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Highlight: Trial Design for Digital Mammography —
Overcoming Clinical Trial Hurdles
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Although the initial approval of digital mammography did not include
this claim, it was believed that digital techniques would prove more
accurate than the conventional screen film. A 40,000-patient study
would be needed to evaluate this.
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No company was able to do a 40,000-patient study. FDA proposed a
trial in which four companies would each do a study of 10,000 patients,
using a common protocol. The National Cancer Institute (NCI) was
willing to conduct the study. The results from the four arms of the
study could be pooled. The pooled trial will be able to test whether
digital mammography is superior to conventional screen-film,and each
firm will be able to

use results from its own product.The trial costs have been shared
among the companies and the NCI. The trial is completely enrolled
and in the 1-year follow-up phase.

AT NDEEEXNGR LT HRBEERTE DAL RN 72D T,
FDAIZ, EBEORBETEEZ W T, 480832 FN1 5 ADEE X%t
G LERBREERT D &0 ) BERE LU, XKEESDEFFEAT(NCI)
ITEA THRBROERZZ T AN, LEORBROBRIIMEETDZ
ENRTER, RESNERBERZANT, TVFL TS TT7 4
—WBEEEDR T V=2 e T4 LA LD HBENRTHENE 5 2 HET
HTENTE, 2, FSLTEHESORRAFERATHIZ LN T
b, RBROBERIZ, BMUESEENCIORTHE IR, RBOR
FIIET L, BIE, 1FEHORBEE Y = — X A>T 5,



“The
appearance
of new
quantitative
measuring
technologies
absolutely
galvanizes
new

drug research”
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Opportunity: FDA actions and the subsequent passage of the “Best
Pharmaceuticals for Children Act”s have spurred a significant increase
in the number of pediatric studies of pharmaceuticals. Although the
results of each individual trial have been informative

for the particular drug studied, a significant opportunity now exists for
analysis of what has been collectively learned about the
pharmacokinetics, pharmacodynamics, safety, and efficacy of drugs in
children.

Such an analysis could begin to build a knowledge base to better
inform future pediatric studies.
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Opportunity: "The appearance of new quantitative measuring
technologies absolutely galvanizes new drug research." » Additional
biomarkers (quantitative measures of biological effects that provide
informative links between mechanism of action and clinical
effectiveness) and additional surrogate markers (quantitative
measures that can predict effectiveness) are needed to guide product
development. In some cases, datamining and analysis, with possibly a
single additional clinical trial, may be all that is necessary to confirm
the surrogacy of a particular marker. In other cases (e.g., the NIH's
Osteoarthritis Initiativez), epidemiologic studies on disease natural
history must be undertaken to provide data on markers of disease
processes. For biomarkers that currently appear promising, specific
projects need to be undertaken to:
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» Assemble existing data on the association of the marker with clinical

outcomes
» Assemble existing data on the performance of the marker during
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intervention trials compared to the performance of current outcome
measures '

* Identify any data gaps or remaining uncertainties

* ldentify clinical trials under development in which the remaining
questions could be addressed in a straightforward manner
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As previously stated, strengthening and rebuilding the disciplines of
physiology, pharmacology, and clinical pharmacology will be
necessary to provide the capacity to develop and evaluate new
biomarkers and bridge across animal and human studies.
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2s Public Law 107-109, Jan. 4, 2002.

s Niblack J, "Biomarkers and Surrogate Endpoints," GJ Downing, ed.
Exceptional

Medical Int. Congress Series, 1205, Elsevier, 2000.

27 See http:/iwww.niams.nih.gov/ne/oi/.

25 Public Law 107-109, Jan. 4, 2002,

2 Niblack J, "Biomarkers and Surrogate Endpoints (/34 = —J— & {{H#
>~ F&RA > 1)," GJ Downing, ed. Exceptional Medical Int.Congress Series,
1205, Elsevier, 2000,
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Opportunity: Imaging technologies, such as molecular imaging tools
in neuropsychiatric diseases or as measures of drug absorption and
distribution, may provide powerful insights into the distribution, binding,
and other biological effects of pharmaceuticals, but their predictive
value needs further study and evaluation. New imaging technologies
will ultimately contribute important biomarkers and surrogate
endpoints, but how soon these new tools will be available for use will
depend on the effort invested in developing them

