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Disclaimer
• The views presented here are personal
and do not necessarily reflect the
views of the Agency
• All specific drug development
questions should be discussed with
the relevant review division
• Off-label use of drugs will be
discussed
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–
–
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US Drug Regulation
and Definitions
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Research and Development Process

ONE
FDAAPPROVED
DRUG
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PHASE 1

PHASE 2

PHASE 3

Number of Volunteers

20-100

LARGE
SCALE
MFG

100-500

6-7 YEARS

1000-5000

0.5-2
YEARS

PHASE 4: POST MARKETING SURVEILLANCE

250

3-6 YEARS

FDA
REVIEW

CLINICAL TRIALS

NDA SUBMITTED TO FDA

5,000-10,000
COMPOUNDS

PRE
CLINICAL

IND SUBMITTED TO FDA

PRE-DISCOVERY

DRUG
DISCOVERY

SOURCE: PhRMA 2008, Stages of Drug Development Process and attrition rate of compounds
as they travel through the drug development process over time.
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Expedited Programs for
Serious Conditions (Features)
Fast Track

Breakthrough
Therapy

• Actions to
• Intensive
expedite
guidance on
development
efficient drug
and review
development
• Rolling review • Organizational
commitment
• Rolling review
• Other actions
to expedite
review

Accelerated
Approval

Priority Review

• Approval based
on a surrogate
endpoint or an
intermediate
clinical endpoint
that is reasonably
likely to predict a
drug’s clinical
benefit

• Shorten clock for
review of
marketing
application (6
months compared
with the 10-month
standard review

Guidance for Industry: Expedited Programs for Serious Conditions––Drugs and Biologics.
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM358301.pd
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Expedited Programs for Serious
Conditions (Qualifying Criteria)
Fast Track
•

•

A drug that is
intended to treat a
serious condition
AND nonclinical or
clinical data
demonstrate the
potential to address
unmet medical need
OR
A drug that has been
designated as a
qualified infectious
disease product

Breakthrough Therapy
•

A drug that is
intended to treat a
serious condition
AND preliminary
clinical evidence
indicates that the
drug may
demonstrate
substantial
improvement on a
clinically significant
endpoint(s) over
available therapies

Accelerated Approval
•

A drug that treats a serious
condition AND generally
provides meaningful
advantage over available
therapies AND
demonstrates an effect on a
surrogate endpoint that is
reasonably likely to predict
clinical benefit or on a
clinical endpoint that can
be measured earlier than an
effect on irreversible
morbidity of mortality
(IMM) that is reasonably
likely to predict an effect on
IMM or other clinical
benefit (i.e., an intermediate
clinical endpoint)

Priority Review
• An application (original or
efficacy supplement) for a
drug that treats a serious
condition AND if approved,
would provide a significant
improvement in safety or
effectiveness OR
• Any supplement that
proposes a labeling change
pursuant to a report on a
pediatric study under 505A
OR
• An application for a drug
that has been designated as a
qualified infectious disease
product OR
• Any application or
supplement for a drug
submitted with a priority
review voucher

Guidance for Industry: Expedited Programs for Serious Conditions––Drugs and Biologics.
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM358301.pd
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Master Protocols
Lung-MAP – the Lung Cancer
Master Protocol
A groundbreaking clinical trial
model that uses a multi-drug,
targeted screening approach to
match patients with promising
new treatments based on their
unique tumor profiles.
http://www.focr.org/lung-map

May include:
•
•
•
•

One protocol
Central governance structure
Central Institutional Review Board
Central Data Monitoring
Committee

•
•
•
•

Central independent review committee
Central repository of data and specimens
Leverage common control groups
Potential to study multiple drugs or
multiple markers
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Biomarker Definitions
• Prognostic biomarker

– Indicates future clinical course of the patient with respect to some specified
clinical outcome

• Predictive biomarker

– Measured prior to an intervention
– Identifies patients who are relatively susceptible to a particular drug effect
versus less susceptible patients

• Pharmacodynamic biomarker

– Response-indicator biomarker
– Post treatment measurement
– Marker that reveals whether, or how large, a particular biological response
has occurred in that particular patient

• Efficacy-response biomarker

– Efficacy-surrogate biomarker, Surrogate endpoint
– Subset of general pharmacodynamic biomarkers
– Predicts a specific clinical outcome of the patient at some later time after
treatment
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Exploratory Biomarker
Discover a biomarker involved in
the mechanism of action of a disease

Test the biomarker in animal
models of the disease for use as a
diagnostic, predictive, prognostic,
or pharmacodynamic biomarker

Test the biomarker in humans with
the disease for use as a diagnostic,
predictive, prognostic, or
pharmacodynamic biomarker
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Regulatory Biomarker
“The best setting in which to evaluate a predictive biomarker
for an experimental targeted therapy is a randomized clinical trial (RCT) of the
targeted therapy vs a standard treatment, where the biomarker status is obtained
on the patients but not used to direct treatment.”
Polley MYC, Freidlin B, Korn EL, Conley BA, Abrams JS, and McShane LM. Statistical and practical considerations for clinical evaluation of predictive
biomarkers. J. Natl. Cancer Inst. 105:1677-1683, 2013

