United States Government Accountability Office

GAO

Report to Congressional Requesters

November 2006

NEW DRUG
DEVELOPMENT

Science, Business,
Regulatory, and
Intellectual Property
Issues Cited as
Hampering Drug
Development Efforts

GAO

Accountability * Integrity * Reliability

GAO-07-49



s
g GAO
Accountability- Integrity- Reliability

Highlights

Highlights of GAO-07-49, a report to
congressional requesters

Why GAO Did This Study

Drug development is complex and
costly, requiring the testing of
numerous chemical compounds for
their potential to treat disease.
Before a new drug can be marketed
in the United States, a new drug
application (NDA), which includes
scientific and clinical data, must be
approved by the Food and Drug
Administration (FDA). Recent
scientific advances have raised
expectations that an increasing
number of new and innovative
drugs would soon be developed to
more effectively prevent, treat, and
cure serious illnesses. However,
industry analysts and the FDA have
reported that new drug
development, and in particular,
development of new molecular
entities (NMEs)—potentially
innovative drugs containing
ingredients that have never been
marketed in the United States—has
become stagnant.

GAO was asked to provide
information on (1) trends in the
pharmaceutical industry’s reported
research and development
expenses as well as trends in the
number of NDAs submitted to, and
approved by, FDA; and (2) experts’
views on factors accounting for
these trends and their suggestions
for expediting and enhancing drug
development. GAO analyzed data
from FDA on all 1,264 NDAs
submitted to the agency from 1993
through 2004. GAO also convened a
panel of experts and interviewed
other drug development experts
and analysts to identify factors
affecting, and suggestions for
enhancing, drug development.

www.gao.gov/cgi-bin/getrpt? GAO-07-49.

To view the full product, including the scope
and methodology, click on the link above.
For more information, contact

Leslie G. Aronovitz at aronovitzl @ gao.gov or
(312) 220-7600.

NEW DRUG DEVELOPMENT

Science, Business, Regulatory, and
Intellectual Property Issues Cited as
Hampering Drug Development Efforts

What GAO Found

Although the pharmaceutical industry reported substantial increases in
annual research and development costs, the number of NDAs submitted to,
and approved by, FDA has not been commensurate with these investments.
From 1993 through 2004, industry reported annual inflation-adjusted
research and development expenses steadily increased from nearly

$16 billion to nearly $40 billion—a 147 percent increase. In contrast, the
number of NDAs submitted annually to FDA increased at a slower rate—
38 percent over this period. Similarly, the number of NDAs submitted to FDA
for NMEs increased by only 7 percent over this period. FDA approved most
NDA applications—76 percent overall, but the numbers of NDAs and NDAs
for NMEs it approved annually have generally been declining since 1996.
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According to experts, several factors have hampered drug development.
These include limitations on the scientific understanding of how to translate
research discoveries into safe and effective drugs, business decisions by the
pharmaceutical industry, uncertainty regarding regulatory standards for
determining whether a drug should be approved, and certain intellectual
property protections. These factors have been cited as affecting the number
of drugs developed, the cost and length of the drug development process, as
well as the types of drugs being produced. To address these issues, experts
offered suggestions including increasing the number of scientists who can
translate drug discoveries into effective new medicines and allowing
conditional approval of certain drugs based on shorter clinical trials using
fewer numbers of patients. In its comments on a draft of this report, the
Department of Health and Human Services provided clarifications, which
GAO incorporated as appropriate.
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Before a new drug can be marketed in the United States, it must be
approved by the Food and Drug Administration (FDA), an agency within
the Department of Health and Human Services (HHS). To gain approval,
drug sponsors' must submit a new drug application (NDA) to FDA
containing scientific and clinical data. FDA reviews the NDA to determine
whether the new drug is safe and effective for its intended use. The
submission of an NDA typically follows a long period of research and
development. To develop a new drug, researchers and scientists identify
and test numerous chemical compounds for their potential to treat
disease. On average, drug sponsors can spend over 13 years studying the
benefits and risks of a new compound, and several hundred millions of
dollars completing these studies before seeking FDA’s approval. About 1
out of every 10,000 chemical compounds initially tested for their potential
as new medicines is found safe and effective, and eventually approved by
FDA, making the drug discovery and development process complex, time
consuming, and costly. Although high costs and failure rates make drug
discovery and development risky, creating a safe and effective new drug
can be rewarding for both the sponsor and the public. A highly successful
new drug can generate significant annual sales, and can provide cures or

