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Factors Driving Government R&D Policy & Budgets

Rationales for government involvement
Macroeconomic trends (debt, slow economic growth)
Demands for government efficiency (GPRA, PART)

Competition for available resources across the R&D portfolio (ACI)



The Process for Determining R&D Programs and Budgets

|dentify the problem

Rationalize government program

Do strategic planning

Propose technical solution (set of projects)
Conduct research

Assess economic impacts



Why Economic Analysis?

Technology is an input into an economic process

» Can no longer dodge this fundamental relationship

Even when ultimate goal of R&D is public good (e.g., health care)
» Products and services delivered by industry (supply chain)

» Achieving cost and quality objectives depends on private-sector
efficiency

> l.e., attaining a better return on investment



Developing a Government R&D Program

Demonstrate systematic underinvestment by industry

Determine amount of R&D
Determine composition of R&D
Efficiency of R&D Process

Project Economic Impact



“Black Box” Model of a Technology-Based Industry
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Technology-Element Industry Model
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Application of the Disaggregated Technology Model: Biotechnology

Science Base

Genomics
Immunology
Microbiology/
virology
Molecular and
cellular biology
Nanoscience
Neuroscience
Pharmacology
Physiology
Proteomics

Infratechnologies

bioinformatics
biospectroscopy
combinatorial
chemistry

DNA sequencing and
profiling
Electrophoresis
Fluorescence

gene expression
analysis

magnetic resonance
spectrometry

mass spectrometry
nucleic acid
diagnostics

protein structure
modeling & analysis
techniques

Generic Technologies

Product

antiangiogenesis
antisense
apoptosis
bioelectronics
biomaterials
biosensors
functional genomics
gene delivery
systems

gene testing

gene therapy

gene expression
systems
monoclonal
antibodies
pharmacogenomics
stem-cell

tissue engineering

Process

cell encapsulation
cell culture
microarrays
fermentation

gene transfer
immunoassays
implantable delivery
systems

nucleic acid
amplification
recombinant
DNA/genetic
engineering
separation
technologies
transgenic animals

Commercial
Products

coagulation
inhibitors

DNA probes
inflammation
inhibitors
hormone
restorations
nanodevices
neuroactive
steroids
neuro-transmitter
inhibitors
protease inhibitors
vaccines

Mixed Technology Goods » Private Technology
Goods

Public Technology |
Goods



The High-Tech Market Interface

Quality Reliability

/ Privacy
Market Interface

Interoperability Security

Safety

Performance Environment



Targets of Economic Analysis for S&T Programs

Strategic Planning

Economic Policy
Rationales

* \Why government policy response

* Importance to economic growth policy,

® Technology & economic trends

® Major underinvestment phenomena

/
*Budget Approval

~

*Resource Allocation

Economic Impact
Assessment

* Qualitative & quantitative impact data

* Input into planning & role development

\_

/




NIST Study of Biopharmaceutical Technology Infrastructure

Estimate the U.S. biopharmaceutical industry’s annual spending on
technology infrastructure

Determine key areas of technology of underinvestment

Characterize and estimate the potential efficiency gains from an
improved technology infrastructure

» Potential drug development cost reductions
» Shorter time to market for new drugs

» Greater probabilities of product approval by the FDA



Annual Technology Infrastructure Expenditures by Technology Focus Area, 2005

Technology
Infrastructure
Spending Percentage
Technology Focus Area (millions) Distribution Relative Spending
Bioimaging $136 15% $4,011 per scientist
Biomarkers $212 24% $6,240 per scientist
Bioinformatics $198 22% $5,813 per scientist
Gene expression analysis $265 30% $7,800 per scientist
Other $73 8% $2,136 per scientist
Subtotal R&D Activities: $884 100%
Commercial manufacturing $162 48% $613,000 per approved drug
Postmarket surveillance $173 52% $656,000 per approved drug
Subtotal Commercial
Activities: $335 100%
Industry Total $1,219

Source: RTI International



Potential R&D Cost Reductions in Biopharmaceutical
Development with an Improved Technology Infrastructure

Expected
Present-Value
Expected Cost per
Actual Cost per Percentage Approved Percentage Development
Technology Approved Drug Change from Drug Change from Time
Focus Area (millions) Baseline (millions) Baseline (months)
Baseline $559.6 — $1,240.9 — 133.7
Individual
Scenarios
Bioimaging — — — — —
Biomarkers $347.9 —38% $676.9 —45% 108.2
Bioinformatics $375.0 -33% $746.3 -40% 116.6
Gene expression $345.8 -38% $676.0 —45% 111.9
Combined
Scenarios
Conservative $421.2 -25 $869.6 -30 122.4
Optimistic $289.2 —48 $533.1 -57 98.1

Source: RTI International



Potential Manufacturing Efficiency Gains
from an Improved Technology Infrastructure

Baseline Production Potential Change
Costs in Cost by Phase/Activity
Costs under an
Baseline Change Improved
Percentage Total Percentage in Cost Infrastructure
Phase/Activity Cost  of Total2  (millions) Change (millions) (millions)
Preproduction 30% $1,900 —29% —$551 $1,349
Upstream processing 20% $1,267 —18% —$228 $1,035
Downstream 40% $2,533 —22% —$557 $1,976
processing
Process monitoring 10% $633 —23% -$146 $491
and quality
assurance testing
Ul el et $6,333 _$1,482 $4,851
manufacturing
costs

aFrom Frost and Sullivan (2004).
Source of estimates: RTI International



The Bottom Line

The lack of adequate generic technology research leads to long delays
In significant innovation

The lack of adequate infratechnology research leads to inefficiencies in
R&D, production, market development, and supply-chain integration

The U.S. economy has gotten away with inefficient management of its
R&D portfolio in the past due to lack of global competition

R&D programs must now be rationalized by demonstrating the cost of
underinvestment and the subsequent economic benefits from increased
R&D funding
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