
Rare Diseases at Sanofi:
An overview of Lysosomal Storage Disorders  

& Sanofi’s commitment to the development 
and provision of treatments
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We are committed to 
the pursuit of 

better care for rare.

Better Support
Support for people living 

with rare diseases across their 
lifelong journey

Better Access
Equitable access to 

medicines

Better Innovation
Development of treatments 

that aim to improve real-world 
outcomes

Better Diagnosis
Timely and accurate rare 

disease diagnoses
JJ,  

Living with ASMD, 
USA
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Living with 
Gaucher disease, 
Cuba

Nick,  

Living with MPS I 
disease, USA

George,  
 Living with 
Fabry disease, 
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For more than 40 years, Sanofi has pioneered science and innovation, rallying our 
people and resources to help improve the lives of those living with rare diseases. 

We’re proud of the progress made —and there is more to do. 

SANOFI 
RARE DISEASE 

LEGACY

Through our commitment to faster diagnoses, innovative treatments, sustainable access, and 
integrated support along the patient journey, Sanofi’s mission in rare diseases remains clear: 

We strive to enable fulfilling futures for extraordinary people, 
no matter how rare their condition.

Sanofi has a strong foundation in lysosomal storage disorders (LSD’s): a group of rare, genetic conditions 
caused by enzyme deficiencies. We are proud to have launched groundbreaking medicines for Gaucher 
disease, Pompe disease, Fabry disease, mucopolysaccharidosis I (MPS I) and acid sphingomyelinase 
deficiency (ASMD), and we continue to help redefine standards of care for these conditions.

Sanofi’s leadership in the rare disease community was established in 1984 with the development of a 
treatment for Gaucher disease, one of the most common lysosomal storage disorders. This came on the back 
of its breakthrough work in genetic engineering and recombinant DNA manufacturing, which enabled the 
large-scale production of enzyme replacement therapies (ERTs). 

The diagnostic journey can be painfully long—sometimes lasting 10+ years. In our quest to shorten this journey, 
we are guided by both human understanding and scientific innovation. Applying these insights in partnership 
with academic medical centers, technological innovators, and patient advocates, we have contributed to the 
diagnosis of 40,000 people with rare diseases worldwide.

Leading with 
Innovation

Pioneering 
R&D

Small 
populations, 

big impact

HOME SANOFI 
COMMITMENT

SANOFI
RARE DISEASE 

LEGACY

LSD 
BACKGROUND 

& TYPES
ASMD FABRY GAUCHER MPS I MPS II

REGISTRIES
PROGRAM REFERENCES MISSION

HUMANITARIAN & 
PATIENT ADVOCACY

INFANTILE-ONSET 

POMPE
LATE-ONSET 

POMPE
GM2

GANGLIOSIDOSES



Inherited
The majority of LSDs are inherited through an autosomal 
recessive manner. The three exceptions are X-linked:  
Fabry disease, Hunter syndrome, and Danon disease.2

SELECT EXAMPLES OF LSDs

DISEASE MISSING ENZYME ACCUMULATING SUBSTANCE

ASMD acid sphingomyelinase sphingomyelin

Fabry disease α-galactosidase A globotriaosylceramide (GL-3)

Gaucher disease glucocerebrosidase glucocerebroside

GM2 
gangliosidoses β-hexosaminidase GM2 ganglioside

MPS I α-L- iduronidase glycosaminoglycans (GAGs)

MPS II iduronate-2-sulfatase glycosaminoglycans

Pompe disease acid α-glucosidase glycogen

WORLDWIDE INCIDENCE OF LSDS

1 in 1,500 to 7,000 live births
ACROSS >50 DIFFERENT DISEASES2

What are LSDs? 
Lysosomal storage disorders (LSDs) are rare genetic conditions 
that cause a buildup of toxic materials in your body’s cells due 
to enzyme deficiency. LSDs can affect organs such as the brain, 
spleen, liver, heart, bones, and muscles, which varies depending 
on the specific disorder.1

While there is no cure for LSDs, early diagnosis is essential to 
both maximize potential improvement and prevent irreversible 
organ damage.2

What causes LSDs?
Enzymes are a type of protein that break down certain fats or sugars and assists your cells’ 
lysosomes with metabolism. Genetic pathogenic variants in the gene encoding an enzyme 
cause most LSDs. This pathogenic variant leads to accumulation of fats and sugars in cell 
lysosomes, which disrupts normal function and can cause damage throughout the body.1,3

How are LSDs diagnosed?
Healthcare providers can diagnose LSDs during pregnancy or in children and adults using 
several diagnostic tests, including enzyme testing and genetic testing.4

What treatments are available?
Treatment of LSDs varies depending on the substances that accumulate. There is currently no 
cure for LSDs, but several therapeutic options exist including enzyme replacement therapy 
(ERT), substrate reduction therapy (SRT), chaperone therapy, and hematopoietic stem cell 
transplantation (HSCT).  