A drug sponsor is the person or entity who assumes responsibility for the marketing of a
new drug, including responsibility for complying with applicable provisions of laws, such
as the Federal Food, Drug, and Cosmetic Act and related regulations. The sponsor is
usually an individual, partnership, corporation, government agency, manufacturer, or
scientific institution.
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help treat the symptoms of diseases and illnesses affecting millions of
people.

Significant scientific advances have raised new hope for the prevention,
treatment, and cure of serious illnesses. For example, the decoding, or
sequencing of the human genome, advances in medical imaging, and new
technologies that enable drug researchers to rapidly synthesize numerous
compounds, created expectations that the pharmaceutical industry would
soon be producing an increasing number of new and innovative drugs to
more effectively treat disease. However, over the past several years it has
become widely recognized throughout the industry that the productivity of
its research and development expenditures has been declining; that is, the
number of new drugs being produced has generally declined while
research and development expenses have been steadily increasing.
Similarly, FDA and analysts reported that pharmaceutical research and
development investments were not producing the expected results and
that innovation in the pharmaceutical industry had become stagnant.” In
addition, FDA reported that the industry was predominantly submitting
NDAs for variations of existing drugs, rather than for new and innovative
drugs, such as new molecular entities (NMEs)—potentially innovative
drugs containing active chemical substances that have never been
approved for marketing in the United States in any form. In response to
the declining productivity of drug development, FDA launched two
separate initiatives—one in 2003 and another in 2004—to help facilitate
drug development.’ In its 2004 initiative, it specifically cited an urgent need
to improve the drug development process and to enhance collaboration
among the government, industry, and academia.

You raised questions regarding the numbers of new drugs being produced,
and in particular, those drugs representing important therapeutic advances
in effectively treating disease—such as NMEs. This report provides

(1) data regarding trends in the pharmaceutical industry’s reported
research and development expenses as well as trends in the number of
NDAs and NDAs for NMEs submitted to, and approved by, FDA; and

(2) experts’ views on factors accounting for these trends, and their

*For example, see FDA, Innovation or Stagnation: Challenge and Opportunity on the
Critical Path to New Medical Products (March 2004).

*See FDA, Improving Innovation in Medical Technology: Beyond 2002 (Jan. 31, 2003) and
FDA, Innovation or Stagnation: Challenge and Opportunity on the Critical Path to New
Medical Products (March 2004).
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suggestions for expediting the drug development process and increasing
the productivity of research and development efforts.

To determine trends in the pharmaceutical industry’s reported research
and development expenditures, we obtained information from the
Pharmaceutical Research and Manufacturers of America (PhRMA)* for the
period 1993 through 2004, and adjusted it for inflation to 2004 dollars.” We
did not independently verify these amounts; however, many researchers
have cited these data as the best available information. To identify trends
in the number of submissions and approvals of NDAs, we obtained and
analyzed data from FDA on all 1,264 NDAs submitted to the agency for
review from January 1, 1993, through December 31, 2004. The information
we reviewed on these 1,264 NDAs included their status—whether the
applications had been approved, withdrawn, or were still under FDA’s
review. In addition, we obtained FDA'’s initial assessment of the NDASs’
review priority, whether the NDAs were for NMEs, specific dates
documenting when an NDA was submitted, and all of FDA’s decisions
regarding the applications. We also discussed the results of our data
analyses with FDA officials to obtain their perspective on drug
development trends.

To determine factors underlying new drug development trends, we
interviewed experts from the pharmaceutical industry, academia, and a
public interest group who possess knowledge of issues that have had an
impact on drug development. We also interviewed some pharmaceutical
industry analysts who had previously published reports on drug
development issues. In addition, we organized a panel of experts—with
assistance from the National Academy of Sciences (NAS)—that included
experts from academia, the pharmaceutical industry, and patient
advocates. We held this panel in order to provide a forum where widely
recognized experts could collectively discuss drug development issues.
The panel was not designed to build consensus on any of the issues
discussed. The panelists provided their individual views, which do not
necessarily reflect those of the organizations with which they were

*PhRMA represents pharmaceutical research and biotechnology companies.

