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Executive Summary
Programs whose mission is to foster and support research and development (R&D) have long sought ways
to demonstrate the tangible and intangible returns from investments in science funding. In 2014, the
National Institutes of Health (NIH) held a workshop to assess the value of biomedical research,
concluding:
Throughout its 120 years of existence, NIH has contributed to many of the scientific
breakthroughs that have led to tangible improvements in the health of the public. Yet,
systematically and comprehensively capturing these improvements in ways that clearly
link them to the public’s investment in NIH remains a significant challenge.1
This mission to comprehensively characterize the return on investment from public spending, particularly
publicly‐funded research, has proven difficult for both the science community and economists alike.
Despite these challenges, there is a nascent, bipartisan movement within Congress and the
Administration to increase the government’s analytical capabilities in order to guide programmatic
decisions in a more evidence‐based manner. In short, policymakers are seeking hard data that indicate
that programs are working well for the American public.
One potential data‐driven approach, among many identified in the NIH working group report, is to
examine the quantity and quality of patents related to NIH research. In Patents as Proxies: NIH hubs of
innovation Kalutkiewicz and Ehman utilized the NIH RePORTER database and patent sample data to
propose a method for assessing these metrics: patents per $100 million in R&D expenditures (quantity),
and patent forward citation counts (quality).2 Their initial findings demonstrated a strong stratification
among programmatic areas, and suggested that patent and forward citation data may indeed be useful
proxies and metrics in the evaluation of federal innovation investments.
In this study Battelle expands and extends this work going beyond a sample‐based analytical strategy to
test the conclusions against a large‐scale “universe” of quantitative patenting data. This is accomplished
by going beyond the NIH RePORTER database by using Thomson Reuter’s Thomson Innovation patent
research system—which provides analytical capacities built around the USPTO (and global) patent
information. By expanding the search, this analysis examines a universe of 20,441 NIH‐related patents
issued between 2000 and 2013 to assess the rates of patented innovation across NIH institutes.
Based on this expanded methodology our analysis confirms that a large‐scale quantitative assessment of
NIH patent output demonstrates meaningful differences across programmatic areas, we find that:


While innovation outputs across NIH vary depending on mission, goals, etc., NIH funded research
produced an average of 5.9 patents per $100 million in R&D expenditures from 2000‐2013 – or at a
rate of one patent per every $16.9 million in NIH funding.



NIH patents also averaged 5.14 forward citations, meaning the NIH is an integral part of the
knowledge chain for $105.9 million in downstream R&D for every $100 million in taxpayer funded
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Report on Approaches to Assess the Value of Biomedical Research Supported by NIH, National Institutes of Health
Scientific Management Review Board, March 2014, page 3.
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Kalutkiewicz, Michael J. and Ehman, Richard L., Patents as proxies: NIH hubs of innovation, Nature Biotechnology,
June 2014.
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awards. These downstream connections represent other research organizations, in both the private
and public sector, leveraging NIH discoveries into follow‐on R&D spending that is equal to the original
federal investment—supporting high skilled, high wage R&D jobs beyond the original grant period
(Figure E1).
Figure E1. Patent Performance of Key NIH Institutes/Centers (ICs): 2000‐2013

Note: Based upon 20,441 distinct patents. The “Average” bubble area is sized to equal 250
patents for scale and comparison. Only includes ICs with at least 50 related patents.



One of NIH’s most technology‐centric Institutes, National Institute of Biomedical Imaging and
Bioengineering (NIBIB), produces new patents at an impressive rate of 24.9 per every $100 million in
total programmatic activity—or at a cost of just $4.0 million per patent—and results in a total
downstream R&D activity of $578.2 million for every $100 million in R&D expenditures.



Considering NIH has a mandate to support activities that would not be expected to produce new
inventions, such as training for the next generation of scientists and conducting purely clinical
research, it would be beneficial to back out those costs to compare NIH’s core patent productivity to
private sector R&D efficiency. When examining just the costs of NIH grants that actually produced
patents, we find that NIH averaged approximately 32 patents per $100 million in innovation‐related
programmatic activity—or at a cost of just $3.1 million per patent. For some Institutes this cost was
well below $2 million per patent. This compares favorably with the private sector ($3.5 million per
patent according to the Brookings Institution).



There were also meaningful differences across federal R&D agencies as well (Figure E2). In general,
most non‐defense discretionary programs generated two to five times more patents for every $100

ES‐2

Patents as Proxies Revisited: NIH Innovation 2000 to 2013

million in research and development funding than defense‐related programs.3 While all research
programs are doing laudable work, any shifts in funding from non‐defense programs to defense
programs should at first assess the aggregate impact on patent output.
Figure E2. Federal Agency Patent Analysis: 2000‐2013

Note: Based upon data set with 63,699 distinct patents. The size (area) of each bubble reflects
the number of federal agency‐linked patents.



The examination of NIH‐related patents by patent class showed that drugs and related compositions
account for one‐third of all NIH‐related patents during the 2000‐2013 period with other advances in
basic biochemistry and organic chemistry accounting for an additional 44 percent. However, the
number and variety of the smaller niche areas of innovation (e.g., blood/fluid devices, disinfecting
and sterilization equipment) developed out of NIH funding often lead to important on‐going impacts.



While the results presented here demonstrate a robust and rigorous analysis, the challenges in
acquiring the raw data across agencies were significant. Given the current focus on evidence‐based
policymaking, as well as the objective importance of patent metrics as measures of innovation,
policymakers may want to direct agencies to collect and report patent production in a complete and
standardized way in order to facilitate their effectiveness for evaluation.

3

It should be noted that due to the “classified” nature of the Department of Defense’s R&D activities many
innovations developed with DOD funding may not be patented. While this may put downward pressure on the
overall performance of DOD in this analysis, further research is needed to understand how classified research
stimulates further R&D in relation to non‐classified R&D, as it may in fact be restricted to a smaller universe of R&D
partners.
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Introduction
Medical innovation is an important economic engine for the United States. Building upon a long‐standing
history of R&D investment and research performance by government, industry, research universities and
independent scientific research institutes, the U.S. has robust clusters of biomedical industries, including,
for example, biopharmaceuticals, medical devices, medical instrumentation and imaging equipment,
diagnostics and vaccines.

Economic Importance of Biomedical Innovation
Multiple economic analyses demonstrate the impact that investment in biomedical research has had in
economic growth and employment generation. Recent research by the Battelle Memorial Institute
quantified the biopharmaceuticals sector, for example, as generating $789 billion in economic output
impact and over 3.4 million jobs in 2011.4 Similarly, Battelle’s examination of the impact of the medical
technology sector found an output impact of $381 billion and almost 1.9 million U.S. jobs dependent on
the sector.5 Analysis performed by Battelle for the Biotechnology Industry Organization (BIO) every other
year since 2006, has shown biomedical sciences to have driven economic growth in the nation even
through recent recessionary periods. As a large and reliable producer of distributed positive impacts
across the nation, medical R&D and innovation commercialization is a key strategic macro‐sector of the
economy.
The ecosystem that powers U.S. medical innovation is an interesting case study in public and private
sector investment and complementarities. Early stage, investigatory basic science research in life sciences
and medical technologies is particularly empowered by a large‐scale and long‐standing federal
commitment to research support. The National Institutes of Health (NIH) is the primary driver of
biomedical research funding, supporting nearly $23 billion in extramural grants in FY 2013 alone. Between
FY 2000 and FY 2013 the NIH has funded more than $344 billion in total research, with more than $23
billion dedicated to in‐house research within 23 NIH research institutes, and $321 billion provided to
external organizations (largely, but not exclusively, research universities and academic health centers).
Other federal agencies also contribute to biomedical research advancement, notably for example the
National Science Foundation, the U.S. Department of Defense, and the U.S. Department of Veterans
Affairs. However, considering that the NIH is the largest funder of basic and translational biomedical
research across the U.S., this report looks across its individually appropriated Institutes and Centers to
explore key innovation output metrics.
It should be stressed that the NIH does not exist with the primary mission of stimulating commercializable
inventions—rather it is dedicated to improving human health by investigating important biological and
medical questions. The NIH, through peer‐reviewed research awards, supports research leading to the
expansion of the knowledge base upon which innovations may be built. The focus is on discoveries that
will illuminate fundamental biomedical mechanisms and structures, but there is also a mission‐stated
focus on making a meaningful contribution to the health of the nation and the global population through
the translation of discoveries into clinical practice. Through translational research, clinical research, and
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The Economic Impact of the U.S. Biopharmaceutical Industry, July 2013, Prepared by Battelle for the Pharmaceutical
Research and Manufacturers of America (PhRMA).
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The Economic Impact of the U.S. Advanced Medical Technology Industry, March 2012, Prepared by Battelle for the
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technology transfer and commercialization activities, medical innovations from varied NIH supported
organizations are brought to market by existing and new commercial entities.
While improved human health is the ultimate goal for biomedical research, policymakers at the Office of
Management and Budget (OMB) and the Office of Science and Technology Policy (OSTP) “have requested
that federal agencies tailor their budgets to give priority to R&D investments that have the potential to
foster biological innovations,” seeking to leverage the “power of federally sponsored R&D” to also
maximize impact.6,7 The first National Bioeconomy Blueprint, released in 2012 by the Obama
Administration specifically outlines policy options designed to stimulate economic development and
growth rooted in federal R&D investment. The Administration is also at the forefront of the growing
movement to bring more evidence and data to the policymaking arena. This effort is being extended into
the domain of federal R&D programs through the advent of the National Science Foundation’s Science of
Science and Innovation Policy program. This program’s primary mission is to support research “designed
to advance the scientific basis of science and innovation policy.”

