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Plain Language Summary of Publication

Plain language summary of a study looking at the long-term 
bene�ts of enzyme replacement therapy in children and 
teenagers with Gaucher disease type 3
Amal El-Beshlawy1, Anna Tylki-Szymanska2, Nadia Belmatoug3 &  Pramod K Mistry�
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1Pediatric Hospital of Cairo University, Cairo, Egypt; 2Children’s Memorial Health Institute, Warsaw, Poland; 3Referral Center for Lysosomal Diseases, 
University Hospital Paris Nord-Val de Seine Assistance Publique-Hôpitaux de Paris, France; 4Yale University School of Medicine, New Haven, CT, USA

What is this study about? 
Gaucher disease is a rare genetic condition. There are three types 
of Gaucher disease: type 1, type 2, and type 3 (GD3). Symptoms of 
GD3 include problems with the brain and spinal cord, bones, blood, 
enlarged liver and spleen, and slow growth. Symptoms have a great 
impact on the quality of life of people with GD3 and are known to 
cause loss of life in childhood. In Gaucher disease, people have two 
non-working copies of a gene called GBA, which tells the body how to 
make an enzyme called beta-glucosidase (which breaks down excess 
fats called sphingolipids). In Gaucher disease, people do not make 
enough beta-glucosidase enzyme, meaning sphingolipids build up 
inside cells, a�ecting many organs and systems of the body.

Enzyme replacement therapy (ERT) is a treatment for Gaucher 
disease. Previous studies looking at ERT showed that treatment can 
greatly improve most symptoms and quality of life in people with Gaucher disease. How ERT may help people with GD3 
is only available in small studies. 

What was the aim of this study?
Researchers looked at long-term changes in the blood, spleen, liver, and growth in children and teenagers living with GD3 
and how long they survived once they had started an ERT called imiglucerase. Researchers used data from a large global 
database called the International Collaborative Gaucher Group (ICGG) Gaucher Registry. The aim was to investigate if 
imiglucerase could improve long-term symptoms and prevent early loss of life. 

What were the results of this study?
Low red blood cell counts (causing a condition called anaemia), low platelet (specialised blood cells that stop bleeding 
and bruising) counts, enlarged liver and spleen, and slow growth were the most common symptoms in people with GD3 
before treatment. People with GD3 who had received imiglucerase had improved symptoms after 5 years of treatment. 
They also had a greater chance of living longer, with 92% of people alive after 5 years of treatment. These results show 
that the ERT imiglucerase helps to improve blood, spleen, liver, and growth symptoms, and most importantly that it is a 
life-prolonging treatment. 

This summary was written for patients and their families or caregivers, patient advocates, 
and healthcare professionals who are interested in people living with GD3 and who want 
to understand the bene�ts of ERT.

Who should read this article?

How to say (double-click on the 
icon to play sound)…

• Alglucerase: AL-GLOO-seh-rays
• Anaemia: uh-NEE-mee-uh
• Beta-glucosidase:  
   BAY-tuh-GLOO-koh-SIH-days
• Enzyme: EN-zime
• Gaucher disease: go-SHAY diz-EEz
• Imiglucerase: IH-mih-GLOO-seh-rays
• Pathogenic variant:   
   PA-thoh-JEH-nik VAYR-ee-unt
• Sphingolipids:  SFING-goh-LIH-pids
• Splenectomised: spleh-NEK-toh-mized

Future Rare Dis. FRD52
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This summary was based on an article called ‘Long-term hematological, visceral, and growth outcomes in children with 
Gaucher disease type 3 treated with imiglucerase in the International Collaborative Gaucher Group Gaucher Registry’ which 
was published in the journal Molecular Genetics and Metabolism. 

The full article can be read for free at: https://www.sciencedirect.com/science/article/pii/S1096719216303006?via%3Dihub

Where can I �nd the original article on which this summary is based?

Both the ICGG Gaucher Registry (ClinicalTrials.gov: 
NCT00358943) and this study are sponsored by Sano�, 
a pharmaceutical company that produces medical 
treatments including ERT. Note: The current study used 
data collected from the ICGG Gaucher Registry.

Gaucher disease is a rare genetic condition. Approximately 1 in every 40,000 people born worldwide have Gaucher disease.
People who have Gaucher disease have two non-working copies of the GBA gene. The GBA gene is passed down (or inherited) 
from their parents (see infographic ‘How do people get Gaucher disease?’) and tells the body how to produce an enzyme 
called beta-glucosidase.