*We obtained PARMA’s data for this period to correspond with data we obtained from FDA.
In 1992, FDA implemented a new system for classifying NDAs, and in 1993, specified time-
frame goals for reviewing NDAs were established. We therefore obtained data beginning
with 1993 to generally correspond to these changes, and requested data through 2004,
which was the most recent year with a complete set of NDA submission data at the time of
our request.
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Results in Brief

affiliated or the NAS. We asked these experts to identify factors affecting
the development of new drugs, and in particular, innovative drugs such as
NMEs. As part of the panel discussion, we asked them to identify
incentives or actions that could expedite drug development and enhance
the development of drugs that offer therapeutic advances in effectively
treating diseases. Further, we reviewed and analyzed previously published
reports and articles issued by pharmaceutical industry analysts, academic
researchers, and the federal government. We reviewed these reports and
articles to identify factors influencing drug development, and suggestions
for expediting this process. Detailed information on our methodology is in
appendix I and a list of the panelists is in appendix II. We conducted our
work from July 2005 through October 2006 in accordance with generally
accepted government auditing standards.

Although the pharmaceutical industry has reported substantial increases
in annual research and development costs, the number of NDAs submitted
to, and approved by, FDA has not been commensurate with these
investments. From 1993 to 2004, the industry reported that annual
research and development expenses steadily increased from nearly

$16 billion to nearly $40 billion in real terms—a 147 percent increase.’ In
contrast, the number of NDAs submitted annually increased at a lower
rate—38 percent over this period—and generally declined over the past
several years. The number of NDAs submitted annually increased from 74
to 129, or by 74 percent, between 1993 and 1999, and generally declined
after 1999. In 2004, sponsors submitted 102 applications to FDA—a

21 percent decrease from the 1999 level. Similarly, the number of NDAs
submitted to FDA for NMEs increased by only 7 percent over this period,
and generally declined since 1995. From 1993 through 1995, the number of
NDAs submitted for NMEs increased, but declined by 40 percent between
1995 and 2004. The percentage of NDAs submitted that were for NMEs
also generally declined after 1995. These submission trends indicate that
the productivity of research and development investments has declined.
Regarding approval trends, FDA eventually approved most NDAs—961 or
76 percent overall—and the percentage approved each year has remained
relatively constant. However, the overall number of NDAs—and NMEs in
particular—approved annually has generally been declining since 1996,
which corresponds with the decline in submissions.

%Real growth reflects growth after the effects of inflation are removed.
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Background

Results from the discussion among panel members, our interviews with
drug development experts and analysts, and our review of academic and
industry reports identified several factors affecting the types of drugs
being developed, and the length, costs, and failure rates of drug
development. These factors include limitations on the scientific
understanding of how to translate chemical and biological discoveries into
safe and effective drugs; business decisions by the pharmaceutical
industry that influence the types of drugs developed; uncertainty regarding
regulatory standards for determining whether a drug should be approved
as safe and effective; and certain intellectual property protections that can
discourage innovation. Together, these factors have been cited as affecting
the cost and length of the drug development process, as well as the types
of drugs being produced. Faced with these issues, some of the panelists,
other experts we contacted, and the literature we reviewed, suggested
ways to expedite drug development and find more innovative drugs. These
include generating greater numbers of scientists who possess the skills
needed to translate drug discoveries into effective new medicines;
restructuring regulation of the drug review process to allow for
conditional approval of drugs for therapeutic areas that currently lack
effective treatments based on shorter clinical trials using fewer numbers
of patients; and altering the length of patent terms to encourage
innovation. Some of the experts have cautioned that adequate measures to
ensure safety need to be implemented along with any changes to expedite
the regulatory review process.

In its comments on a draft of this report, HHS provided clarifications,
which we incorporated as appropriate.