Assessing the Value and Performance of Public Biomedical Funding
This mission to characterize the return on investment from public spending, particularly publicly funded
research, has long been of interest to both the science community and economists. In 2014, the National
Institutes of Health (NIH) held a workshop to assess the value of biomedical research, concluding:
Throughout its 120 years of existence, NIH has contributed to many of the scientific
breakthroughs that have led to tangible improvements in the health of the public. Yet,
systematically and comprehensively capturing these improvements in ways that clearly
link them to the public’s investment in NIH remains a significant challenge.8
A focus on investment suggests the need for metrics to track investment performance. Traversing the
pathway from basic science research to an on‐the‐market drug, medical device, or imaging technology
can require a decade or more of R&D and product testing before the first dollar of commercial sales is
realized. Along this pathway, multiple technologies and innovations may be integrated to derive a final
product and there is thus considerable complexity in determining the starting point(s) and originating
research leading to commercial medical products.
Kalutkiewicz and Ehman proposed the use of an intermediary metric that would be reliable in identifying a
novel innovation with an absolute link to federal R&D investment – patents. Rather than taking the sales
of commercial products and trying to apportion a component of their value and impacts to contributing
NIH research, an approach that examines patents greatly simplifies assessment of NIH investments by
using patents as proxies for translatable innovation. Further, the Kalutkiewicz and Ehman approach for
assessing the impact of patents uses forward citation count as a measure of “quality” or utility of a patent.
As noted by leading patent analysis researchers:
Patent data include citations to previous patents and to the scientific literature. These
citations open up the possibility of tracing multiple linkages between inventions,
6

Kalutkiewicz, Michael J. and Ehman, Richard L., Patents as proxies: NIH hubs of innovation, Nature Biotechnology,
June 2014.
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Zeints, J.D. & Holdren, J.P. Memorandum for the Heads of Executive Departments and Agencies. M‐12–15
(Washington, DC, June 2012). http://www.whitehouse.gov/sites/default/files/m‐12‐15.pdf
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inventors, scientists, firms, locations, etc. In particular, patent citations allow one to
study spillovers, and to create indicators of the "importance" of individual patents, thus
introducing a way of capturing the enormous heterogeneity in the “value” of patents.9
Applying this metric to the concept of federally‐funded research, Kalutkiewicz and Ehman observe that:
Forward citations are references to a particular patent by later patent filings and are
useful in identifying whether a particular patent was integral to subsequent
technological developments in a field. Multiple forward patent citations are indicators of
impact in the private sector; each incremental patent citation represents millions of
dollars of additional private sector R&D (emphasis added) while substantially increasing
the market value of the controlling company. Taken together, patent counts and forward
citation rates can
highlight those areas of
Exhibit 1. Forward Citations Conceptually: Diagram of US6408878
federal R&D most likely
to contribute to future
development and
economic activity,
making them a
potential key metric for
policymakers.10
So while those agencies
producing a high number of
patents are to be lauded for
their inventiveness,
policymakers may want to
recognize the value of citations
as hard evidence of downstream
economic activity, not simply as
abstract bibliographical
notations. Since each patent is
an indication that millions of
dollars of additional R&D is
occurring, it should be noted
The graphic depicts the core patent and forward citations to patent
that well‐cited patent activity
US6408878, the largest cited patent from 2000‐2013 funded by the NIH’s
makes the original federal
National Human Genome Research Institute. Issued in 2002, this patent
investment sustainable well
received 215 forward citations by December 2013.
beyond the end of the grant or
Diagram courtesy of Amberscope.
contract. In fact, this metric may
underestimate the true impact on downstream R&D activity, since it would fail to capture subsequent
lines of R&D that did not actually produce an additional patent. While this may have been a failure from
the company’s perspective, it nevertheless led to high‐skilled high‐wage employment opportunities – a
success from the policy perspective.

9

Hall, B.H., Jaffe, A. & Trajtenberg, M., The NBER Patent Citations Data File: Lessons, Insights and Methodological
Tools, September 2001, http://people.brandeis.edu/~ajaffe/Copy%20final%20of%20hall‐jaffe‐traj.pdf, page 4.
10
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To illustrate the clinical or commercial impact of some of the NIH’s most highly‐cited patents, the following
Innovation in Action inserts feature the highest‐cited patent at various Institutes since 2000. These include
breakthroughs in genomics and bioengineering, as well as some examples of cross‐fertilization to other industries.
At the bottom of each insert we calculate the total cost of the NIH grants connected to the patent and provide a
simple estimate to the downstream R&D impact that is a result of the high number of citations. A full table of
highest cited patents for all NIH Institutes can be found in Appendix A and details regarding the methodology to
calculate the estimate of downstream R&D can be found in Appendix B.

Innovation in Action—NHGRI
Microfabricated elastomeric valve and pump systems
Patent US6408878 – 215 citations (as of December 31, 2013)
Inventors: Marc A. Unger (South San Francisco, CA), Hou‐Pu Chou (Pasadena, CA), Todd A.
Thorsen (Pasadena, CA), Axel Scherer (Laguna Beach, CA), Stephen R. Quake (San Marino,
CA)
NIH Grant Number: HG001642
Assignee: California Institute of Technology (Pasadena, CA)
Impact: The microscopic valve invented by Quake et al., and jointly‐supported by the NIH,
controls the flow of fluids within microchannels. That valve is the cornerstone for Fluidigm
Corporation’s integrated fluidic circuit (IFC) technology and represents a novel approach to
integrating biological liquid handling. The IFC provides the life science industry many of the
same attributes that the semiconductor chip provided the computer and communications
industries – that is the IFC provides significant benefits of being faster, cheaper, better and
easier‐to‐use than conventional life science lab methods Scientists are using this technology
to better understand cancer, immunological diseases such as HIV and Ebola, stem cells,
cardiovascular disease, aging and more. Fluidigm has more than 1,300 instruments installed
in labs throughout the world, has shipped in excess of 2 billion of these microscopic valves
contained in IFCs, has grown more than 30% per year since 2008 making it one of the fastest
growing life science tools companies in the world, and employs more than 500 people in the
U.S. and throughout the world.
Main companies developing, using, or building upon the technology:
 Fluidigm Corporation (San Francisco, CA)
 Nanostream, Inc. (Pasadena, CA)
 Hewlett‐Packard Development Company, L.P. (Houston, TX)
 Orbital Research Inc. (Cleveland, OH)
 General Electric Company (Fairfield, CT)
Simple estimate of follow‐on R&D activity:
 Total NIH Funding: $0.5 million
 Estimated downstream R&D Impact: $752.5 million
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Patents as Proxies: NIH Hubs of Innovation
Kalutkiewicz and Ehman tested the hypotheses that there would be variation across NIH institutes in
terms of patent activity and utility via analysis of a random sample of 50 patents from each of 21
institutes.11 This sample of 1,050 patents was derived from the NIH RePORTER database which provides
public access to project‐specific patent data as mandated for collection by the Bayh‐Dole Act. This sample‐
based work resulted in several key findings:


The average forward citation rate for the sample of 1,050 patents was 7.9. This is more than two‐
times the forward citation for all U.S. patents (3.1) and six‐times the 1.3 rate reported in a study
of forward citations of European biotech patents.



Overall NIH‐funded external research generates 2.5 new patents for every $100 million in
external grant and contract funding. This no doubt underestimates the volume of patents for
pure research funding since it includes training awards.



There is a relatively strong stratification evident across NIH institutes in terms of number of
patents generated per $100 million in funding (patent volume) and the mean number of forward
citations generated per patent (patent utility). The presence of outliers at both ends of the
quantity/utility stratification indicated that further study is warranted. The stratification revealed
within the 1,050 patents sample is shown in Exhibit 1 (reproduced with permission).
Exhibit 2. Original Kalutkiewicz and Ehman Scatter Plot

NCCAM, National Center for Complementary and
Alternative Medicine; NCI, National Cancer
Institute; NEI, National Eye Institute; NHGRI,
National Human Genome Research Institute;
NHLBI, National Heart, Lung, and Blood Institute;
NIA, National Institute on Aging; NIAAA, National
Institute on Alcohol Abuse and Alcoholism; NIAID,
National Institute of Allergy and Infectious
Diseases; NIAMS, National Institute of Arthritis
and Musculoskeletal and Skin Diseases; NIBIB,
National Institute of Biomedical Imaging and
Bioengineering; NICHD, National Institute of Child
Health and Human Development; NIDA, National
Institute on Drug Abuse; NIDCD, National Institute
on Deafness and Other Communication Disorders;
NIDCR, National Institute of Dental and
Craniofacial Research; NIDDK, National Institute of
Diabetes and Digestive and Kidney Diseases;
NIEHS, National Institute on Environmental Health
Sciences; NIGMS, National Institute of General
Medical Sciences; NIMH, National Institute of
Mental Health; NIMHD, National Institute on
Minority Health and Health Disparities; NINDS,
National Institute on Neurological Disorders and
Stroke; NINR, National Institute of Nursing
Research.

Scatterplot used by permission, Nature Publishing Group.