specifically for this purpose.
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Opportunity: For many therapeutics, effectiveness criteria are best
defined by the practitioners and patients who use the products. Much
work needs to be done on clinical trial design and patient-driven
outcome measures to ensure that endpoints in new therapeutic areas
accurately reflect patient needs and values. Community (health
professional and patient) consensus on appropriate outcome
measures and therapeutic claims can lay a clear development path for
new therapeutics, especially when there is international regulatory
harmonization.
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Opportunity: The concept of model-based drug development, in
which pharmaco-statistical models of drug efficacy and safety are
developed from preclinical and available clinical data, offers an
important approach to improving drug development knowledge
management and development decision making..s Model-based drug
development involves building mathematical and statistical
characterizations of the time course of the disease and drug using
available clinical data to design and validate the model. The
relationship between drug dose, plasma concentration, biophase
concentration
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(pharmacokinetics), and drug effect or side-effects
(pharmacodynamics) is characterized, and relevant patient covariates
are included in the model. Systematic application of this concept to
drug development has the potential to significantly improve it. FDA
scientists

use, and are collaborating with others in the refinement of, quantitative
clinical trial modeling using simulation software to improve trial design
and to predict outcomes. It is likely that more powerful approaches
can be built by completing, and then building on, specific predictive
modules.
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2 Sheiner LB, "Learning VS Confirming in Clinical Drug Development," Clin.
Pharmacol. Ther., 1997, 61:275-291.

2 Sheiner LB, "Learning VS Confirming in Clinical Drug Development (E& 53R
BRZIZ BT B F Y 5#esR)," Clin. Pharmacol. Ther., 1997, 61:275-291,
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There are many important additional opportunities in the area of
clinical trial design and analysis. More clinically relevant endpoints
need to be developed for many diseases. Enrichment designs have
the potential for providing much earlier assurance of drug activity.
Bayesian approaches to analysis need to be further explored.
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Opportunity: The emerging techniques of pharmacogenomics and
proteomics show great promise for contributing biomarkers to target
responders, monitor clinical response, and serve as biomarkers of
drug effectiveness. However, much development work and
standardization of the biological, statistical, and biocinformatics
methods must occur before these techniques can be easily and widely
used.

Specific, targeted efforts could yield early results.
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Getting to the Right Effectiveness Standards
In an era of concerns about health care affordability, we need to make
sure that new medical products are effective and provide accurate
up-to-date information about using them so patients and doctors can
make smart decisions about health care. As health care
costs rise, patients, medical professionals, and health care purchasers
are all demanding more value from the medical treatments they use.
With more treatments in development than ever before, finding better
ways to demonstrate their effectiveness for particular kinds of patients
is essential for making sure that all Americans get the most value from
their health care dollars.
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Tools for Characterization and Manufacturing
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The industrialization challenges posed by the demands of physical
product design, characterization, scale-up, and manufacturing are
often little understood outside of FDA and the pharmaceutical and
device manufacturing communities..s Many product failures during
development are ultimately attributable to problems relating to the
transition from laboratory prototype to industrial product. It is crucial
that technical standards (e.g., assays, procedures, or reference
standards) and improved methods for design, characterization, and
pro duct manufacture are available to improve predictability in this
area.
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2= See, for example, the Washington Fax interview with John La Montagne,
Deputy Director of the National Institute of Allergy and Infections Diseases,
National Institutes of Health, June 9, 2003.
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Deputy Director of the National Institute of Allergy and Infections Diseases,
National Institutes of Health, June 9, 2003% £ &,
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Highlight: Industrialization
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In the area of medical devices,blood glucose monitors represent a
critical technology for many of the 16,000,000 diabetics in the United
States. Numerous new devices are being developed for blood glucose
monitoring.
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* FDA helped develop a uniform testing protocol to evaluate glucose
meter performance and compared the measurements to the
hexokinase (HK) laboratory method incorporating reference
materials developed by the National Institute of Standards and
Technology.
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* It was determined that separate accuracy and precision goals should
be defined for extreme ranges to keep pace with changing clinical
demands for tighter glucose measurement.
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Highlight: Industrialization Standards
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Together with CDC and industry, FDA was able to help make available
difficult-to-obtain standards and samples needed for the successful
rapid development and evaluation of West Nile Virus nucleic acid
blood donor screening.
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+Chen ET,JH Nichols,SH Duh,G Hortin, "Performance Evaluation of Blood
Glucose Monitoring Devices," Diabetes Technology & Therapeutics,
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5(5):749-768,
2003.