FDA is responsible for helping to ensure the safety and effectiveness of
drugs marketed in the United States. It oversees the drug development
process, reviews drug sponsors’ applications for the approval of new
drugs, and monitors the safety and efficacy of drugs once they are
available for sale. As part of its responsibilities, FDA assists drug sponsors
in designing clinical trials to test drugs on humans, reviews proposals for
conducting such trials, and approves drugs for sale in the United States
based on its determination that a drug’s clinical benefits outweigh its
potential health risks, and is safe and effective. Prior to a manufacturer’s
marketing of a drug, FDA reviews drug labels and accompanying materials
to ensure they are consistent with applicable laws and regulations. Among
other things, labels must include information on the drug’s usage, for
example, the medical conditions and patient populations for which it has
been tested and approved as safe and effective.
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The Drug Discovery,
Development, and Review
Process

The process of bringing a new drug to the market consists of four main
stages—drug discovery, preclinical testing, clinical trials which involve
testing on volunteers, and FDA review. During these stages, scientists
from the government, academia, and the private sector conduct extensive
research and testing to identify safe and effective medicines. The entire
drug discovery, development, and review process takes, on average,

15 years to complete.

During the first stage—commonly referred to as drug discovery—
numerous researchers from pharmaceutical companies, academia, and
government search for and identify promising chemical entities, or
compounds, capable of curing or treating diseases. During the second
stage—preclinical testing—these compounds are tested in laboratories
and in animals to predict whether a drug is likely to be safe and effective
on humans. Most compounds fail during these first two stages; according
to PhRMA, only 5 in every 10,000 compounds, on average, successfully
completes these two stages. In general, these two stages typically take a
total of 6% years to successfully complete for a particular compound.

If the compound is found to be promising, a drug sponsor may decide to
test it as a new drug on humans, and proceeds to the third stage—clinical
trials. Before doing so, a sponsor must submit an investigational new drug
application (IND)" that summarizes the data that have been collected on
the compound and outlines plans for the clinical trials.® Generally, clinical
trials may begin 30 days after FDA receives the IND, unless FDA orders a
delay. FDA does not issue a formal approval to the sponsor regarding an
IND submission, but it can prohibit the start of a clinical trial if, for
example, it determines that human volunteers would be exposed to an
unreasonable and significant risk of illness or injury. As described below,
the clinical trial stage consists of three phases, known as Phase 1, 2, and 3
clinical trials.

7Drugs studied under INDs are compounds that are under development and essentially
provide the pipeline of drugs that ultimately become the subjects of NDAs that are
submitted to FDA for approval.

There are two classes of INDs—commercial and noncommercial. Commercial INDs are
submitted primarily by companies whose ultimate goal is to submit an NDA to obtain
marketing approval for a new product. Noncommercial INDs are filed for noncommercial
research purposes. For example, a physician might submit a research IND to study
potential medicinal uses for an unapproved drug. In this report, all references to INDs refer
to commercial INDs.
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In Phase 1 clinical trials, sponsors typically conduct safety studies on
about 20 to 100 healthy volunteers. Potential side effects are identified and
various dosage levels are determined. In Phase 2 clinical trials, the drug is
typically tested on approximately 100 to 500 volunteers who have a
particular disease to determine the drug’s effectiveness. In Phase 3 clinical
trials, the drug is typically tested on about 1,000 to 5,000 volunteers, to
determine the drug’s safety and effectiveness. According to PhARMA, on
average, one out of every five drugs successfully completes all three
clinical testing phases—that is, is found safe and effective by the drug
sponsor and submitted as an NDA to FDA for review and approval. On
average, the three phases of the clinical trial stage take a total of 7 years to
successfully complete.

The fourth and final stage is the FDA review stage, which covers FDA’s
review and final approval of NDAs. The review process begins when a
sponsor submits an NDA to FDA. The NDA contains scientific and clinical
data submitted by the sponsor intended to demonstrate that the drug is
safe and effective for its proposed use. FDA evaluates data contained in
the NDA to determine whether the drug meets these standards and if it
should be approved.” For those NDAs that are approved, it typically takes
about 1% years to complete the review process and obtain FDA’s approval.

Figure 1 shows the amount of time, on average, for a successful new drug
to move through and complete the four stages. It also illustrates that for
every 10,000 compounds initially identified, only one, on average, will be
found safe and effective, and be approved by FDA.