11

The Kalutkiewicz and Ehman analysis did not include the National Center for Research Resources (NCRR) and the
National Library of Medicine (NLM).
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Innovation in Action—NIGMS and NICHD
Patent Title: Genetic inhibition by double‐stranded RNA
Patent US6506559 – 519 citations (as of December 31, 2013)
Inventors: Fire; Andrew (Baltimore, MD), Kostas; Stephen (Chicago, IL), Montgomery; Mary
(St. Paul, MN), Timmons; Lisa (Lawrence, KS), Xu; SiQun (Ballwin, MO), Tabara; Hiroaki
(Shizuoka, JP), Driver; Samuel E. (Providence, RI), Mello; Craig C. (Shrewsbury, MA)
NIH Grant Numbers: GM037706 and HD033769
Assignee: Carnegie Institute of Washington (Washington, DC)
Impact: “The wonderful benefit to publicly‐funded research is that it provides basic
scientists the ability to explore building blocks of basic human biology – the type of
breakthrough research that could never be replicated in the private sector, but could fuel
entirely new fields of study. The goal of the NIH grant that made our work possible was to
investigate the regulation of gene expression during embryogenesis in the nematode worm
C. elegans. Through this work, called RNA interference (RNAi), we were able to better
understand the cellular mechanisms that control how certain genes are turned on and off
(i.e., silenced). This has greatly facilitated the field of gene therapy, as well as created a
powerful new research tool for other disciplines to exploit. With RNAi and the completion of
the genome sequences for humans and numerous other organisms (another wonderful
product of NIH funding), we now have unprecedented opportunities to develop new,
lifesaving therapies and to advance the basic understanding of our biology. I’m proud that
the underlying innovation has had such a large impact not only on our field of study, and
that the basic intellectual property is being further developed by creative companies all over
the country in order to improve human health.”
Craig Mello, PhD
Distinguished Professor
University of Massachusetts Medical School
Co‐Recipient, 2006 Nobel Prize in Physiology or Medicine
Main companies developing, using, or building upon the technology:
 Agy Therapeutics, Inc. (San Francisco, CA)
 Isis Pharmaceuticals, Inc. (Carlsbad, CA)
 Allele Biotechnology & Pharmaceuticals, Inc. (San Diego, CA)
 Arborgen, Llc (Ridgeville, SC)
 Pfizer Inc. (New York, NY)
Simple estimate of follow‐on R&D activity:
 Total NIH funding at time of patent filing: $ 2.5 million
 Estimated downstream R&D through 2013: $1.82 billion
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Project Background
In concluding their original paper in Nature Biotechnology, Kalutkiewicz and Ehman noted that the “strong
stratification among areas of science—as well as the presence of outliers—indicate that patent metrics
may be worthy of additional study.” Certainly the random
sample of NIH associated patents showed that patent
A Note of Caution
analysis is capable of differentiating between rates and
It should be noted that the authors of this
impact of invention across NIH institutes, providing one
paper fully agree with Kalutkiewicz and
metric towards meeting the OMB and OSTP stated goal for
Ehman who note that “these metrics must
federal agencies to use “meaningful, measurable,
be used carefully so as not to ‘punish’
those in the budget process that mainly
quantitative metrics where possible to evaluate the
investigate important clinical questions
economic impact of targeted R&D investments.” Given the
that do not lend themselves to private
large‐scale federal investment in R&D, its importance to the
sector development.” As noted earlier, the
U.S. innovation economy, and government desire to track
NIH’s primary mission is not to spur
such impacts, it is critically important to confirm whether
commercial innovation. However,
commercial innovation certainly does
patents are an effective proxy metric for invention
result from NIH‐funded research and it is
measurement.
certainly beneficial for government officials

and other parties with interests in growing
Battelle’s Technology Partnership Practice (TPP) was
the economy to understand which agencies
awarded a research grant by the Academy of Radiology
and institutes have the highest propensity
Research to test the original study’s random sample‐based
to generate economically impactful
findings against an analysis of the full universe of patents
inventions.
with NIH interests. Battelle TPP has significant experience in
scientific impact assessment, including production of the highly cited report on the Economic Impact of
the Human Genome Project12, and major national studies on the impacts of the biopharmaceutical
industry, medical technology industry and clinical laboratory testing industry.

Project Goals
The Battelle assessment seeks to extend the analysis performed in “Patents as Proxies,” primarily through
a “universe” versus sample data approach to: a) confirm the methodological approach across a total
universe of NIH patents, and b) use the raw data construction to begin to explore other potential metrics,
such as patent output and quality by patent class, and investigating the output and quality of other
prominent federal R&D programs. By validating the methodology and confirming the existence of
meaningful differences in output, these findings may provide more robust evidence that patents and
patent forward citations represent a reliable metric for assessing rates of research‐related invention and
the comparative level of invention across various funding agencies and institutes. This universe context
also includes the development of methodological approaches for capturing “research costs leading to
patent activity” as an appropriate measure of NIH investment in activities with the potential to lead to
measurable innovation. Additionally, an attempt is made to develop a comparative assessment of these
patent‐related innovation metrics among leading federal R&D agencies. A final extension of the analysis
examines the patent context, not in terms of NIH institutes and centers, but through the patent classes of
the issued patents.

12

Tripp, Simon J. and Grueber, Martin P., Economic Impact of the Human Genome Project, May 2011, prepared by
Battelle for Life Technologies Foundation. The Impact of Genomics on the U.S. Economy, June 2013, updated impact
assessment prepared for United for Medical Research.

7

Patents as Proxies Revisited: NIH Innovation 2000 to 2013

Innovation in Action—NCI
Patent Title: Inverse inference engine for high performance web search
Patent US6510406 – 193 citations (as of December 31, 2013)
Inventors: Marchisio; Giovanni B. (Kirkland, WA)
NIH Grant Number: CA061613
Assignee: Mathsoft, Inc. (Cambridge, MA)
Impact: The term “technology spillover” refers to the exchange ideas or among individuals
or R&D groups, and is meant to describe how new innovations in one area can spill over and
perpetuate the development of other new industries or product lines. While the majority of
NCI’s top cited patents are the cornerstones for innovative cancer treatments and
diagnoses, the largest amount of downstream R&D from a single NCI‐generated patent has
come from a project related to health informatics – a discovery that is now a key piece of
intellectual property for modern search engine optimization. Through an SBIR grant entitled
“Multimedia Teaching and Reference Tool for Cancer Pain,“ a team of investigators sought
to develop a software tool that would enable physicians to better manage the growing
amount of clinical data in order to better manage cancer patients’ pain levels. The work
funded by NCI resulted in a novel method for cross‐language retrieval and text
categorization, which greatly facilitated future exploration into web‐based machine
learning, cluster analysis, pattern recognition, Bayesian learning, and other methods of
information retrieval that now make information systems exponentially more powerful –
helping to unlock the power of Big Data for life beyond the medical arena.
Main companies developing, using, or building upon the technology:
 Tacit Knowledge Systems, Inc. (San Francisco, CA)
 Recommind Inc. (San Francisco, CA)
 Roxio, Inc. (Santa Clara, CA)
 Microsoft Corporation (Redmond, WA)
Simple estimate of follow‐on R&D activity:
 Total NIH funding at time of patent filing: $ 0.8 million
 Estimated downstream R&D through 2013: $675.5 million
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Assessing NIH-Related Patent Innovation—RePORTER
Data
NIH provides the most robust database (among U.S.
federal agencies) of information regarding its grant
activities through its searchable database/interface
RePORTER (Research Portfolio Online Reporting Tools for
Expenditures and Results). A related tool, ExPORTER,
provides bulk download files of data available through
RePORTER. An examination of both of these data sets led
to the decision to establish the time period for the analysis
as 2000 through 2013, as NIH‐grant specific cost data for
earlier years are currently unavailable via the ExPORTER
tool and the summary information is incomplete within the
RePORTER tool regarding the related NIH cost data for
awards prior to 2000.13 This 2000 through 2013 time
period ultimately yields different data sets depending on
whether the time period is applied to the NIH awards or to
the issue year of the NIH‐related patents.

Broad Data Challenges
Within the context of developing these
data sets there are numerous data
challenges, including significant “one‐to‐
many”, “many‐to‐one”, and “many‐to‐
many” IC/grant award to patent
connection issues. Examples:
• One research award is linked to four
patents.
• Four research awards (three from one IC
and one from another IC) are linked to
one patent.
• Five research awards (two from one IC,
two from another IC, and one from a
third IC) are all linked to three patents.
• One research award is linked to two
patents, is transitioned to a different IC,
and is linked to a third patent under the
new IC’s research award number.

The ExPORTER tool was used to download the NIH‐related
patent data set.14 Patent information contained within
RePORTER and ExPORTER is obtained through the federal
government award‐related patent reporting mechanism,
iEdison, also managed by NIH/HHS. As NIH notes in the RePORTER site information:

Patents are associated with projects, but cannot be identified with any particular year
of the project or fiscal year of funding. This is due to the continuous and cumulative
nature of knowledge generation across the life of a project and the sometimes long and
variable patenting timeline.
Patent information in RePORTER is incomplete. The patents in RePORTER come from the
iEdison database. Not all recipients of NIH funding are compliant with the iEdison
reporting requirements, particularly after their NIH support has ended.
Using U.S. Patent and Trademark Office (USPTO) information identifying the range of patents issued in
each year, patent issue years were assigned to each patent, with those issued from 2000 to 2013 included
in the data set. This Patent Period data set included a total of 11,443 patents issued during the 14‐year
period.15 Hence, the patent period data set includes patents whose research was performed prior to
2000, but will also, by definition, exclude patents issued after 2013 that are the result of research

13

The Kalutkiewicz and Ehman sample data set cover the period 2003 through 2012.

14

See RePORTER Patent information with project references for all Fiscal Years:
http://exporter.nih.gov/CSVs/final/RePORTER_PATENTS_C_ALL.zip.

15

It should be noted that as a live and continually updated data set these specific figures may not be exactly
replicable.
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performed in 2013 or earlier. This patent period data set is
seen as most reflective of an overall patent universe.
However, one analytical issue with the patent period data
is the inability to link all of these patents to a patent‐
specific cost factor. When a filter is placed on these data,
to include only those patents having at least one NIH‐
related grant active during the 2000 – 2013 period—the
Grant Period data set—the total number is reduced to
9,638 patents. This reduction in the data set is due to the
many patents issued in the early years of the decade (e.g.,
2000 ‐ 2003) where the NIH award(s) related to the patent
expired prior to 2000.
Battelle analyzed both of these data sets to determine the
sensitivity of these efficiency and innovation metrics to this
variation. Additionally, the grant period dataset is used for
further extensions of the overall analysis due to the ability
to connect to grant specific cost information.

NIH Specific Data Challenges
Within the context of developing these
data sets there are also numerous NIH
specific data challenges.
Examples:
• With no NIH patent registering
“mandate”, NIH‐related patent
information is incomplete within the NIH
managed databases, making it difficult
to connect and assess research‐to‐
innovation linkages.
• Information connecting patents to NIH
research is based on project award
numbers—projects can extend well
beyond patent issue dates or end well
before patent issue dates.
• Long duration of some research
grants/programs can yield various types
and timing of issued patents.

