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OVERVIEW
• Drug and biologic development life cycle

• Major types of drugs and biologics
• Preclinical and clinical regulatory requirements and milestones

• Clinical trial phases and design
• Orphan and expedited approval incentives
• Critical questions to consider for a drug development strategy
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DRUG DEVELOPMENT LIFE CYCLE
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DEFINITIONS
Indication – disease or condition for which you are developing a treatment
Drug – small molecule, usually developed chemically
Biologic – large molecule, usually synthesized in a living organism
Orphan indication – disease or condition affecting fewer than 200,000 in the US
Small Molecule
• Chemically synthesized,
highly tunable
• High potential toxicities
• Low cost to develop
• Not possible for all
disease targets
• Often oral dosing
• Frequently life-long
treatment

Complex Proteins
• Synthesized in cell
• Aimed to replicate
“normal” pathway
• Low toxicities
• Expensive and difficult
to manufacture
• Often IV dosing
• May yield antigenicity

Gene Therapy
• In vivo or in vitro altering
of human DNA
• Targets cause of disease
(genetic)
• Very expensive to produce
• Potential single dose
“cure”
• Difficulties with
localization, replication,
carcinogenicity

RNAi
• Silence disease causing
gene mutation
• Complicated
mechanism of action
• Frequently chronic
dosing
• Safety risks unknown
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REQUIREMENTS
Preclinical Development

Clinical Development

• Demonstrate therapy is reasonably
safe to give to humans
• Pharmacology/Pharmacokinetics
• Toxicology
• Carcinogenicity
• Mutagenicity
• Proof-of-Concept animal model
studies
• Chemistry, Manufacturing, and
Controls (CMC) parameters meet
FDA standards

• Demonstrate safety and efficacy
on clinically relevant endpoints

• Consideration of Patient
Perspective in development
• Manufacture sufficient treatment
to serve patient need
Phase I

Phase II

Phase III

Registration
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MILESTONES
Prepare for Clinical Development

Prepare for Drug Approval

• Target identification and
validation
• Candidate screening
• Candidate optimization
• Preclinical safety and efficacy
testing
• Scale up of manufacturing for
clinical development

• Complete required preclinical studies
• Discuss development plans at FDA
meetings
• Submit IND Application
• Complete Phase I-III studies
*optional: apply for incentives*
• Submit NDA (FD&C 505b1/2) or BLA
(PHS 351)
• Complete post-approval requirements

IND – Investigational New Drug application; NDA – New Drug Application; FD&C – Food, Drug & Cosmetics Act;
BLA – Biologics Licensing Application, PHS – Public Health Service Act
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CLINICAL STUDY PHASES OVERVIEW
Clinical Phase I

Clinical Phase III

Clinical Phase II

Registration

OBJECTIVES

OBJECTIVES

OBJECTIVES

OBJECTIVES

•
•

• Placebo control
• Generate proof of efficacy

• Placebo controlled,

• Prepare and file marketing

•
•
•

Test safety in humans
Understand metabolic
interactions
Verify biomarkers
Subjects: small numbers
of healthy volunteers
Duration: 6 mo - 1 year

•
•
•

and safety in patients
Determine optimal dosage
for Phase III
Subjects: 100-300 patients
Duration: 1-3 years

•
•
•

statistically significant data
Confirm efficacy and safety
in large patient population
Subjects: 300-10,000
patients in two studies
Duration: 2-5 years

Clinical
Phase I

Study sizes and durations are highly dependent on disease or condition being treated:
• Some therapies cannot be given to healthy patients (e.g. certain gene therapies)
• Frequently study sizes in rare disease population are smaller than listed
• Separate Phase I, II, and III studies may not be required
• Post-marketing studies may be required for therapies granted Accelerated Approval