For more information on the FDA review and approval process, see for example, GAO,
Food and Drug Administration: Effect of User Fees on Drug Approval Times,
Withdrawals, and Other Agency Activities, GAO-02-958 (Washington D.C.: September 17,
2002).
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Figure 1: The Drug Discovery, Development, and Review Process
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Source: Pharmaceutical Research and Manufacturers of America.

Upon receipt of an NDA, FDA will classify it in two ways—Dby its chemical
type and its therapeutic potential. First, an NDA is classified into chemical
types, one of which is an NME." Because NMESs contain active chemical
substances never before approved for marketing in the United States,
industry analysts and FDA generally consider them innovative. The other
six classifications consist of non-NMEs, which are typically considered
less innovative because they represent modifications to drugs already on
the market. In most cases, the sponsor submitting an NDA for a non-NME
has altered the original medicine to produce a drug with different features,
such as a new dosage form or route of administration. Second, FDA
classifies an NDA by its therapeutic potential. In doing so, FDA compares
the NDA to existing products already on the market. Those that appear to
have relatively significant therapeutic benefits in the treatment, diagnosis,

“FDA classifies NDAs into seven chemical types. These classifications are (1) NME,

(2) new salt of previously approved drug (not a new molecular entity), (3) new formulation
of previously approved drug (not a new salt or a new molecular entity), (4) new
combination of two or more drugs, (5) already marketed drug product - duplication

(i.e., new manufacturer), (6) new indication (claim) for already marketed drug (includes
switch in marketing status from prescription to over the counter), and (7) already
marketed drug product—no previously approved NDA—for example, according to an FDA
official, a drug marketed prior to the creation of FDA, such as aspirin.

Page 8 GAO-07-49 New Drug Development



or prevention of a disease are classified as priority." Those with little or no
additional therapeutic benefits compared to existing products are
classified by FDA as standard. As figure 2 shows, an NDA can be classified
in one of four ways—priority NME, priority non-NME, standard NME, or
standard non-NME.

___________________________________________________________________________|]
Figure 2: FDA Classification of NDAs by Chemical Type and Therapeutic Potential

FDA classifies the NDA by analyzing
the chemical type and therapeutic potential.

Chemical Type
(NME or non-NME)

Therapeutic Potential
(Priority or Standard)

7
] ] ]

| Priority NME | | Priority non-NME | | Standard NME | | Standard non-NME |

Source: GAO.

In response to concerns that FDA was taking too long to review and
approve NDAs, the Prescription Drug User Fee Act (PDUFA)" was
enacted in 1992. It provided FDA with additional resources in the form of
user fees from the pharmaceutical and biotechnology industries to speed
up the process of reviewing applications for new drugs and biological
products, and established performance goals for FDA, including

UFDA’s Manual of Policies and Procedures notes that the priority designation is intended to
direct overall attention and resources to the evaluation of applications that have the
potential for providing significant therapeutic advances as compared to “standard”
applications. It also states that the priority determination is based on conditions and
information available at the time the application is filed. It is not intended to predict a
drug’s ultimate value or its eventual place in the market.

2pub. L. No. 102-571, 106 Stat. 4491.
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completing its review of a certain percentage of applications within
certain time frames.” PDUFA authorized FDA to collect these fees to
supplement its annual appropriation for salaries and expenses, and use the
additional funds to review applications more quickly." PDUFA was
amended and reauthorized in 1997 and 2002 for an additional 5 years and
established new performance goals for various aspects of the drug review
process. For example, current goals state that FDA should complete its
initial review and act on 90 percent of all priority NDAs within 6 months
and 90 percent of all standard NDAs within 10 months. FDA uses these and
other review time goals to assess its review timeliness, and issues an
annual report on its performance to the President and Congress."

The review process may span several review cycles. The first cycle begins
when the NDA is submitted to and filed by FDA, indicating that the
application is sufficiently complete to permit a substantive review. The
first cycle ends when FDA has completed its review and responds by
issuing an action letter to the sponsor. This could mean that FDA
approved the application; told the sponsor it was approvable, but that
more information was needed; or told the sponsor that the NDA contained
significant weaknesses and was not approvable. If the application is
approved in the first cycle, the total approval time is the length of that
cycle. For those NDAs not approved during the first review—both
approvable and not approvable—the second cycle begins when the
sponsor files an amendment and resubmits the application and it is filed
by FDA. The resubmission often contains additional studies, analyses,
data, or clarifying information to address concerns raised by FDA in the
previous review. As with the first cycle, this cycle ends when FDA has
completed its review and issues an action letter to the sponsor. If the

13Biologicatl products, or biologics, are derived from living sources—such as humans,
animals, and microorganisms—as opposed to being chemically synthesized, and include
vaccines and blood products.