iChen ET,JH Nichols,SH Duh,G Hortin, "Performance Evaluation of Blood
Glucose Monitoring Devices (I {ERIE O YEREFHE)," Diabetes Technology
& Therapeutics, 5(5).749-768, 2003.
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Rapid, successful
development
of new medical
technologies
depends on
the...availability
of adequate
methods fo
characterize,
standardize,
control,and
mass produce
them
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Developing interim standards is especially important for novel
technologies and can help keep product development on track as a
new field matures. Otherwise, innovators are put in the position of
having to invent standards in addition to inventing new products. At
the same time, interim standards must allow for flexibility, innovation,
and change as new fields develop. This takes expertise, effort, and
collaboration among industry, academia, and FDA.
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For example, recombinant proteins and monoclonal antibodies have
provided significant therapeutic advances over the last 15 years.
During this time, FDA has issued multiple technical guidance
documents on topics such as characterization of production cell lines,
manufacturing and testing techniques, specifications, stability
evaluation, and changes to manufacturing processes.s» Recent
guidances address the use of transgenic animals or bioengineered
plants as production methods for such products.
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As new industrialization challenges are identified during the review
process, Agency scientists routinely hold scientific workshops,
conduct research, collaborate with academic and industrial scientists
and synthesize the emerging data. Recently, when safety problems
developed with gene therapy adenovirus vectors, the need for a better
potency standard was recognized. FDA collaborated with industry and
governmental partners to develop the currently available reference
standard for characterization of adenovirus vectors. To stimulate the
needed vaccine development efforts, FDA scientists recently
developed a breakthrough synthetic technology for conjugate bacterial
vaccines that increases yields three fold and also lowers costs. For
additional examples, see Highlights on the adjacent

page.
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Towards a Better Manufacturing Toolkit
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Rapid, successful development of new medical technologies
depends on the concomitant availability of adequate methods to
characterize, standardize, control, and mass produce them. Applied
research in these areas is required to provide the infrastructure
necessary for translating laboratory prototypes into commercial
products. There are a number of urgent
needs in the industrialization area. FDA is actively workmg on

guidance in
many of these areas to the extent permitted by available resources.
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0 See Agency guidances at
http://www.fda.gov/opacom/morechoices/industry/guidedc.htm.
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Opportunity: Additional characterization procedures and standards
for expanded stem cell and other cellular products, bioengineered
tissues, and implanted drug-device combinations (e.g., drugeluting
stents) are urgently needed. For example, developing test standards
for coronary stent compressibility will decrease the likelihood of failed
designs and allow smaller clinical trial programs.
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Opportunity: The pharmaceutical industry generally has been
hesitant to introduce state-of-the-art science and technology into its
manufacturing processes, in part due to concern about regulatory
impact. This led to high in-process inventories, low factory utilization
rates, significant product wastage, and compliance problems, driving
up costs and decreasing productivity. FDA has led an initiative to
stimulate the use of process analytical technologies — automated
sensors that monitor and control processes — and other modern
manufacturing technologies that can improve efficiency and increase
flexibility while maintaining high-quality standards. Further research
and data sharing are necessary to make these efficiencies a reality.
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Opportunity: Scientists involved in reviewing medical devices at FDA
report an urgent need for predictive software to model the human
effects of design changes for rapidly evolving devices. We believe that
such software may be attainable with a concentrated

effort, by assembling currently available data and identifying existing
data gaps.
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Getting to the Right Manufacturing Standards
HIERBLEERICE D

Problems with scale-up and mass production can also slow
development and escalate costs. Currently, FDA is involved in an
extensive, multi-year effort to incorporate the most up-to-date science
into its regulation of pharmaceutical manufacturing and to encourage
industry to adopt innovative manufacturing technologies.s1 Moreover,
we are also looking critically at areas where FDA regulation may have
slowed adoption of improvements.
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a1 See "A Risk-Based Approach to Pharmaceutical Current Good
Manufacturing Practices (cGMP) for the 21st Century" at
hitp://www.fda.gov/cder/gmp/.

a1 hitp://www.fda.gov/cder/gmp/@® "A Risk-Based Approach to
Pharmaceutical Current Good Manufacturing Practices (cGMP) for the 21st
Century UERRIZ M 72, BATOERESOER IO EEBRICE T 558
(CGMPYZd B U R 7 IZESL T T u—F)Y 258,
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The availability of efficient, science-based standards for product
characterization and manufacturing creates a win-win for consumers,
patients, and the industry.
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A Path Forward

INADER

Without this
investment...
frustration with
the slow pace
and poor yield
of traditional
development
pathways will
continue to
escalate
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Greater success along the critical path demands greater activity in a
specific type of scientific research that is directed at modernizing the
product development process. This critical path research —highly
pragmatic and targeted in its focus on issues such as standards,
methods, clinical trial designs, and biomarkers — is complementary to,
and draws extensively from, advances in the underlying basic
sciences and new technologies. Without a concerted effort to improve
the critical path, it is likely that many important opportunities will be
missed and frustration with the slow pace and poor yield of traditional
development pathways will continue to escalate.

