systemically 
depending on 
targeted tissue



ClinicalTrials.gov



IND (investigational new 
drug) approval)

This first case in IOPD trial probably received tx in Sep 
2023 as reported in the sponsor’s homepage



Immunomodulation by liver 
specific gene therapy

• Liver specific gene therapy could modulate the immune 
response by stimulating T reg cells

• Adeno associated virus (AAV)8 shows good liver tropism 
and serves a good vector for liver targeted gene therapy

• Preclinical study on GAA knock-out mice with liver-depot gene therapy using 
rAAV8 vector showed good liver expression of GAA and trafficking of enzyme to 
the target tissues without anti-GAA Ab development

• Using subtherapeutic liver-depot gene therapy in GAA knock-out mice so that 
GAA was expressed only in liver,  followed by regular rhGAA challenges, those 
with gene therapy showed significantly lower antibody titre, proving the 
immune tolerance effect 

• Liver depot gene therapy for Pompe disease is now under phase I trial



• As human beings we are defined at our core by how we respond to 
hardship. Good doesn’t just happen. If you want good things to 
happen for yourself, your family and for the world, you have to fight.

John F. Crowley 

• From being an incurable, devastating and fatal disease to our then 
focusing on better survival, better strength and better quality of life  

• We see lots of love, hope and excitements

• Truely, we still have many unmet needs, many issues inadequately 
addressed

• Nevertheless, with the courage we saw in the Pompe community, 
from patients to scientists, we fight, we believe we will make miracle 
again and again

Thank you
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