Specific patent information for each of these RePORTER‐
• Complexity of the grant/award
numbering scheme used by NIH,
based NIH‐related data sets, were obtained using Thomson
especially when transferring an award
Reuter’s Thomson Innovation patent research system—
between ICs, makes tracing projects‐to‐
which provides analytical capacities built around the
patent relationships difficult.
USPTO (and global) patent information. Table 1 provides
• Inconsistencies among PIs/patent
basic summary information for these data sets, including
inventors on level of specificity regarding
the total number of identified patents by data set, the total
project funding may lead to
number of forward citations (newer U.S. patents
overestimated or underestimated costs.
referencing NIH‐related patents), and an average citations
per patent calculation.16 Additional information was captured for these patents including information
regarding assignee, assignee type, and patent class.
Table 1. Overview of NIH‐Related Patent Data Sets

NIH‐Related Patent Data Set

Number of
Number of
Distinct
Forward
Patents
Citations
Identified

Average
Forward
Citations
per Patent

Share of
Patents with
Any Forward
Citations

Largest
Forward
Citation
Value

Grant Period: 2000‐2013

9,638

49,445

5.1

54%

380

Patent Period: 2000‐2013

11,443

70,312

6.1

58%

505

Source: NIH RePORTER and ExPORTER data sets and Thomson Innovation patent research system.

Across these overview metrics, the average citation per patent ranges from 5.1 to 6.1, less than the 7.9
forward citation rate found within the Kalutkiewicz and Ehman sample approach – whose original
“sample‐based approach” included patents from the 1990s, older patents that would drive a higher
16

Forward citations for the purpose of this analysis include only U.S. patents citing these NIH‐related U.S. patents. To
maintain comparability, forward citations occurring beyond 2013 (e.g., a patent from early 2014 citing a 2009 patent)
would not be included in this analysis. The use of application‐based forward citations are also not included in this
analysis.
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average citation result. As shown in Table 1, the patent period data set, which includes, by definition, a
larger number of early 2000’s patents, generates significantly more forward citations overall including
individual patents with much larger citation values.
Table 2 provides further details of these two data sets by disaggregating these patents into the NIH
institutes or centers (IC) that are directly connected to these patents through a specific IC reference (as
captured within the project/award number within RePORTER/ExPORTER). As many patents are based
upon funding from more than one IC, the IC rows do not sum to the total number of distinct patents.
Table 2. NIH‐Related Patent by Specified IC and Data Set – Initial Base Data
GRANT PERIOD
PATENT PERIOD
Patent
Forward
Patent
Forward
Count
Citations
Count
Citations
Fogarty International Center
11
4
15
40
National Cancer Institute
2,398
11,432
2,905
15,918
National Center for Advancing Translational Sciences
4
1
4
1
National Center for Complementary and Alternative Medicine*
10
163
10
163
National Center for Research Resources
428
3,644
476
4,434
National Eye Institute
235
2,995
259
3,336
National Heart, Lung, and Blood Institute
1,236
5,584
1,544
7,797
National Human Genome Research Institute
208
2,398
278
3,846
National Institute of Allergy and Infectious Diseases
1,326
4,020
1,655
6,168
National Institute of Arthritis and Musculoskeletal and Skin Diseases
247
1,663
356
3,229
National Institute of Biomedical Imaging and Bioengineering
343
819
343
819
National Institute of Child Health and Human Development
241
998
351
1,726
National Institute of Dental and Craniofacial Research
194
849
237
1,013
National Institute of Diabetes and Digestive and Kidney Diseases
774
3,376
964
8,803
National Institute of Environmental Health Sciences
144
707
152
737
National Institute of General Medical Sciences
1,884
10,078
2,212
14,109
National Institute of Mental Health
168
828
214
1,015
National Institute of Neurological Disorders and Stroke
648
3,085
770
3,854
National Institute of Nursing Research
3
5
4
22
National Institute on Aging
310
1,062
370
1,570
National Institute on Alcohol Abuse and Alcoholism
28
78
38
195
National Institute on Deafness and other Communication Disorders
141
702
152
874
National Institute on Drug Abuse
208
642
222
763
National Institute on Minority Health and Health Disparities
5
1
5
1
National Library of Medicine
25
789
27
826
Office of the Director/Components
12
5
19
39
Total NIH‐Related Distinct Patents (Non‐Duplicative)
9,638
49,445
11,443
70,312
Source: NIH RePORTER and ExPORTER data sets (2000‐2013), Thomson Innovation patent research system, Battelle
analysis. Rows do not sum to total as research leading to patents can be funded by more than one IC.
Institute or Center (IC) Name

*Note: The National Center for Complementary and Alternative Medicine was renamed the National Center for
Complementary and Integrative Health as of December 17, 2014. As patent activity was measured prior to this change
we continue to use the original IC name.

Grant‐Specific Cost Basis
One of the analytical goals for this effort was to develop and perform an analysis using grant‐specific cost
information. A grant‐specific cost approach ultimately provides a more precise basis for the analysis as
only the costs directly associated with a grant that has produced one or more patents are included in the
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metrics. An analysis based upon grant‐specific cost information will also better represent the role the
development of intellectual property plays within the broader research missions of the various NIH
institutes and centers. Figure 1 shows a scatter plot using the base grant period information for 2000‐
2013.
Using the grant‐specific costs has a specific effect on the patents per $100 million funding metric across all
the ICs, as the substantially reduced funding “total” yields significantly larger metric values. Figure 1
shows, at least for this limited sample, that many of the smaller ICs in terms of total R&D budgets perform
quite well in the patents per $100 million metric—the metric for NIDCR, NIBIB, NIAMS, and NIDCD all
exceed 55 patents per $100 million in funding.
Figure 1. Grant Specific Award Costs Basis and Patents Assigned to Original ICs – Grant Period Data:
2000‐2013
70.0
NIDCR

60.0

Patents per $100 M of Funding

NIBIB

NIDCD

NINDS

50.0
NIDA

40.0

NIGMS

NEI

NIMH
NHLBI NCI
NICHD
NIA

Note: the blue
lines in this and
following figures
represent the
metrics’ average
values among the
data sets.

NHGRI

NIDDK

NIAID

30.0

NIAMS

NCRR

NIEHS

20.0
NIAAA

10.0

0.0
0

2

4

6
8
10
Mean Citations per Patent

12

14

Note: Based upon GRANT PERIOD data set with 9,638 distinct patents.

Within the context of the NIH grant and patent data, however, there are important weaknesses to such an
analysis. While this approach likely provides a more exacting description of the relationship between
innovation and funding, it has a significant data requirement. Linking specific research, often spread over
multiple NIH awards with costs occurring over potentially many years, to a specific IC or ICs and to a
specific patent number is a difficult undertaking. This approach, therefore, relies on the completeness of
the information regarding NIH‐related patents as acknowledged through RePORTER.17 However, these
data can potentially provide important understanding regarding the research missions of the NIH
institutes and centers and the role intellectual property‐development—as recognized by issued patents—
plays in these missions.

17

Thus, an analysis performed in this fashion will exclude the vast majority of the nearly 9,000 patents identified
through NIH government interest statements (i.e., not tied to a specific patent)—at least not without substantial
efforts to connect individual grants within RePORTER to patents.
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Assessing NIH-Related Patent Innovation—Expanded
and Adjusted Data
During the process of investigating the connections between NIH grants, patents, and forward citations it
became apparent that the information within RePORTER was far from complete in terms of the patents
identified with funding connections to the NIH.18 The data collection effort was extended beyond
RePORTER to include a more comprehensive assessment of NIH‐related patents. This expanded effort was
conducted by obtaining and examining patents using the Thomson Innovation patent research tool—
seeking additional patents specifying an NIH “government interest” within the issued patent documents
or otherwise assigned to the NIH (typically from intramural researchers). From this analysis a substantial
number of additional patents are found to be related to NIH‐related funding and research. Table 3
provides an overview of this expanded “universe” data set.
Table 3. Government Interest NIH‐Related Patent Data Sets

NIH‐Related Patent Data Set

Government Interest: 2000‐2013

Number of
Number of
Distinct
Forward
Patents
Citations
Identified
20,441

105,116

Average
Forward
Citations
per Patent

Share of
Patents with
Any Forward
Citations

Largest
Forward
Citation
Value

5.1

52%

519

Source: NIH RePORTER and ExPORTER data sets and Thomson Innovation patent research system. Includes all of the
patents in the Patent Period data set as well.

Though NIH recognizes the incomplete nature of RePORTER information, the number of missing patents
was found to be substantial. When including these specified government interest patents an additional
8,998 patents are found to be related to NIH research. This expanded Government Interest data set
brings the “universe” of NIH‐related patents issued from 2000 through 2013 to 20,441 patents (an
increase of 79 percent over the patent period data set). With these additional patents not being captured
via the self‐reporting capacities of iEdison, not only are the data available to NIH incomplete, but
significantly underestimate the full scope of innovation associated with NIH funded research.
An interesting finding is that within this expanded government interest data set the average citations per
patent decreases to 5.1, similar to the grant year data set. Some of this difference is likely accounted for
by self‐selection bias—as primary or principal investigators (PIs) and organizations are potentially more
likely to report to NIH patents that are generating significant forward citation activity—especially those
who continue to be funded by NIH research awards. This conjecture is supported by the fact that among
the nearly 9,000 NIH government interest patents not included within RePORTER or ExPORTER, the
average forward citation per patent is only 3.9.
For these additional NIH government interest patents the information connecting them to NIH varies
significantly—ranging from identifying a specific NIH project number to a cursory mention of “this patent
was developed, in part, using NIH funding.” To the extent possible these 8,998 patents were connected to

18

There is no mandate or requirement by NIH that this information to be disclosed within the iEdison and RePORTER
systems by either the principal investigators or their institutions.

