Public Health & Economic

Impact Study of NIH Intramural
Technology Transfer Licensing:
Final Project Report

M’li’
FINAL -- December 2022 y
W L/

Prepared for Nada Midani, Vice President, Ay oo
MSC Guidehouse, and it s e 8 e
Office of Technology Transfer, Intramural .-;;’1“:‘ 0T
Research Program, National Institutes of i
Health

PRT1

INTERNATIONAL

WWW.rti.o I'J RTIInternational is a trade name of Research Triangle Institute. RTI and the RTI logo are U.S. registered trademarks of Research Triangle Institute.



This report has been prepared under DHHS Contract 75N98020D00086/ 75N98021F00069 (Specialized and
Strategic Services to Support the National Institutes of Health (NIH) Intramural Research Program), Task 113,
subcontract S-2021-001-RTI-S4 to RTI International by MSC Guidehouse (MSC Project 24053.113/RTI Project
0218450). The content herein was produced by RTI International for the internal use of the NIH Intramural

Research Program.
The project team expresses appreciation to the technology transfer staff at the NIH who provided oversight, guidance, and assistance to this project,

including:
Mark Rohrbaugh, Director, Technology Thomas Stackhouse, Director, Technology Bruce Goldstein, Director, Office of Technology
Transfer & Innovation Policy, OSP Transfer Center, NCI Transfer and Development, NHLBI
Alina Predescu, Health Science Policy Analyst, | Richard Rodriguez, Associate Director, Michael Davis, Office of Technology Transfer,
Technology Transfer & Innovation Policy, Technology Transfer Center, NCI NHLBI
OSP Laura Prestia, Communications & Strategic
Tara Kirby, Director, Office of Technology Initiatives Manager, Technology Transfer
Transfer, IRP Center, NCI
Steve Ferguson, Advisor to the Director of the | Michael Salgaller, Invention Development and
Office of Technology Transfer, IRP Marketing, Technology Transfer Center, NCI
Jeffrey Alexander, Project Director
Rossana Zetina-Beale, Associate Project Director
Biomedical Innovation Impact Economic Impact Population Health Impact Case Study Analysis
Jennifer Ozawa, Task Lead Daniel Smith, Task Lead | Amanda Honeycutt, Task Lead | Kirsten Rieth, Task Lead
RTI Project Team | Rossana Zetina-Beale Rizwaan Lakhani Sophia D’Angelo Meghan Camello
Alison Bean de Hernandez Olga Khavjou Kyra Pfeiffer
Emily Decker Laura Morrison
Jonathan Merker Minglu Sun
Juliet Sheridan

RTI International



Table of Contents

Section Title Page
1 ] oo [UTe o] o Tr=T T B TU Lo ] g F=T /28 1
2 Biomedical INNovation ImMPacCt. ... ... e e 14
2.1 Biomedical Innovation Impact INAICAtOrS. ... e e 17
3 o0 ] o 0T o [ 1] 0 7= o 30
3.1 ECONOMIC IMPaC INAICATOrS. ... e e et ettt et e ettt e e e 33
4 Population Health Impact. ... .. e e ettt et e e e e ae e aneen 40
4.1 Population Health Impact INAICators. ... e e e e 44
A8 SHUTIES . ..t e e et 54
N[0T (=S Tr=T 0T B U= {1 =1 Lo =Y 57

3 RTI International



Table of Figures

Figure  Title Page
1 The “Pipelin€” Model Of INNOVATION. ... e ettt et e et ettt et et et e e et e e et et e et e e e e e teeee e e e e e e et e e e e enees 2
2 The Chain-Linked Model Of INNOVALION. ... ... e e e ettt et ettt ettt et et e et et et e et ettt en e e e a e aenenas 2
3 Pathways Linking NIH Technologies to Innovation, Economic, and Health IMPacts........ ... e e 4
4 Identified ASPects Of IMPACE ACIOSS DOMAINS. ... ..ot ettt et et e et ettt et et et et et e et e et e et e eae e e e e et e e e reean 6
5 Data Linking Process to Associate Licensed NIH Inventions to Follow-on Technology Development........ ... e 8
6 Distribution of Total Sales Income by Product Category for Licenses from 1980 through 2021, in $SMIllioNS............cooiiiiiiiiii e 9
7 Distribution of Total Royalty Income by Product Category for Licenses from 1980 through 2021..........oooi i e e 10
8 Distribution of NIH Licenses by Type of ProducCt OF TECHNOIOQY ... .. ... e e ettt et e et et e e e e e e e e e 11
9 Key Aspects of IRP Technology Transfer Impact on the Biomedical Innovation System........ ... e 16
10 Top 150 NIH Licenses by Sales: Median Age of Early-Stage Companies by Product Category, 1980-2021...... ..o e 19
11 Top 150 NIH Licenses by Sales: Presence of Early-Stage Firms vs. All Firms by Product Category, 1980-2021........ooiiiiiii e 20
12 Top 150 NIH Licenses by Sales: Total Cumulative Sales (in $billions) Reported by Early-Stage Licensees by Product Category, 1980-2021................ 21
13 [-1. Commercialization DY Early-Stage Firms. ... ettt et ettt ettt e ettt ettt ettt et ettt eeeeeea—a e e e aeaeeeananaa 22
14 Y O o = 1= To [ o)A == Vg Y €= Vo TN o L 23
15 [-3. SUCCESSTUI EXItS DY Early-Slage Firms. ... e et ettt ettt ettt ettt ettt et e ettt et et e ee —ettnnnn e e eae e e e e e e e e eneaeenens 24
16 I-4. FDA-Approved Products Based on LicensSed TECNNOIOGY.. ... ..ot ettt et et e e e e e e ettt a e 25
17 Interval Between Effective Date of License and Date of FDA Approval for Selected Top-Selling Products Based on Licensed Technologies.................. 26

18 [-5. Follow-on Technology DevelopmeENnt DY LICENSEES. ... .. ... e e et ettt ettt e et e e 27
19 [-6. Clinical Trial Activity Using IRP-LICENSEd TEChNOIOGIES. . ... ..t e ettt ettt et ettt et et e et a e e e e e 28
20 I-7. Frequency of Licensing for IRP-Generated ReSearch TOOIS. ... ... et e e e 29

4 RTI International



Table of Figures

Figure  Title Page
21 Key Aspects of IRP Technology Transfer Impact on the U.S. ECONOMY ... e e et e e e e ennes 32
22 E-1. Sales Revenue from Commercialized Products, DY INAUSTIY. ... e e ettt ettt et et e eaaaaaaaens 34
23 E-2. Job-Years Atributed 10 ProdUCE SAIES. .. ... ... e oottt et ettt e ettt ettt et e e e e e e e e et e e e e e e e eea e s 35
24 E-3. Labor Compensation Generated by ProdUCE SAIES. ..o e ettt ettt et ettt et e e e ———— 36
25 E-4. Federal Tax Revenue Attributable 10 ProdUCE SAlES. .. ... et eee e e e e e eea s 37
26 E-5. Total Tax Revenue Attributable t0 ProdUCE SAIES. .. ... e et et ettt ettt et e 38
27 E-6. Change in Gross Domestic Product from ProdUCE SAIES. ... e ettt ettt ettt ettt e e e e e e e e 39
28 Key Aspects of IRP Technology Transfer Impact on Population Health. ... et e e 42
29 Products from NIH-Licensed Inventions for Measuring Population Health Impact. ... e 43
30 H-1. Reduction in Worker Absenteeism due to Improved Health. . ... ... e et ettt et e e aeaaaans 46
31 H-2. Increase in Household Productivity due to Improved Health. ... e ettt e e et et e e e e eaeans 47
32 H-3. Change in Healthcare Utilization for Conditions Addressed by New Vaccing or TRerapy.........c.ooii i 48
33 H-5. Reduction in Mortality DUE t0 NEW Therapies. .. .. .. e ettt et ettt et e ettt et ettt e e e e e eneas 49
34 HPV Vaccination Among Female Adolescents 2008-2019 in the United States. ... ... ..o e 50
35 Average Global* HPV Vaccination Coverage Among Female AdolesCents, 2019-2021 ... ... o ittt e s 50
36 H-4. Reduction in Disease Incidence and Prevalence Due to Use of New Medical Products. ........ ..o 51
37 H-5. Reduction in Mortality DUE t0 NEW Therapies (V2) . ... ...t et ettt ettt ettt e e et ettt et e et et e e ee e e e e et e e e eeeeeeeeees 50
38 H-3. Change in Healthcare Utilization for Conditions Addressed by New Vaccine or Therapy (V2).......o.ooi i 53
39 Products Based on NIH-Licensed Technologies Selected for Case Study ANalYSIS. .. .. ... e e 55
40 I = (o T O TSt (o[ 56

5 RTI International



1 Introduction and Summary




Introduction

Figure 1: The “Pipeline” Model of Innovation

Report Motivation

The technology transfer offices of the National Institutes of Health (NIH) are charged with
facilitating the use of inventions generated by the NIH Intramural Research Program (IRP)
in the development of new biomedical innovations that benefit the United States. The NIH, Research-Develop # Design ‘ Produce
In accordance with its mission, conducts fundamental research to advance biomedical science
that can lead to new therapies, vaccines, diagnostics, and other medical products. The private
sector has responsibility for the development and sale of biomedical products and solutions that are launched on the market and improve the health
of the U.S. population, and potentially the world. Under the Federal Technology Transfer Act of 1980 and its amendments, NIH technology transfer
offices (TTOSs) are critical actors in the diffusion and commercialization of the discoveries and inventions of NIH-employed researchers, leading to
improvements in US biomedical innovation, US economic prosperity, and public health.