X✔

LSD
BACKGROUND

TYPES OF 
LSDs
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1 in 200,000

HYPOTONIA*
DEVELOPMENTAL DELAY**

CHERRY RED MACULAE**

HEPATOMEGALY & 
SPLENOMEGALY 

PROGRESSIVE PULMONARY 
DYSFUNCTION

PATHOLOGIC FRACTURES***

LOW PLATELETS, ABNORMAL 
CHOLESTEROL & TRIGLYCERIDES, 
& LOW HEMOGLOBIN

Historically known as Niemann-Pick disease 
types A, A/B, and B, acid sphingomyelinase 
deficiency (ASMD) is a potentially life-
threatening LSD that affects pediatric 
and adult patients. Deficiency in acid 
sphingomyelinase (ASM) enzyme activity 
leads to intracellular sphingomyelin 
accumulation that results in progressive 
multiorgan damage. ASMD represents a 
wide clinical spectrum of disease.1

2015 WORLDWIDE INCIDENCE2

* Type A
** Type A and Type A/B
*** Type B and Type A/B

Citation: 3,4

Anna,  
Living with ASMD disease,  
Brazil

UNDERSTANDING

ASMD

The rarity of ASMD, heterogeneity of its 
manifestations, and challenging differential 
diagnosis can result in delayed diagnosis 
and management of patients.

Early diagnosis of ASMD is critical for 
appropriate management.

Identifying known disease-causing alleles 
of ASMD allows for

1. Individual genetic counseling 

2.  Carrier screening for at-risk  
individuals 

3. Family planning

A simple enzyme activity test 
can be performed on a DBS 
(dried blood spot) to indicate 
reduced ASM activity.

A positive DBS enzyme assay is highly 
indicative of ASMD, but an analysis from a 
whole blood sample and/or genetic testing is 
required to confirm the diagnosis.5

IMPORTANCE OF EARLY DIAGNOSIS
HOW TO DIAGNOSE

Type A
Historically known as  
Niemann-Pick disease type A  
(NPA) or infantile neurovisceral ASMD

• Onset: Early Infancy

•  Phenotype: Rapidly progressive with 
acute multiorgan manifestations and 
neurodegeneration

•  Life Expectancy:  2 to 3 years of age

Type A/B
Historically known as Niemann- 
Pick disease type A/B (NPA/B)  
or chronic neurovisceral ASMD

•  Onset: Infancy to childhood

•  Phenotype: Variably progressive with 
multiorgan manifestations and differing 
degrees of neurologic involvement

•  Life Expectancy: Between early 
childhood and adulthood

Type B
Historically known as Niemann- 
Pick disease type B (NPB) or  
chronic visceral ASMD

•  Onset: Infancy to childhood

•  Phenotype: Chronic with multiorgan 
manifestations and no or only minor 
neurologic involvement

•  Life Expectancy: Between childhood 
and late adulthood 

ASMD is an autosomal recessive LSD caused by pathogenic 
variants in the ASM enzyme–encoding gene sphingomyelin 
phosphodiesterase 1 (SMPD1).

Sphingomyelin helps regulate cellular processes, such as 
cell cycle regulation, cell signaling, and apoptosis.

When ASM activity is deficient, sphingomyelin cannot 
be sufficiently metabolized; it accumulates in lysosomes, 
particularly in macrophages and hepatocytes. This 
accumulation damages cells in multiple organs, leading to 
potentially life-threatening complications.

Males and females have an equal chance of being affected4

GENETIC PROFILE
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Citations: 6-11

1 in 40,000 males

Fabry disease is a rare lysosomal 
storage disorder in which a deficiency 
of α-galactosidase A (α -Gal A) causes 
globotriaosylceramide (GL-3) and other 
substrates to accumulate in multiple cell 
types.1,2  Accumulation of GL-3 can lead to 
progressive cell damage, fibrosis, pain, organ 
failure, and eventually, premature death if left 
untreated.3,4

Emma & Signe,  
Living with Fabry disease,  
Denmark

2008 WORLDWIDE INCIDENCE5,16

GENETIC PROFILE
Fabry is inherited in an X-linked manner. This gives females 
a greater chance of being affected.5  There are over 770 
pathogenic variants in the GLA gene that have been reported 
and they can vary in age of onset, rate of progression, organ 
involvement, and disease severity.1, 15 

An initial diagnosis for Fabry Disease can 
be made through an α-GAL enzyme assay. 
This can be an enzyme assay using plasma, 
leukocytes or skin cultured cells. Another 
common and easy way to test for α-GAL 
activity is a DBS (dried blood spot) assay.12

Enzyme assays that show a reduced or absent 
level of α-GAL should be followed up through a 
DNA analysis to confirm diagnosis and identify 
the specific GLA gene mutation. Plasma lyso-
GL3 can also be used as a biomarker to confirm 
diagnosis of Fabry Disease, especially in male 
patients.17