13

Patents as Proxies Revisited: NIH Innovation 2000 to 2013

their appropriate NIH institute or center based upon the limited information provided, but in the end 311
of these patents were able to only be connected to NIH overall.19

Enhancements of Project Data for Predecessor Grant Relationships
An important tenet in fully assessing the relationship between innovation and costs, as
represented by patents and research awards, is to ensure that costs of related research awards are
accounted for in an appropriate manner. Understanding how NIH, via RePORTER, provides this
information is important in establishing the linkages between patent activities, NIH ICs, and ultimately
research awards.
Thus far in this assessment, patent information has been connected to an IC based upon NIH award
information as each award number specifies the IC of record. However, within RePORTER, patent
information is also captured within the data for the ultimate home IC for an award. These connections
become critical when examining patents related to changes in the overall structure of NIH institutes and
centers such as the forming of the National Institute of Biomedical Imaging and Bioengineering (NIBIB) in
2002, the National Center for Advancing Translational Sciences (NCATS) in 2012, and the dissolving of the
National Center for Research Resources (NCRR) after 2011. With these changes certain grants have moved
within the NIH IC reporting structure from their previous IC to a new IC.20
This transfer primarily occurs with a NIH Type 8 or Type 9 award (e.g. 8R01EB000282‐07) in the new
funding year. These awards typically keep the same project title with the support year value increasing by
one, but the remaining project number, while reflecting the new IC, does not keep the serial number from
its previous award/IC. Hence, connecting a Type 8/9 award with its previous award can be challenging.21
In total, there were 2,036 Type 8/9 awards from 2000 through 2013. From an IC‐related patent context,
patents also follow these project IC transitions. Hence, within RePORTER (and ExPORTER) a patent linked
to a certain IC via a project originating in that IC, will also become linked to the new IC via the Type 8
transition—a specific patent can be linked to more than one IC, solely due to the transition of a grant
award. For example, a patent connected to a NCRR project from 2007‐2011 could also be connected by a
Type 8/9 award moving it to the National Institute of General Medical Sciences (NIGMS) in 2012‐2013.
Hence, RePORTER award queries for the full 2000‐2013 period would assign this patent to both NCRR and
NIGMS. But a RePORTER award query for 2013 would only capture this patent as an NIGMS patent making
it difficult to link this patent to all of the previous costs (under the NCRR project number) that were
involved in the development of the innovation.
Furthermore, the use of summary cost data to evaluate the patent per $100 million context for this
patent over the full time period would capture five years of costs for this patent within NCRR, but only
two years of costs within NIGMS—likely giving this specific patent a much lower patent per $100 million
metric when viewed as connected to NCRR than it would have when viewed as connected to NIGMS.

19

These NIH “government interest” patents are coded to reflect any IC information present in the USPTO record. For
example, a statement specifying “funded in part from a grant from the National Cancer Institute” would be coded to
NCI.

20

Though requested, NIH could not provide a comprehensive list of which projects were moved from one IC to
another during the time period used in this study.

21

To perform this task, NIH principal investigator ID numbers were pulled from all Type 8 awards. For these PI’s all of
their 2000‐2013 awards were captured. From these awards Type 8 grants were manually matched with the
predecessor grants based upon PI, grant title (including changes to titles at renewals) and the support year
continuum.
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These changes among NIH ICs require certain historical (predecessor) grants to be realigned to the new IC
to more appropriately (though still imperfectly) capture both funding and patent activities.22 This data
enhancement accounts for the evolution of the NIH structure and scientific enterprise and helps to more
accurately capture the “areas of science” that may be producing a patent at a higher rate or of a higher
quality (as measured by forward citations). These adjustments are captured within the Government
Interest/Adjusted data set. Table 4 provides the final patent counts and forward citation counts for the
Government Interest and Government Interest/Adjusted data sets. Note that the total number of distinct
patents does not vary between these two data sets.
Table 4. NIH‐Related Patents by IC and Data Set – Government Interest and Adjusted
Government Interest
Institute or Center (IC) Name
Fogarty International Center
National Cancer Institute
National Center for Advancing Translational Sciences
National Center for Complementary and Alternative Medicine*
National Center for Research Resources
National Eye Institute
National Heart, Lung, and Blood Institute
National Human Genome Research Institute
National Institute of Allergy and Infectious Diseases
National Institute of Arthritis and Musculoskeletal and Skin Diseases
National Institute of Biomedical Imaging and Bioengineering
National Institute of Child Health and Human Development
National Institute of Dental and Craniofacial Research
National Institute of Diabetes and Digestive and Kidney Diseases
National Institute of Environmental Health Sciences
National Institute of General Medical Sciences
National Institute of Mental Health
National Institute of Neurological Disorders and Stroke
National Institute of Nursing Research
National Institute on Aging
National Institute on Alcohol Abuse and Alcoholism
National Institute on Deafness and other Communication Disorders
National Institute on Drug Abuse
National Institute on Minority Health and Health Disparities
National Library of Medicine
Office of the Director/Components
NIH Government Interest (IC not identified)
Total NIH‐Related Distinct Patents (Non‐Duplicative)

Patent
Forward
Count
Citations
31
48
5,263
24,398
4
1
17
165
824
6,494
654
4637
2,651
11,796
448
5004
2,968
8,943
644
4,166
626
1,476
668
3,393
416
1,747
1,720
11,807
297
1,253
3,600
19,794
386
1,863
1,288
5,923
10
243
640
2,697
80
277
244
1,259
383
1,216
9
1
38
944
48
173
311
1,015
20,441 105,116

Government
Interest/Adjusted
Patent
Forward
Count
Citations
31
48
5,268
24,418
9
1
17
165
824
6,494
654
4,637
2,655
11,812
448
5004
2,968
8,943
644
4,166
923
6,123
668
3,393
416
1,747
1,720
11,807
297
1,253
3,647
19,906
386
1,863
1,290
5,973
10
243
640
2,697
80
277
244
1,259
383
1,216
16
12
38
944
59
200
311
1,015
20,441 105,116

Source: NIH RePORTER and ExPORTER data sets (2000‐2013), Thomson Innovation patent research system, Battelle
analysis. Rows do not sum to total as research leading to patents can be funded by more than one IC.

22

From an operational perspective the data set was developed to link both ICs involved in Type 8/9 awards to the
patents. These potentially duplicative values are described as part of predecessor awards in the analysis. This linking
of prior IC awards and patents to new ICs potentially leads to cost information assigned to new ICs for some years
prior to their formal launch. However, capturing costs in this manner provides a truer representation of value of
research leading to patents.
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With possible exceptions of NEI and NIAAA, the increases in patenting activity captured by the NIH
government interest patents was fairly evenly distributed, generally increasing the IC’s total number of
patents by 30 to 40 percent. There are, however, some important differences in these patents in terms of
forward citations. For example, the NIH government interest patents add only 6 patents to the NINR total,
but these 6 patents added 221 forward citations. When adjusting for predecessor grant relationships
many ICs show very limited (or no) changes between the two data sets. Key changes, however, occur in
NIBIB, an increase of 297 related patents, and NIGMS, an increase of 47 related patents.

Innovation in Action – NIBIB
Methods and compositions for enhancing the bioadhesive properties of polymers
Patent US6123965 – 147 citations (as of December 31, 2013)
Inventors: Jules S. Jacob; Edith Mathiowitz
NIH Grant Numbers: GM047636 and EB000248
Assignee: Brown University Research Foundation (Providence, RI)
Impact: “This invention would have never been possible without NIH’s original funding. I’m
so pleased to see that it’s had such a large impact. What we developed was a new family of
bioadhesive polymers, which essentially is a breakthrough that allowed a number of drugs
and therapeutics to be taken orally. Previously, the harsh environment in the stomach and
GI tract would breakdown the effective properties of the drug. Our innovation allows those
therapeutic proteins to be absorbed, allowing a number of existing and current drugs to be
administered orally instead of other methods, such as injection. In the end, this helps
incredibly with treatment compliance, improving patient health and saving the health
system significant resources. The technology took off so quickly that we were able to raise
$45 million in capital and start a company in Providence, RI called Spherics, Inc. – which
employed over 60 people at its height.”
Edith Mathiowitz, PhD
Professor of Medical Science, Professor of Engineering,
Brown University
Main companies developing, using, or building upon the technology:
 Spectrum Pharmaceuticals, Inc. (Irvine, CA)
 Biotek, Inc. (Winooski, VT)
 Med Five, Inc. (Honolulu, HI)
 Isis Pharmaceuticals, Inc. (Carlsbad, CA)
 Halliburton Energy Services (Houston, TX)
Simple estimate of follow‐on R&D activity:
 Total NIH Funding: $1.9 million
 Estimated downstream R&D: $514.5 million
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Patents as Proxies – Extensions of the Analysis
Estimating Research Leading to Patenting Activities as a Share of Overall IC R&D
The detailed grant‐specific data can be used to develop an approximation of the opportunity for
developing intellectual property, as represented by patent activity, within each of the NIH institutes and
centers. While simplistic, based upon shares and ratios, it does provide some context on the tendencies of
the different ICs to generate patent activity. Using the grant period data set, including the grant specific
costs, a share of total patents and share of total budget can be calculated (Table 5).
Table 5. Estimating the Share of NIH Institute and Center Funding Leading to Patent Activity

Institute or Center (IC) Name
Fogarty International Center
National Cancer Institute
National Center for Advancing Translational Sciences
National Center for Complementary and Alternative Medicine*
National Center for Research Resources
National Eye Institute
National Heart, Lung, and Blood Institute
National Human Genome Research Institute
National Institute of Allergy and Infectious Diseases
National Institute of Arthritis and Musculoskeletal and Skin Diseases
National Institute of Biomedical Imaging and Bioengineering
National Institute of Child Health and Human Development
National Institute of Dental and Craniofacial Research
National Institute of Diabetes and Digestive and Kidney Diseases
National Institute of Environmental Health Sciences
National Institute of General Medical Sciences
National Institute of Mental Health
National Institute of Neurological Disorders and Stroke
National Institute of Nursing Research
National Institute on Aging
National Institute on Alcohol Abuse and Alcoholism
National Institute on Deafness and other Communication Disorders
National Institute on Drug Abuse
National Institute on Minority Health and Health Disparities
National Library of Medicine
Office of the Director/Components

Share of Total Patents
Represented in Grant‐
Specific Cost Basis
Analysis
38.7%
56.3%
100.0%
58.8%
53.3%
42.0%
59.8%
47.8%
54.1%
47.5%
66.2%
39.7%
56.0%
53.7%
60.9%
59.6%
49.7%
58.1%
30.0%
61.4%
47.5%
69.3%
71.5%
75.0%
73.7%
45.1%

Estimated Share
of Budget
Leading to
Patent Activity
4.9%
24.8%
9.6%
3.3%
50.1%
17.2%
17.5%
13.8%
14.8%
14.9%
30.1%
11.6%
12.5%
14.1%
13.0%
26.1%
5.2%
11.4%
2.0%
16.0%
6.8%
7.9%
5.4%
1.0%
2.1%
91.0%

Source: NIH RePORTER and ExPORTER data sets, Thomson Innovation patent research system, Battelle analysis and
estimation.