Dealing with product development problems is the day-to-day work
not only of clinical research and product developers, but also of FDA
review scientists. The Agency frequently attempts to resolve problems
identified during the review process. Extensive experience in
evaluating and working to overcome hundreds of product
development challenges and roadblocks has enabled FDA to
intervene in a targeted manner, helping to reduce or remove specific
obstacles in areas critical to public health. However, there are a host
of additional opportunities where more progress is both necessary and
possible. Due to the scope of the existing problems in product
development and the expected surge in products resulting from
investments in translational research, we believe that critical path
research and standards programs should be high priority to help
ensure that scientific innovations can be translated efficiently into
public health benefits. These additional efforts should be targeted
towards removing specific identified obstacles in development.
Although there are numerous public and private groups with expertise
to help develop solutions, we believe that FDA is ideally positioned to
bring together the stakeholders to identify and address the most
significant problems. We believe that efforts targeted at significant
challenges and roadblocks have yielded important returns, and can
have even greater public health benefits in the near future.
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Innovation or Stagnation?

The Orphan Products Grant Program
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FDA's Orphan
Products grant
program
provides

an instructive
example of

a successful
targeted
intervention
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FDA'’s Orphan Products grant program provides an instructive
example of a successful targeted intervention. This program provides
up to three years of very modest funding ($150,000-300,000 per
annum) for clinical development costs of qualified products. Between
1989 and 2003, FDA approved 36 novel products (including 23 novel
drugs) participating in this program. Thus orphan grant recipients have
been an appreciable part of the 20 to 40 new drugs approved yearly
during the last 14 years, despite the fact that industrial development of
drugs for such limited uses is traditionally very hard to stimulate and
only limited funding has been available.s:Recipients of orphan grants
also benefit from advice and direction from FDA scientific reviewers on
surmounting development obstacles. This program is widely viewed
as a major success in assisting in development of treatments for rare
diseases, at a very modest investment.

FDAD A —7 7 BIAREHENL, BU% K> T2 ADEFN R EITH
%, AEEIZ, BREETHIRLOBRBIERE I LIEFITEZD
72 4 (5ER5150,000~300,000 RV & 3EEREIZHMATH HOTH
5o 19894052003 F TOMIZ, FDAIXASHEIZSIM L T\ 536
B OEHEEL(D B23EITHFR)E AR Lz, ZOL S IEANRES
NTWAERIOBRIL, CHAICEEDEY HUMNIEFICE L, F
ZAEELRELN TV LT, 20X —T77 Y EEDZMHE
F1T, BEI4ERIC, BE20~40EOFEFERO 5 O OEE
EEDTWDay, A—7 7 VEEOZEEIL. FDAOELTHE YR EE
NHEE EOBERTRTAT-OOBECHEELZZITOND LWV
FlEbH D, ZOHEILX. FORBIHT HIBEEORBICR L, #
ZORBEEICIDAFBIZLPPDLT, REREIAZBIDTND &,
IEKBDOBNTWVD

FDA is conducting an internal review of how the successes of the
Orphan Products development research might be applied to other
kinds of critical path problems.
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The Next Steps
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The slowdown in new medical products reaching patients in recent
years despite growing public and private investment in R&D and
tremendous progress in the basic biomedical sciences illustrates that
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better biomedical ideas alone are not enough. We must also ensure
the successful movement of those ideas along the critical path of
development, ultimately delivering reliable, safe, and effective
treatments to patients at affordable prices. We must achieve
breakthroughs in the way we get these treatments to patients and
make them practical and efficient to develop and produce. This is an
essential step in achieving more timely, affordable, and predictable
access to therapies based on the latest biomedical insights — that so
far are having little impact on patient care. If we do not work together
to find fundamentally faster, more predictable, and less costly ways to
turn good biomedical ideas into safe and effective treatments, the
hoped-for benefits of the biomedical century may not come to pass, or
may not be affordable.
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a2 For comparison,FDA approved a total of 21 novel drugs in 2003.
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FDA will lead in
the development
of a national
Critical Path
Opportunities
List...to bring
concrete focus
to the tasks that
lie ahead
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Innovation or Stagnation?

Ensuring that the development pathway keeps pace with biomedicine
is crucial to advancing the health of Americans. This must be a joint
effort involving the academic research community, industry, and
scientists at the FDA, and it must be launched soon to have a timely
impact. in the months ahead:
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* FDA will lead in the development of a national Critical Path
Opportunities List intended to bring concrete focus to the tasks
that lie ahead
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» We will develop this list through extensive consultation with all public
and private stakeholders.
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« In addition, FDA will make internal changes to intensify its ability to
surface crucial issues and to support high-priority critical path
research efforts.
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Since FDA is involved in setting standards for the development of new
medical products, we must take proactive steps to use the best
science to guide the development process and ensure that
development standards are rigorous, efficient, and achieve maximum
public health benefit.
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We look forward to working with the scientific and product
development communities to take advantage of this unprecedented
opportunity to improve the health of the public and its access to
affordable, innovative treatments.
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