Genetic testing and counseling should be 
offered to all relevant family members.13

IMPORTANCE OF EARLY DIAGNOSIS
The average time from symptom onset to diagnosis is 15 years 
for males and 18 years for females.14 The large delay in diagnosis 
is due in part to the nonspecific nature of early symptoms, 
heterogeneous phenotypes, and lack of disease awareness.1

Fabry Disease is progressive and can lead to irreversible damage 
to major body organs. Early diagnosis is very important as it 
provides an opportunity to intervene early and avoid irreversible 
organ damage.1

TIME TO DIAGNOSIS

INHERITANCE PATTERN
HOW TO DIAGNOSE

DEPRESSION

LEFT VENTRICULAR 
HYPERTROPHY
(due to myocardial fibrosis)

GASTROINTESTINAL PAIN 
AND DISCOMFORT

NEUROPATHIC PAIN
(Chronic, pain attacks/crisis, 
evoked pain)

RENAL INSUFFICIENCY

ANGIOKERATOMA 

1 in 30,000 females

Male and female patients 
in the Fabry Registry were 
diagnosed 15 and 18 years, 
respectively, after onset of 
first symptoms1

9

2415 years
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31

13

0 10 20 30 40

18 years

Symptom onset                   Diagnosis                     Gap between symptom onset and diagnosis

  

X-linked 
Inheritance

Affected mothers have a 50% risk of 
passing along the defective gene (Xr) 
to their children, regardless of gender   

 

r 

 

XXr r XXXXr r XX

XX YY

XX YYXX YY

XX XXXX XX

XXr r YYXXr r XX

XX YY

XX XXXX YY

GLA mutation
No GLA mutation

UNDERSTANDING

FABRY 
DISEASE
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1 in 850 people of Ashkenazi Jewish heritage5

Gaucher disease (pronounced go-shay) 
is the most common lysosomal storage 
disorder. It is caused by a deficiency in the 
enzyme glucocerebrosidase. Insufficient 
enzyme activity in Gaucher patients results in 
progressive accumulation of glucocerebroside 
in the macrophages. Clinical symptoms arise 
due to the displacement of normal cells by 
lipid engorged Gaucher cells. Accumulation 
occurs in organs throughout the body, 
typically the bone marrow, liver, and spleen.1,2,3

2006 WORLDWIDE INCIDENCE

A simple enzyme 
activity test can 
be performed on a 
DBS (dried blood 
spot).

A positive DBS enzyme assay 
is highly indicative of Gaucher 
disease, but an analysis from a 
whole blood sample is required 
to confirm the diagnosis.7

PHENOTYPES OF GAUCHER DISEASEHOW TO DIAGNOSE

Pawan,  
Living with Gaucher disease,  
India

UNDERSTANDING

GAUCHER 
DISEASE

HEMATOLOGIC 
Low platelets

Decreased hemoglobin levels 

Bruising easily (due to low blood platelet 
count)

ENLARGEMENT OF LIVER 
AND SPLEEN

SKELETAL DISORDERS
Bone pain/bone crisis

Growth retardation

Pathologic fractures

Avascular necrosis

Low bone mineral density

Gaucher disease is a phenotypic continuum with a spectrum of clinical 
presentations.13,14 Symptoms can present in early childhood in a severe form or 
in adulthood in a mild form.4

SEVERE                                                                                                              MILD
INFANCY                                                                                                                             ADULTHOOD

TYPE 1
Non-neuronopathic

TYPE 2
Acute neuronopathic

TYPE 3
Chronic neuronopathic

NEUROLOGICAL EFFECTS None Severe Moderate to severe

SYMPTOM ONSET Any age First year of life Childhood

COURSE Progressive Rapidly progressive Progressive

NEUROLOGICAL MANIFESTATIONS*: 
ataxia, cognitive deficits, gaze palsy, 
kyphosis, seizures (progressive 
myoclonic epilepsy) and tremor

* Gaucher Disease Type 3 (chronic neuronopathic)

GENETIC PROFILE
Gaucher disease is inherited in an autosomal recessive 
manner. If both parents are carriers of the disease-
causing allele, their child has a 25% chance of being 
affected with Gaucher disease. Males and females 
have an equal chance of being affected.3,6

More than 480 pathogenic variants in the GBA gene 
are associated with Gaucher disease. N370S [N409S], 
L444P [L483P], 84GG, and IVS2+1 are the most 
common pathogenic variants of the GBA gene.8

Homozygosity for L444P (c.1448T>C) is associated 
with neuronopathic form of the disease and occurs 
in more than 70% of GD3 patients.8 Worldwide 
prevalence of neuronopathic Gaucher disease varies 
substantially by region: East Asia and Middle East 12-
55%, North America and Europe 5%.9-12