For example, the grant‐specific data for Fogarty International Center includes 12 patents, which is 38.7
percent of the Center’s 31 patents in the Government Interest/All data set. The grant costs associated
with these 12 patents is approximately $19.6 million. Dividing the $19.6 million by 38.7 percent yields an
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estimated total patent‐related budget of $50.6 million. This figure is 4.9 percent of the Fogarty
International Center’s total budget from 2000 to 2013.23
Table 5 shows, that as the principal funding mechanism for enhancing overall research capacity, NCRR
should have a significant connection to NIH‐related patent activity. Estimations for the two ICs most
connected with the development of biomedical technologies, NIBIB and NIGMS both exceed 25 percent of
their budgets reflecting the importance of stimulating technological innovation within their broader
missions. The estimation for NCI yielded a somewhat surprising (nearly 25 percent) result considering the
significant resources invested in basic cancer biology research. This undoubtedly reflects the importance
of therapeutic development within NCI mission and of those entities receiving NCI funding.

Analyzing the Costs of Innovation for NIH‐related Patents
Given the limited nature of the cost‐specific approach used with the grant period data set, the core
analysis of the “costs of innovation” related to the creation of NIH patents uses an approach similar to
Kalutkiewicz and Ehman, though extended for the larger time period used in this analysis. This approach,
the summary cost basis, uses summary data available from RePORTER on the costs of research grants by
NIH IC for the period 2000 through 2013. The summary cost approach provides for a robust comparison of
total costs by IC over the time period. It is by far the simpler approach and can be applied to all the
patents linked to a specific IC in any manner, either by grant award number or IC reference within a
government interest statement. This approach provides a comprehensive and structured data set to
represent the overall research expenditures including both grant award funding and intramural research
and development. This approach was used to establish the Patents per $100 Million metric shown in
Figure 2.
Figure 2. Summary Costs Basis – Government Interest/Adjusted Patents: 2000‐2013
30.0
NIBIB

Patents per $100 M of Funding
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Note: Based upon GOVERNMENT INTEREST/ADJUSTED data set with 20,441 distinct patents.

23

This same estimation procedure will also be used to examine the innovation and research funding context of these
NIH‐related patents by U.S. Patent and Trademark Office (USPTO) patent classes.
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A weakness to acknowledge in this approach stems from the inability of this baseline cost information to
correctly account for the full lifecycle “patent development costs”. This occurs primarily when patents are
connected with multiple ICs due to the transition of the
grants funding their development to new ICs. Two
True Costs of Research Leading to
attempts were made to more specifically align cost
Patents
information with patent production.
A second, modified approach, follows the summary costs
approach, but seeks to capture the historic funding related
to the specific predecessor grants and include these costs
as part of the total IC costs of the new or successor IC. In
this approach, multiple IC patents’ grant awards were
identified using the Type 8/9 analysis described previously.
For each of these patents the total cost of the predecessor
IC grants tied to the patent occurring in the 2000‐2013
period were calculated.24

These approaches are estimations of the
true costs of the research leading to patent
applications and issued patents, as these
specified time period window will likely not
accurately capture 100 percent of the
actual development costs of this large
multi‐year patent portfolio.
For example, many costs of the earliest
patents in the time period will have
occurred prior to the initial year of the
analysis window. Similarly, the costs
captured at the end of the window will also
not be credited for patents that are issued
after the window (e.g., a patent issued in
2015 based on research occurring from
2009‐2013). These cost approaches are
assumed for the sake of this analysis,
perhaps wrongfully so, to even out over
the course of the analysis.

These values were then added to the summary costs for
the new IC. In total, predecessor funding was allocated to
378 patents representing nearly $2.6 billion in NIH funding.
Since the predecessor IC also received credit for the patent
within RePORTER these costs were not removed from the
predecessor IC summary costs. Following the example
above, if a patent was connected to a total of seven years
of grant funding, at $100,000 each year, with a total of $500,000 coming first from NCRR and then
$200,000 from NIGMS, in this approach $500,000 would be added to the NIGMS total summary costs, to
more fully account for the true costs of the NIGMS credited patent.
These cost modifications were made to each IC as required with significant changes made to NIBIB,
NIGMS, NCATS, and NIMH.25 Figure 3 shows the Government Interest/Adjusted patent data in conjunction
with these cost adjustments, applying additional grant‐specific cost information related to predecessor
grant funding, to the extent available, to the IC now (or additionally) connected to the patent. Figure 4
provides these same data as Figure 3, but portrays it in a bubble chart with the size (area) of the bubble
representing the actual number of patents connected to each NIH institute or center.

24

Specific grant numbers were required In order to develop the predecessor grant context, hence, grant‐specific cost
information was available. This analysis may underestimate these cost to the extent predecessor grant relationships
exist in NIH government interest patents that did not include grant number information. However, since the majority
of the predecessor grant relationships revolve around the most recent IC changes, NIBIB, NCATS, and NCRR, it is
assumed that these issues are minimized.

25

Though not included in the scatter plot analysis, there were also significant changes in values for the Office of
Director, which took over responsibility for some larger NCRR awards after 2011.
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Figure 3. Adjusted Summary Costs Basis – Government Interest/Adjusted Patents: 2000‐2013
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Note: Based upon GOVERNMENT INTEREST/ADJUSTED data set with 20,441 distinct
patents.

Figure 4. Adjusted Summary Costs Basis – Government Interest/Adjusted Patents: 2000‐2013
– Bubble Chart

Note: Based upon GOVERNMENT INTEREST/ADJUSTED data set with 20,441 distinct
patents. The “Average” bubble is sized to equal 250 patents for scale and
comparison.
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Comparing these IC adjusted data figures (Figures 3‐4) to the earlier figure (Figure 1), demonstrates how
NIH structural changes, especially the creation of NIBIB as a focus for biomedical imaging and
bioengineering related research, leads to changes within the innovation profiles of the ICs. By “capturing”
the predecessor research funding, patent activity, and downstream innovation (forward citations) of
NIBIB, both metrics show significant increases. This indicates that key imaging and bioengineering
research and related patents were originally funded by other ICs.

Federal Agency‐based Analysis
This extension to the analysis seeks to provide a comparative perspective on the major federal R&D
agencies and how the cost and value of research is turned into innovation and intellectual property as
measured by patents and forward citations. Due to the size and complexity of this analysis, including the
lack of a publicly‐available database such as NIH RePORTER for other agencies, it is performed using a
slightly different approach than that for the previous NIH‐focused analyses. To obtain the patents and
forward citations information, a unique dataset was constructed relying solely on government assignee
and government interest information within the USPTO patent documents.26 If a government interest was
specified in the patent (via research funding or intramural research) from more than one federal agency it
was assigned to each for analytic purposes (similar to the multi‐IC patents in the NIH‐focused analyses).
To create a funding metric for this analysis a data set of federal agency R&D funding developed by the
American Association for the Advancement of Science (AAAS) R&D Budget Program was used. The data as
provided by AAAS are in constant 2014 dollars, but were converted into nominal dollars for the 2000‐2013
period, to more closely align with the budgetary information used in the NIH‐focused analyses.
This federal agency analysis shows that there are meaningful differences in the various agencies
performance as characterized by these metrics (Figure 5). The high rates of citations within the
Department of Commerce (DOC), despite its comparatively smaller R&D budget, are driven by significant
patenting and citation activities stemming from the National Institute of Standards and Technology (NIST)
Advanced Technology Program. The role that the National Science Foundation (NSF) plays in supporting
basic and foundational research is evidenced by the highest efficiency in terms of research‐driven patent
generation, while also generating highly innovative, building block research. The Department of Energy
(DOE) efforts, including the DOE National Labs, also demonstrate higher performance on both metrics. In
general, the smaller R&D budgets—which typically reflect less research‐oriented missions—perform on
the lower end of the metrics’ spectrum.

26

The Thomson Innovation patent research system was also used for this analysis. Key analytical steps specific to this
analysis include: 1) adjusting forward citation data/metrics to only count issued U.S. patents; 2) due to the size of the
federal agency patent data set (nearly 64,000 patents) unlike the NIH‐focused analyses forward citations from 2014
and early 2015 are included due to the difficultly of filtering them out.
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Figure 5. Federal Agency Patent Analysis Estimate ‐ All Identified Patents: 2000‐2013

Note: Based upon FEDERAL GOVERNMENT INTEREST data set with 63,699 distinct patents. The
size (area) of each bubble reflects the number of federal agency‐linked patents.

In general, most non‐defense discretionary programs generated two to five times more patents for every
$100 million in research and development funding than defense‐related programs.27 While all research
programs are doing laudable work, any shifts in funding from non‐defense programs to defense programs
should at first assess the aggregate impact on patent output.
Within the federal agency context, NIH stands as both the second largest R&D funding source, but also an
agency consisting of many diverse constituencies and research missions. Due to this breadth, taken as a
cumulative whole, NIH generates the fifth highest patenting efficiency, but the fourth lowest overall level
of innovation (as measured by citations per patent). However, as seen in the NIH‐specific analyses, there
are strong distinctions between the various ICs in terms of the performance on these metrics.
For comparative and illustrative purposes, Figure 6 overlays the information regarding key NIH ICs
(developed in the NIH‐specific analysis) on top of this federal agency assessment.28 This figure shows that
on a comparative basis numerous individual NIH ICs perform very well in terms of patent generation
efficiency, with both NIBIB and NIGMS outpacing every distinct federal R&D agency. Similarly, the
research funding from NHGRI, supporting the development of genomics revolution, has led to significant
building block innovations.

27

It should be noted that due to the “classified” nature of the Department of Defense’s R&D activities many
innovations developed with DOD funding may not be patented. While this may put downward pressure on the
overall performance of DOD in this analysis, further research is needed to understand how classified research
stimulates further R&D in relation to non‐classified R&D, as it may in fact be restricted to a smaller universe of R&D
partners.
28 Given the significant share of the NIH total budget directed toward research and development for the purposes of
this illustrative example the use of the two separate sources of funding information is seen as negligible.
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Figure 6. Federal Agency Patent Analysis Estimate with Key NIH ICs ‐ All Identified Patents: 2000‐2013

Note: Based upon FEDERAL GOVERNMENT INTEREST data set with 63,699 distinct patents.
Includes the specific 14 NIH ICs with at least 400 patents from the NIH GOVERNMENT
INTEREST/ADJUSTED data set.

