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1. Executive Summary 

Rare diseases present significant scientific and regulatory challenges due to small patient 

populations, limited clinical data, and high unmet medical need. Emerging data-driven 

approaches offer opportunities to improve evidence generation, regulatory consistency, and 

patient engagement. 

 

On February 2, 2026, the U.S. Food and Drug Administration Rare Disease Innovation Hub 

released its Strategic Agenda (Link), publicly communicating following goals and priorities for 

the upcoming year to the rare disease community. While artificial intelligence (AI), machine 

learning (ML), and data science are not explicitly referenced, they represent powerful 

enablers for achieving the stated objectives. 

 

This paper presents practical AI/ML interventions, a prioritized implementation roadmap, 

industry opportunities, and a conceptual architecture to support AI-enabled rare disease 

innovation. 

 

2. Rare Disease: Represent a significant yet often underrecognized public health challenge.  

The Orphan Drug Act defines a rare disease as a condition affecting fewer than 200,000 

people in the United States. Despite their individual rarity, more than 10,000 rare diseases 

collectively affect over 30 million individuals in the U.S.—approximately one in ten 

people—with nearly half of those affected being children. Many rare diseases are serious or 

life-threatening, and the majority still lack approved therapies. The small and geographically 

dispersed patient populations create substantial challenges for disease characterization, 

clinical trial recruitment, and evidence generation, often slowing therapeutic development 

and regulatory evaluation. 

 

To address these challenges, the Orphan Drug Act of 1983 established incentives to promote 

drug development for rare conditions, including tax credits for clinical testing, waiver of user 

fees, research grants, and potential market exclusivity following approval. Since its 

enactment, the U.S. Food and Drug Administration has approved hundreds of orphan drugs, 

substantially improving treatment availability for certain conditions. However, most rare 

diseases still have no approved therapies, and some treatments have been discontinued due 

to limited commercial viability. These persistent scientific, operational, and economic 
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barriers highlight the need for innovative approaches—such as advanced data-driven 

methods and artificial intelligence—to accelerate rare disease research and therapeutic 

development. 

These constraints make rare disease development particularly suited for AI-driven analytics, 

predictive modeling, and advanced data integration. 

 

3. Strategic Goals Identified in the 2026 Agenda set by FDA Rare Disease Innovation Hub 

The Strategic Agenda outlines a coordinated approach to accelerate rare disease innovation 

through regulatory science advancement, improved institutional coordination, and 

enhanced stakeholder engagement. These priorities aim to address scientific complexity and 

improve access to therapies. 

The three core goals include: 

I. Advance Regulatory Science and Accelerate Drug Development 

●​ Novel clinical endpoints and biomarker development 

●​ Innovative clinical trial designs 

●​ Real-world evidence use 

●​ Research collaboration 

●​ Patient involvement in drug development​
 

II. Strengthen Coordination Across Medical Product Centers 

●​ Cross-center collaboration and information sharing 

●​ Alignment of review standards and decisions 

●​ Knowledge sharing across scientific teams 

●​ Reviewer capability development​
 

​
III. Create a Centralized External Engagement Platform 

●​ Stakeholder access and communication 

●​ Public information dissemination 

●​ Centralized rare disease resources 

●​ Community engagement initiatives​
 

Though not mentioned in the agenda AI and ML technologies can directly support these 

objectives. 
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4. Integration of artificial intelligence and machine learning represents a significant 

opportunity to accelerate rare disease drug development in a cost-effective and scalable 

manner, aligning with the innovation and evidence-generation priorities of the U.S. FDA. 

Artificial intelligence has already demonstrated measurable impact in rare disease drug 

discovery and development, supporting its potential role in advancing regulatory science. 

AI-driven knowledge graph models and multi-omics analytics have enabled identification of 

novel therapeutic targets and drug repurposing opportunities for rare neurological and 

genetic disorders by integrating large-scale biomedical data. Generative AI approaches have 

accelerated early-stage molecule design for orphan disease targets, significantly reducing 

discovery timelines. Machine learning applied to electronic health records and genomic 

datasets has improved rare disease diagnosis, patient identification, and natural history 

modeling, enabling more feasible clinical trials in small populations. Collectively, these 

advances show that AI is already addressing key challenges in rare disease research, 

including data scarcity, patient heterogeneity, and evidence generation constraints. 