This report provides a portfolio of indicators that help to characterize and quantify the impact of IRP research enabled by technology transfer. A
common but simplistic view of federal government research is that any discoveries flow automatically on a linear path into applied research and
technology development, leading to new products and services (see Figure 1). The actual path from fundamental discovery to applications and
products is much more complex, where research continuously informs product innovation and vice versa (see Figure 2). As a government agency,
the NIH does not produce or sell commercial products, and so it relies on the private sector to

use its biomedical discoveries and inventions as the basis of innovative therapies, treatments, Figure 2: The Chain-Linked Model of Innovation
instruments, and other technologies. The NIH’s TTOs negotiate the licenses under which those
commercial partners compensate NIH for the use of its inventions through royalty payments.

Research

Beyond this financial remuneration, the TTOs play a critical role in ensuring that discoveries
and inventions generated by IRP researchers contribute to innovations, products, and other

Information
and Invention

Knowledg

tangible outputs that enhance the nation’s ability to prevent, treat, and possibly cure the full <

range of diseases, syndromes, and conditions affecting the population of the US and of the _

world. The processes for protecting NIH intellectual property, identifying commercialization Market () ) el Testand Shpil
partners, negotiating agreements, and even arranging possible ongoing collaborative e V4 Develop Evaluate ||/ pistribute
research are all under the purview of the TTOs, and all contribute to ensuring that the

nation receives the maximum benefit possible from investments in the IRP.
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Introduction

Impact Pathways for IRP-Generated Inventions

This report presents a portfolio of quantitative and qualitative indicators that attempt to characterize the nature and scale of the impact that NIH-
licensed inventions have in three domains:

o Impacts on the biomedical innovation ecosystem, illustrating the role that NIH IRP licensing has played as a source of new technologies brought
to market by early-stage companies, in spurring follow-on invention, in improving research capabilities through IRP-generated research tools,
and in spurring new partnerships to conduct follow-on R&D and clinical trials.

o Impacts on the U.S. economy, showing how products based on these inventions lead to new revenues for licensees, employment growth, and
contributions to Gross Domestic Product (GDP). For some technologies, the commercialization process can take several years. For example,
candidates for therapeutic drugs will undergo further pre-clinical development and testing, and then enter the approval process required by the
Food and Drug Administration (FDA), entailing multiple phases of clinical trials to meet regulatory standards. In such cases, the economic
impacts may take as long as a decade to emerge.

o Impacts on the health of the U.S. and global public, as seen through measures such as the reduction in disease burden. Evidence of these
impacts tend to emerge long after an invention is licensed. In these cases, the technology must first be commercialized as a treatment for a
disease or condition, and then must be adopted by healthcare providers and administered to a significant patient population before significant
impacts can be tracked. Exceptions to this pattern exist; for example, the rapid commercialization of the vaccines to immunize the world
population against COVID-19 produced an impact on human health within a few years.

The diagram on the next page illustrates the pathways by which inventions generate these types of impact. As a general pattern, each pathway
begins when the NIH identifies a potential commercial partner interested in the invention. Once a licensing agreement is reached, that partner will
conduct substantial follow-on research and development, release a product for sale, and distribute the resulting medications, treatments, or devices.

For each pathway, we can see how the near-term outcomes of a pathway lead to longer-term impacts. For example, an early-stage firm that
licenses an invention from the NIH will need to conduct research and development to create a potential new drug that can be submitted to the FDA
for approval. That firm will then need to raise capital for clinical trials (inducing new investment in R&D activities), expand operations as it moves to
production, and then work with research partners to help it bring the drug to market. That firm may end up being acquired by a large pharmaceutical
firm with the resources to support later-stage clinical trials, scale up manufacturing, and market the drug through its existing distribution channels.
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Figure 3: Pathways Linking NIH Technologies
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The Indicator Development Process

Technology transfers from the NIH intramural labs to external parties can vary substantially in
many respects, including the type of invention involved, the market sector of the licensee, the
scope of the license, and the significance of the patented technology to the resulting product or
process. Those variations, in turn, lead to a diversity in the mechanisms and forms by which these
transactions generate impacts on the US and the world. No single statistic or metric can capture
the breadth and scale of benefits that NIH-licensed technologies may generate addressing national
needs, such as economic prosperity, technological competitiveness, and public welfare.

By producing a suite of indicators (as defined in the text box on this page), this project attempted to
capture the multiple facets of the “impact” of NIH-licensed inventions, addressing the potentially
disparate views of the IRP’s stakeholders. The indicators included in this report were selected
based on multiple criteria:

o The indicators are orthogonal, in that each indicator represents a unique aspect of one of the
three different domains of impact.

o The indicators are systematic, with each indicator generated through a particular process of data
collection and analysis so that it can be replicated by others in the future and will produce
consistent measurements over time.

o The indicators are representative of impact, meaning that the explanation of the relationship
between the indicator and the type of impact represented is based on a transparent and
defensible rationale.

These indicators are also designed to be practical. Each indicator uses data that can be obtained
within reasonable effort, so that they can be updated regularly into the future without a significant
investment of resources.

5) RTI International

Defining Indicators

An indicator is “a quantitative (or
gualitative) representation that might
reasonably be thought to provide
summary information” about a
particular phenomenon or entity.?

Well-known economic and social
indicators include Gross Domestic
Product (indicating the scale of a
national economy) and life
expectancy (indicating overall
population health). These indicators
are not necessarily precise, but they
provide a systematic and transparent
method of generating comparisons of
economic output and physical well-
being.?

For this project, impact indicators
take a variety of forms, including
statistical charts and tables, graphical
representations of relationships, and
narrative case studies illustrating
specific instances of impact.
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Developing Indicators by Aspect of Impact

To ensure that the portfolio of indicators captures a comprehensive range of impacts from
the licensing of IRP-generated inventions, each of the three domains (innovation, economic,
and health impacts) is further decomposed into multiple “aspects.” Each aspect
characterizes a certain set of desired effects of NIH technology transfer within a given
domain. The aspects provide a way to connect specific activities or outcomes measured by
the indicators to the broader domain of impact.

For example, previous studies illustrate the economic benefits of federal technology transfer.
Technologies commercialized by private firms based on laboratory innovations and
discoveries lead to the development or improvement of products introduced to the market,
which in turn leads to increased sales by firms operating in the U.S.; additional employment
at those firms, their suppliers, and their customers; and overall improvements in the
productivity and output of the U.S. economy. To capture these various aspects of economic
impact, indicators presented in this report show the estimates of new revenue for firms
generated by products using NIH-licensed technologies. Using an analytical technique called
input-output (I-O) modeling, the indicators estimate how those additional revenues translated
into employment impacts, increases in the national tax base, and overall gains in Gross
Domestic Product.®

Note that this approach (and the approach used for other indicators) does not allow us to
calibrate our results based on the relative contribution of the NIH technology to the final
product. In some cases, the NIH-licensed invention was the core technology that was
essential to the development of the product (see the Case Study Appendix for examples). In
other cases, the NIH contributed one among many enabling technologies involved in a new
product. The indicators, in general, attribute the full impact of a product to the NIH-licensed
technology, as estimating the marginal impact would require detailed analysis of every
product, including licenses where the NIH may not know the exact product.

6 RTI International

Figure 4: Identified Aspects of Impact Across Domains

Domain

Aspect

Entrepreneurial Innovation

Innovation
Impact

Follow-on Development

Research Capabilities

Collaborative
Relationships

Economic
Impact

Industry Impact

Workforce Impact

National Economic Impact

Public
Health
Impact

Workforce Health Impact

Healthcare System Impact

Population Health Impact
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The Indicator Development Process: Linked Data Approach

As part of the preparation for this project, the NIH Office of Technology Transfer provided the RTI team with access to the tables of data that form
the infrastructure for the NIH TechTracS system. This system stores information about NIH patents, inventions, license applications, license
agreements, and related details in a structured database. RTI generated its own data dictionary to describe the variables (fields) contained in each
table and what each field represents. RTI then reassembled the tables to generate a new set of tables showing the attributes of each licensing
agreement executed by NIH, containing information such as the license agreement number, the date of execution, the name of the licensee, the
products developed using those licensed inventions, etc.