Patent Class Analysis
Though the original Kalutkiewicz and Ehman research focused on the differentiation among the NIH
institutes and centers, the data sets also allowed for exploratory analysis along additional dimensions.
One area of particular interest was an examination with regard to the technology orientation of the
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patent, as described by the patent class (using the USPTO patent classification structure). This final
extension to the analysis provides a distinct “technology” perspective on the differences in the funding –
research – patent – follow‐on innovation chain for different biomedical technologies – e.g., drugs and
pharmaceuticals, medical devices, imaging technologies, therapies, etc.
Determining a cost basis for this analysis relies again on the grant‐linked awards data set, since summary
cost information is not available by patent class. However, for this analysis a slightly different approach
was used to create the scatter plot data set. Using the grant‐linked awards data set, an average cost per
patent metric was developed for each patent classification. These patent class cost “sample averages” are
then applied to each of the 20,441 patents in the Government Interest data set, by patent class, to create
the data used for Figure 7.
Figure 7. Patent Class Analysis ‐ All Identified NIH‐Related Patents: 2000‐2013, with Estimated Patents
per $100M Metrics

Notes: Based upon GOVERNMENT INTEREST data set with 20,441 distinct patents. The chart
only includes the top 25 patent classes in terms of total patents. See Legend Table on next page.
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Figure 7. Patent Class Analysis ‐ Legend
Letter
Key
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
Y

Patent Class Name
Drug, bio‐affecting and body treating compositions
Chemistry: molecular biology and microbiology
Organic compounds ‐‐ part of the class 532‐570 series
Chemistry: natural resins or derivatives; peptides or proteins; lignins or reaction products
Surgery: diagnostic/therapy testing, techniques, or devices
Chemistry: analytical and immunological testing
Multicellular living organisms and unmodified parts thereof and related processes
Image analysis
Electricity: measuring and testing (includes MRI electronics technologies)
Surgery: light, thermal, and electrical application
Radiant energy (including mass spectrometry related technologies)
Data processing: measuring, calibrating, or testing
Optics: measuring and testing
Synthetic resins or natural rubbers ‐‐ part of the class 520 series
X‐ray or gamma ray systems or devices
Chemical apparatus and process disinfecting, deodorizing, preserving, or sterilizing
Chemistry: electrical and wave energy
Surgery: surgical instruments and devices
Measuring and testing
Surgery: blood/fluid‐related devices, medicators and receptors
Optics: eye examining, vision testing and correcting
Prosthesis (i.e., artificial body members), parts, or aids and accessories
Stock material or miscellaneous articles
Optical: systems and elements
Liquid purification or separation

Total
Patents in
Patent Class
6,827
5,833
1,788
1,350
695
394
312
294
293
230
226
211
183
124
119
109
100
86
75
70
67
55
49
45
41

Source: NIH RePORTER and ExPORTER data sets, Thomson Innovation patent research system, Battelle analysis.

As shown in the legend table accompanying Figure 5, the drugs and related compositions patent class
(Letter Key A) accounts for one‐third (33 percent) of all NIH‐related patents in the 2000‐2013 period.
Biochemistry and organic chemistry account for the next three largest patent classifications (Letter Keys
B, C, and D), and combined account for an additional 44 percent of the patents. Altogether, these top 25
patent classes (A‐Y) account for 96 percent of all NIH‐related patents and 92 percent of all related forward
citations.
What is most telling regarding this patent class analysis, is the number and variety of the smaller niche
areas of innovation developed out of NIH funding, and how these areas often lead to important on‐
going impacts. Blood/fluid‐related devices (Letter Key T) account for only 70 total patents, yet generates
the largest mean citation per patent metric at nearly 16. Though also one of the smaller patent classes
within the Top 25, chemical apparatus for disinfecting and sterilizing (Letter Key P) stands out with a
patent generation rate equal to more than 119 patents per $100 million in related research, dramatically
exceeding any specific NIH IC on a specific cost‐basis (compared to Figure 1).
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Innovation in Action— NIDDK
Patent Title: Subcutaneous glucose electrode
Patent US6329161 – 505 citations (as of December 31, 2013)
Inventors: Heller; Adam (Austin, TX), Pishko; Michael V. (Austin, TX)
NIH Grant Number: DK042015
Assignee: TheraSense, Inc. (Alameda, CA)
Impact: Through the electrical "wiring" of glucose oxidase, a new basis was formed for
implantable, miniature glucose sensors that were capable of continuously and accurately
monitoring subcutaneous glucose levels in diabetic patients. “Our NIH award related to
electrochemical glucose monitors for diabetes management are a core part of Abbott
Diabetes Care’s patent portfolio. This NIH patent in particular is one of the family of patents
that was licensed from the University of Texas when for the establishment of a start‐up
company called TheraSense, which was eventually acquired by Abbott Laboratories in 2004
for $ 1.2 billion.”
Adam Heller, PhD
Professor Emeritus, Department of Chemical Engineering
The University of Texas at Austin
Main companies developing, using, or building upon the technology:
 Avx Corporation (Fountain Inn, SC)
 Dexcom, Inc. (San Diego, CA)
 Sorenson Medical, Inc. (West Jordan, UT)
 Lifescan, Inc (Milpitas, CA)
 Medtronic Minimed, Inc. (Northridge, WA)
Simple estimate of follow‐on R&D activity:
 Total NIH funding at time of patent filing: $1.8 million
 Estimated downstream R&D through 2013: $1.77 billion
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Conclusions
The use of patent‐related metrics to assess and characterize the innovation profile of a patent portfolio
(in this instance the portfolios of the NIH institutes and centers and key federal R&D agencies) continues
to show promise. These metrics help identify areas of research funding that may potentially have a higher
likelihood of generating intellectual property and patents and the extent that this intellectual property is
valued as a keystone or building block for future research, development, and innovation. The metrics also
allow for descriptive comparisons among different research organizations in terms of the potential for
innovation as a part of their overall mission.
The ease of use, and ultimately usefulness, of these metrics is strongly dependent on the quality of the
information used to create them and potential difficulties in data development may preclude their use for
real‐time assessment. Furthermore, the blanket use of such metrics, without providing the specific
context of what and how they are measured, can lead to confusing and spurious results as these metrics
can be sensitive to a few outliers, and become more sensitive as the time frame window becomes smaller.

Data Recommendations
This analysis requires a systematic approach to evaluating patents and understanding the connections of
these patents to both government entities and cost information. Difficulties in the efforts undertaken in
this analysis lead to the following recommendations for enhancing the viability of future analysis.


NIH should identify and gain consensus on a core set of indicators to be included in its data
infrastructure. Establishing core indicators presents both a hazard and an opportunity because the
indicators that NIH measures are likely to influence the behavior of scientists and their research
outputs. Core indicators need to have strong credibility and acceptance across the biomedical
research and practice communities, which will require a clear articulation of their limitations,
predictive value, and how the agency will use such measures. As part of this effort, NIH should seek
efficiencies by linking its data infrastructure, as appropriate, with that of its many partners in the
science and health ecosystems who are already tracking many outcomes of interest to NIH such as
the U.S. Patent and Trademark Office (USPTO) and other federal agencies sponsoring biomedical‐
related research.



NIH should structure and require full patent information reporting by investigators. Currently,
information regarding patent connections to NIH‐funded research are captured through iEdison and
RePORTER. As explicitly identified and recognized by the NIH this process currently is incomplete with
not all recipients receiving NIH funding compliant with iEdison reporting requirements. Initially, this
research assumed that most of this non‐compliance would yield limited non‐patent generating
research. However, as shown in this analysis more than 40 percent of NIH‐related patents are not
reported via iEdison. In order to better understand the broad context and intellectual property
generating capacities of NIH funding and funded research, more stringent guidelines regarding patent
reporting requirements, applicable to both PIs and host institutions, are required.



USPTO should improve the quality of its data regarding government interest patents. Analysis of
USPTO data for the development of these metrics requires the development of detailed search
queries and analysis. Difficulties occur in the development of these data through misspelling and
typos within the USPTO records that are then carried forward into external patent research tools
(e.g., Thomson Reuters’ Thomson Innovation, Google Patents, etc.). A systematic requirement of
USPTO to establish rudimentary spelling checks on issued patents as legal documents as well as
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working to develop a system of consistent organization naming conventions for federal assignees and
government interest disclosures would vastly improve the overall usability of this federal data
resource.


NIH should work to improve the connection within between grant‐specific cost information and
patent information. A significant recommendation relates to the ability to improve and generate
more discrete cost data associated with the patent activities. There is a significant potential to miss
important levels of variation when assessing patent activity against total annual budget figures. With
such large patent portfolios as examined in this report, many cost issues potentially get “averaged
out” when examining the position of the various cumulative portfolios using these total budget
figures. The ability to assign exact research costs to a specific patent, however, will ultimately lead to
a more succinct measure of individual patents and portfolios. There are different perspectives on
what research costs should be tied to a patent, and indeed, examination of the more than 20,000
NIH‐related patents show that there are likely different interpretations among the principal
investigators regarding not only what patent information should be reported to NIH, but also what
grants should be connected to the patents. For example, given the large number of awards made by
NCRR during its existence, only 824 patents specifically cited NCRR funding. Using the cost‐specific
analysis data we estimate that half of the NCRR funding should be connected to one or more patents.

Recommendations for Future Research
This primary goal of this effort was to take the base “sample” approach used by Kalutkiewicz and Ehman
to examine the connections between NIH funding, patent generation, and their role in future innovation,
and extend the analysis to the full “universe” of NIH patents. This extension led to the identification of
20,441 patents with a research funding connection to NIH. Possible extensions of this current research
include the following:


An analytic determination of the correct date for measuring patent‐related innovation. From an
intellectual property perspective, the application date is often seen as having more real significance
than the patent issue date. For the purposes of this NIH‐specific analysis, we chose to structure the
patent analysis window around the patent issue date, primarily to most closely align with the
Kalutkiewicz and Ehman approach, but also due, in part, to the desire to attempt the cost‐specific
analysis and considering the issues with RePORTER cost data prior to 2000. Basing the analysis on
patent applications would modify the examination significantly, due in part to the number of patent
applications that never become issued patents. Additionally, patent applications have their own
forward citation context that can vary significantly from issued patents.