IMPORTANCE OF EARLY DIAGNOSIS
Delays in diagnosis of Gaucher disease are common. 
A patient with Gaucher disease may experience a 
delay of up to 10 years.7

Gaucher disease is progressive, yet almost 25% of 
patients do not get timely access to appropriate 
disease management because of delays in diagnosis.2 

1 in 40,000 to 1 in 100,000 in general poulation4,5
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Accumulation of GM2 occurs primarily 
within neurons and progressively destroys 
nerve cells in the brain and spinal cord, 
leading to neurodegenerative symptoms.1 ,2,3

Zoe,  
Living with GM2 gangliosidoses, 
USA

UNDERSTANDING

GM2
GANGLIOSIDOSES

GM2 gangliosidoses comprise rare, 
neurodegenerative lysosomal storage 
disorders, primarily Tay-Sachs disease and 
Sandhoff disease, caused by deficiency of 
β-hexosaminidase.

Late-onset forms of the disease include debilitating 
and progressive proximal muscle weakness and 
imbalance.18

 
Clinical subtypes of GM2 gangliosidoses10,13-15

Subtypes of GM2 gangliosidoses are  
categorized according to age at onset.

Infantile  
onset: 0−2 years
Infantile form is 
aggressive and leads 
to premature death at 
approximately 4 years of 
age

Juvenile  
onset:  
2−10 years
Death is likely 
mid-to late-teens

Late-onset: 
teens to early 
adulthood
Variable clinical course 
and life expectancy

Diagnosis of GM2 
gangliosidoses can 
be accomplished 
by measurement 
of Hex A or Hex B 
enzyme activity.

Confirmatory diagnosis is 
recommended by detection 
of two pathogenic variants in 
HEXA or HEXB .16

IMPORTANCE OF EARLY DIAGNOSIS
The average time from symptom onset to diagnosis 
for late-onset GM2 gangliosidoses is 16 years. 
The large delay in diagnosis is due in part to the 
nonspecific nature of early symptoms and lack 
of disease awareness. GM2 gangliosidoses are 
progressive and can lead to irreversible damage to 
major body organs.18

GENETIC PROFILE
GM2 gangliosidoses are inherited in an autosomal 
recessive manner. If both parents are carriers of the 
disease-causing allele, their child has a 25% chance 
of being affected. 

Males and females have an equal chance of being 
affected.17

 

INCIDENCE AND HIGH-RISK POPULATIONS
Incidence is likely to be underestimated due to misdiagnosis and delayed 
diagnosis resulting from limited disease awareness.4-12

Incidence Carrier frequency High risk populations

Tay-Sachs 
disease

•  1 in 320,000 in 
general population

•  1 in 3900 births in 
unscreened Jewish 
populations

•  1 in 300 in general 
population

•  1 in 30 in Ashkenazi 
Jewish

•  1 in 14 in French 
Canadian

•  Ashkenazi Jewish
•  French Canadian
•  Irish
•  Pennsylvania Dutch (old 

order Amish)
•  Cajun communities (e.g., 

Louisiana)

Sandhoff 
disease

•  1 in 422,000 •  No ethnic association

HOW TO DIAGNOSE

MENTAL HEALTH
Depression, psychosis, hallucinations, anxiety, 
dramatic changes in mood, difficulty focusing, 
cognitive impairment

SPEECH
Difficulty speaking and slurred speech

PROXIMAL MUSCLE WEAKNESS
Difficulty picking things up and getting up

EXTREME FATIGUE
Tire easily

BALANCE
Frequent falls, difficulty playing sports

PROXIMAL MUSCLE WEAKNESS
Difficulty climbing stairs, difficulty walking 

If you would like to learn more about GM2 gangliosidoses, please contact Sanofi Medical. 
<for local adaptation - insert local Medical contact>
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The mucopolysaccharidoses (MPS) are a 
group of rare, genetic disorders caused by 
the absence or malfunctioning of lysosomal 
enzymes needed to break down storage 
molecules called glycosaminoglycans 
(GAGs).1  

MPS I, one of the seven types of MPS, 
results from deficiency of  α-L-iduronidase 
(IDUA) due to pathogenic variants in the 
IDUA gene.1

Diagnosis of MPS I is often delayed, due 
to the non-specific nature of symptoms.9 
Early diagnosis and intervention 
is essential to prevent or minimize 
irreversible organ damage an improve 
long-term clinical outcomes.10

Family screening can help siblings of those with MPS I 
receive an accurate diagnosis and early management.11

MPS I newborn screening has gained increasing 
importance as the evidence base for early intervention 
and improved outcomes has been clearly demonstrated.8

GENETIC PROFILE
MPS I is an autosomal recessive disorder; over 250 
pathogenic variants have been described in the 
literature.1,4

Genotype - phenotype correlations have been 
established for some pathogenic variants, but others 
are novel.5

There is a higher prevalence of severe MPS I in the 
Irish Traveller Community, due to homozygous W402X 
pathogenic variants.6