To generate indicators of impact, we need to related licensing agreements to the immediate outputs (products) and then to external data sources
that measure impact in the individual domains. For example, one of our indicators of impact on the biomedical innovation ecosystem traces how an
NIH-licensed invention contributes to later technology development by identifying all of the licensee’s patents that cite the licensed NIH patent. (A
patent citation signifies recognition that the citing patent somehow related to the invention protected by the cited patent.) To do this, we needed to
look at each license, identify the specific NIH patents that were licensed to the licensee, and then use an external database called PatentsView* that
provides the citation links between patents issued by the U.S. Patent and Trademark Office (see Figure 5, next page). The data linking process to
generate an indicator involves establishing relationships between unique identifiers found across data tables and sources. In this example, the
TechTracS table cataloging license applications has two key fields: an identification number for the applicant company and a number for the license
application.

o With the Company ID, we can use the Company table to retrieve the applicant’s name.

o By linking the License Application ID to the Royalty table, we can establish that the application led to a licensing agreement (represented by the
Royalty ID), and the total royalties generated by the license.

o The Royalty ID is also found in the Monitoring table, which provides additional information such as the name of the product commercialized
using the licensed technology, the sales generated by the product, and the formal licensing agreement number.

o The License_Patent table provides the identifiers for the NIH patents associated with the License Application ID for that agreement.
o The Patent table contains the actual US Patent Number associated with each Patent ID.
o The US Patent Numbers can be located in PatentsView to retrieve information on any citing patents granted to the licensee firm.
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The Indicator Development Process: Linked Data Approach
Example from Indicator for Follow-on Technology Development

Figure 5: Data Linking Process to Associate Licensed NIH Inventions to Follow-on Technology Development

License_ License_ Patents
Application Company Royalty Monitoring Patent Patent View
Applicant_Comp Company_ID Royalty_ID Royalty_ID Patent ID Patent ID Uspatentcitation
any_ID 5 [y 5 g) & (Citation ID,
n, Patent ID)
License_App_ 1D License_App_ID Product_Name License App_ID Patent Number & Assignee
o (5’ (Assignee 1D,

Assignee Name)

Original_ Total Royalties Product_ Confirmation Patent_assignee
Licensee_ Name Category of patent (Assignee 1D,
license Patent 1D)
License Number Total Technology 1D
Commercial_
Sales

Effective

Base License
Number
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NIH Technology Licenses by Product Category: Sales

Inventions are licensed from the NIH primarily by commercial
firms seeking to integrate those technologies into new Figure 6: Distribution of Total Sales Income by Product Category
products. Most products are biomedical in nature for Licenses from 1980 through 2021, in $millions
(pharmaceuticals, vaccines, devices, etc.). However, since
the NIH conducts research across a wide range of fields
encompassing a variety of purposes, some of the licenses
were intended for use in more esoteric products. Examples "';:“:;:""
include laboratory equipment (centrifuges), software for '
medical systems (such as Magnetic Resonance Imaging), cel Line,
and some veterinary products (including vaccines for dogs §352 — & e Vaceine, 538,138
and cattle). =

Research
Reagent, 5910

. Davice, 310,966

Figure 6 shows the relative share by product category of

the commercial sales revenue generated by these products
for licenses executed from approximately 1980 to 2021. This
set of licenses produced reported sales of over $133.5 billion
during this period. As might be expected given the nature

of the pharmaceutical market, that class of products
garnered the highest sales, constituting 46% of the total
across all categories. The top-selling product in this category,
Velcade, generated over $28 billion in sales by itself.
Vaccines were the next highest, at 28.6%, led by the product

Crther,
L4403

Gene Thempy,
5108

Pharmaceutical,

Comirnaty (the COVID-19 vaccine produced by Pfizer and §61,603
BioNTech. Biologics contributed 11.7% of total sales, and
medical devices constituted 8.2%.
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NIH Technology Licenses by Product Category: Royalties

The licenses executed by the TTOs generate income directly for the NIH in the form of
royalties. Under the terms of each license, the licensee is generally required to pay
the NIH an upfront amount for access to the intellectual property,

and then may be required to make additional lump-sum “:"':;“
payments upon achieving certain milestones in the '
commercialization process (e.g., completing Phase 1

or Phase 2 clinical trials, achieving FDA approval). ENagnastic
After the product is launched on the market, the A1%
licensee pays the NIH a royalty, usually calculated

as a percentage of the gross sales generated by

the product over the life of the license. The license

term varies, and is often limited by the interval from
license execution to the expiration date on the underlying
patents.

Figure 7: Distribution of Total Royalty Income by Product
Category for Licenses from 1980 through 2021

Cell Line
0.3%

Research Reagent

Other 0.7%

1.3%
Figure 7 shows the relative share by product category

of the royalties recorded by the NIH technology transfer
offices on licenses signed between approximately 1980
and 2021. Over this period, the NIH earned approximately
$1.76 billion in royalty payments. As the figure illustrates,
pharmaceutical technologies and other licenses related to
vaccines and therapies generated the highest shares of
royalties. Several drug and vaccine licenses generated over
$10 million in royalties per license.

Pharmaceutical
46.1%

Geng Thorapy
[

Animal Radel
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NIH Technology Licenses by Product Category: Count

In contrast to the royalty payments earned by product category, the majority Figure 8: Distribution of NIH Licenses by Type of Product or Technology
of inventions licensed by the NIH cover research tools—research reagents
and cell lines (see Figure 8). These technologies are used by biomedical Diagnostic, 260

researchers in pre-clinical research as part of the drug development
process. In contrast to many licenses for pharmaceutical, vaccines,
biologic, and devices, the NIH will license the same cell line or
reagent to multiple licensees, and in some cases, multiple
times to the same licensee.

Unknown, 218

Pharmaceutical, 181

In particular, cell lines are a key resource for biomedical R&D.
They provide an in vitro model for researchers to test how a
living cell might react to a particular intervention without the
need to use a living cell. The Murine Colon 38 cell line has
been part of 171 different licenses. Note that the NIH Office
of Technology Transfer manages cell line licenses only

for commercial licensees. Cell lines used by academic
researchers are obtained through Material Transfer
Agreements directly from the various NIH institutes and do
not require a royalty payment. Animal models, such as special
breeds of mice, are used for early-stage in vivo research and
constitute a significant share of licenses.

. ) Ressarch Reagent, 1695
Note: the TechTracS records for licenses frequently omitted the product

category. In such cases, the product category of a license was determined by
analyzing the technologies covered by each license, the description of the
licenses found in TechTracsS, and the title(s) of any inventions covered by the
license.
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Impact of NIH Technology Transfer Beyond Products

As the in-house research arm of largest funder of fundamental biomedical research in the U.S., the IRP has pioneered some of the most advanced
and revolutionary therapeutics and treatments. One area where the NIH has played a key leading role is FDA-approved gene therapies—e.g., Spark
Therapeutics’ LUXTURNA™ to treat inherited vision loss and Kite Pharma’s YESCARTA™ to treat large B-cell lymphoma that is unresponsive to
chemoimmunotherapy. Researchers in the NIH IRP developed the initial inventions enabling the development of these early gene therapy products
and establishing that they are safe and effective.

Beyond the technologies embedded in these products, the NIH IRP has developed critical knowledge and systems for manufacturing such gene
therapies, a critical capability for achieving commercial success and health impact. While gene therapies offer a new avenue for treating, preventing,
and curing diseases that previously had very limited treatment option, increasing gene therapy yields and lowering production costs are
prerequisites for developing gene therapies to treat diseases that affect larger populations (e.g., 100,000 doses to treat patients with a particular
cancer as opposed to a rare disease with a patient population that may require 1,000 doses a year).

An example of NIH’s contribution to gene therapy manufacturing is a National Heart, Lung, and Blood Institute discovery that Sf9 insect cells could
be used to produce Baculovirus expression vectors. BioMarin’s gene therapy, ROCTAVIAN™ used to treat severe Hemophilia A, is produced using
this NIH-licensed technology. The use of insect cells, as opposed to mammalian cells, makes the gene therapy purification process simpler and
more effective lowering cost and improving quality.®

This analysis of the impact of NIH technology transfer does not include the role of TTOs in facilitating cooperative research and development
agreements (CRADAs) and other mechanisms by which NIH researchers and inventors can provide such critical know-how and expertise to
licensees. Without continued collaboration with the IRP on approaches to scaling up the production of gene therapy products, the commercialization
of this promising class of therapeutics is likely to stall.

Note: Cell therapy treats disease by restoring or altering certain sets of cells or by using cells to carry a therapy through the body. Gene therapy treats disease by replacing,
inactivating, or infroducing genes into cells.
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Summary of Findings

The indicators presented here provide a multi-faceted view of the impacts of how IRP inventions, once licensed to commercialization partners,
generate benefits to the U.S. and the world in accelerated and improved innovation processes, economic growth and prosperity, and enhance
guality and length of life. Over a 40+-year period from 1980 to 2021, the NIH TTOs executed thousands of licenses generating billions in royalty
income for NIH and multiple billions in sales for commercialization partners. These indicators show how those short-term, limited financial gains only
capture a small portion of the benefits realized through NIH technology transfer. As notable examples:

o NIH technology transfer has provided key technical inputs that contributed to the development of innovative products at dozens of early-stage
firms, helping to bolster the role of creative entrepreneurial teams in creating significant new therapies, treatments, and cures.

o NIH commercialization partners leveraged the technologies licensed to raise significant financial capital, justify extensive R&D investments and
efforts, realizing important gains across the biomedical R&D enterprise. NIH technologies are especially significant as the basis for new
research tools and other inputs that make research efforts worldwide more effective, enhancing research efficiency and enabling discoveries in
new fields and topic areas.

o The revenues generated from the innovations based on NIH-licensed inventions flowed throughout the U.S. economy. Those reverberations can
be seen in the thousands of jobs that were retained or created from those sales. They also generated billions of dollars in household income, tax
revenues, and overall national economic growth.

o Key therapies and vaccines developed by the NIH can lead to significant improvements in the health of the U.S. population over time. For a
selection of products, these indicators show that many patients have enjoyed reductions in the suffering and pain from specific diseases, gaining
thousands of hours of productivity that would otherwise be spent incapacitated by illness.

o These innovations also reduce stress on the national healthcare system by keeping people healthy and out of the hospital, and also increases
overall national productivity by enabling more people to work.