authorization dossier
• Duration: ~1 year
Key questions: Is the therapy
reasonably safe and effective?
Is there a positive risk to benefit
relationship to justify approving
this drug for use in the target
patient group? Is it safe in
combination with the other
drugs these patients will be
taking?
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CONSIDERATIONS FOR CLINICAL TRIALS
Therapeutic Type
• Whether Phase I-III trials are required as separate trials
Selection of Trial Size and Patient Population
• Disease population size
• Patient population eligible to participate
• Sufficient power for statistical analysis
Trial Design
• Dosing scheme
• Controls/Comparators
Clinical Trial Endpoints
• Rapidity of disease progression
• Use of biomarkers or surrogate endpoints
• Patient preference
Trial Duration
• Rapidity of disease progression
• Post-approval trial requirements
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PATIENT-CENTRIC DRUG DEVELOPMENT
Regulations
• Prescription Drug User Fee Act (PDUFA) V (2013-2017)
• PDUFA VI (2018-2022)
FDA sponsored Offices/Programs:
• Office of Rare Disease integration with Review Divisions
• Office of Health and Constituent Affairs, Patient Liaison Program
• FDA/EMA Patient Engagement Cluster Working Group
Clinical Trial Design
• Assessment of Risk to Benefit analysis
• Incorporating “Patient Reported Outcome Measures” to support clinical efficacy
• Disease specific guidances: Pediatric cancers, Ulcerative Colitis, Duchenne Muscular
Dystrophy, Epiderolysis Bullosa
Patient Focused Meetings
• Public Workshops for patients engagement and education
• Advisory Committee Meetings: Alopecia Areata, Autism, Hereditary Angioedema
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INCENTIVES FOR DEVELOPMENT PROGRAMS
Treatment, prevention, or diagnosis of rare diseases and pediatric diseases
• Orphan Designation, Rare Pediatric Disease designation and voucher, Rare
Tropical Disease voucher
Treatment, modification, reversal or cure of a serious condition
• Fast Track designation, Breakthrough Therapy designation, Regenerative
Medicines Advanced Therapy designation, Accelerated Approval, Priority
Review
Treatment of emerging threats
• Material Threat Medical Countermeasures voucher, Qualified Infectious
Disease designation
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ORPHAN DRUG DESIGNATION (ODD)
Requirements

Incentives

• Disease or condition affects fewer than
200,000 people in the US

• 7 years of market exclusivity

• Data showing efficacy of therapeutic in
animal model or patients

• Can be applied for any time before
submission of NDA/BLA

• Waiver of PDUFA fee
• Waiver of requirement to conduct
pediatric studies
• Clinical trial tax credits
• Grant opportunities
• Clinical trial flexibility – still must be SAFE
and EFFECTIVE

Since 1983, more than 4,500 Orphan Drug Designations have been granted and more than 650 Orphan
Drugs have been approved (Source: www.FDAlawblog.net)
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FAST TRACK (FT) DESIGNATION
Requirements
• Therapy intended to treat, modify,
reverse or cure a serious condition
• Nonclinical or clinical data demonstrating
the potential for a therapy to address an
unmet medical need

Incentives
• On-going non-binding agency discussions
• Rolling review of NDA/BLA

• Submission after IND and before preNDA/BLA meeting
*May be rescinded

From 2012-2017, 585 Fast Track Designations were awarded (Source: www.accessdata.FDA.gov)
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BREAKTHROUGH THERAPY DESIGNATION (BTD)
Requirements

Incentives

• Therapy intended to treat, modify,
reverse or cure a serious condition

• Intensive guidance on drug development
including assigned FDA team

• Preliminary clinical data demonstrating
the substantial improvement provided by
the therapy compared to available
therapies (including standard of care) on
clinically relevant endpoint

• Discussion of potential surrogate or
intermediate endpoints for approval

• Rolling Review NDA/BLA

• Submission after IND and before by
before Phase III study
*May be rescinded

From 2012 to May 2018, FDA has granted 210 Breakthrough Therapy designations and granted 93 drug
approvals to Breakthrough Therapy designated products (Source: www.focr.org/breakthrough-therapies)
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REGENERATIVE MEDICINE ADVANCED THERAPY (RMAT)
DESIGNATION
Requirements

