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Machine learning is a subset of AI that 
provides computer systems or algorithms 
with the ability to automatically learn and 
improve from experience without being 
explicitly programmed.7–9 For example, 
software algorithms can be designed 
and trained to learn from and act on 
data without human intervention or 
assistance.7,10 

How might artificial intelligence 
and machine learning bring greater 
understanding to Gaucher disease?

Everyday uses of machine learning have become increasingly commonplace.8,13,14

All machine learning techniques are AI techniques,  
but not all AI techniques are machine learning techniques.12  

There are three main categories of 
machine learning:  
i) supervised learning;  
ii) unsupervised learning; and  
iii) reinforcement learning.11 

Machine learning is also rapidly becoming an important approach used across 
medicine and healthcare.15,16

Almost 85% of rare diseases affect less than one patient  
in a million, so very experienced physicians may never  
be visited by a patient with a rare disease throughout  

their entire career.4,17 

Therefore, physicians can lack an awareness of the early clinical signs and 
symptoms of disease.2,18 Diagnosis of Gaucher disease can be particularly 
challenging for non-Gaucher disease specialists due to the wide variability in age, 
severity and type of clinical manifestations at presentation.18

Advanced machine learning algorithms can be ‘trained’ to memorise vast 
quantities of digital information about thousands of rare diseases.4 These 
algorithms may help to detect patients with rare diseases, independent of a 
physician’s ability to recognise the signs and symptoms of disease.19

What examples are there of applying 
machine learning in Gaucher disease?

A machine learning approach has been used to analyse diagnostic data of patients in 
the Spanish Gaucher Disease Registry in order to determine any potential correlation 
of these data with long-term complications of Gaucher disease such as bone 
crises, development of cancer or Parkinson’s disease.20 The study found the following 
correlations:

�	� Previous splenectomy with the development of skeletal complications and severe 
bone disease.20 

�	� Serum levels of IgA and delayed therapy with severe bone disease at diagnosis and 
with the incidence of bone crisis during therapy.20 

�	� High IgG levels and age over 60 years at diagnosis with the development of cancer.20 

Deep learning, a subset of machine learning, has been used to define the mechanism 
of glucocerebrosidase enzyme dysfunction that underlies the pathophysiology 
of Gaucher disease.21 Two of the common pathogenic GBA1 gene variants, N370S 
and L444P, were shown to cause destabilisation of the complex usually formed 
between glucocerebrosidase and its facilitator protein saposin C, leading to reduced 
glucocerebrosidase activation.21 

A study has used an advanced machine learning approach to predict the 
responsiveness of Gaucher disease variants to pharmacological chaperone 
treatment.22 The N370S variant was predicted to be responsive, whereas the L444P 
variant was predicted to be non-responsive.22

What is potentially the biggest challenge 
associated with the use of machine 
learning in rare diseases?
The effectiveness of a machine-learning algorithm is strongly related to the amount 
of data used in the ‘training’ process – the larger the available dataset, the better the 
algorithm can learn and improve from experience.4,8 Given this, the performance 
of machine learning algorithms in rare diseases may be hindered by the scarcity of 
available patient data.23

AI is defined as the ‘science and engineering of making intelligent machines, 
especially intelligent computer programmes’.5 AI relates to computer systems 
being able to perform tasks normally requiring human intelligence, such 
as visual perception, speech recognition, decision-making, and translation 
between languages.6 

What is machine learning?

Machine learning is a subset of artificial intelligence8
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Machine learning enables 
algorithms to:

�	� Absorb input data and predict 
output values9

�	� Identify patterns and trends 
within data9

�	� Learn from previous 
experience9

A study is underway to develop 
an advanced machine learning 

algorithm for the early diagnosis 
of Gaucher disease using real-world 

data.19 A large sample size of 2.2 
million detailed medical records and 

state of the art machine learning 
techniques are expected to result 
in a predictive model with a high 
degree of diagnostic accuracy.19
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What are the current challenges faced by patients with 
rare diseases?

Up to 40% of patients 
with a rare disease are 

misdiagnosed or receive 
no diagnosis at all.1 

Patients with rare 
diseases (e.g., Gaucher 
disease) often consult 

up to 8 different 
physicians about  
their condition.2 

It can take on average 
6–8 years before a 
person with a rare 

disease receives the 
correct diagnosis.3 

Diagnostic delays 
in patients with rare 

diseases, such  
as Gaucher 

disease, may lead 
to irreversible 
complications 

associated with 
disease progression.2  

Knowledge gaps exist 
in the pathophysiology 

underlying rare 
diseases, and the 

available treatment 
options for many rare 

diseases can  
be limited.4 

6–8 
years

How might the use of machine learning benefit patients with a 
rare disease, such as Gaucher disease?

Consequently, advanced machine learning algorithms for the early 
diagnosis of patients with rare diseases, such as Gaucher disease,  

have the potential to:

Improving the diagnosis and treatment of rare diseases may be 
regarded as an important public health concern.4 

 
Given the specific challenges associated with their diagnosis and 

treatment, patients with rare diseases may benefit from advances in 
information technology, such as in the fields of artificial intelligence 

(AI) and machine learning.4

What is artificial intelligence?

reduce diagnostic 
delays19

enable earlier 
decision-making19

facilitate prompt initiation 
of appropriate therapy19

avoid potentially 
irreversible morbidities19
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