These gains are not achieved by technologies alone. To realize these benefits, IRP researchers, technology transfer officers, and their external
licensees need to work together, engage in deep negotiations, and pursue the shared goal of bringing new biomedical innovations to the market.
These impacts stem not only from discoveries and inventions, but from the commitments of time, expertise, and efforts by NIH staff and their
partners in the biomedical innovation ecosystem.
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2 Biomedical Innovation Impact
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Innovation Impact

NIH and the Biomedical Innovation Ecosystem

As the largest single funder of fundamental biomedical research in the U.S., the NIH is a key driver of R&D at
universities and private firms dedicated to improving human health. The collection of organizations and institutions
engaged in developing biomedical innovations are often characterized as members of an “ecosystem.” Like a natural
ecosystem, the biomedical innovation ecosystem has no single authority directing all of its members. Instead, the
participants create their own relationships and negotiate transactions based on their immediate needs, resulting in a
complex, self-organizing set of interconnected networks that converts fundamental scientific discoveries and inventions
into treatments and therapies that are delivered to healthcare providers and patients.

Within the NIH, the IRP generates intellectual property (IP) and related knowledge that are key inputs to the overall
biomedical R&D enterprise. The technology transfer offices at NIH oversees the portfolio of IP that results from IRP
research activity. By licensing that IP out to firms, the IRP provides the knowledge and concepts that feed into the
R&D pipeline of private firms. The TTOs also play a key role in managing the outputs of collaborative research
conducted by IRP staff with scientists at universities, research institutes, and firms. The evidence of impact on
biomedical innovation can be seen in four aspects, as illustrated in Figure 9 (next page):

1. Early-stage firms are one of the most important sources of biomedical innovation, especially as large pharmaceutical firms have reduced
spending on laboratory research and instead acquire promising new drug candidates through mergers and acquisitions. Many early-stage
firms have advanced IRP-licensed technologies towards commercialization, which enables them to raise private capital to fund that work and
eventually generate financial returns through public stock offerings or by mergers and acquisition offers.

2. Since the technologies developed at NIH are pre-commercial, licensees need to invest significant resources to bring them to market. This is
especially true for drugs and related products that require clinical testing to achieve regulatory approval. This follow-on R&D investment can be
seen in the development of additional related technologies at firms, and by clinical trial activity leading to (and extending beyond) approval by
the U.S. Food and Drug Administration (FDA).

3. The research tools developed at the IRP (cell lines, reagents, and animal models) are utilized by a wide range of biomedical laboratories to
develop and test new drug candidates.

4. The IRP also enables the creation of new collaborative research relationships with universities and firms to develop additional inventions.
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Analytical Model for Biomedical Innovation Impact

Figure 9: Key Aspects of IRP Technology Transfer Impact on the Biomedical Innovation System

Follow-on Research Collaborative

Entrepreneurial

innovation

development capabilities relationships

Aspect : :
New therapeutics, Product-oriented New research
vaccines, diagnostics technologies built on capabilities and activities New partnerships formed
commercialized by start- NIH-licensed patents using licensed to conduct follow-on R&D
ups technologies

I-7. Frequency of
licensing for IRP-
generated research tools

I-1. Commercialization I-4. Products achieving
by early-stage firms FDA approval

Indlcators 12 VC investment raised .5. FoIIow-on'mventlons
based on licensed

by early-stage licensees )
Y y-stag technologies

I-6. Clinical trial activity
using licensed

technologies Indicator explored but not developed

I-3. Successful exits by
early-stage licensees
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2.1 Biomedical Innovation Impact Indicators
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NIH Intramural Research and Early-Stage Companies

The biomedical and biotechnology industry is one of the most R&D-intensive industries in the U.S.6 It is also an industry characterized by high risk,
high cost, and a lengthy regulatory process to bring new products to market. The industry has shifted over time to an open innovation model in
which companies invest both internally in R&D to develop new products and externally in technology scouting to acquire new products through
licensing, strategic partnerships, and acquisitions of other companies.

Companies, federal government labs, like the NIH Intramural Research Program (IRP), universities, nonprofit research institutions, and individual
inventors are sources of biomedical innovation. Startup companies (less than 5 years), early-stage companies (less than 15 years)’, and
established companies (more than 15 years of age and differentiated by revenue, employment size, and ownership, e.g., private or public) are all
active in commercializing new biomedical and biotechnologies.

The NIH IRP supports entrepreneurial innovation through research, discovery, and licensing of NIH technologies. In RTI’'s analysis of the Top 150
NIH licenses by cumulative product sales from 1980-2021, 55 of the NIH-licensed technologies were commercialized by early-stage companies.
The successful commercialization of these NIH-licensed therapeutics, devices, diagnostics, regents, cell lines, contributed to the product portfolios
of these early-stage companies, helped them raise private investment (e.g., private equity, venture capital, etc.), and have supported revenue
generation and growth. Forty-one of the 55 (74.5%) early-stage companies that received VC or private equity investment have had successful exits
via initial public offerings or M&A activity, to date. Fourteen early-stage companies, at the time of NIH license, are private, revenue-generating
companies.

Note that the NIH Office of Technology Transfer licenses technologies to both early-stage and established companies. Not all licenses resultin a
commercialized product due to a mix of technical, market, and business factors. This indicator is limited to analyzing the role of NIH IRP and early-
stage companies in the commercialization of some of NIH’s biggest successes as measured by cumulative product sales through December 31,
2021.
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Innovation Impact

Company Age at Time of NIH License

Figure 10: Top 150 NIH Licenses by Sales:
Median Age of Early-Stage Companies by Product Category, 1980-2021

The mean age of early-stage companies at the time of
the NIH license (which contributed to a commercialized
product) was 6.8 years, and the median age was 7 years
(see Figure 10). Of these firms, those commercializing
therapeutic products tended to be the most mature at
time of license.

Devices

Although there were only a small number of firms that
commercialized devices, they tended to be lower in firm
age than those in other categories. However, firms in this
category illustrate issues that may affect the analysis of
early-stage licensees. One device licensee, Angiotech,

licensed the technology for the drug-eluding stent. Diagnostics

Reagents, Cell Lines

However, it sublicensed the technology to a large firm,
Abbott, which brought the actual device (Taxus) to
market. Another licensee, Brainsway, was founded
specifically to commercialize the licensed technology, so

the firm was effectively O years old at the time of license. Therapeutics

The firms represented in this chart spanned the entire
age range from 0 to 15 years, with the majority being 5 to
10 years old at date of license.
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w
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~
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o

Note: Company age is measured as years between company founding and effective date of
NIH license.
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Top-Selling Products Commercialized

Among NIH’s top 150 technology licenses measured by Figure 11: Top 150 NIH Licenses by Sales:

cumulative sales, 57 products were commercialized by early- Presence of Early-Stage Firms vs. All Firms by Product Category, 1980-2021
stage companies. Notable examples of early-stage licensees

include:

o Diagnostics: Virologic (Monogram Biosciences), Vysis,
Cambridge Biotech

_ m Diagnostics
o Therapeutics: Millennium Pharmaceuticals,

MedImmune, BioNTech
m Reagents, cell

o Cell Lines, Reagents: BD Pharmingen, Clontech lines. other

Laboratories, BioLegend, eBioscience

: : . . = Therapeutics
o Devices: Angiotech, Applied Spectral Imaging,

Brainsway

o : Devices
The distribution of early-stage firms across product

categories (the inner ring in Figure 11) is not substantially
different from the distribution for all licensees regardless of
firm age. Firms producing diagnostics were slightly more
prevalent among early-stage firms (constituting about 40% of
the total), while those producing therapeutics (drug, vaccines,
and biologics) were slightly less prevalent (about 32.5% of
the total).

Early-stage firms All firms
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Distribution of Reported Product Sales for Early-Stage Licensees

Early-stage companies reported $88.7 billion in cumulative Figure 12: Top 150 NIH Licenses by Sales:

product sales Stemmlng from NIH-.IICIensed products from ~ Total Cumulative Sales (in $hillions) Reported by Early-Stage Licensees by Product Category,
1980-2021, shown in Figure 12. Similar to the overall pattern in 1980-2021

sales by product category, the substantial majority of sales

were generated by firms producing therapeutics ($76.6 billion,

or 86.3% of the total). Devices accounted for 12.1% of sales,

while diagnostics were about 1.5% and licenses to early-stage m Reagents, cell $0.1
firms related to reagents and cell lines were only 0.1% of the lines $1.3
total. = Diagnostics / .
The table shows the wide range in products sales across and

within product categories. The top-selling therapeutic Devices $76.6 $10.7

generated over $28 billion in sales, while the top sales in
reagents and cell lines was $15 million, differing by a factor of
over 1,000. Within categories, the highest variance is in
diagnostics, where the highest-grossing product generated
sales over 8 times the mean. In devices, the distribution is
skewed substantially by the top-selling product, Taxus, which
had sales nearly 100 times higher than the 2"-ranking product

Therapeutics

in that category. The influence of “blockbuster” products can Count of NIH
be seen in Diagnostics and Therapeutics, where the 4 top- licenses Min ($M) Max ($M)  Mean ($M)
selling products for each category grossed much more in Diagnostics 22 $3.5 $525.5 $61.1

revenues than all of the other products in those categories.