A simple urine test to look for 
abnormally high levels of GAGs 
(heparan sulfate and dermatan 
sulfate) can be ordered.1

Diagnosis is 
confirmed via 
enzyme assay and 
genetic testing.2,9

IMPORTANCE OF EARLY DIAGNOSIS
INHERITANCE PATTERNHOW TO DIAGNOSE

Kali,  
Living with MPS I,  
USA

UNDERSTANDING

MPS I
1 in 100,000

1999 WORLDWIDE INCIDENCE2

Severe MPS I is differentiated by 
the presence of neurocognitive 
impairment and a faster rate of 
disease progression3 

CORNEAL CLOUDING

RESPIRATORY:  
frequent respiratory infections7

ENT:  
snoring, repetitive ear infections

CARDIOVASCULAR:  
cardio-myopathy, valvular disease.7,8

SH
O

R
T

 S
TA

T
U

R
E

HEPATOSPLENOMEGALY 
AND RECURRENT HERNIA 
(Umbilical and Inguinal)

MUSCULOSKELETAL:  
disostosix multiplex, joint stiffness

CARPAL TUNNEL SYNDROME

Citations: 1-3, 7-8

Autosomal 
Recessive 
Inheritance

  

Carrier
Father

Affected
Child

Carrier
Child

Carrier
Mother

Carrier
Child

Unaffected
Child

FOR MORE 
INFORMATION

https://www.mps1disease.com/
https://mpssociety.org/
https://www.mpsreference.eu/

SEVERE 4 ATTENUATED

IDUA mutation

No IDUA mutation

MPS I presents as a disease spectrum, ranging from the 
severe phenotype to the attenuated phenotype2
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The mucopolysaccharidoses (MPS) 
are a group of rare, genetic disorders 
caused by the absence or malfunctioning 
of lysosomal enzymes needed to 
break down storage molecules called 
glycosaminoglycans  (GAGs).1  

MPS II, also known as Hunter Syndrome, 
one of the seven types of MPS, results 
from deficiency of iduronate-2-sulfatase 
(IDS) due to the pathogenic variants in the 
IDS gene.1

Diagnosis of MPS II is often delayed, due 
to the non-specific nature of symptoms.7 
Early diagnosis and intervention is essential 
to prevent or minimize irreversible organ 
damage and improve long-term clinical 
outcomes.7

MPS II newborn screening has gained increasing 
importance as the evidence base for early intervention 
and improved outcomes has been clearly demonstrated.8

GENETIC PROFILE
MPS II is an X-linked recessive disorder that almost 
exclusively affects males.1

Heterozygous MPS II females (carriers) are generally 
asymptomatic or not heavily affected.1

More than 300 pathogenic variants in the IDS 
gene have been reported. Genotype – phenotype 
correlations are difficult to establish, but if 
established, help to better understand the disease.6

Pathogenic variants that result in complete absence 
of IDS activity lead to a severe phenotype.1,6

A simple urine test to look for 
abnormally high levels of GAGs 
(heparan sulfate and dermatan 
sulfate) can be ordered.1

Diagnosis is 
confirmed via 
enzyme assay and 
genetic testing.9

IMPORTANCE OF EARLY DIAGNOSIS
INHERITANCE PATTERNHOW TO DIAGNOSE

David,  
Living with MPS II, 
Australia

UNDERSTANDING

MPS II
1 in 160,000 11

1999 WORLDWIDE INCIDENCE2

FOR MORE 
INFORMATION

Severe MPS II is differentiated by 
the presence of neurological 
signs and symptoms including 
hyperactivity, aggressive behavior, 
and cognitive impairment

COARSE FACIAL FEATURES

CARPAL TUNNEL SYNDROME

JOINT STIFFNESS

RECURRENT EAR AND 
UPPER RESPIRATORY TRACT 
INFECTIONS

SKIN: thickened skin with 
pebble formation, persistent10

SH
O

R
T

 STAT
U

R
E

Citations: 1, 4, 5

Xr YXr X X XX Y Xr XXr X X YX YIDS mutation

No IDS mutation
Affected mothers have a 50% risk of passing along the defective 
gene (Xr) to their children, regardless of gender 

https://mpssociety.org/
https://www.mpsreference.eu/

Live Male Births

SEVERE 4 ATTENUATED
MPS II presents as a disease spectrum, ranging from the  
severe (neuronopathic) phenotype to the attenuated  
(non-neuronopathic) phenotype.3

X-Linked 
Recessive 
Inheritance
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1 in 40,000

Pompe disease is a progressive, multi-systemic, 
debilitating, and often life-threatening neuromuscular 
disorder. Pompe disease is caused by the absence or 
deficiency of the enzyme acid alpha-glucosidase (GAA), 
which is responsible for the breakdown of glycogen 
inside the cells. Without sufficient GAA enzyme, 
glycogen accumulates primarily in muscle cells, which 
leads to progressive loss of muscle function. Infantile-
onset Pompe disease (IOPD) is rapidly progressing and 
usually presents within the first months of life. If left 
untreated, IOPD is often fatal before age 1.1 