The beta-glucosidase enzyme is needed to help break down certain fats in the body called sphingolipids when they are no 
longer required. This enzyme is important to keep our cells healthy and working properly.

People with Gaucher disease do not make enough of the enzyme beta-glucosidase, which means certain fats (sphingolipids) 
are not broken down and recycled. This leads to sphingolipids building up inside cells within various organs, such as the 
brain and spinal cord, spleen, liver and bones, stopping them from working properly.

The central nervous system is made up of the brain and spinal cord. The brain controls how we think, feel, learn, and move. 
The spinal cord and cells called nerves carry these messages around the body.

Who sponsored the International Collaborative Gaucher Group (ICGG) 
Gaucher Registry and this study?

What is Gaucher disease?

What is an enzyme? 

•	An enzyme is a protein in the body that helps make 
chemical reactions happen

•	There are hundreds of enzymes in the body. Some 
enzymes build substances and others break substances 
down

What are cells? 

•	Cells form the building blocks of our bodies and 
have a variety of functions

•	Our cells contain many substances including fats like 
sphingolipids and enzymes like beta‑glucosidase

What are genes? 

•	A gene is a section of a substance in our cells called DNA that contains instructions to make a particular protein

•	Genes tell our cells what to do and how to grow. They also control features like eye and hair colour

•	Some changes in a gene can cause a gene not to work properly. These changes are called ‘pathogenic variants’

•	Non-working versions of a gene can cause conditions like Gaucher disease; these are called ‘genetic diseases’

Sponsor: a company or organisation that oversees and pays 
for a clinical research study. The sponsor also collects and 
analyses the information that was generated during the study.
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There are three types of Gaucher disease: type 1 (GD1), type 2 (GD2) and type 3 (GD3). The type of Gaucher disease a person 
has is based on their symptoms. How these symptoms a�ect someone with Gaucher disease is di�erent for each individual.

The symptoms seen across all three types of Gaucher disease are similar, but there are di�erences in: 

•	which organs are involved

•	the age at which people develop symptoms

•	how quickly their symptoms worsen

GD1 is the most common form of Gaucher disease seen in North America, Europe and Israel; typical symptoms include prob-
lems with the spleen, blood and bones. People with GD1 do not develop the brain and spinal cord symptoms seen in GD3 
but may have numbness or weakness in their body and are at a higher risk of developing Parkinson’s disease earlier in life 
than people who do not have Gaucher disease.

People with the rarer forms of Gaucher disease, GD2 or GD3, have similar symptoms to people with GD1, but also have prob-
lems with their brain and spinal cord, which are key features of these conditions.

•	Brain and spinal cord symptoms commonly seen in people with GD3 include involuntary eye movements, seizures,  
confusion and memory loss and over-rounding of the upper back (also known as kyphosis)

Globally, fewer than 1 in 100,000 people are born with GD2 or GD3. This varies in di�erent regions in the world and GD2 
and GD3 are more frequently seen in the Middle East, India, China and other countries that form part of the Paci�c Rim. 
Approximately 30% of people with Gaucher disease in these countries have GD2 or GD3, compared with only 10% of people 

What is Gaucher disease type 3?

Una�ected carrier  mother and father  
(each parent passes on 1 copy of the gene to their child)

Children

Una�ected 
non-carrier child
(1 in 4 chance) Una�ected 

carrier child
(2 in 4 chance)

Child with 
Gaucher disease
(1 in 4 chance)

Non-working gene

How do people get Gaucher disease?

A carrier has 1 copy of the non-working gene and 1 copy of the working gene.
Carriers do not have Gaucher disease or any symptoms
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with Gaucher disease in Europe, North America, Australia and New Zealand. In the ICGG Gaucher Registry, less than 1% of 
people had GD2 and less than 5% had GD3 (numbers reported in 2000). 

In GD2, brain and spinal cord symptoms appear very early in life (within the �rst year) and worsen quickly, often leading to 
death by 2 years of age.

In GD3, the age at which these symptoms start can vary (from childhood to teenage years) and symptoms typically worsen 
more slowly than in patients with GD2. Because of the varied and slow changes in GD3, diagnosis of this condition can 
happen any time from the age of 6 months into middle age. Compared to those with GD2, people with GD3 also have a wider 
range of symptoms that go beyond the brain and spinal cord. An overview of the symptoms people with GD3 have is shown 
in the infographic below ‘What are the symptoms seen in GD3?’.

