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Description
Rare disorders, often referred to as orphan diseases, are 

conditions that affect a small percentage of the population. 
Despite their infrequency, these diseases collectively impact 
millions worldwide and pose significant challenges to healthcare 
systems. Early diagnosis of rare disorders is vital, as timely 
intervention can significantly improve patient outcomes and 
quality of life. However, diagnosing such conditions is often 
fraught with difficulties, including a lack of awareness, limited 
diagnostic resources and the rarity of the diseases themselves. 
Artificial Intelligence (AI) has emerged as a transformative tool, 
offering innovative solutions to these challenges and paving the 
way for enhanced diagnosis and management of rare disorders. 
Rare disorders, by definition, are conditions that affect fewer 
than 1 in 2,000 individuals in the population. Examples include 
Huntington’s disease, Gaucher disease and certain types of 
muscular dystrophy. The rarity of these conditions often means 
that healthcare providers encounter them infrequently, leading 
to delayed or incorrect diagnoses. On average, it takes patients 
with rare diseases over seven years and consultations with 
multiple specialists to receive an accurate diagnosis. Traditional 
diagnostic methods for rare diseases rely heavily on a clinician's 
expertise and access to extensive patient history, genetic testing 
and medical imaging. However, these approaches have 
limitations due to the vast variability in symptoms and 
overlapping clinical presentations with more common 
conditions. This complexity has spurred interest in AI 
technologies, which excel at identifying patterns in large 
datasets and making predictions that are beyond the capability 
of human cognition.

Data integration
AI algorithms can integrate data from multiple sources, such 

as electronic health records medical images and patient-
reported symptoms. By identifying subtle patterns and 
anomalies, AI systems can flag potential cases of rare disorders 
that may otherwise go unnoticed. For e.g, a deep learning 
model trained on thousands of patient records can predict the 
likelihood of a rare genetic condition based on specific 
combinations of symptoms and laboratory findings. Genomic 
sequencing has become a fundamental in the diagnosis of rare

genetic disorders. AI can enhance this process by analyzing 
sequencing data to identify pathogenic variants efficiently. 
Companies such as deep genomics and AI-driven tools like 
Variant have made strides in interpreting complex genomic data, 
significantly reducing the time and cost associated with rare 
disease diagnosis. Rare disease knowledge is often scattered 
across case reports, research papers and clinical guidelines. NLP 
algorithms can process vast volumes of unstructured text, 
extracting relevant insights and aiding clinicians in identifying 
potential diagnoses. Tools like IBM Watson have demonstrated 
the capability to sift through medical literature and suggest rare 
disease diagnoses based on a patient’s clinical data. A notable 
example is the collaboration between AI companies and 
research institutions to identify rare conditions. In one study, 
researchers used AI to analyze facial recognition data for 
syndromic disorders, achieving a diagnostic accuracy of over 
90%. Such tools are now being integrated into clinical workflows 
to assist pediatricians and geneticists in identifying conditions 
like Noonan syndrome and Angelman syndrome.

Patient advocacy
Platforms like Rare Disease Artificial Intelligence Network 

(RAiN) leverage AI to connect patients with similar symptoms 
and conditions. These platforms analyze patient-reported 
outcomes and suggest potential rare disorders, bridging the gap 
between patients and specialists who can provide targeted care. 
The implications of AI extend beyond diagnosis into therapeutic 
areas. AI-driven drug discovery platforms have accelerated the 
identification of potential treatments for rare diseases by 
analyzing biological pathways and predicting drug efficacy. For 
e.g, the AI platform by atomwise has been instrumental in 
identifying compounds for treating rare metabolic disorders. 
While the potential of AI in rare disease diagnosis is immense, 
its implementation is not without challenges. Ethical 
considerations, such as patient privacy, data security and 
algorithmic bias, must be addressed to ensure equitable access 
and outcomes. Additionally, the reliability of AI models depends 
on the quality of training data. Rare disease datasets are often 
limited and may not represent diverse populations, potentially 
skewing AI predictions. Healthcare professionals also face the 
challenge of integrating AI into clinical practice. AI tools are most 
effective when used in conjunction with human expertise,
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requiring training and collaboration between clinicians and 
technologists. Regulatory frameworks for AI in healthcare must 
also evolve to ensure that diagnostic tools are accurate, safe and 
transparent. The future of AI in rare disease diagnosis is bright, 
driven by advancements in computational power, data

availability and algorithm sophistication. Emerging trends 
include the use of federated learning to overcome data-sharing 
barriers and the development of explainable AI models that 
provide clinicians with clear rationales for their predictions.
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