1999 WORLDWIDE INCIDENCE8

Arathi,  
Living with Pompe disease, 
India

UNDERSTANDING
INFANTILE-ONSET

POMPE 
DISEASE

Combined IOPD and LOPD

RESPIRATORY 

Respiratory distress 
and frequent 
infections

Sleep-disordered 
breathing

MUSCULOSKELETAL

Progressive muscle weakness and 
delayed motor milestones

Profound hypotonia

GASTROINTESTINAL

Macroglossia

Feeding difficulties

Failure to thrive/poor weight gain

Hepatomegaly

CARDIAC

Cardiomegaly

Progressive 
cardiomyopathy

Citations: 2-5

IOPD is rapidly progressing and early diagnosis can be 
crucial in providing supporting therapy. Delays in diagnosis 
of IOPD correlate with respiratory failure, profound motor 
impairment, and death.6

Newborn screening for Pompe disease can readily identify 
patients with IOPD. This allows immediate diagnosis and can 
lead to improving survival and outcomes.7

GENETIC PROFILE
IOPD is inherited in an autosomal recessive manner. The GAA 
gene can have a spectrum of variants that lead to differing 
amounts of GAA enzyme activity.1 Variants that leave little to no 
GAA enzyme activity (<1% of normal) manifest as the infantile 
onset form of Pompe disease.2

A relatively quick, simple, and minimally 
invasive way to screen for Pompe disease is 
the DBS (dried blood spot) enzyme assay. A 
DBS is able to detect low or absent levels of 
the GAA enzyme.3 

Reduced GAA enzyme activity should always 
be followed with a second blood sample and/
or GAA gene sequencing to confirm diagnosis 
of Pompe disease.3

IMPORTANCE OF EARLY DIAGNOSIS

PATHOGENIC GAA VARIANTS CAN PREDICT CLINICAL PHENOTYPE

2 severe
pathogenic variant

pathogenic variant

i
mild
pathogenic variant

IOPD LOPD

AGE OF ONSET Infancy Infancy - adulthood

PROGRESSION Rapid Varying

PREDOMINANT SYMPTOMS
Respiratory distress, 

hypotonia, muscle weakness, 
cardiomyopathy

Progressive proximal muscle 
weakness, respiratory deficit

HOW TO DIAGNOSE

2i 1

1
isevere

   +
mild

LOPDIOPD LOPD
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1 in 40,000

Pompe disease is a progressive, multi-systemic, 
debilitating, and often life-threatening 
neuromuscular disorder. Pompe disease is caused 
by the absence or deficiency of the enzyme acid 
alpha-glucosidase (GAA), which is responsible 
for the breakdown of glycogen inside the cells. 
Without sufficient GAA enzyme, glycogen 
accumulates primarily in muscle cells, which leads 
to progressive loss of muscle function.1 Late-onset 
Pompe disease (LOPD) has a less rapid and more 
variable disease course, where symptoms may 
begin anywhere from infancy to adulthood.1

1999 WORLDWIDE INCIDENCE10

Andrea,  
Living with Pompe disease,  
Denmark

Combined IOPD and LOPD

GENETIC PROFILE
LOPD is inherited in an autosomal recessive 
manner. The GAA gene can have a spectrum of 
variants that lead to differing amounts of GAA 
enzyme activity.1  The pathogenic variants that 
leave low to moderate  GAA enzyme activity  
(1-40% of normal) manifest as the less rapid 
form of Pompe disease, LOPD.8

GENOTYPE - PHENOTYPE CORRELATION

i
IOPD2 i

LOPDmild
pathogenic variants

i1 severe
   +
mild
pathogenic variant

IOPD LOPD

AGE OF ONSET Infancy Infancy - adulthood

PROGRESSION Rapid Varying

PREDOMINANT 
SYMPTOMS

Respiratory distress, 
hypotonia, muscle weakness, 

cardiomyopathy

Progressive proximal muscle 
weakness, respiratory deficit

2
1

CARDIAC

Less common among adults

RESPIRATORY 

Respiratory failure/insufficiency

Diaphragm weakness, sleep-disordered 
breathing

Orthopnea, dyspnea, aspiration

MUSCULOSKELETAL

Proximal muscle weakness, muscle pain

Frequent falls, gait abnormalities, 
difficulty walking/climbing stairs/
getting up

EMG abnormalities, elevated CK, MRI 
changes

GASTROINTESTINAL

Difficulty chewing/jaw muscle fatigue

Poor weight gain/maintenance

Swallowing difficulties/weak tongue

Gastroesophageal reflux, fecal incontinence

Citations: 2-7

A relatively quick, simple, and 
minimally invasive way to screen 
for Pompe disease is the DBS 
(dried blood spot) enzyme 
assay. A DBS is able 
to detect low or 
absent levels of the 
GAA enzyme.9