 
The following section maps practical AI/ML capabilities to each strategic objective. The focus 

is on regulatory-aligned applications that improve evidence quality, operational efficiency, 

and stakeholder engagement without replacing human regulatory judgment.​
​
Figure 1: Strategic Alignment Framework:  

AI/ML Enablement of Rare Disease Innovation Strategy 
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4.1 Goal I — Advance Regulatory Science & Drug Development 

AI can accelerate therapy development by improving endpoint discovery, trial design, 

evidence generation, and patient insight. These approaches help address small datasets and 

complex disease biology. 

A. Novel Clinical Endpoints and Biomarker Development 

●​ Multi-omics biomarker discovery using machine learning 
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Strategic Goal AI/ML Capability Impact 

Regulatory science Biomarker AI, RWE modeling, trial 
optimization 

Faster approvals 

Cross-center coordination Knowledge graphs, decision support Consistent review 

External engagement AI communication tools Transparency 



 

●​ Digital endpoints from wearable and imaging data 

●​ NLP extraction of clinical symptoms 

●​ Bayesian validation models for small populations​
 

Impact: Faster endpoint qualification, higher sensitivity outcomes, smaller trials. 

 

B. Innovative Clinical Trial Design 

●​ Synthetic control arms using historical data 

●​ Predictive patient stratification 

●​ Adaptive trial optimization algorithms 

●​ AI-driven patient recruitment from EHRs​
 

Impact: Improved statistical power and reduced recruitment burden. 

 

C. Real-World Evidence Generation 

●​ NLP extraction from clinical records 

●​ Natural history modeling 

●​ Treatment effect estimation using causal ML 

●​ Registry and claims signal detection​
 

Impact: Evidence generation where traditional trials are limited. 

 

D. Research Collaboration 

●​ Federated learning across institutions 

●​ Shared model repositories 

●​ Knowledge graphs linking evidence and targets​
 

Impact: Faster discovery and reduced data silos. 

 

E. Patient-Centered Drug Development 

●​ Patient-reported outcome analytics 

●​ Preference modeling 

●​ Sentiment analysis of patient experience​
 

Impact: Improved relevance of clinical endpoints. 
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4.2 Goal II — Strengthen Cross-Center Coordination 

AI can improve regulatory efficiency by enhancing knowledge sharing, decision consistency, 

and reviewer capability. These tools support institutional memory and reduce variability in 

regulatory decisions. 

A. Cross-Center Collaboration 

●​ Regulatory knowledge graphs 

●​ AI semantic search across submissions 

●​ Automated insight alerts​
 

B. Decision Consistency 

●​ Review decision-support models 

●​ Variability detection algorithms 

●​ Policy compliance checking​
 

C. Scientific Knowledge Sharing 

●​ Expert recommendation systems 

●​ Automated literature surveillance 

●​ Evidence summarization tools​
 

D. Reviewer Training 

●​ Personalized learning platforms 

●​ Simulation-based review scenarios​
 

Impact: Faster knowledge transfer and consistent regulatory standards. 

 

4.3 Goal III — Centralized External Engagement Platform 

AI can improve transparency, accessibility, and stakeholder interaction through automated 

communication, intelligent information access, and data-driven engagement. 

A. Stakeholder Access 

●​ AI query routing and conversational assistants 

B. Public Communications 

●​ Automated regulatory updates and newsletters​
 

C. Centralized Information Platform 

●​ Intelligent search and recommendation engines 
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●​ Multilingual information access​
 

D. Community Engagement 

●​ Feedback analytics and sentiment tracking 

●​ Automated meeting summarization​
 

Impact: Improved stakeholder participation and information accessibility. 

 

5. Foundational AI Infrastructure (Cross-Cutting Enablers) 

Successful implementation requires foundational platforms that support multiple use cases. 

These infrastructure components enable scalability, interoperability, and regulatory trust. 

Rare Disease Data Commons 

●​ Harmonized clinical and genomic datasets 

●​ Standardized disease ontologies​
 

Regulatory AI Validation Framework 

●​ Model auditability and bias monitoring 

●​ Explainability requirements​
 

Regulatory Knowledge Graph 

●​ Integrated evidence and decision data​
 

These systems form the backbone of AI-enabled regulatory science. 