An assessment of the true cost measurement of patent‐generating research or measuring the
discrete “innovation” record (e.g., patent) with regard to cumulative research activity. This current
research focuses on overall summary budgets to provide cost information for the measurement of
patent generation efficiency. As described in the data recommendation, improved “patent‐specific”
cost information could yield distinctly different values for individual patents, but may or may not
influence the relative or comparative performance of a portfolio of patents. Further detailing the cost
perspective of research efforts leading to patents could provide additional avenues for research. For
example, NIH states that, “Patents are associated with projects, but cannot be identified with any
particular year of the project or fiscal year of funding. This is due to the continuous and cumulative
nature of knowledge generation across the life of a project and the sometimes long and variable
patenting timeline.” While perhaps true in the overall scheme of research and innovation, from a
patent metric perspective if a patent is applied for in year 4 of a 10 year award, and issued in year 7,
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is the most appropriate value for the research funding leading to this patent to consist of 4 years of
funds, 7 years of funds, or in the broadest context, 10 years of funds. The summary budget approach
used in this current analysis most closely aligns with the 10 years of funds context.


Examining the relationships between grant duration and patent filings. Patent application and
issuance timing also should be examined to better understand the relationships between patent
generation and long‐term funding. For example, does the ability to build on long‐funded research
endeavors lead to more patents or more highly recognized patents in terms of forward citations.
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Appendix A. Innovation in Action – Key NIH Patents
As part of this overall assessment we examined the most highly cited patent for each NIH institute or
center. General information regarding these specific patents is included in the Appendix (Table A1).
For five key ICs we develop an overview of the patent including the principal NIH award funding the
innovation, a statement regarding the impact of the innovation, and main companies that are developing,
using, or building upon the technology.
We also provide the NIH funding received by the principal investigator/inventor for the specific award and
an estimate of the value of the follow‐on R&D activity. This estimate is based upon the concept that, on
average, “the average intrinsic cost” of a U.S. patent is $3.5 million.29 This value is multiplied by the
number of forward citations for the NIH‐related patent to approximate the total value of R&D
represented by these patents.
Table A1. NIH‐Related Patent by IC and Data Set

NIH Institute/Center
Fogarty International Center
National Cancer Institute
National Center for Advancing
Translational Sciences
National Center for
Complementary and Alternative
Medicine
National Center for Research
Resources
National Eye Institute
National Heart, Lung, and Blood
Institute
National Human Genome
Research Institute
National Institute of Allergy and
Infectious Diseases
National Institute of Arthritis and
Musculoskeletal and Skin
Diseases
National Institute of Biomedical
Imaging and Bioengineering

Most Highly Cited NIH‐Related Patents: 2000‐2013
Number Single
of
Patent
U.S. Patent
Forward Share of
Number Patent Title
Citations IC Total
Methods for identifying RNA binding
US6503713
28
58%
compounds
Inverse inference engine for high
US6510406
193
1%
performance web search
Diagnosis of P. Aeruginosa infection in the
US7717857
1
100%
lungs of patients
US6808499
US6366794
US6134003
US6055487
US6408878
US6277375
US6207646
US6123965*
US7075658

Therapeutic and diagnostic needling device
and method
Generic integrated implantable potentiostat
telemetry unit for electrochemical sensors
Method and apparatus for performing optical
measurements using a fiber optic imaging
guidewire, catheter or endoscope
Interactive remote sample analysis system
Microfabricated elastomeric valve and pump
systems
Immunoglobulin‐like domains with increased
half‐lives
Immunostimulatory nucleic acid molecules
Methods and compositions for enhancing the
bioadhesive properties of polymers
Method for optical coherence tomography
imaging with molecular contrast

89

54%

231

4%

380

8%

154

1%

215

4%

150

2%

206

5%

147

2%

60

15%
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Metropolitan Areas, Brookings Institution; February 2013.
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NIH Institute/Center
National Institute of Child Health
and Human Development
National Institute of Dental and
Craniofacial Research
National Institute of Diabetes and
Digestive and Kidney Diseases
National Institute of
Environmental Health Sciences
National Institute of General
Medical Sciences
National Institute of Mental
Health
National Institute of Neurological
Disorders and Stroke
National Institute of Nursing
Research
National Institute on Aging
National Institute on Alcohol
Abuse and Alcoholism
National Institute on Deafness
and other Communication
Disorders

Most Highly Cited NIH‐Related Patents: 2000‐2013
Number Single
of
Patent
U.S. Patent
Forward Share of
Number Patent Title
Citations IC Total
US6506559

Genetic inhibition by double‐stranded RNA

519

15%

US6129928

Biomimetic calcium phosphate implant
coatings and methods for making the same

115

7%

US6329161

Subcutaneous glucose electrode

505

4%

US6618679

Methods for analysis of gene expression

83

7%

US6506559

Genetic inhibition by double‐stranded RNA

519

3%

108

6%

136

2%

170

70%

191

7%

83

30%

82

7%

55

5%

7

58%

287

30%

61

48%

US6678413
US6010854
US6219587
US6159742
US6228582
US6383778

System and method for object identification
and behavior characterization using video
analysis
Autoantibodies to neurotransmitter
receptors
Automated pharmaceutical management and
dispensing system
Nanometer‐scale microscopy probes
Genetic polymorphisms which are associated
with autism spectrum disorders
Nucleic acids encoding a G‐protein coupled
receptor involved in sensory transduction

Methods and compositions for treating
addiction disorders
Method for treatment of a neurological
National Institute on Minority
US6372793 disease characterized by impaired
Health and Health Disparities
neuromodulator function
Method for monitoring and/or modifying
National Library of Medicine
US6052730
web browsing sessions
Pseudospontaneous neural stimulation
Office of the Director
US6078838
system and method
Note: * patent assigned to IC from a predecessor grant
National Institute on Drug Abuse

A‐2
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Appendix B. Estimates of Downstream Research
Levels
Using the same $3.5 million estimate of “average intrinsic cost” of a U.S. patent from the Brookings
Institution study we are able to provide a similar estimation of the overall value of the downstream or
leveraged R&D connected, at least in part, to NIH‐related patents (Table B1).
These connections can range from these NIH‐related patents as keystone or building block innovations,
legacy innovations recognized in the development of intellectual property, connected as part of defensive
patent strategy, or included by a patent examiner to broaden the prior art assessment.
Table B1. Estimation of Downstream or Leveraged R&D Connected to NIH‐Related Patent Activity

IC Name

Fogarty International
Center
National Cancer Institute
National Center for
Advancing Translational
Sciences
National Center for
Complementary and
Alternative Medicine
National Center for
Research Resources
National Eye Institute
National Heart, Lung, and
Blood Institute
National Human Genome
Research Institute
National Institute of Allergy
and Infectious Diseases
National Institute of
Arthritis and
Musculoskeletal and Skin
Diseases
National Institute of
Biomedical Imaging and
Bioengineering
National Institute of Child
Health and Human
Development
National Institute of Dental
and Craniofacial Research
National Institute of
Diabetes and Digestive and
Kidney Diseases

Total IC‐
Connected
Patent
Count

Total IC‐
Connected
Forward
Citations

Total IC‐
Connected
Patents ‐‐
Avg.
Citations per
Patent

Total IC‐
Connected
Patents per
$100M of
NIH R&D
Funding

Citations per
$100M of
NIH R&D
Funding

Downstream
R&D per
$100M of
NIH R&D
Funding

31

48

1.5

3.0

4.6

$16.2

5,268

24,418

4.6

10.0

46.6

$162.9

9

1

0.1

0.8

0.1

$0.3

17

165

9.7

1.2

11.6

$40.7

824

6,494

7.9

5.5

43.6

$152.5

654

4,637

7.1

8.0

56.7

$198.4

2,655

11,812

4.4

7.5

33.2

$116.2

448

5004

11.2

6.7

75.3

$263.5

2,968

8,943

3.0

6.8

20.5

$71.8

644

4,166

6.5

10.2

66.2

$231.7

923

6,123

6.6

24.9

165.2

$578.2

668

3,393

5.1

4.2

21.1

$73.8

416

1,747

4.2

9.3

39.2

$137.2

1,720

11,807

6.9

7.8

53.3

$186.7
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IC Name

National Institute of
Environmental Health
Sciences
National Institute of
General Medical Sciences
National Institute of Mental
Health
National Institute of
Neurological Disorders and
Stroke
National Institute of
Nursing Research
National Institute on Aging

Total IC‐
Connected
Patent
Count

Total IC‐
Connected
Forward
Citations

Total IC‐
Connected
Patents ‐‐
Avg.
Citations per
Patent

Total IC‐
Connected
Patents per
$100M of
NIH R&D
Funding

Citations per
$100M of
NIH R&D
Funding

Downstream
R&D per
$100M of
NIH R&D
Funding

297

1,253

4.2

3.8

16.2

$56.8

3,647

19,906

5.5

13.3

72.9

$255.0

386

1,863

4.8

2.3

11.0

$38.4

1,290

5,973

4.6

6.8

31.4

$109.9

10

243

24.3

0.6

14.3

$50.0

640

2,697

4.2

5.0

21.0

$73.5

National Institute on
Alcohol Abuse and
80
277
3.5
1.6
5.5
$19.1
Alcoholism
National Institute on
Deafness and other
244
1,259
5.2
5.2
26.9
$94.2
Communication Disorders
National Institute on Drug
383
1,216
3.2
3.2
10.3
$36.1
Abuse
National Institute on
Minority Health and Health
16
12
0.8
0.1
0.1
$0.2
Disparities
National Library of
38
944
24.8
1.4
35.3
$123.6
Medicine
Office of the
59
200
3.4
2.1
7.1
$24.9
Director/Components
Totals, Distinct NIH‐
20,441
105,116
5.1
5.9
30.3
$105.9
Related Patents
Source: NIH RePORTER and ExPORTER data sets, Thomson Innovation patent research system, Battelle analysis and
estimation.
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