Figure 13 (next page) shows a selection of early-stage firms Reagents/Cell Lines 18 $3.1 $15.4 $6.4
that developed products achieving FDA approval by year of Therapeutics 13 $13.3 $28,130 $5,891
approval. Devices 4 $4.1  $10,591.4 $2,677
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Figure 13 1999
I-1. Commercialization Vysis
by Early-Stage Firms PathVyson™ HER-2 DNA Probe Kit
Trinity Biotech
. : : 2010 2020
Uni-Gold HIV, Uni-Gold Recombigen ) . : .
Tose 1992 g bioLytical Laboratories BioNTech
_ _ Epitope Calypte Biomedical INSTI® Rapid HIV-1 Test Comirnaty®
Cambl’ldge Biotech Corporation HIV-1 Tests
HIV-1 Western Blot HIV-1 Western Blot AbCellera
Test : Biologics
2002 CEVA Biomune |g imab
1990 1994 MedMira Poximune® Bamlanivima
Medlimmune Medimmune Laboratories
NeuTrexin® Synagis® _HIV-1 Tests
oo o ————— lot : —o—+—fo—+—Ffjo—Jo—+——0—+—
1987 1992 1997 2002 2007 2012 2p17 2022
1991 2004 2017
Genzyme Virologic Aegerion Pharmaceuticals
Thyrogen® 1996 PhenoSense® HIV assay MYALEPT™
Kepivance™ press <=, Aver Brainsway Spark Therapeutics
Deep TMS™ System ™
] I LUXTURNA
1989 1993 2001 2013
Cambridge Adaltis Millennium Pharmaceuticals PrealLem . _ .
Bioscience Detect-HIV™; Select-HIV™ Velcade® g Note: This is an illustrative
Esmya ® sample and does not include all
HIV Ab/Ag Tests I : : N
Diatide Tibotec Pharmaceuticals WuXi AppTec 57 NIH technologies licensed by
AcuTect® & NeoTect® Prezista®, Prezcobix® Symtuza® C8166-45 cells early-stage companies.
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Figure 14

I-2. VC Raised by Early-Stage
Firms

Share of Early-Stage Firms Backed by Venture Capital by Product Category

Therapeutics Privately-held firms are typically financed by private equity
investors, who make their investments on behalf of high-
value funding sources (such as pension funds, insurance
firms, sovereign wealth funds, and high net work
individuals). In later years, these firms can be self-financing
through the profits earned on products and services.
Standard private equity investors tend to avoid backing

66.7% very risky start-ups. Those emerging firms instead draw

capital from venture capital funds, who promise
disproportionate returns on investment by managing their

portfolios of target start-ups very carefully.

Devices

In keeping with that pattern, early-stage firms targeting
Reagents, Cell Lines, etc. Diagnostics therapeutic products are considered very risky due to the
high rate of failure and the exorbitant cost of conducting
36.4% clinical trials to achieve FDA approval. Over 92% of early-
stage firms in this category received at least some venture
capital to fund product commercialization. Devices are
considered less risky, primarily because many of those
products do not require extensive FDA scrutiny before
entering the market and the total investment required is
lower. Reagents and diagnostics have more consistent
success and revenue patterns, so those firms can find non-
m VC-backed = Other financing  VC-backed = Other financing VC investors more readily.

17.6%

63.6%
82.4%
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Figure 15

I-3. Successful Exits by
Early-Stage Firms

For early-stage, privately-held firms, equity shareholders have few
options for converting their ownership stake into liquid assets
(primarily cash). Realizing a return on the capital invested requires
that the firm achieve an “exit,” where equity is converted into
tradeable shares. The primary exit mechanisms are initial public
offerings (issuing public shares) and acquisition of the early-stage
company by another firm.

41 of the 55 early-stage companies among the Top 150 NIH
licensees by product sales achieved successful exits. More than half
(22) held initial public offerings (IPOs) and 19 were acquisition (see
Figure 14). Some of the firms that went public were subsequently
acquired, but our analysis focuses on the initial exit event. Note that
for all US venture-backed firms, no more than 15% of firms achieving
an exit event in typical year do so via an IPO.

Firms commercializing therapeutics were most likely to exit via IPO,
in nearly 80 percent of cases. The remainder were acquired by other
firms, mostly pharmaceutical manufacturers. Device firms used IPOs
in 66% of cases, although this statistic may not be generalizable due
to the small number of firms in this category. Diagnostic firms were
split more evenly, with nearly half exiting via IPO and about 25
percent existing via acquisition. Early-stage firms commercializing
reagents and cell lines were either acquired or were able to remain
privately-held.

24 RTI International

25

20

15

10

ol

Innovation Impact

Exit Channel of Early-Stage Licensees in the Top 150 Products by Sales,
by Product Category 1980-2021

1
1
2

Devices

m |PO Exit

Therapeutics

m M&A Exit

Reagents, cell Diagnostics
lines, other

® Revenue-generating Private




Innovation Impact

Products Based on $30 20
Licensed Technology

Figure 16
I-4. FDA-Approved

Billions

Among the 100 top-selling products based on

18

$25
technologies licensed from the NIH, at least 50 16
were approved by the FDA. The other 50 include
products marketed outside the U.S. not requiring 14
FDA approval and products that are not subject to $20
FDA approval (e.g., research tools, certain over-the- 1
counter medications, consumer medical products).
Indicator I-4 (Figure 16) shows the number of
products receiving FDA approval by the year of °15 10

|| I|||

approval (data points, measured on the right axis)
and the total sales reported to NIH for products
approved in that year. This indicator highlights how
drug sales tend to be dominated by “block-

buster” products. Some years with relatively few
approved products, such as 2003 and 2006,
contributed disproportionately high sales by that $
product.

[+ -]

$10

Number of Products Achieving Approval

(=)]

Total Cumulative Sales of Approved Products

b
@
'S

o
N

®
This figure also shows that sales are not P . P ) I e 0 0
necessarily a function of the number of years a $- HE .
product is on the market. 11 products were O P PPN P D Qo. * & & R
approved between 1985 and 1996, but their total L I A L A R A S R i i
sales amount to less than the total sales of the 3 W Total Sales  ® Number of Products
products approved in 2003.

o

25 RTI International




26

Innovation Impact

Interval from License to FDA Approval for Selected Products

Figure 17 presents a view
of the data in Indicator |-4
(Figure 16) but focusing on
the lag time between
license execution and FDA
approval. This figure shows
that the timeline from
license to approval can
vary across products, and
even within product
categories. One key factor
behind this image is that
the date of execution for a
license may fall well after
the actual technology
transfer takes place, due to
occasional administrative
or legal delays. Still, this
figure shows that the rapid
approval of Comirnaty, the
Pfizer-BioNTech vaccine
for COVID-19, is not the
only product that received
relatively rapid approval.

RTI International

Figure 17: Interval Between Effective Date of License and Date of FDA Approval

for Selected Top-Selling Products Based on Licensed Technologies
Product Category
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Figure 18

I-5. Follow-on Technology - ey ‘? ,.::
Development by Licensees I”“"”” u ‘
As noted earlier, the technologies licensed by firms from the NIH tend to be in the i - A
earliest stages of development. Those inventions form the foundation of innovative oo n ST
products, but the licensee frequently needs to build upon this foundation with the s 2 et s
development of complementary and enabling technologies. One way of measuring this Srsrase 2 bogen 104
is to look at patents filed by a licensee that include a citation to one or more of the NIH ~ =iesm . ————m ‘°§
patents covered by that license. —ha = e
Any applicant must demonstrate the novelty of the invention that would be protected by B - o
the patent. To show this, applicants cite prior patents related to the subject invention. A M
citation shows how a particular patented invention builds upon its predecessors. Using 7200 1
the PatentsView database, which stores structured patent records including citation
links, we can match the U.S. patents covered under NIH licenses to the PatentsView
records, and then identify all of the citing patents (filed in the U.S.) where the patent s - SRR A
owner matches the licensee. Although not conclusive, this provides a signal that the
licensee has continued to elaborate on the NIH technology. I,,,.“, o o
On this chart, the licensed NIH U.S. patents are shown on the left with the number of — : s
citations to that patent by licensees, while on the right are listed the licensees who have Bas«uism 3 : "F
cited each patent, and the number of that licensee’s U.S. patents that cite any of the :::m,w = i
NIH patents. The same patent can be licensed multiple times to multiple licensees, E:;;--:;;;: - medions i ufz:
producing the flows indicated by the colored bars. = 10520034 » _
This chart includes 160 NIH patents; many patent numbers are hidden due to space E:.., o ot 308
constraints. The most prominent licensee is IONIS Pharmaceuticals (previously ISIS _: :
Pharmaceuticals), which licensed three of the NIH's U.S. patents, and cited at least one gasszes > e
of those patents in 578 of its own U.S. patents. Baxter, Mallinckrodt Pharmaceuticals, = = asmes 2 e e
Novartis, and Biogen show similar evidence of follow-on invention from their licenses. bkl = —— '""'f..fff;ff:::i
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Figure 19
I-6. Clinical Trial Activity

Innovation Impact

Using IRP-Licensed PRODUCT NAME YEAR OF FDA APPROVAL
Technologies Comirnaty ji=— | 2021
Abecma I 2021

Most drugs, vaccines, medical devices, and similar treatments that require
FDA approval prior to marketing must undergo successive clinical trials to
establish the safety and efficacy of that intervention relative to the disease
or condition that it is meant to treat or prevent. Even after receiving initial

Lumsoxiti
Luxtiima

Rotasil

| z018
| 2017

| 2017

FDA approval, clinical research may continue—for example, to determine if Zinbryte | 2016
the intervention can be used by specific patient populations (e.g., children, Myalepta | 2014
very elderly individuals), or if the intervention works on other diseases or Ella | 2010
conditions, or to see if the intervention is more effective when used in Corvarix | 2000
combination with other drugs or protocols. This research may continue well S— | 2006
past the expiration of the license, and even after the underlying patents bl | 2008
have expired. Clinical researchers may conduct trials to determine whether Bl P ] | 2006
older medicines have new uses or that new treatments are more effective b | 2008
than the older ones.

