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In addition, it is likely that more interest will develop in earlier
“proof-of-concept" trials that seek to confirm activity in humans before
a commitment to full-scale development is made. The FDA is working
to facilitate such studies.
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The final dimension on the critical path can be described as the
industrialization process — turning a laboratory concept into a
consistent and well-characterized medical product that can be mass
produced. The challenges involved in successful industrialization are
complex, though highly underrated in the scientific community.
Problems in physical design, characterization, manufacturing scaleup
and quality control routinely derail or delay development programs
and keep needed treatments from patients. These problems are often
rate-limiting for new technologies, which are frequently more complex
than traditional products and lack standard assessment tools.
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A Better Product Development Toolkit Is Urgently Needed
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It is clear to FDA scientists, who have a unique vantage point and
experience base, that a better product development toolkit is urgently
needed. The Agency oversees all U.S. human trials and development
programs for investigational medical products. As part of its regulatory
role, FDA works with the scientific community to set the clinical and
technical standards used in development. During the clinical phases
of product development, Agency scientists conduct ongoing reviews of
product safety, efficacy, and quality data. At the marketing application
stage, data submitted by medical product sponsors are evaluated
against the established scientific standards.

FDA scientists are in frequent communication with industry and
academic scientists over development issues (Figure 7). Agency
reviewers see the successes and associated best practices as well as
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the failures, slowdowns, barriers, and missed opportunities that occur
during the course of product development. In addition, data on product
testing, safety evaluation, and clinical trials are stored in the millions of
pages of FDA files. FDA reviewers oversee the totality of the
preapproval development process. Because of this perspective, FDA
reviewers are in a unique position to help identify common themes
and systematic weaknesses across similar products and can draw
important lessons from what they see.
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1 Glassman RH,and AY Sun, "Biotechnology: Identifying Advances from the
Hype," Nature Reviews Drug DiscoveryVol. 3,No. 2,February 2004.
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Figure 7. Industry - FOA Interactions During Drug Development
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Few other groups of physicians and scientists are positioned to see so
much of the broad picture. Of course, industry scientists encounter
these problems in terms of their own product portfolios, but often lack
cross-cutting information about an entire product area, or complete
information about techniques that may be used in areas other than
theirs. Academic programs focused on the medical product
development process are rare and, at present, cannot be informed by
FDA's broad experience with often confidential information.

In fact, since the details of most failed programs cannot possibly be
shared publicly or for applied research purposes, FDA holds the only
broad, cross-cutting knowledge about how certain investigational
products fail, why certain therapeutic areas remain underdeveloped,
and when certain development hurdles persist despite advances in
technology that could mitigate them. Indeed, these failures may trigger
regulatory actions such as putting clinical holds on human trials, or
turning down applications. in the course of such an action, FDA
identifies problems and offers advice on how to overcome them.
Advice given to product developers is based on FDA’s experience with
the totality of other applications and FDA'’s efforts to keep up with the
latest science; it does not reflect specific propri- etary information from
individual applications. Despite these efforts, the ability of product
developers and FDA scientists to overcome development challenges
is often confounded by the limitations of current tools to address
development challenges.
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Figure 8: Problem identificalion and Resolution
During the FDA Product Review Pracess
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When the tools and concepts fall short, FDA works proactively with
product developers and the scientific community to identify and
resolve critical development problems and stimulate research,
encouraging the development of solutions. The Agency often makes
this information available to the public through guidance documents
that synthesize current knowledge on approaches to development
problems, or, as appropriate, through workshops, or peer reviewed
publications (Figure 8). Guidance documents can also help ensure
that FDA’s safety and effectiveness standards in a particular area of
product development are up to date.
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Sponsors report that the availability of FDA guidance documentsis
often substantially decreases uncertainties associated with product
development. Our own research has confirmed this. For example,
compared to device development lacking FDA guidance, medical
devices developed in areas with extant FDA guidance documents are
almost twice as likely to be approved after the initial review process
and are approved in a third less time..o FDA has undertaken efforts to
develop such guidances in some of the most crucial public health
issues.
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There is currently an urgent need for additional public-private
collaborative work on applying technologies such as genomics,
proteomics, bioinformatics systems, and new imaging technologies to
the science of medical product development. Properly applied, these
new technologies could provide tools to detect safety problems early,
identify patients likely to respond to therapy, and lead to new clinical
endpoints. New medical fechnologies, including bioengineered tissues,
cellular and gene therapies, nanotechnology applications,