“These roles will often involve a quantitative imaging biomarker (QIB), a
quantifiable feature extracted from a medical image that is relevant to the
underlying anatomical or biochemical aspects of interest. The ultimate test of the
readiness of a QIB for use in the clinic is not only its biological or clinical validity,
namely its association with a biological or clinical endpoint of interest, but also its
clinical utility, in other words, that the QIB informs patient care in a way that
benefits patients. But first, the imaging procedure to acquire the QIB must be
shown to have acceptable technical performance; specifically, the QIB it produces
must be shown to be accurate and reliable measurements of the underlying
quantity of interest.”
Huang EP, Wang XF, Choudhury KR, McShane LM, Gonen M, Ye J, Buckler AJ, Kinahan PE, Reeves AP, Jackson EF, Guimaraes AR, Zahlmann G, for the
Meta-Analysis Working Group. Meta-analysis of the technical performance of an imaging procedure: guidelines and statistical methodology. Statistical Methods
in Medical Research. 24:141-174, 2015
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Examples of the Criteria for the
Use of Omics-Based Predictors in
NCI Supported Trials
• Specimen issues
– Determine the feasibility of obtaining specimens that will yield
the quantity and quality of isolated cells or analytes needed for
successful assay performance in clinical settings

• Assay issues
– Validate assay performance by using established analytical
metrics such as accuracy, precision, coefficient of variation,
sensitivity, specificity, linear range, limit of detection, and limit
of quantification, as applicable
McShane LM, Cavenagh MM, Lively TG, Eberhard DA, Bigbee WL, Williams PM, Mesirov JP,
Polley M-YC, Kim KY, Tricoli JV, Taylor JMG, Shuman DJ, Simon RM, Doroshow JH, and
Conley BA. 2013. Criteria for the use of omics-based predictors in clinical trials. 502:317-320.
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Examples of the Criteria for the
Use of Omics-Based Predictors
in NCI Supported Trials

• Model development, specification, and preliminary
performance evaluation

– Evaluate data used in developing and validating the predictor
model to check for accuracy, completeness, and outliers. Perform
retrospective verification of the data quality if necessary

• Clinical trial design

– Provide a clear statement of the target population and intended
clinical use of the predictor and ensure that the expected clinical
benefit is sufficiently large to support its clinical utility

• Ethical, legal and regulatory issues

– Establish communication with the individuals, offices, and agencies
that will oversee the ethical, legal, and regulatory issues that are
relevant to the conduct of the trial
McShane LM, Cavenagh MM, Lively TG, Eberhard DA, Bigbee WL, Williams PM, Mesirov JP,
Polley M-YC, Kim KY, Tricoli JV, Taylor JMG, Shuman DJ, Simon RM, Doroshow JH, and
Conley BA. 2013. Criteria for the use of omics-based predictors in clinical trials. 502:317-320.
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Support for Use of
Surrogate Biomarkers

Temple R. Are surrogate markers adequate to assess cardiovascular disease drugs? JAMA 282:790795, 1999.
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Surrogate Endpoint Challenges

Frank R and Hargreaves R. 2003. Clinical biomarkers in drug discovery and development. Nature Reviews Drug
Discovery. 2:566-580.
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Clinical Outcome Assessments
• Clinical outcome assessments (COAs) measure a patient’s
symptoms, overall mental state, or the effects of a disease or
condition on how the patient functions. COAs can be used to
determine whether or not a drug has been demonstrated to
provide treatment benefit. Treatment benefit can also be
defined in terms of a safety benefit compared to other
treatments. A conclusion of treatment benefit is described in
labeling in terms of the concept of interest, the thing measured
by the COA
• Four types of COAs
–
–
–
–

Patient reported outcome (PRO) measures
Clinician reported outcome (ClinRO) measures
Observer reported outcome (ObsRO) measures
Performance outcome (PerfO) measures
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Drug Development Tools
Qualification
Clinical
Outcome
Assessments

DDT
Qualification

Biomarkers

Animal Models
(Animal Rule)
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Drug Development Tools Qualification
• Concept: Qualification is a conclusion that within the stated
context of use, the results of biomarker measurements can
be relied upon to have a stated interpretation and utility
– Context of use to be clearly specified
• Regulatory implication: Can rely upon using the biomarker
in the qualified manner in the IND period, and in NDA and
BLA submissions, without needing to resubmit extensive
data and request that the relevant CDER review group
consider and reconfirm the biomarker
• Importance of predictive and prognostic biomarkers, not
just biomarkers as surrogate endpoints
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Biomarkers in Drug Development
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Opportunities for Biomarker
Development
Qualification –