Velcade i | 2003
Using data from the ClinicalTrials.gov database, this indicator identifies all Sorvingls | 1958

clinical trials testing a product based on NIH-licensed technologies as the
intervention. As shown here, for many products, this goes far beyond those
required for FDA or other regulatory approval. A search for 25 of the top-
selling products from licensed technologies shows that certain products
were the focus of very substantial clinical trial activity, especially Velcade
(311 trials, of which 8% were Phase 4), Comirnaty (202 trials, including 46%
Phase 4), and Gardasil (124 trials, including 37% Phase 4). Measured in
this manner, IRP technologies contribute substantially to on-going clinical
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Figure 20
I-7. Frequency of Licensing

for IRP-Generated Research
Tools

This indicator shows the most frequently-licensed
technologies covered by IRP licenses. Unlike
previous analyses, this show the licenses by
technology rather than product (as a single product
license can encompass multiple technologies).

As might be expected from the analysis of licenses
by product categories, research tools and inputs
are the technologies that are most prevalent
among licenses. Out of nearly 2,500 technologies
listed in licenses, 21 appear in at least 30 licenses,
and 41 appear in at least 20 licenses. Cell lines are
the most frequently-licensed technologies. The top
four cell lines together were licensed 383 times.
Most of the other top technologies licensed are
research reagents.

These research tools diffuse quickly through the
biomedical innovation ecosystem. The Murine
Colon 38 Cell Line was first licensed in 2016 and
already appears on the largest number of licenses.
The NCI-Navy Medical Oncology Cell Line dates
back to 2008, and the LAD2 Cell Line dates to
2001.
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3  Economic Impact
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Economic Impact

Estimating Economic Benefits of Commercialization

As shown in previous studies, federal laboratory technology transfer can generate significant economic benefits to the nation through the
commercial innovations that originate in intramural research and are commercialized by licensees. An accurate accounting of those benefits would
require interviewing all licensee firms to learn exactly how the technology licensed from the NIH contributed to product development, the precise
sales for each product, the employees hired as a result of the innovation, and other sensitive information. This would entail a costly, time-
consuming, and invasive data collection process.

As an alternative, economists have developed modeling techniques to estimate how changes in an industry, such as additional product sales,
create ripples through the national economy. One technique, called Input-Output (I-O) modeling, takes initial money flowing into a given industry
(the “inputs”) and then multiplies them by coefficients based on the economic performance of that industry and its relation to other industries
(suppliers or customers), and estimates the aggregate impact of those flows across industries (the “output”). A particular I-O model for the U.S.
economy is integrated into a software package, IMPLAN, using federal economic, census, and labor statistics, updated annually. This model has
been used in past estimates of the economic impact of technology transfer.®

The monitoring reports that licensees submit to the NIH TTOs include commercial sales figures for each reporting period. These reports are used to
substantiate the royalties calculated by the licensee. The revenues added to the U.S. economy from new products are a key input to the IMPLAN
model. After summing up the revenues in those reports by industry by year, the totals are fed into the IMPLAN software producing estimates of
various aspects of economic impact, described in the boxes below.

« Industry impact, evidenced by the additional sales revenue directly | | < Direct impacts—the changes based on the revenues garnered by the

generated by products based on NIH-licensed technologies licensees themselves.
« Workforce impact, measured by the staffing positions supported * Indirect impacts—the changes generated by the licensees’ additional
by those revenues and the workers’ resulting salaries and benefits transactions generated by the new sales, especially payments to their
- National economic impact, including the added taxes paid to supply chains.
national, state, and local authorities on the new income added, * Induced impact—the effects as the additional dollars of direct and
and the overall addition to the Gross Domestic Product indirect impact flow into the rest of the economy (e.g., impacts created

when the licensees’ employees spend their additional salaries on
personal goods and services).
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Analytical Model for U.S. Economic Impact

Figure 21: Key Aspects of IRP Technology Transfer Impact on the U.S. Economy

National Economic

Workforce Impact

Industry Impact

Impact

Aspect

Contribution to industry-level Contribution to jobs and worker Total contribution to the national
financial performance incomes economy

E-1. Sales revenue from .

. = E-2. Job-years attributed to E-4. Federal tax revenue

I nd |Cat0rs commercgll(zjedtproducts, by product sales attributable to product sales
industry

E-3. Labor compensation E-5. Total tax revenue attributable

generated by product sales to product sales

E-6. Change in Gross Domestic
Product from product sales
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3.1 Economic Impact Indicators
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Economic Impact

Figure 22
E-1. Sales Revenue from

Commercialized Products,
by Industry

Figure 22 shows the cumulative (not annual) total $140
commercial sales generated by products marketed by
firms using the IP licensed from NIH. Sales figures are

shown in 2021 constant dollars to adjust for inflation $120 % Pharmaceutical Preparation Manufacturing S
Although the TechTracS database contains sales = Other 5105711%1
figures reported by licensees, the records have two ® Total 59: 1°
limitations. First, some licenses are structured so that $100 594
reports may cover multiple years, so the sales figures
in such reports cannot be attributed to individual
calendar years. Second, a licensee is only required to $80
report sales during the period when the license is
active. Many products are likely to continue to accrue
sales after the license period ends. This figure will be $60
updated as we obtain data for sales of some products
extending beyond their license terms.
As noted in Figure 6, the total sales of products based 540
on NIH licenses reached over $130 billion in 2021. The
sales are attributed to industries based on product
categories, so sales of therapies (pharmaceuticals, $20 514
vaccines, gene therapies, other biologics) constitute
the majority of sales each year. The significant jump in 0 $0 $0 $1 52 53. ' | I
" : . o al
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additional sales shown for 2021 is attributable almost $-
entirely to the sales of Comirnaty, the Pfizer-BioNTech
vaccine for COVID-19.
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Figure 23

E-2. Job-Years Attributed to
Product Sales

IMPLAN uses industry-specific sales figures to
estimate the number of staff positions whose salaries
would be supported by revenue from products using
NIH-licensed inventions. Unlike other employment
impact calculations, IMPLAN does not measure full-
time equivalent (FTE) jobs.? Instead, it measures the
number of staff positions, where any position may be
part-time or full-time. This is expressed as “job-years”
supported: the number of staff positions during each
year whose salaries are supported by the revenues
reported by licensees. The job-years include direct
employment (staff at licensee firms) as well as
indirect and induced employment (staff at suppliers
whose products are purchased by licensees, and any
other firms whose business benefits from the
additional salaries covered).

Since the same job may be counted in subsequent
years, this number does not reflect net new jobs. This
statistic is driven by sales generated by products,
based on employment patterns in each industry.
From 2001 through 2021, NIH licensing contributed to
an average of about 75,500 total jobs supported per
year, of which 33,600 were direct jobs.
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Economic Impact

Figure 24

E-3. Labor Compensation
Generated by Product Sales

L : _ _ $12,000
This indicator measures the impact of NIH licensing £ $11,241
activity on household incomes, both for direct é W Induced
employment (jobs supported at licensee firms), % B Indirect

induced employment, and indirect employment. $10,000 m Direct
Based on the job-years supported calculated for

Indicator E-2 and the industries to which those jobs
are assigned, IMPLAN generates the total value of

® Total

wages and benefits paid to workers in those jobs $8,000

during the appropriate year based on occupational $7,056

compensation statistics. The figures here are $6,479

adjusted to constant 2021 dollars. $5,935
$6,000 $5,584

The industry-specific wage patterns cause this
indicator to look slightly different from Indicator E-2.