novel biomaterials, and individualized drug therapies, will all need new
product development tools and standards, as discussed below, to be
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able to move from the laboratory to the market quickly
and safely.
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guidances resulting from involvement in the International Conference on
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There is also an urgent need to improve the efficiency and
effectiveness of the clinical trial process, including trial design,
endpoints, and analyses. The NIH is addressing very important clinical
research infrastructure problems in its Roadmap initiative, and FDA

is collaborating in the Roadmap efforts. In addition, much more
attention and creativity need to be applied to disease-specific trial
design and endpoints intended to evaluate the effects of medical
products.
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Tools for Assessing Safety
REMERED DD Y — )L

For effective development, safety issues should be detected as early
as possible, and ways to distinguish potential from actual safety
problems should be available. Unfortunately, in part because of
limitations of current methods, safety problems are often uncovered
only during clinical trials or, occasionally, after marketing. One
pharmaceutical company estimates that clinical failures based on liver
toxicity alone have cost them more than $2 billion in the last decade —
doliars that could potentially be directed toward successful new
product development.2: Sometimes, early tests suggest the possibility
of safety problems that never materialize, potentially eliminating
candidates unnecessarily. Many of FDA's targeted efforts to date have
involved defining more reliable methods for early prediction

and detection of significant safety problems. The Agency seeks to
prevent harm to patients during clinical development as well as
potentially devastating setbacks to a new technology’s progress and
to public confidence.
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Tools for safety assessments include product testing (e.g., for
contamination), as well as in vitro and animal toxicology studies, and
human exposure. Despite some efforts to develop better methods,
most of the tools used for toxicology and human safety testing are
decades old. Although traditional animal toxicology has a good track
record for ensuring the safety of clinical trial volunteers, it is laborious,
time-consuming, requires large quantities of product, and may fail to
predict the specific safety problem that ultimately halts development.
Clinical testing, even if extensive, often fails to detect important safety
problems, either because they are uncommon or because the tested
population was not representative of eventual recipients. Conversely,
some models create worrisome signals that may, in fact, not be
predictive of a human safety problem.
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Many of FDA's recent targeted efforts have involved working with the
scientific community to define more reliable methods to predict and
detect significant safety problems. For example, in the past, failure to
predict unfavorable human metabolism of candidate drugs has led to
costly failures in the clinic as well as multiple drug market withdrawals.
FDA recommendations on the use of human cell lines to characterize
drug metabolic pathways provide a straightforward in vitro method for
prediction of human metabolism, allowing developers to eliminate
early on compounds with unfavorable metabolic profiles (e.g.,
drug-drug interaction potential). Failures in the clinic due to drug
interaction problems are now far less likely.
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In another effort, FDA developed and standardized methods for
documenting clearance of retrovirus-like particles from tissue culture
fluids. This effort successfully addressed potential safety concerns
that surrounded the early use of monoclonal antibodies and paved the
way for the development of many important medical treatments.
Through its own laboratory efforts, FDA has continued to refine these
methods, share them publicly, and reduce their cost. Additional
examples of FDA efforts are listed under Highlights on the

following page.
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Towards a Better Safety Toolkit
XY RWEEHEY —F Y MIMETT

There are currently significant needs, but also significant opportunities,
for developing tools that can more reliably and more efficiently
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determine the safety of a new medical product.