“Under PDUFA, companies pay three types of user fees to FDA—application fees,
establishment fees, and product fees. In most cases, a company seeking to market a new
drug in the United States must pay an application fee to support the agency’s review
process. Generally, companies also pay an annual establishment fee for each facility in
which their products subject to PDUFA are manufactured and an annual product fee for
marketed drugs for which no generic versions are available. For more information on
PDUFA user fees see GAO, Food and Drug Administration: Effect of User Fees on Drug
Approval Times, Withdrawals, and Other Agency Activities, GAO-02-958 (Washington
D.C.: September 17, 2002).

See: FDA, FY 2004 Performance Report to the President and the Congress for the
Prescription Drug User Fee Act.
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review process takes two or more cycles, the total approval time includes
the time spent during the review cycles, plus the additional time the
sponsor uses to address the issues raised by FDA.

FDA Response to
Concerns Over the
Number of Drugs
Developed

Over the past several years, numerous industry analysts and FDA noted a
decline in the submission of applications for NDAs overall, and for
innovative drugs, such as NMEs." In light of this, in January 2003, FDA
launched a broad initiative to improve the development and availability of
innovative medical products, including new drugs.""As part of this
initiative, FDA sought to reduce: (1) the number of drugs requiring more
than one review cycle, (2) overall approval times, and (3) development
costs. To help accomplish this, FDA sought to improve the development
and review process by educating drug sponsors on the type and extent of
scientific data that must be present in the NDA'’s initial submission. Noting
the decline in the number of NDAs, in 2004 FDA proposed a second, more
targeted, initiative—known as the critical path initiative—to form a
collaborative effort between government, industry, and academia.” In
doing so, FDA cited an urgent need for a new product development “tool
kit” to enable researchers to more effectively translate basic research
discoveries into safe and effective products. Such tools include better
techniques of identifying safety problems as early as possible and better
methods for demonstrating medical effectiveness; tools, which according
to FDA, could help reduce the failure rates of drug development and
increase the number of NDA submissions.

For example see: American Enterprise Institute-Brookings Joint Center, Shortening Drug
Approval Times via Industry Funding of the FDA: Did Legislation Help or Hurt?
(Feb. 16, 2005).

FDA, Improving Innovation in Medical Technology: Beyond 2002 (Jan. 31, 2003).

BEDA, Innovation or Stagnation: Challenge and Opportunity on the Critical Path to New
Medical Products (March 2004).
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Drug Development
Trends Are Not
Commensurate with
Research and
Development
Expenditures

Overall, our analyses of drug development data revealed that increases in
research and development expenditures from 1993 through 2004 have not
led to a commensurate increase in NDAs submitted to FDA, including
those classified as NMEs. Although the pharmaceutical industry reported a
147 percent real increase in annual research and development
expenditures from 1993 through 2004, and an increasing number of INDs
are being submitted to FDA, the number of new drugs developed has not
grown in a similar manner. Compared to industry-reported research and
development expenditures, the number of NDAs and NDAs for NMEs
submitted to FDA over the period increased at a lower rate—by 38 percent
and 7 percent respectively—which indicates that the productivity of the
research and development investments has been declining. Furthermore,
the majority of NDAs submitted to FDA were for non-NMEs, and thus
represented modifications to existing drugs rather than newer and
potentially more innovative drugs. FDA has consistently approved most of
the NDAs submitted, with approval rates nearing 80 percent overall, and
has been approving applications much more quickly in recent years.
However, the actual numbers of drugs approved annually has been
declining, reflecting the trends in NDA submissions.