Incentives

• Therapy intended to treat, modify,
reverse or cure a serious condition

• All breakthrough therapy designation
features

• Meet the definition of a regenerative
medicine therapy

• Potential for accelerated approval

• Preliminary clinical evidence showing the
therapy has potential to address an
unmet medical need
• Submission after IND and before Phase III
study

Regenerative Medicine Therapies:
• Cell products
• Tissue engineering product
• Human cell and tissue products
• Combination products using these therapies

*May be rescinded

From inception to March 2018, 15 RMAT designations have been awarded (Source: www.pharmacytimes.com) 14

ACCELERATED APPROVAL (AA)
Requirements

Incentives

•

Therapy intended to treat, modify, reverse
or cure a serious condition

•

Provide a meaningful advantage over
available therapies based on a surrogate
endpoint

• Early market access, but restrictions for
use population, strict monitoring, and
other limitations commensurate with
safety

•

Complete post-marketing (Phase IV) studies
to confirm efficacy and confer full approval

•

Discuss eligibility with review division
during development process

*Drugs approved using this pathway may be withdrawn from the market if:
Clinical benefit not verified, Phase IV study not performed, post-marketing
restrictions insufficient for safe use, or promotional materials are false
and/or misleading

From 2012-2017, 38 drug applications have been
approved using Accelerated Approval (Source:
www.accessdata.FDA.gov)
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UTILIZATION OF INCENTIVES

Note: Columns for the different incentives are not mutually exclusive (Source: Health Advances Analysis,
FDA New Drug Summaries 2011-2015)
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PRIORITY REVIEW
Requirements

Incentives

• Therapy intended to treat, modify, reverse or
cure a serious condition

• Decrease review time from 10 months
(standard review) to 6 months (priority
review)

• Provide a significant improvement in safety or
effectiveness compared to available therapies
or standard of care
• Qualified Infectious Disease Product

• Product for which the label is being expended
to include pediatric patients
• Submission of a voucher
• Request Priority Review with submission of
NDA/BLA
*Many drugs qualifying for the other incentives also qualify for Priority
Review

Most therapies qualifying for the other incentivized
and expedited review programs also qualify for
Priority Review
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PRIORITY REVIEW VOUCHERS
Pediatric Rare Disease (PRD) - Food and Drug Administration Safety and Innovation
Act (FDASIA) 2012
• Therapy intended to treat a rare disease in which >50% of population are 0-18
• Can apply for designation prior to NDA or BLA submission
• First approval of therapeutic must be in the PRD indication
• Receive voucher upon marketing approval
• Transfer voucher unlimited number of times (sales: 14, $67-350 million)

Rare Tropical Disease – Food and Drug Administration Amendments Act (FDAAA)
2007
• Receive voucher upon marketing approval of treatment for prescribed tropical disease
• Transfer voucher unlimited number of times (sales: 5, $125-200 million)
Material Threat Medical Countermeasure (MCM) – 21st Century Cures Act 2016
• Receive voucher upon marketing approval of treatment for prescribed MCM
• Transfer voucher unlimited number of times (sales: none yet awarded)
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NOVEL DRUG APPROVALS IN 2017

(Source: CDER 2017 New Drug Therapy Approvals, January 2018)
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PROBABILITY OF SUCCESSFUL THERAPEUTIC
DEVELOPMENT

Fewer than 1 in 10 drugs entering clinical development for all diseases reach the market in the US. There is a greater
probability of success for development of drugs for rare diseases: 1 in 4 drugs reaches the market in the US
(Source: BIO, www.bio.org/press-release/bio-releases-largest-study-ever-clinical-development-success-rates) 18

QUESTIONS TO CONSIDER
•

What are the regulatory implications for the drug type I’m developing?
•

•

Do I want to develop a treatment for a rare or non-rare disease?
•

•

Consider: Disease progression, variability or presentation, biomarkers and surrogate endpoints,
appropriate age group for treatment

What clinical development requirements should I expect?
•

•

Consider: Implications for treating pediatric patients, very severe or refractory patients

How much is known about the disease natural history?
•

•

Consider: Incentives, expedition, complications, likelihood of approval, cost, potential
reimbursement

Who is my target population?
•

•

Consider: Repurposing vs. discovering/producing new drug or biologics considering
development complexity, scaling, manufacturing, and regulatory requirements

Consider: Magnitude and duration of trials, clinical study endpoints for efficacy, competition for
patients, effectiveness of drug

What incentives can I possibly utilize?