Reduced GAA enzyme activity 
should always be followed with 
a second, blood sample and/
or GAA gene sequencing to 
confirm diagnosis of Pompe 
Disease.9

HOW TO DIAGNOSE

IMPORTANCE OF EARLY DIAGNOSIS

If treated early enough, muscle damage 
from glycogen accumulation can be 
reversible. However, if left untreated, it 
can lead to irreversible deterioration of 
skeletal and respiratory muscle, disability, 
and premature death. The initiation of an 
intervention is crucial in preventing further deterioration 
of respiratory function and muscle, and permanent 
disability.4

A person with LOPD may go several years before receiving 
a diagnosis. Newborn screening for Pompe disease can 
help diagnose patients before irreversible muscle damage 
occurs.7

severe
pathogenic variant

LOPD

UNDERSTANDING
LATE-ONSET

POMPE 
DISEASE

HOME SANOFI 
COMMITMENT

SANOFI
RARE DISEASE 

LEGACY

LSD 
BACKGROUND 

& TYPES
ASMD FABRY GAUCHER MPS I MPS II

REGISTRIES
PROGRAM REFERENCES MISSION

HUMANITARIAN & 
PATIENT ADVOCACY

INFANTILE-ONSET 

POMPE
LATE-ONSET 

POMPE
GM2

GANGLIOSIDOSES



                 

North America
Board of  
Advisors

Latin America
Board of 
Advisors

Japan Pacific 
& Asia Board of 
Advisors

Europe, Middle 
East & Africa
Board of  
Advisors Countries actively 

enrolling patients

Countries not currently 
active, patient data 
collected previously

GLOBAL REACH OF SANOFI RARE DISEASE REGISTRIES

Guided by the input from

International Boards 
of  Advisors4 Rare Disease Registries 

Patient Council1 Regional Boards  
of Advisors12

4
Main

Registries

8
Sub 

Registries

More Than

Patients Enrolled

19,000 Over 900
Participating

Sites

Support From 
More Than 

1,280 HCPs

Presence 
In Over

68 Countries

Fabry, Gaucher,
MPS I, Pompe

Generated Over

Peer-Reviewed 
Publications1100

Dissemination of Registry data through 
numerous posters, abstracts and 
presentations at international and  
local scientific congresses each year

The Sanofi Registries program is a multi-center, international, longitudinal, observational 
program that tracks the natural history and outcomes of people with Gaucher, Fabry,  

MPS I or Pompe disease.

Each Registry is 
specifically centered 

around the disease and 
collects real-world data.

All patients with a confirmed 
diagnosis are eligible to participate, 

regardless of their therapy status 
and choice of treatment. Patients 

may be enrolled at any time during 
the course of their disease, including 
posthumously with ethics approval. 

The Registry program is  
non-interventional and 

patients receive standard 
of care treatment as 
determined by their 

physicians.

The Registry collects:

•  Retrospective and  
Prospective Data

• Disease Signs and Symptoms 
• Treatment Information 
• Clinical Assessments 
• Patient Reported Outcomes 
• Siblings Linkage

Sanofi Rare 
Disease Registries 

Program

FROM PATIENTS FOR PATIENTS 

RARE DISEASE REGISTRIES’ CONTRIBUTIONS

REIMBURSEMENT 
AND ACCESS 
TO THERAPY

FACILITATING 
COMMUNITY 

CONNECTIONS

SUPPORTING 
HEALTHCARE 

POLICY 
FORMULATION

FULFILLING 
REGULATORY 

REQUIREMENTS

IMPROVING 
PATIENT CARE

INCREASING 
DISEASE 

KNOWLEDGE

* ePRO = electronic Patient Reported Outcomes available to sites and via patient accounts where available with IRB/EC approval

** Available in 2023 for Gaucher Registry participants and in development for the other Registries

      BENEFIT PATIEN
TS

PATIENT
Patients consent 

and their data 
are entered by 
physicians into 

the Registry

For participating patients:
• No additional costs 
• No additional visits and tests
•  Withdrawal of participation at any time
•  No influence on therapy and/or care

•  Patient accounts and ePRO  
where available

•  Data used for approved  
purposes only

•  Privacy maintained in  
accordance with the  
consent form.

REGISTRY  
INPUTS

REGISTRY 
OUTPUTS

For Registry physicians 
and patients:

-  Individualized Patient 
Clinical Summaries

-  Global Summary 
Reports** 

-  Real-world evidence 
to improve disease and 
treatment knowledge 
and to fulfill various 
regulatory and 
reimbursement 
requests. 

https://ojrd.biomedcentral.com/
articles/10.1186/s13023-022-02517-0

-  Clinical data 
entered by sites 

-  Quality of life data 
via ePRO entered 
by sites or directly 
by patients* 
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Sanofi’s Rare Humanitarian Program is the first humanitarian initiative and longest-running program of its kind for 
people with lysosomal storage disorders. The program is focused on providing access to free treatments for people 

who meet the program’s criteria, who otherwise would not have access to such treatments, as well as supporting 
patient diagnosis, treatment monitoring, patient advocacy and physician education.