The Productivity
Associated with Research
and Development
Expenditures Has Recently
Declined

According to PhRMA and industry analysts, research and development
expenditures are key to the development of new and innovative medical
products, including pharmaceuticals. During the drug discovery and
preclinical stages, research and development expenditures fund efforts to
identify new compounds that could ultimately become INDs. Research and
development expenditures during the clinical trial phases fund the studies
needed to prove a drug is safe and effective, leading to a potential NDA
submission. Our review of annual research and development expense data
reported by PhRMA and IND submission data reported by FDA indicate
that there have been substantial and consistent increases in these
expenses over the past decade, and that the number of INDs submitted to
FDA has been increasing. However, we found that these investments have
not led to a commensurate increase in the number of NDAs and NMEs,
and thus, the productivity of these investments has declined.

Figure 3, which shows the number of INDs that sponsors submitted to
FDA from 1986 through 2005, indicates that there have been fluctuations in
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the number of INDs submitted each year.” However, in general, sponsors
have been submitting an increasing number of INDs since 1986. Figure 3
also shows a 45 percent increase in IND submissions over the last 2 years.

Figure 3: IND Submissions, 1986-2005
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Source: GAO analysis of FDA data.

Note: The data in this figure are for commercial INDs.

Despite the trends of increasing IND submissions and steady increases in
research and development expenses, we found that the number of NDAs
submitted to FDA has generally been declining over the past several years.
Figure 4 shows the annual research and development expenses reported
by PhRMA for 1993 through 2004 (adjusted for inflation to 2004 dollars),
and the total number of NDAs (including those for NMEs) and NDAs for

YWe chose this time period for two reasons. First, because we obtained NDA data
beginning with 1993 and it takes 7 years, on average, to successfully complete clinical
trials, trends emerging from INDs submitted in 1986 could be reflected in NDA submission
trends beginning in 1993. Second, 2005 was the most recent year for which we could obtain
complete data from FDA.
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NMESs submitted to FDA during the same period.” As figure 4 shows,
annual research and development expenses grew consistently over the
period. In 1993, the inflation-adjusted expenses were nearly $15.7 billion,
and grew to an estimated $38.8 billion in 2004—a 147 percent real increase
over the period.” Our analysis also revealed that inflation-adjusted annual
growth rates of the research and development expenses ranged from a low
of just over 2 percent from 2001 to 2002, to over 11 percent from 1999 to
2000.

**Pharmaceutical Research and Manufacturers of America, Pharmaceutical Industry
Profile 2005 (Washington, D.C.: Pharmaceutical Research and Manufacturers of America,
2005). Each year, PARMA surveys its membership and requests information on the amount
its members spent on research and development. According to PhnRMA, these expenses
include both domestic expenses and expenses incurred abroad. Domestic expenses include
those incurred within the United States by PARMA member companies. Expenses abroad
include expenses incurred outside of the United States by U.S.-owned PhRMA member
companies and expenses incurred outside the United States by the U.S. divisions of foreign-
owned PhRMA member companies. Expenses incurred outside the United States by the
foreign divisions of foreign-owned PhRMA member companies are not included. We did not
independently verify these amounts. However, these data have been repeatedly cited, and
they represent the best available information. For example, see Kaiser Family Foundation,
Prescription Drug Trends (October 2004).

21According to our analysis of PhnRMA'’s data, total research and development expenditures
were 17 percent of total sales in 1993, and were 16 percent in 2004.
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Figure 4: Research and Development Expenses (Constant 2004 Dollars), Total NDA, and NDA for NME Submission Trends,
1993-2004
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Source: GAO analyses of PhRMA and FDA data.

In contrast to the steady and large increase in research and development
expenditures, we found that the number of NDAs submitted annually
increased at a lower rate—38 percent over this period—and has generally
declined over the past several years. As figure 4 shows, there was initial
growth followed by a general decline in submissions of all NDAs, including
NDAs for NMEs, to FDA. For NDAs, figure 4 shows that the number
submitted to FDA, in general, grew from 1993 through 1999. In 1993,
sponsors submitted 74 NDAs to FDA. In 1999 this number grew to 129—a
74 percent increase from 1993. After 1999, however, NDA submissions
generally declined, and in 2004, sponsors submitted 102 NDAs, which
represented a 21 percent decrease from 1999 levels. Figure 4 also shows
that the number of NDAs submitted to FDA for NMEs increased slightly
over this 12-year period—Dby 7 percent. In addition, Figure 4 shows that the
number of NMEs submitted to FDA peaked in 1995, and, for the most part,
then began to decline. Although sponsors submitted 50 NMEs in 1995, this
number fell to 30 in 2004, which represented a 40 percent decline. It
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should be noted that submissions of NDAs for NMEs increased during the
last 2 years of this time frame—rising from 23 in 2002, to 28 in 2003, and 30
in 2004.