​
​
Figure 2 — AI-Enabled Rare Disease Drug Development Lifecycle:  

AI/ML applications across the drug development lifecycle.​
​
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6. Prioritized AI Roadmap (Short-Term → Long-Term) 

A phased implementation approach enables early impact while managing regulatory risk. 

Prioritization focuses on high-value, low-risk capabilities first. 

Phase 1 (0–18 Months) — Immediate Impact 

●​ Regulatory knowledge and evidence intelligence 

●​ Real-world evidence analytics pipelines                                                                                                              

●​ Patient voice analytics 

●​ AI-assisted reviewer training​
 

Phase 2 (18–36 Months) — Transformational Evidence Generation 

●​ Synthetic control arm validation 

●​ AI biomarker discovery platforms 

●​ Federated research networks​
 

Phase 3 (3–7 Years) — System Transformation 

●​ AI regulatory decision support 

●​ Adaptive AI-driven clinical trials 

●​ Global data integration​
 

High-Impact Cross-Cutting foundational AI platforms that would enable most above use 

cases  

1.​ Rare Disease Data Commons: Harmonized clinical, genomic, and RWE datasets 

2.​ Regulatory AI Validation Framework: Standards for trustworthy AI in submissions 

3.​ FDA Rare Disease Knowledge Graph: Connects all evidence, reviews, and 

stakeholders 

 

​
​
​
​
​
​
​
​
​
​
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​
Figure 3 — Prioritized AI Implementation Roadmap:  

Phased deployment strategy balancing impact and regulatory risk.​
​

 
 

7. Pharmaceutical Industry Opportunities 

The strategic priorities create significant opportunities for pharmaceutical and 

biotechnology companies. Organizations that build AI-driven evidence and data capabilities 

may gain regulatory and competitive advantages. 

Key opportunity areas include: 

●​ Real-world evidence and synthetic control services 

●​ Digital biomarker and endpoint technologies 

●​ Regulatory intelligence and submission tools 

●​ Patient recruitment and engagement platforms 

●​ Rare disease data and analytics infrastructure​
 

Early investment in these capabilities aligns closely with emerging regulatory expectations. 

The highest ROI areas that could transform rare disease drug development: 

1. Synthetic control arms + RWE modeling (massive impact on trial feasibility) 

2. Biomarker discovery + digital endpoints (accelerates approvals) 

3. Regulatory knowledge graph + decision support (improves consistency) 

 

​
​

8 



 

​
8. Architecture — Rare Disease AI Ecosystem 

A coordinated AI ecosystem requires integration of data, models, and regulatory processes. 

The architecture must support secure collaboration, evidence generation, and regulatory 

review.​
​
Figure 4 — Rare Disease AI Ecosystem Architecture: 

Conceptual architecture for AI-enabled regulatory science. 

 

 

 

9. Governance and Implementation Considerations 

Responsible deployment requires strong governance to ensure reliability, transparency, and 

public trust. AI systems must support regulatory decision-making rather than replace expert 

judgment. 

Key requirements include: 

●​ Human-in-the-loop oversight 

●​ Model explainability and auditability 

●​ Data privacy and security controls 

●​ Bias monitoring and validation standards​
 

Governance frameworks are critical to regulatory adoption.​
​
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​
Figure 5 — Navigating rare disease drug discovery: 

Collaborative AI, RWE, and regulatory strategy to create value for all stakeholders​

 

 

10. Strategic Implications 

AI-enabled capabilities can fundamentally improve rare disease development by enabling 

data-driven evidence generation, improving trial feasibility, and enhancing regulatory 

consistency. These changes support faster therapy development while maintaining safety 

and scientific rigor. 

The long-term shift is from document-centric review toward continuous, data-driven 

regulatory science. 

 

11. Conclusion 

The 2026 Strategic Agenda from FDA Rare Disease Innovation Hub provides a strong 

foundation for advancing rare disease innovation. Although AI and machine learning are not 

explicitly included, they offer practical tools to accelerate progress across regulatory science, 

institutional coordination, and stakeholder engagement. 

Carefully governed investment in data infrastructure, real-world evidence modeling, and 

regulatory intelligence platforms can significantly improve outcomes for rare disease 

patients while strengthening the broader innovation ecosystem. 
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