Ensuring Sustainable Care
Our program serves as a resource when 
access to treatment is limited; support 
can last anywhere from several months 
to a decade or more.

A Focused Approach
Our global team partners with the patient 
community, physicians, and Sanofi 
affiliates to understand and address the 
needs of the people we serve.

Over 30 Years
Our Rare Humanitarian Program was 
established in 1991 when our first 
treatment for Gaucher disease was 
approved by the U.S. FDA. Since then, 
it has evolved and expanded to support 
six different lysosomal storage disorder 
communities across six continents.

Sanofi collaborates with local 
governments to help establish 

sustainable healthcare systems to 
care for the needs of patients with 

lysosomal storage disorders.

Sanofi works closely with patient 
organizations to help raise awareness 

of the unique challenges having a 
lysosomal storage disorder brings 

and address their unmet needs.

Our Rare Humanitarian Program often 
serves as a physician’s first experience 

in treating a lysosomal storage 
disorder patient. Outside of the 

program, Sanofi supports training and 
education for patient identification, 

understanding of treatment 
expectations and monitoring.

We believe our responsibility does not end with developing effective therapies. We are committed to ensuring sustainable 
access to approved treatments for patients with lysosomal storage disorders who meet the program’s criteria, regardless of 

their ability to pay.  

Providing humanitarian support to the rare disease community is a vital element of our mission to improve patients’ lives. 

It’s in our DNA.

Supporting Sustainable Access

Through this program...

3,550+ 
people in 100+ countries 

have received access to free therapy.

1,050+ 
people in 70+ countries are currently 

receiving access to free therapy.

375+ 
people have received access to free therapy 

for over 10 years.

150+ 
new people receive access to free  

therapy each year.

SANOFI RARE 
HUMANITARIAN 

PROGRAM

At Sanofi we focus on patients and caregivers to ensure we help to support sustainable access 
to innovation and address unmet needs of the community. We do this through a focused 

approach and numerous initiatives all aimed at providing better care for rare.

Advocacy: 
We work hand-in-hand to help broaden and 

strengthen the patient and caregiver voice in their 
advocacy activities.

Education and Awareness:
We participate and drive awareness and education to 
further elevate key stakeholders understanding of the 

rare disease community.

Co-creation: 
We don’t work in silos, instead we co-create solutions 

via multi-stakeholder collaborations and public 
private partnerships to advance topics important to 

the rare disease community.

Supporting the Rare Community

SANOFI 
PATIENT ADVOCACY 

AND SUPPORT

Community Engagement: 
We engage with the community to listen, learn and 

share important developments in the rare ecosystem.
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In Specialty Care, our mission is to help people with debilitating and complex conditions in rare diseases, rare blood disorders, 
neurology, oncology, and immunology. These conditions are often difficult to diagnose and treat. But we aren’t afraid of 

challenges. They just push us to work harder, to chase new potential therapies that help patients to live their lives.

©2023 Sanofi. All rights reserved.  
MAT-BH-2300747-V1-DEC-2023

KSA :

To report any side effect(s): Saudi Arabia: National Pharmacovigilance Centre (NPC): 

SFDA call center: 19999, Email: npc.drug@sfda.gov.sa , Website: https://ade.sfda.gov.sa/ 

Full Prescribing Information is available upon request: 

SANOFI, Kingdom of Saudi Arabia, P.O. Box 9874, Jeddah 21423, K.S.A. Tel: +966-12-669-3318, 

Fax: +966-12-663-6191 

For Medical Information, please contact: +966-12-669-3318, ksa.medicalinformation@sanofi.com 

For Pharmacovigilance, please contact: +966-54-428-4797, ksa_pharmacovigilance@sanofi.com 

To report any product technical complaints, kindly contact: Email: quality.greatergulf@sanofi.com

Gulf : 

SANOFI, Level 3, One JLT, Jumeirah Lake Towers (JLT), DMCC, PO Box 53899, Dubai, UAE | 

Tel.: +971 4 550 3600 | Fax: +971 4 5521050 

For further Medical Information, please contact: For UAE 800 MEDICAL Toll-Free Number, 

For all Gulf Countries +971 565776791 or Email: medical-information.gulf@sanofi.com 

To report an adverse event please call: +971 561747001 or Email: Gulf.Pharmacovigilance@sanofi.com
For any information related to Lysosomal storage
disease management please scan the QR code.

The Hill Family,  
Fabry Disease*
United States
* Some members of the family in this picture 
do not have a diagnosis of Fabry Disease
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