*and many more
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CLOSING POINTS FOR CONSIDERATION
• Develop a comprehensive strategy from preclinical testing to drug approval (and
even post-marketing) to guide the entire development program.
• Take advantage of any incentives available to you based on the therapeutic and
indication you are targeting.
• The drug development process can be long and complicated, but FDA wants to
facilitate the advancement of safe and effective drugs, so communicate early,
present your position and rationale clearly, and listen to their guidance.

QUESTIONS?
(Sandi.Heibel@BioPharmaGlobal.com)
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CLINICAL TRIAL PHASES I & II
Phase I

End of Phase II

Phase II

CLINICAL PHASE 1

CLINICAL PHASE 2

END OF PHASE 2

Small numbers (e.g., 50) of normal volunteers
or patients.
• Careful exploration of doses, start low
o Ascending single doses
o Repeated doses
• Clinical safety assessment (cardiovascular,
liver, kidney, and other), both for general
safety and for potential danger of drug
function.
• Pharmacokinetics: peak blood levels of
drug, duration of drug concentrations,
measurement of drug metabolites.
• Verify biomarkers: Signs in blood, other
fluids/tissues or clinical signs (e.g.,
neuromuscular function) that the drug is
having the desired effect.
• Simultaneous with Phase 2/3:
o Interactions with any drugs normally
given to the target patient group.
o Safety in special groups (e.g., reduced
kidney or liver function).

Repeat exposures of multiple dose levels in
larger numbers (e.g., 100-200) of patients
with placebo-control (some patients get drug,
others placebo).
• Look for efficacy:
o How long does it take until the desired
drug effect can be seen with different
drug doses?
o How do biomarker measurements
relate to observed desirable drug
effects?
• Verify safety:
o What is the relationship of dose and
signs of toxicity?

Conference with regulators.
• What is the target dose to balance
desirable drug effects with limited risk of
toxic effects?
• What signs in blood or other tissues or
organ systems will be used to give early
warnings of potentially toxic effects and
signs of therapeutic effects?
• How will the Phase 3 studies be designed
to best prove the drug is effective and
safe and show how the drug should be
used when approved?

Patient role: Are we measuring the right
things to see if the drug is effective and the
effects are meaningful? Are the side-effects
at effective doses prohibitive?

•

Patient role: Is this a promising drug to
add as a therapeutic alternative? Do the
benefits seen so far outweigh the risks?
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CLINICAL TRIAL PHASES III & BEYOND
Phase III
CLINICAL PHASE 3
Full therapy courses of the recommended dose given to
large numbers of target patients (e.g., 300 and up).
• Number of patients and duration of study needed for
high confidence of outcome (statistical significance)
mainly depend on the assumed strength of the drug
effect and variability of clinical sign used to
determine the drug is working (i.e., "clinical
endpoint").
• Usually two independent studies are needed to
convince regulators the positive results are the effect
of the drug, not chance.
• The patients tested need to represent the diversity of
the patients that will be treated postapproval. Testing can not be limited to "special
populations" of patients or use will be limited to
those special populations.

Marketing Application
NEW DRUG APPLICATION /
MARKETING APPLICATION AND APPROVAL
Government regulatory bodies and advisors evaluate
the clinical information and determine if the drug is
safe and efficacious.
• Is there a positive risk/benefit relationship to
justify approving this drug for use in the target
patient group?
• Is it safe in combination with the other drugs
these patients will be taking?
Patient role: Advise sponsor and regulators of their
perspective on the drug’s risk/benefit relationship,
whether and how the new therapy could be important
in improving patient’s lives.
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