Currently, there is no cure, but there are medications for Gaucher disease that help control symptoms not involving the brain 
and spinal cord; for example, enlarged spleen and liver. Without treatment, people with GD3 (and their caregivers) have a 
poor quality of life and di�culty managing their symptoms. As symptoms worsen over time, people with GD3 who do not 
receive treatment are less likely to survive into adulthood. Indeed, only around 5% of those diagnosed with GD3 as infants or 
children who do not receive treatment will live into their second decade of life.

ERT is a treatment that involves giving people a working enzyme, such as beta-glucosidase, to increase the body’s enzyme 
levels. This is done by gradually adding a working enzyme into the body by infusion (injection directly into the bloodstream), 
which usually takes a couple of hours.

What is enzyme replacement therapy (ERT)?

Blood problems
• Low number of red 

blood cells (called anaemia)
• Bleeding and bruising

(low number of platelets)

What are the symptoms seen in GD3? 
Symptoms most commonly seenin GD3 are indicated in bold

Internal organ problems
• Large spleen
• Large liver
• Abdominal pain

Heart problems
• Hardening of valves in 

the heart 
• Narrowing of valves in the 

heart
• Heart failure

Bone problems
• Short height for age
• Slow growth
• Bone pain

Brain and spinal cord
problems
• Involuntary eye movements
• Unable to look from side to side and 

frequent head movements to adjust 
view (called horizontal supranuclear 
gaze palsy)

• Seizures
• Confusion and/or memory loss
• Shaking or twitching of limbs
• Over rounding of the upper back 

(called kyphosis)

Anaemia is when the body is not able 
to transport oxygen properly 

throughout the body

Platelets are specialised blood cells 
that stop bleeding and bruising
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By adding more of the working beta-glucosidase enzyme into the body, certain fats (sphingolipids) that build up inside cells 
can be broken down and recycled. Reducing the build-up of sphingolipids inside cells slows down their build up in organs, 
which in turn reduces symptoms (see infographic below ‘What is ERT?’).

To date, people with Gaucher disease treated with ERT have the option of a number of medicines, including imiglucerase. An 
earlier version of imiglucerase, called alglucerase, is now no longer available as an ERT.

ERT is very e�ective in slowing down the worsening of symptoms in people with GD1 and improving their health and quality 
of life. Using ERT to improve the lives of people with GD3 has only been investigated in small studies. Therefore, the bene�t 
of ERT in large groups of people with GD3 from across the world has not been researched yet.

This study looked at how the ERT imiglucerase (or an older version of this medication, alglucerase) could improve the lives 
of people with GD3 using medical information (data) from the ICGG Gaucher Registry. This registry is the largest collection 
of data on people with GD3 across the world. Data from people with GD3 were included in the study up to the year 2015.

For more information about this registry see ‘Where can I �nd more information about this study? ’ at the end of this article. 

This study focused on children and young people who were diagnosed with GD3, and who received the ERT imiglucerase (or 
an older version of this medication, alglucerase) as their �rst treatment for their condition before they turned 18 years of age.

This study included people with GD3 who had their spleen removed to try and improve their symptoms before they received 
imiglucerase. Spleen removal is no longer recommended as a therapy for Gaucher disease except in life-threatening  
circumstances.

This study did not include people with GD3 who remained untreated, received other treatments before imiglucerase, had 
their spleens removed after they received imiglucerase, or who had incomplete information collected in the ICGG Gaucher 
Registry.

People with GD3 included in this study had regular tests performed by their doctors as part of their routine medical care and 
the results were entered into the ICGG Gaucher Registry. To study the long-term bene�ts of imiglucerase, the researchers 
looked at how these test results had changed over the �rst 5 years of treatment.

What did this study look at?

What is ERT?

Reduced symptoms

Cell of person with Gaucher 
disease:

build -up of sphingolipids

Imiglucerase

Beta-
glucosidase

enzyme

Beta-glucosidase 
enzyme enters the cells 

in a person with 
Gaucher disease

The enzyme beta-
glucosidase is delivered 

by infusion (injection 
directly into the 

bloodstream)

Inside the cell, the beta-
glucosidase enzyme 

breaks down unwanted 
sphingolipids which are 

then removed
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As ERT cannot enter the brain and spinal cord, this study only looked at how imiglucerase a�ects the blood, spleen, liver and 
growth symptoms of people with GD3.

The length of time people with GD3 receiving imiglucerase survived was reviewed for up to 20 years after starting treatment.

For more information on the next steps of this study, look at ‘Are there any plans for future studies?’ at the end of this 
article.

Finally, this study looked at which variations of the non-working GBA gene were most common in people with GD3. There 
are multiple di�erent changes to the GBA gene that can cause the gene to not work properly. These di�erent changes that 
result in non-working versions of the GBA gene are called pathogenic variants.