Examples of tools that are urgently needed include better predictors of
human immune responses to foreign antigens, methods to further
enhance the safety of transplanted human tissues, new techniques for
assessing drug liver toxicity, methods to identify gene therapy risks
based on assessment of gene insertional and promotional events, and
efficient protocols for qualifying biomaterials.
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Highlight: Tools for Assessing Safety
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1. The need to ensure the safety of biological products by preventing
contamination has resulted in numerous Agency research programs
and resulting animal models, test methods,and technical standards.
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* A reference standard for evaluating gene therapy vector
contamination by retroviruses has been developed with FDA
input and is being distributed by the American Type Tissue
Collection (ATTC).
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¢ In the wake of concern over the safety of gene therapies for
genetic diseases,FDA developed an animal model for assessing
the safety of adenovirus vectors.
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* FDA developed several rodent toxicity models to assess the
neurovirulence of live virus vaccines,an approach that has both
reduced the use of primates for testing and sped the testing
process.
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* With the potential resurgent need for smallpox vaccination,FDA
scientists developed a new technique to detect the presence of
contaminating virus in smallpox vaccine products. This
technique can also be applied to characterization of other
vaccine and cellular products.
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. FDA collaborated with industry and scientific groups to develop the

data that allowed international adoption of a transgenic mouse
model for drug carcinogenicity testing. This assay takes less time,
saves two thirds of the cost,and uses half as many animals as a
traditional study.
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. FDA has mined its databases to develop structure-activity

relationship software to help identify molecular substructures with
potentially negative toxicologic properties early in the development
process.
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Opportunity: Proteomic and toxicogenomic approaches may
ultimately provide sensitive and predictive safety assessment
techniques; however, their application to safety assessment is in early
stages and needs to be expanded... Targeted research aimed at
specific toxicity problems should be undertaken.
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ML, EEMEEFET. TIHEBA~DOEHANEEINTEY . FEN K
BTH Do FEDEBMERBEIZHZR TR L ERT OLERH D,

Opportunity: As biomedical knowledge increases and bioinformatics
capability likewise grows, there is hope that greater predictive power
may be obtained from in silico (computer modeling) analyses such as
predictive toxicology. Some believe that extensive use of in silico
technologies could reduce the overall cost of drug development by as
much as 50 percent.s

- AMEFOMBNE 2. EaFREIFOFEES FRICHERT
DI, FHEIEEZED X 9 Z2insilico (22 B 2 —F BT W)FEITIZ X
ST, LV KRERTFHEEAIDEETE DO TITRWARE WS BELIH
T & 7=, insilicoffffDIRE 2 RIC X - T, FAIBIRDORE FH1350%
Iﬁ"ﬁ@é’(‘% ) k%sz\ég‘%b‘éz:so

« FDA's files constitute the world’s largest repository of in vitro and
animal results that are linked with actual human outcomes data.
Further datamining efforts that effectively protect proprietary data
could form the basis for useful predictive safety models.

FDAD 7 7 A Vid, EEOE FREFER LY 7 LT SHinvitro&
B ORBRFERICOWVW T, HRATRLEEICHD, SbiZ, BF
F— 2 BB ARET DT — A = TORD AL - T,
BHRARTFRREMEETNVOEBETERTH LN TE S,

 Use of extant clinical data may help construct models to screen
candidates early in the development process (e.g., for liver toxicity).

c BHETIHRRT —F2FERTLILICL > T, BHREROREWVWERE
T, BHERI V-V VT DETNVEEET D ENAIREL D
(B2, FrE).,

Opportunity: There is an urgent need to develop tools to accurately
assess the risk of new drugs causing heart rhythm abnormalities.
For instance, there are ongoing international efforts to develop, test,
and validate nonclinical models that may be useful in predicting
human risk. In addition, the clinical risks associated with a small
degree of QTc interval prolongation need to be fully defined.
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The above are only a few of the opportunities FDA reviewers and
outside experts have identified.

