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in part as being statements of policy or

recommendation by the US Food and

Drug Administration.
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DRUG DEVELOPMENT AND ORPHAN 
DRUGS/RARE DISEASES IN THE 
UNITED STATES: AN OVERVIEW



Chronology of Drug Development
for Classical and Orphan Drug

Nature Reviews and Drug Discovery, 2003, Volume 2, Page 71



Trends in Drug Discovery

Scannell, JW, et al “Diagnosing the decline in pharmaceutical R&D efficiency”
Nature Reviews Drug Discovery, 11:191-200 (March 2012)

An unsustainable trend 

for an Orphan Drug



Pre Orphan Drug Act: 1982

• 1973-1982: 10 new drugs for rare diseases

– Little economic incentive for large pharmaceutical 
companies to pursue rare disease indications

• ≈7,000 rare diseases; 25 million people

– In comparison: 67 million American adults (31%) 
have high blood pressure—that’s 1 in every 3 people 
in this room 
(http://www.cdc.gov/bloodpressure/facts.htm)

• ~85% of orphan diseases have a genetic basis

• Increasing by ~100 diseases/year

http://www.cdc.gov/bloodpressure/facts.htm


The Orphan Drug Act
21 CFR314.105
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1983 ORPHAN DRUGS/RARE DISEASE 
DEVELOPMENT –PROBLEM SOLVED?
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How Well Are We Doing?
• In past few years

– ~1/3 of all NME approvals are Orphan products

– 2/3 of therapeutic biological product approvals 

• While there has been progress in the general science and 
approval of Orphan Drugs….just like an iceberg much more 
lies below the surface to be done.

– 7,000 plus indications

• Since 1983

– 3575 drugs with an orphan designation

– 522 drugs approved…….. 



Orphan Designations vs 
TOTAL Orphan Approvals*
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*Includes Orphan Indications for Approved Drugs (re-purposing)



NME/NDA Approvals: Total vs Orphan
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NME-BLA Approvals: Total vs Orphan
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CHALLENGES AND THE ROLE OF THE FDA-
SCIENCE, REGULATION, AND POLICY
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Consider this:  the potential speed of a high speed train is 200 

mph, but the average speed of today’s train is 55 mph.  It’s 
not the speed of the train that holds us back, it’s the state of 
the track.  We need to build faster tracks for faster cures.”

Greg Simon, FasterCures

The $64,000 Question
“Why does it take so long to find cures?   



Regulatory Challenge

• Orphan drugs held to same evidentiary standard 
as non-Orphan drugs

• To be approved in US, Orphan drugs must:

– Demonstrate substantial evidence of 
effectiveness/clinical benefit (21CFR 314.50)

– Substantial evidence of benefit requires:

• Adequate and well-controlled clinical study(ies) 

– designed well enough so as to be able “to distinguish the effect 
of a drug from other influences, such as spontaneous change…, 
placebo effect, or biased observation” (§314.126)



Challenges in Orphan/Rare Drug 
Development

• Large heterogeneity in disease pathophysiology

• Poorly understood natural histories and progression

• Few patients are available conducting clinical trials

• Uncertain appropriate duration of treatment

• Lack appropriate endpoints that predict outcomes

• Large heterogeneity in treatment effects

• Require compromise, innovation and trade-offs

• Make difficult decisions in absence of ideal information

Proper deployment of Clinical Pharmacology in orphan
drug development can extract the most amount of
knowledge from least amount of information



INNOVATIVE ANALYSES
•Improved Computing Resources 
•Quantitative drug-disease-trial models
• Exposure-response models

INNOVATIVE TRIAL DESIGNS
• Clinical trial simulations
• Enrichment, adaptive, dose-response

KNOWLEDGE MANAGEMENT
• Leverage prior data

Bringing Clinical Pharmacology 
Tools to Bear



The FDA’s “DUAL” Role

FDA

Regulations Science

Conservative Innovation

Clinical
Pharmacology

Regulations provide room for flexibility in the review of treatments for rare diseases
and the application of regulatory standards….i.e., good scientific judgment



Flexibility in Effectiveness Standard

Conventional
Approval

Administrative

Case by Case

http://www.rarediseases.org/docs/policy/NORDstudyofFDAapprovaloforphandrugs.pdf



Flexibility in Effectiveness Standard

http://www.rarediseases.org/docs/policy/NORDstudyofFDAapprovaloforphandrugs.pdf

While illustrative in the approaches

used, the report is lacking in that, as is

often the case, the FDA convened an

Advisory Committee to discuss the

data and to weigh in on what was an

appropriate evidentiary standard for

approval in this situation



QUO VADIS? 
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Rare Disease Guidance-Common Issues
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FDA-IOM Report

As an overarching goal, the report, Rare Diseases
and Orphan Products: Accelerating Research and
Development, calls for implementing an integrated
national strategy to promote rare diseases
research and product development. The strategy
would include seven key elements:

1. Active involvement and collaboration by a wide
range of public and private interests, including
government agencies, commercial companies,
academic institutions and investigators, and
advocacy groups.

2. Timely application of advances in science and
technology that can make rare diseases research
and product development faster, easier, and less
expensive.

3. Appropriate use and further development of
trial design and analytic methods tailored to the
special challenges of conducting research on small
populations.
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Released: October 4, 2010

https://iom.nationalacademies.org/Reports/2010/Rare-Diseases-and-Orphan-Products-Accelerating-Research-and-
Development.aspx



FDA-IOM Report

4. Creative strategies for sharing research
resources and infrastructure to make good and
efficient use of scarce funding, expertise, data,
biological specimens, and participation in research
by people with rare conditions.

5. Reasonable rewards and incentives for private-
sector innovation and prudent use of public
resources for product development when the latter
appears to be a faster or less costly way to
respond to important unmet needs

6. Adequate organization and resources, including
staff with expertise on rare diseases research and
product development, for the public agencies that
fund biomedical research on rare diseases and
regulate drugs and medical devices.

7. Mechanisms for weighing priorities for rare
diseases research and product development,
establishing collaborative as well as organization-
specific goals, and assessing progress toward
these goals.
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Released: October 4, 2010

https://iom.nationalacademies.org/Reports/2010/Rare-Diseases-and-Orphan-Products-Accelerating-Research-and-
Development.aspx



FDA-NIH Collaboration
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FDA-TRND Collaboration
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In October 2011, FDA awarded $2 million to launch Centers of
Excellence in Regulatory Science and Innovation at the
University of Maryland and Georgetown University. The
investment is part of FDA’s effort, outlined in the Agency's

strategic plan, to foster a robust, collaborative, regulatory
science culture that enables FDA to address the scientific

challenges presented by revolutions in medical product
development and to improve food safety and quality. In 2014
two new centers were established in collaboration with the FDA.

FDA-Academic Collaboration
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CONCLUDING THOUGHTS

30



31



Development of Safe and Effective 
Drugs For ALL Requires a Team Effort 
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Academia

Industry
International 

Collaboration

Patient

Advocacy

FDA Science

& Policy

Benefits

To All 
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Contact Information
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