Identifying which pathogenic variants are the most common in conditions like GD3 can help researchers understand more 
about a condition. This could help to improve the diagnosis of people with GD3 or help develop more treatment options.

By using data from a large group of people with GD3 from the ICGG Gaucher Registry, the researchers explored the types and 
number of pathogenic variants in this group.

Who was included in the study?

People from the ICGG Gaucher Registry diagnosed with 
GD3 who received imiglucerase before 18 years of age

Some people in this study may have received 
alglucerase, an older ERT that is no longer available

253

6%
of people from 
Latin America

21%
of people

from Egypt

32%
of people 

from Europe

32
Had their spleen removed 

(referred to as 
‘splenectomised’)

221
Did not have their spleen removed  

(referred to as 
‘non-splenectomised’)

People were separated based on if they had their 
spleen removed as part of their treatment before 

starting imiglucerase:

1. Where were they from? 2. What was their spleen status?

10%
of people from 

Japan and Asia-Pacific

27%
of people from 
United States

Remaining 4% includes people from Canada, Israel, Jordan and Oman

Spleen removal is no longer recommended as a therapy for 
Gaucher disease and is only per formed in life-threatening 

circumstances 
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What were the main results of this study?

What did the study look at in people with GD3?

Which changes 
(called a pathogenic 

variant) of the 
non-working GBA 
gene were seen

Genes

• Size of liver
• Size of spleen 

(spleen size was only 
measured in people 
who had not had 
their spleens 
removed)

Organs

Changes in
height

Growth

How long people 
live for after 

starting 
imiglucerase

Survival

Measurements recorded over first 5 years of 
imiglucerase treatment

The likelihood of 
survival up to 20 

years after starting 
imiglucerase

Blood

• The number of red 
blood cells 

• The number of 
specialised blood 
cells called platelets

Most people with GD3 had at least one copy of a pathogenic variant of the 
GBA gene

202
people with GD3 who 
had their information 

available on their
GBA gene

had at least one copy of 
the L444Por D409Hpathogenic variant 

• L444Pand D409Hare changes of the GBA gene that cause it to not work properly.
They are called pathogenic variants 

• These pathogenic variants have been linked to brain and nervous system, and heart symptoms

Nearly 90%

of people with GD3 
who had information 

available on their
GBA gene

Looking at these pathogenic variants in people with GD3, it was was found that:

OR

had both 
L444Por D409H pathogenic variants 

163
had at least one copy of the 
L444Ppathogenic variant

L444Pis short for 
p.Leu444Pro and is also 
known as p.Leu483Pro

30
had at least one copy of the 
D409H pathogenic variant

D409H is short for 
p.Asp409His and is also 
known as p.Asp448His

13
had one copy of each 
pathogenic variant
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Fewer people with GD3 had low red blood cell and platelet counts after receiving the ERT imiglucerase

Number of people with low levels of red blood cells (causing a condition called anaemia)

After 5 years of imiglucerase treatment, fewer people with GD3 had low red blood cellcounts (fewer had anaemia)

Splenectomised

Non-splenectomised

Anaemia is when the body is not able to transport oxygen properly throughout the body

30 

163 

had anaemia

did not have anaemia

did not have anaemia

had anaemia

47%

53%

19%

81%

37%

63%

80%

20%

20%

80%

11%

89%

0
Before
imiglucerase

1
Year

5
Years

imiglucerase imiglucerase

Number of people with low levels of blood cells called platelets 

People were grouped into whether they had very low, low, or healthy or close to healthy levels of platelets

had low levels of platelets 

had healthy or close to 
healthy levels of platelets

had very lowlevels of
platelets

After 5 years of imiglucerase treatment, fewer people with GD3 had low or very lowlevels of platelets

Platelets are specialised blood cells that stop bleeding and bruising

had low levels of platelets 

had healthy or close to 
healthy levels of platelets

had very lowlevels of 
platelets

7% 

83% 

10% 

0% 

100% 

0% 

0% 

100% 

0% 

19% 

37% 

44% 

5% 

22% 

73% 

1% 

8% 

91% 

1
Year

Splenectomised
30 

Non-splenectomised
161 

0
Before
imiglucerase

1
Year

5
Years

imiglucerase imiglucerase
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had very largelivers

had largelivers

had slightly enlarged or 
healthy livers

hadlargelivers

had slightly enlarged or 
healthy livers

had very largelivers

After 5 years of imiglucerase treatment, fewer people with GD3 had very largeor largelivers