ERiL. FDAFEE LINBOBEMRBIFEE Lo Z< —5icE &
/-CE‘I\O

2 Petricoin EM,V Rajapaske,E H Herman,A M Arekani,S Ross, et al.,
"Toxicoproteomics:Serum Proteomic Pattern Diagnostics for Early Detection
of

Drug Induced Cardiac Toxicities and Cardioprotection," Toxicologic
Pathology,

32(Suppl. 1):1-9, 2004.

2z PricewaterhouseCoopers,"Pharma 2005 Silicon Rally:The Race to
e-R&D" Paraxel's Pharmaceutical R&D Statistical Sourcebook 2002/2003.

2 Petricoin EM,V Rajapaske,E H Herman,A M Arekani,S Ross, et al.,
"Toxicoproteomics:Serum Proteomic Pattern Diagnostics for Early Detection
of Drug Induced Cardiac Toxicities and Cardioprotection (r ¥ a7 u 754
A B OEE L MREO BRI 2 ME T 0 T A b SF —
 DFWR)," Toxicologic Pathology, 32(Suppl. 1):1-9, 2004,

2z PricewaterhouseCoopers,"Pharma 2005 Silicon Rally:The Race to e-R&D
(2005 Silicon Rally : e-R&D~D$i4)" Paraxel's Pharmaceutical R&D
Statistical Sourcebook 2002/2003,



Innovation or Stagnation?

Getting to the Right Safety Standards
HIEREEEELEICBD

Because safety issues are a significant cause of delay and failure
during development, some have advocated simply lowering safety
standards.

This is not a preferable solution. For ethical human testing, there is
wide agreement that reasonable assurance of safety must be
achieved before clinical trials begin. Patients, prescribers, payers, and
the public share the expectation that marketed medical products
will have a well-understood safety profile and a positive benefit/risk
analysis. Today's problems arise from the inability to confidently
predict safety performance in a timely and efficient manner.

Current tools are not only cumbersome, they are also imprecise and
thus leave considerable residual uncertainty. The degree of
uncertainty inherent in current techniques can result in conservative
standard setting. We need new tools that can eliminate problem
products early and can better predict ultimate safety performance.
Applied critical path research provides the real opportunity for
improving our ability to identify safety issues early and manage the
remaining risks appropriately.

ZEMREIIREERE COBIESPIKROERZFR TH A DT, BiZ
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BAEND D, BE, FAFIE. THHI>A. TLTHRAE. TilREh
TN ERLIILEEEPTOHEREINTEBY  FEA/V A7 SHFBPRY
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WY — LSS ENTWA, 70T 40 XA U —F %A
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Tools for Demonstrating Medical Utility
EROFHAEEEET DY —V

Predicting and subsequently demonstrating medical utility (also called
benefit or effectiveness) are some of the most difficult and i m p o rtant
challenges in product development. Currently available animal models,
used for evaluating potential therapies prior to human clinical trials,

have limited predictive value in many disease states. Better predictive
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Better
predictive
nonclinical
screening
methods
are urgently
needed
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nonclinical screening methods are urgently needed. In many cases,
developers must gamble on the results of the large-scale, expensive
trials necessary to assess effectiveness in people.

Such human trials are currently highly empirical, because most
sources of variability in human responses are not understood and thus
cannot be controlled for. It is clear to many in the field that new
scientific advances have the potential to revolutionize clinical
development.

However, the path from scientific innovation to usable tool is not clear.

EFEOFAME FIEEMEE LEEND) 2 FR LETET 5 2 L.
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FDA has identified a number of opportunities for targeted efforts in the
area of effectiveness (see next section) and, where feasible, hasund
e rtaken targeted action. For example, FDA scientists developed
statistical methods to control reader variability in trials of imaging
devices and made the analysis software publicly available. Use of this
method allows developers to reduce the sample size of imaging
device trials by as much as 60 percent..« Similarly, FDA analysis of
hypertension trials using automated blood pressure monitoring
allowed for elimination of the placebo group in such trials.