54,583
$4,510 4,206

Since most of the job-years can be attributed to $4,126
pharmaceutical manufacturing, which has higher $4,000 63,621 sa.537 0 $3,680 i
compensation than many other industries, an #2783 05a B
increase in pharmaceutical product sales in a given
year will drive a disproportionate rise in total $1.875
compensation. This also creates larger variations in $2,000 $1,236
indirect and induced compensation. #1164
This indicator represents the direct monetary benefit l -
to the U.S. workforce attributed to NIH licensing s

o2l [=1]

8 8

activity, illustrating how those technologies enable
products that create income for U.S. households.
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Economic Impact

Figure 25

E-4. Federal Tax Revenue
Attributable to Product Sales

This indicator shows the benefit to the federal o 2750
government based on the fiscal impact of NIH-licensed § 52,520
technologies. The licensees selling commercialized = s2500 m Induced
: = ® Indirect
products pay corporate income and related taxes on the
income associated with that sales revenue, which are $2,250 H Direct
collected by the federal government. In addition, the ® Total
change in employment attributed to those product sales $2,000
will generate new labor income (shown in indicator E-3)
which in turn generates new federal income tax paid by $1,750 $1.533
workers. IMPLAN calculates these estimates based on 51,499
prevailing tax rates that apply to firms and workers in $1,500 51"‘3511 =
the affected industries. As a result, it does not measure
the actual taxes paid by those firms and workers (which $1,250
would require collecting data directly from the IRS). L':'a';ﬂg $Lﬂll
One way to interpret this indicator is the net income to Hi0 5311 59“5355531q
the federal government that then can be used to fund all ““ 5?51 nin
government expenditures. Unlike licensing royalties, #I50
these tax revenues are collected directly by the U.S.
Treasury. This measures a monetary benefit to the . 34
nation, as this federal tax income reduces the budget 525""5
deficit each year and generates fiscal revenue that g
might otherwise be collected from other sources. Over "
this period, NIH licensing contributed to economic - - R T S R S S S C S ;-_1 3 -
output that generated over $20 billion in federal taxes. E 8 888888 88 88 88 8 ¢8 8 &g 8
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Economic Impact

Figure 26

E-5. Total Tax Revenue
Attributable to Product Sales

Since corporate and labor income is also taxed by 54,500

state and local jurisdictions, this indicator provides a E W Induced 21
more comprehensive estimate of fiscal impact by E 44,000 W Indirect

summing estimates of federal, state, and local taxes + ~ 8 Direct

paid by licensees, employees, and indirect @ Total

beneficiaries of licensees’ product revenue. This $3,500

illustrates that NIH licensing activity has local benefits
in addition to national-level benefits. Moreover, many $3,000
state and local jurisdictions (unlike the federal 51.64521 can

government) charge sales taxes that would apply to a $2,429
least some product sales. $2,500 §2,231
This indicator uses a general estimated tax rate
(which cannot account for corporate or personal tax $2,000 $1,772 51,663
avoidance or tax mitigation activities). In addition, the | 51,668 51,.5.;3 _ —
sales monitoring reports do not provide information $1,500 51,31?-39& s s1.297 |
needed to geolocate the sales earned by licensees or ' s1,176 125 o i 174
their products. Therefore, rather than estimating state- 51,04 4
by-state average taxes, IMPLAN uses a single $1,000 P
national estimate for the overall average tax rate
across all states and localities. 4500 5’4335451
Comparing this to Indicator E-4, the marginal benefit
to nonfederal jurisdictions is substantial. For example,

= uh [N}

8 8 B8

. i S0

in 2021, estimated total taxes was more than 60% " - O = N M OT In W M~ B ;M O -
ar i 8 B B S & & B b & & B 5B B & &8 o

above federal taxes ($4.2 billion vs. $2.5 billion). S - R .-... .-... 2 8 B g adaEaa s a8 an
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Economic Impact

Figure 27
E-6. Change in Gross

Domestic Product from
Product Sales

$40
.é M Induced $37

This indicator shows how the economic activity = B Indirect
attributed to products using NIH-licensed technologies ~ $3s Direct
contribute to aggregate US economic output each year
(measured as Gross Domestic Product). It represents " Total
the increase in the total economic output of the US 330
each year (i.e. the economic value added) from the
sale of commercial products incorporating NIH-
licensed technologies. By increasing the output and 525
productivity of the licensees through new product
development, NIH licensing improves this headline $20
indicator of US economic performance. 720 $18
The absolute contribution to GDP may seem > 517
substantial; for example, the contribution to GDP in ¢15 514 53 s1a
2004 amounted to nearly $20 billion in 2021 constant 12 °13 o
dollars. However, the U.S. GDP for manufacturing $10 $11 s11 $11
industries in that year was over $4 trillion dollars (not s10 22 49 39
adjusted for inflation), so the relative contribution to
GDP may seem minute. However, this is the impact of I I I I I I I $6
a single agency (NIH) working with a small subset of $5 sa 34
industries (pharmaceuticals, medical devices, and
other healthcare products). Considering that NIH's
licensing activities consume a small share of the NIH Y T m e e M e e e a N e e e e e S
budget, this scale of economic impact is considerable. S 8 8 8 8§ &8 8 &8 8 8 8 &8 & & 8 & 8 8 &8 g =9
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4  Population Health Impact




The Role of NIH-Licensed Technologies in Population Health

For NIH technologies that contribute to the development of specific therapeutics and vaccines, we can measure how those products improved the
health of the population by estimating the number of individuals/patients who received those products and by measuring impacts of medical product
utilization on health care utilization, productivity (in the labor force and at home), and population-level disease burden. However, a challenge of
estimating the health-related impacts of NIH technologies is that these impacts are far downstream from the innovation that spurred medical product
development. To assess health-related impacts, it is important to first identify the conditions treated or prevented by those medical products that
have enjoyed wide enough use to have a meaningful impact on patient and population health. Next, for each condition addressed by the medical
products, we estimate disease and mortality burden and impacts on productivity and health care utilization. We examine a time period before the
new medical product is approved and another after product approval. Finally, we estimate how much of the health-related improvements identified
for a condition are attributable to utilization of the vaccine or therapeutic. For vaccines, which are intended to prevent future disease, a modeling
approach is used to estimate the future impact of vaccinations on disease incidence and health burden. These aspects and indicators of population
health impact are shown in Figure 28.

The vaccines and therapeutics considered for inclusion in the health indicators analysis were approved between 1991 and 2021 and had total
commercial sales plus royalties of $200 million or more. For health indicators analyses, we focused on products that addressed conditions that
could be readily identified and tracked in U.S. and global population health surveys (e.g., blood cancers, breast cancer, HIV, cervical cancer).
Additionally, because it is difficult to assess how an improved formulation of an existing product affects health outcomes, we generally focused our
analyses on the earliest products for a particular indication (e.g., antiretroviral treatments for HIV). The products included in health indicators
analyses and the conditions addressed are shown in Figure 29.
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Analytical Model for Population Health Impact

Figure 28: Key Aspects of IRP Technology Transfer Impact on Population Health

Healthcare System

Workforce Health Population Health

Aspect Impact Impact Impact
Productivity gains from Change in demand for Population-level
improving household- healthcare services and improvements in health
level health outcomes associated costs and mortality outcomes

H-4. Reduction in disease

H-3. Change in

H-1.R ion in worker ilizati
eduction in worke healthcare utilization for

incidence and
prevalence due to new
vaccines and therapies

absenteeism due to
improved health

conditions addressed by
new vaccine or therapy

Indicators

H-5. Reduction in
mortality due to use of
new vaccines and

H-2. Increase in
household productivity
due to improved health

therapies
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Figure 29: Products from NIH-Licensed Inventions for Measuring Population Health Impact

Products Derived from NIH-Licensed Inventions
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HIV
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4.1 Population Health Impact Indicators
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Health Impact

Indicators of Public Health Impact

Our focus was on generating health indicators for two products implemented between 2000 and 2019. The first was a therapeutic, Velcade®, which
was approved in 2003 for the treatment of multiple myeloma and mantle cell lymphoma. The second was a vaccine to prevent HPV, a virus that is
responsible for about 90 precent of cervical cancer cases. The first HPV vaccine approved for use in the United States was Gardasil® in 2006, but

other manufacturers and formulations have been formulated for use since then. By focusing on these two products that were approved in 2003 and
2006, respectively, we were able to obtain sufficient pre- and post-approval data to assess the potential impact of these products on health-related
burden for the indicated diseases.

For the products approved before 2000, we had limited pre-approval data available to assess the products’ impacts on health, but we found
evidence of declining trends in healthcare utilization to treat the conditions addressed by several of these products. For example, we saw declines in
rates of hospital discharges for HIV, breast cancer, and RSV-related pneumonia, suggesting that the availability and increased use of Videx®,
Hivid®, Taxol®, and Synagis® in the 1990s may have been a factor in the declines in hospitalization rates for conditions these products treated.

Before Velcade was approved in 2003, US adults with lymphoma lost an average of 18.4 days of work owing to illness or injury per year compared
to only 4.5 days for workers without cancer. After approval, average days of work lost decreased by 6.1 days for workers with lymphoma, but only
decreased by 0.77 days for workers without cancer. This comparison suggests Velcade may be responsible for a gain of approximately 5.3
workdays per year for lymphoma patients who were in the labor force.

Similarly, after Velcade’s approval in 2003, there was a 7.3 percentage point reduction in adults with lymphoma not in the labor force in the past 1-2
weeks, with rates of labor force non-participation declining from 59.2% to 51.9%. This is a considerable reduction in non-participation in the labor
force for patients with lymphoma. Additionally, because adults who did not report a cancer diagnosis also experienced a much smaller decline in
labor force non-participation (32.8% to 30.0%), findings suggests that treatment with Velcade may be responsible for increasing lymphoma patients’
ability to work outside the home while undergoing treatment.
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Figure 30 Health Impact

need Benefits from Velcade to Treat Multiple Myeloma and
Mantle Cell Lymphoma—Labor Productivity

Velcade is a targeted chemotherapy treatment approved in 2003 for multiple myeloma patients and patients with mantle cell lymphoma who had
received at least 1 prior therapy. In the United States in 2019, 27,825 new cases of myeloma were reported, and 12,455 people died of this cancer.
Additionally, rates of new myeloma cases are increasing; from 1999 to 2019, the age-adjusted rate of new myeloma cases increased from 5.6 per
100,000 people to 6.8 per 100,000 people.