Because it may take several years from the time research and development
investments are made until the time a sponsor submits an NDA to FDA for
approval, expenses in any given year are generally not related to NDA
submissions in that year. Additionally, given the uncertain nature of
research and development efforts, it is unlikely that expenditures and NDA
submissions would grow at the same rate. However, given a 147 percent
increase in research and development expenditures over the 12-year
period, many analysts and experts assumed that the trend in NDA
submissions would also generally be one of consistent increases. The NDA
submission trends, combined with IND submission trends, indicate that
the industry faces challenges in successfully completing the clinical testing
stage, leading up to the submission of an NDA.

Most NDAs Were for
Modifications to Existing
Drugs

In addition to determining the overall trends in the number of NDAs and
NMEs submitted to FDA, we used FDA chemical type and therapeutic
potential classifications—NME, non-NME, priority, and standard—to
make a general assessment of the level of innovation of the NDAs
submitted. Any one NDA—regardless of whether it is for an NME or was
granted priority status by FDA—may eventually turn out to be an
innovative and uniquely therapeutic product. However, FDA and industry
analysts use the chemical type and therapeutic potential classifications to
make a general assessment of the innovative potential of NDAs at the time
of submission. We used the four classifications as outlined in table 1 to
rank the innovative potential of NDAs.*

*Based on our interviews with FDA officials and our review of prior studies, we
determined there was a general consensus that the most important factor in assessing the
innovative potential of an NDA was whether or not it was an NME.
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Table 1: Ranking of Innovative Potential of NDAs Using Chemical Type and
Therapeutic Potential Classifications

NDA submission type Level of potential innovation
Priority NME 1
Standard NME 2
Priority non-NME 3
Standard non-NME 4

Source: GAO analysis of FDA chemical type and therapeutic potential classifications.

Note: The ranking of 1 represents the highest innovative potential, and 4, the lowest.

Based on how FDA classified the 1,264 NDAs submitted from 1993 through
2004, we determined the proportion of NDAs submitted by each of the four
classifications. As figure 5 shows, 68 percent of the NDAs were classified
as non-NMEs—those representing modifications to existing drugs, while
the remaining 32 percent of the NDAs submitted were NMEs. The figure
also shows that 12 percent of NDA submissions were for drugs in the
priority NME classification—those representing the highest potential level
of innovation.

Figure 5: Proportion of 1,264 NDAs Submitted by Innovation Potential, 1993-2004
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Standard NME

Priority non-NME

Standard non-NME

Source: GAO analysis of FDA data.
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Based on FDA's classification of the 1,264 NDAs, we determined the
percentage submitted each year that were NMEs and priority NMEs.
Regarding NMEs, figure 6 shows that during the period 1993 through 2004,
there was variation from year to year in the percentage of NDAs submitted
that were NMEs. Figure 6 shows that this percentage ranged from a high of
43 in 1995 to a low of 24 in 2002. It also shows that although this
percentage had generally declined since 1995, it increased from 2002
through 2004.

|
Figure 6: Percent of NDAs Submitted that were NMEs, 1993-2004
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Source: GAO analysis of FDA data.

Regarding priority NMEs, figure 7 shows that in general, the percentage of
NDAs that were priority NMEs ranged from between 10 and 15 percent
during the 12-year period. Figure 7 also shows that this percentage ranged
from a high of 15 in 2003, to a low of 5 in 2001. Finally, it shows that after a
steep reduction in 2001, this percentage increased the following 3 years to
levels similar to those previously experienced.
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Figure 7: Percent of NDAs Submitted that were Priority NMEs, 1993-2004
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Source: GAO analysis of FDA data.

The results of our analyses indicate that the reported increases in research
and development expenditures during the period have n