FDAVL, BEMEDSEWRDEZ ¥ a U ESRICBWTE Y Bir &
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Adopting a new biomarker or surrogate endpoint for effectiveness
standards can drive rapid clinical development. For example, FDA
adoption of CD4 cell counts and, subsequently, measures of viral load
as surrogate markers for anti-HIV drug approvals allowed the rapid
clinical workup and approval of life-saving antiviral drugs, with time
from first human use to market as short as 3.5 years. FDA convened
the data holders, conducted analyses in conjunction with industry and
academia, and provided guidance on trial design. Similarly, FDA
adoption of the eradication of H. pylori as a surrogate for duodenal
ulcer healing greatly simplified the path of those therapies to the
market.

FDA often approves vaccines based on their meeting validated s u
rrogate markers for achieving protective levels of immunity. This
greatly simplifies effectiveness studies, thus reducing time and costs.
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Highlights of other recent FDA efforts are provided on the following
page. Although there are many examples of successful outcomes,
similar efforts are needed in many other areas of product development
to improve the process for getting safe and effective new {re a tments
o patients.
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Towards a Better Effectiveness Toolkit

FOVBWESEY—ALFy MTHEITT

We believe targeted efforts in a variety of areas could substantially
improve the efficacy toolkit. These eff o rts, a few examples of which
are listed here, can only be successful with the collaboration of
industry, academia, and the patient and health care communities.
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=« See, for example,Wagner RF,SV Beiden,G Campbell,"An Approach to
Multiple-

Reader,Multiple-Case Receiver Operating Characteristic Analysis:
Controversial —

or Subtle?," Acad Radiol. 2003, Oct; 10(10):1176-7;Wagner RF, SV Beiden,
“Independent Ve rsus Sequential Reading in ROC Studies of Computer-
Assist

Modalities:Analysis of Components of Variance," Acad Radiol.,2003 Feb;
10(2): 211- 2. '

2 B 24, Wagner RF,SV Beiden,G Campbell,"An Approach to
Mutltiple-Reader, Multiple-Case Receiver Operating Characteristic Analysis:
Controversial — or Subtle? (Z EFtAIALEF, FEEMISZ(EE O BIEREM
B BEIREE N LV, R T & 2 00)," Acad Radiol. 2003, Oct; 10(10):1176-7,
Wagner RF, SV Beiden, "Independent Ve rsus Sequential Reading in ROC
Studies of Computer- Assist Modalities:Analysis of Components of Variance
(72— & OROCHER T D EMBTAIA L NRIRFLAIA T — T 2 R Mg

R BEIRL OFEYT ¢ )," Acad Radiol.,2003 Feb; 10( 2): 211- 2% & 1.,
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Highlight: Answering the Challenge of Bioterrorism —
Evaluating Efficacy

NATA b BT aREOBRE — SR O

With the increasing challenges of bioterrorism, there is both a need
and an opportunity for animal models that are relevant and predictive
of countermeasure effectiveness in humans, since effectiveness
testing in humans is often not feasible. In some cases,approval can be
granted on the basis of animal model findings. FDA and its partners
can play a major role in both developing such models and helping
define appropriate and efficient pathways for their use in product
development. Such efficiency is critical both for proper stewardship of
what are often limited or ethically sensitive animal resources,as well
as for ensuring reliable

threat preparedness in a timely manner.
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* FDA developed an immunocompromised mouse model for
studying the efficacy of treatments for smallpox vaccine side
effects.

* FDAIX, BB Y 7 F » DRWERICH§ 21RO F MERBRAIC
FRREREDO= T ZET VR LT,

* FDA defined appropriate animal studies to evaluate the efficacy
of next generation anthrax vaccines.

* FDAIZ. RERRED 7 F o OF ML T T 272012, Y
REMERBREER LT,

* Working with government and academic scientists, FDA
developed protocols for the efficient use of animal models to
evaluate antimicrobial efficacy against bioterrorist threat agents.
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