Expanded Context of
Use

Level of Evidence

•
•

Qualification –
Limited Context of
Use
•
•

Letter of
Support
CPIM

• Exploratory
Discussions

2–3
months
Time

•

•

Initiation
Consultation &
Advice
Review

Initiation
Consultation &
Advice
Review

• PreQualification

3 – 4 months

1 – 2 years

2 – 3 years

Reproducibility of Published Data

Relationship of
published data to
in-house data
(Bayer HealthCare)
for drug targets

Prinz F, Schlange T, and Asadullah K. 2011. Believe it or not: how much can we rely on
published data on potential drug targets? Nature Reviews Drug Discovery. 10:712-713.
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Regulatory Science
Regulatory Science is the science of
developing new tools, standards, and
approaches to assess the safety,
efficacy, quality, and performance of all
FDA-regulated products.

http://www.fda.gov/downloads/Drugs/ScienceResearch/UCM438138.pdf
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Neonatal Issues

24

25

Ivacaftor
• Two randomized double-blind placebo controlled clinical trials (n=213) in cystic
fibrosis (CF) patients with G551D mutation in the CFTR gene
• Third most common CF mutation (worldwide ~3%)
• Primary efficacy endpoint – improvement in lung function as determined by the
mean absolute change from baseline in percent predicted pre-dose FEV1 through
24 weeks of treatment
• No direct correlation between decrease in sweat chloride levels and
improvement in FEV1
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Innovative Trials in Rare Diseases
• Carglumic acid for N-acetylglutamate synthase (NAGS)
deficiency
–
–
–
–

Rare urea cycle disorder (~ 10 patients in U.S.)
Retrospective review of a 23 patient case series in Europe
Short-term (ammonia) and long-term (neurocognitive) outcomes
Compared to historical control (not formally conducted)

• Deferiprone for transfusional iron overload in patients with
thalassemia syndromes not responding to other therapies
– Planned pooled analysis of patients from several studies (n=236)
– Endpoint was change in serum ferritin, not a clinical outcome

• Cysteamine bitartrate for nephropathic cystinosis

– 2 open-label studies (n=94) children treated with product or
innovator cysteamine HCl
– Largely a pharmacodynamic comparison based on WBC cystine
levels vs. historical control pharmacokinetic/pharmacodynamic
levels
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Drug Development Disconnect
Majority of
drugs used are
off-label
Very few new
therapies are
being developed
specifically for
neonates

Neonatal
Diseases

Adult
Diseases

Pediatric
Plans to
include
neonates

28 drugs studied in
neonates
• 46% not used in
NICUs
• 29% used in
fewer than 60
neonates

Laughon MM, Avant D, Tripathi N et
al. 2014. Drug labeling and exposure
in neoates. JAMA Pediatr.168:130-136.
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Neonatal Issues
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Data Standards
Jane Smith
111 North South Street
Berlin, MD 21111

Jane Smith
London, Berlin, Georgia, MD

John James
222 East West Street
London, Georgia 11111

11111
21111

James John

South North Street 111
222 West East Street

Massive amounts of clinical research data in
extremely disparate formats
Study Number

Male/Female

S. Number

Male/Female

Study

Sex

1112

Male

1112

M

s1112

1

1113

Female

1113

F

s1113

2

1114

Female

1114

F

s1114

2

1115

Male

1115

M

s1115

1
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Development of Consortia
Identify Need/Public Health
Question
Leverage resources/expertise
Identify partners and define roles
and responsibilities
Develop proposals, timelines,
milestones, deliverables
Share data in the public domain
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Clinical Trials
Innovative Designs
Biomarkers
Clinical Outcome
Assessment Tools
Network Sites

Basic Science
Research
Natural History
Pathophysiology of
Disease
Ontogeny of Metabolic
Pathways
Micro-assays

Modeling and
Simulation
Ontogeny of Metabolic
Pathways
PK-PD Studies

•
•
•
•

Consortia
Leverage Insights
Academia
Government
Industry
Patient Advocacy
Groups

Definition of
Endpoints
Clinically Meaningful
Short Term/Long
Term

IT Delivery Systems
Interoperable Systems
Standardized Data
Standardized Case
Report Forms

Impact to Patients
Better Dosing
More Appropriate Use of Current Drugs
Increased Access to New Drugs

Neonatal Drug Labels
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How Can the INC Be Impactful?
• Can we articulate clinical pharmacology
needs for the neonate?
• For key therapeutic areas

– Is there a need for animal models?
– What are the basic science needs to support modeling and
simulation?
– What populations should be studied?
– What would be clinically meaningful biomarkers for this
population?
– Is it possible to develop registries or databases for this population?
What are the data standards and how will this data be curated?

• Are there others who can partner with INC?
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Neonatal Clinical Pharmacology
White Paper Considerations
• General
• Impact of developmental changes on variability in drug
disposition and effects in newborns
• Use of clinical pharmacology data in neonatal drug
development
• Timing of initiating clinical trials
• Methodological aspects of neonatal clinical pharmacology
study design: What is relevant?
• Data analysis
• Formulations
• Glossary of terms
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