Reduced liver and spleen size was seen in people with GD3 receiving the ERT imiglucerase

Number of people with enlarged livers

People were grouped into whether they had very large, large, or slightly enlarged or healthy liversizes

33% 

11% 

56% 

14% 

43% 

43% 

0% 

100% 

0% 

33% 

10% 

57% 

6% 

70% 

24% 

0% 

32% 

68% 

0
Before
imiglucerase

1
Year

5
Years

imigluceraseimiglucerase

Splenectomised
9

49
Non-splenectomised

had largespleens

had slightly enlarged 
or healthy spleens

had very largespleens

Number of people with enlarged spleens

After 5 years of imiglucerase treatment, fewer people with GD3 who were not splenectomised 
had very largeor largespleens

People who were non-splenectomised were grouped into whether they had very large, large, or
slightly enlarged or healthy spleensizes

90% 

2% 

8% 

72% 

19% 

9% 

27% 

52% 

21% 

0
Before
imiglucerase

1
Year

5
Years

imigluceraseimiglucerase

63 
Non-splenectomised
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The ERT imiglucerase gives people with GD3 a greater chance of survival than those without 
treatment

5 years of imiglucerase 10 years of imiglucerase 20 years of imiglucerase

92% 
of people with GD3 receiving 

imiglucerase were alive 
5 years after starting treatment

82% 
of people with GD3 receiving 

imiglucerase were alive 
10 years after starting treatment

76% 
of people with GD3 receiving 

imiglucerasewere alive 
20 years after starting treatment

Without treatment, only around5% of those diagnosed with GD3 as infants/children who are untreated 
will live into their second decade of life

Early imiglucerase initiation can prolong the lives of people with GD3

Recovered growth was seen in people with GD3 receiving the ERT imiglucerase

77% 
of people with GD3
were consideredshort for their age

43% 
of people with GD3 receiving ERT 
were considered short for their age

38%
of people with GD3
were considered short for their age

24% 
of people with GD3 receiving ERT 
were considered short for their age

Short for their age: based on expected height for a healthy person of the same age and sex 

140

0
Before
imiglucerase 5 Years imiglucerase

Non-splenectomised

Splenectomised
26

After 5 years of imiglucerase treatment, people with GD3 had recovered growth and fewer were 
considered short for their age
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The ERT imiglucerase improves blood, spleen, liver and growth symptoms in people with GD3. Improvements were seen as 
early as 1 year after starting imiglucerase for some symptoms and continued to improve at least until the end of the study  
(5 years after starting treatment).

By reducing blood problems, reducing liver and spleen size, and helping recover growth, imiglucerase could signi�cantly 
improve the quality of life of people with GD3 and their caregivers.

•	Other problems that impact the lives of people with GD3 include behavioural problems, di�culties socialising and  
memory loss. These are not currently treated by available medications including ERT. Improving these symptoms will  
be an important next step to further improve the quality of life for people with GD3.

Crucially, this study shows that the ERT imiglucerase is a life-prolonging treatment for people with GD3, resulting in a greater 
chance of their survival into adulthood.

What do the results of this study mean?

The people enrolled in the ICGG Gaucher Registry will continue to have their routine healthcare test results entered into 
the database. Researchers can therefore continue to look at these participants’ data and study the long-term bene�t of 
treatment in people with GD3.

Are there any plans for future studies?

The ICGG Gaucher Registry is a database that collects medical information on people with Gaucher disease. People with 
Gaucher disease can enrol to be part of the registry and have their data added. Information in the registry is used to improve 
the understanding of Gaucher disease and to learn more about treatments for the disease. As of 2022, almost 7000 people 
with Gaucher disease across more than 60 countries worldwide have been enrolled in the registry.

All people in the registry gave consent for their information to be part of the ICGG Gaucher Registry and to be used in studies.
The registry includes participants’ information such as sex and age, medical history, medical management, clinical outcomes, 
and treatment history.

More information on the ICGG Gaucher Registry can be found at:

•	https://link.springer.com/article/10.1186/s13023-022-02517-0

•	https://www.registrynxt.com/

•	https://www.clinicaltrials.gov/ct2/show/NCT00358943

More information about Gaucher disease and available treatments can be found at:

•	https://gaucheralliance.org/

•	https://www.gaucherdisease.org/

Further educational resources can be found at:

•	https://rarediseases.org/rare-diseases/gaucher-disease/

•	https://www.thinkgenetic.com/diseases/gaucher-disease

What is the ICGG Gaucher Registry?
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