Based on annual sales of Velcade and average annual spending of $85,000 per patient per year, we calculate 330,000 patient years of utilization,
with an average of 17,400 patients using Velcade per year since its approval in 2003.

Improved Health

Percentage of adults not in the labor force within the

Average days of work lost in the past 12 months because of 70%
iliness or injury past 1-2 weeks
20 18.38 60% 59.2%
18 1 7.3 pts
16 50%
1 6.11
1 12.28 days 0%
12
0 30% 1 2.8 pts
8
20%
6 4.49 3.73
4 10.77 10%
2 days
0 0%
Pre-2003 Post 2003 Pre-2003 Post 2003

mLymphoma = No Cancer
mLymphoma ®No Cancer
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sl Benefits from Velcade to Treat Multiple Myeloma

and Mantle Cell Lymphoma—Home Productivity

Average bed disability days in the past 12 months

Household Productivity
due to Improved Health

20
18.54

18 Disability bed days were defined as days in which a person
| 3.9 days was kept in bed for more than one-half of the day due to

1o 14.68 iliness or injury.

1 13.08 13.31 Respondents with lymphoma had, on average, almost 4

12 fewer days of bed disability after 2003 compared with the

period prior to 2003, declining from 18.5 days to 14.7 days
per year. Adults without cancer and adults with any form of
cancer had little to no change in bed days after 2003
6 compared to the period before 2003. These findings suggest
451 4.57 . .
that Velcade may have been responsible for a meaningful
reduction in the annual number of bed days experienced by
2 people with lymphoma.

10

Pre-2003 Post 2003

mLymphoma = With Cancer (All Types) mNo Cancer
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LNl Benefits from Velcade to Treat Multiple Myeloma
el  and Mantle Cell Lymphoma—Healthcare Utilization

Addressed by New
Vaccine or Therapy

The inpatient discharge rate for non-Hodgkin lymphoma
o _ exceeded 16 per 100,000 in 2000 and 2001. The rate began
Hospitalization Discharge per 100,000 People decreasing in 2002, when Zevalin was approved for the
18 with Non-Hodgkin Lymphoma treatment of non-Hodgkin lymphoma. Further declines can
be seen after the 2003 approval of Velcade for mantle cell
lymphoma, a type of non-Hodgkin lymphoma. Hospital
discharge rates fell to approximately 12 per 100,000 by
16 2011. This promising trend in hospitalization utilization for
lymphoma is suggestive that Velcade and Zevalin may have
been helpful by reducing healthcare utilization for patients
with this condition, preserving more capacity in the system

for other patients.
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sl Bcnefits from Velcade to Treat Multiple

Mortality Due to New

Therapie Myeloma and Mantle Cell Lymphoma—Mortality

Age-Adjusted Rate of US Cancer Deaths per 100,000 People, The rate of death from myeloma has been decreasing. It is
Myeloma interesting to note that from 1999-2002, the rate of death from
40 3.8 myeloma was stable at 3.8 deaths per 100,000 people.

However, 2003, the year Velcade was introduced, marked the
3 beginning of a steady decline in death rates, from 3.8 per
30 100,000 people to 3.0 per 100,000 people in 2019. Although
these findings do not account for overall trends in U.S. death
rates, the reduction in myeloma deaths after 2003, following
several years with no reduction in myeloma death rates,
20 suggests that Velcade may have been at least partially
responsible for the decline.
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Impact of Gardasil for Prevention of HPV—Vaccination Coverage

Gardasil is a highly-effective vaccine that helps prevents human papilloma virus (HPV), the most common sexually transmitted infection in the
U.S.10 There are many different types of HPV, and some can lead to cervical cancer. The first HPV vaccine, Gardasil, received FDA approval in
2006 for female adolescents. Since then, several other HPV vaccines have been developed and used in the U.S. and globally, including
Cervarix (FDA approval in 2009) and Gardasil 9 (2017).

) . Figure 34. HPV Vaccination Among Female Adolescents 2008-2019 in the United States
In 2018, approximately 43 million HPV

infections in the U.S. placed infected 16M
females at risk of future cervical cancerl0.11
Uptake of the HPV vaccine among
adolescent females in the United States
increased from 37% of eligible females
in 2008 (at least one dose) to 73% in
2019. These coverage expansions are
expected to reduce the cervical cancer
burden below 2022 levels of 14,100 new
cases and 4,280 deaths.1?

Figure 35. Average Global* HPV Vaccination

14.2 million female

12M adolescents received at
least 1 HPV vaccine
8M between 2008 and 2019
. I I I I
ov Lem I . I

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Estimated number of vaccinated
adolescents

Coverage Among female Adolescents, 2019-2021 m Total number of previously vaccinated adolescents m Total number of newly vaccinated adolescents
74% HPV vaccine uptake in the U.S. is complemented by increased coverage of HPV
7204 vaccination globally. HPV vaccination is widespread in some countries, while other

countries have relatively low coverage rates. Of the 54 countries reporting coverage rates
0 . ..
70% for 2019-2021, the lowest coverage recorded was for Singapore (1% of eligible
68% . adolescent females) and the highest coverage was in Bhutan, Brazil, Ecuador, Mexico
0 .
. S 73.6% and Panama (99% of eligible adolescent females).
0
2019 2020 2021 *Reflects sample size of 54 countries reporting coverage data over all three years
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Figure 36

ol | mpact of Gardasil for Prevention of HPV—

Disease Incidence and

Prevalence Due to Use of Disease burden

New Medical Products

Globally*, an additional 2 million individuals would likely be diagnosed with
would be likely to develop cervical cancer in the future if U.S. female cervi_cal cancer in_ the future in the absence of Gardasil and other HPV
adolescents had not been covered by at least 1 dose of Gardasil vaccines. In the figure below, cases averted are shown for 4 levels of the
and other HPV vaccines between 2008 and 2019. Human Development Index (HDI), a composite measure of a country’s life
expectancy that is highly correlated with survival rates from cervical cancer.

For the United States, we estimate that over 80,000 individuals

Figure 36. Estimated future cervical cancer cases averted in the
U.S., 2008-2019 Figure 36a. Cervical Cancer Cases Averted, 2019-2021
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*Reflects sample size of 54 countries reporting complete coverage data from 2019-2021
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el |Mpact of Gardasil for Prevention of HPV—Mortality

Therapies (v2)

Figure 37
H-5. Reduction in

For the United States, we estimate that reducing the incidence of Globally, 921,000 future deaths from cervical cancer may be averted due to
HPV as a result of HPV vaccination of female adolescents between HPV vaccination.* In the figure below, deaths averted are shown for four
2008 and 2019 will avert over 26,500 future deaths from cervical levels of the Human Development Index (HDI), where death rates from |
cancer. In aggregate, we estimate that 557,640 future years of cervical cancer vary from about 41_% in very high I—!D_I countries to 71% m_Iow
life loss could be averted through HPV vaccination of females HDI countries. In aggregate, we find over 18.4 million future years of life
in the United States between 2008 and 2019. loss could be averted globally through HPV vaccination that occurred
between 2019 and 2021.
Figure 37. Cervical Cancer Deaths Averted in the U.S., 2008-2019 Figure 37a. Global Deaths Averted and Death Rate from Cervical Cancer, 2019-2021
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*Reflects sample size of 54 countries reporting complete coverage data from 2019-2021, incl.
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Health Impact

Figure 38

e [ rends in Hospitalization Discharges for HIV

Utilization for Conditions

e ere Infection and Breast Cancer

Vaccine or Therapy (v2)

Hospitalization per 100,000 People

with Breast Cancer and HIV Infection Hospitalization rates for HIV infection and breast cancer generally trended

80 downward over the time periods following approval of products to treat
these conditions. For example, 2 HIV products for HIV treatment were

50 approved in 1991 and 1992, respectively, Videx and Hivid. After these
approvals, hospitalization for HIV-related conditions initially increased to 57

40 per 100,000 population, possibly because of reductions in HIV deaths, then
steadily decreased over time, falling to approximately 11 per 100,000 in

30 2015. Similarly, Taxol was approved to treat breast cancer in 1994, and
breast cancer-related hospitalization rates continued their steady decline

- after that date, from more than 50 per 100,000 in 1994 to about 15 per

100,000 in 2015. These trends are suggestive that the products approved to
treat HIV and breast cancer in the early 1990s may have been at least
partially responsible for the declines in hospitalization discharge rates
through 2015 for these conditions.
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Notes: Data are from the HCUPnet. The diagnosis code of breast cancer is ICD-9-CM 174, and the diagnosis codes of HIV infection are ICD-9-CM 042, 043, and 044. It is worth noting
that only first three quarters of discharge rates are available in 2015 due to the transition of diagnosis coding to ICD-10 codes.
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5 Case Studies




Case Studies as an Impact Indicator

Quantitative impact indicators provide useful summary-level information that

represents the aggregate impact of many activities over an extended period.

However, these indicators must sacrifice specificity to present overall impacts and Figure 39. Products Based on NIH-Licensed
general trends. The technology transfer activities of the NIH IRP span a wide variety Technologies Selected for Case Study Analysis
of technologies, partners, and products, as seen in the indicators presented in this

document. A key feature of these technology licenses and their outputs and outcomes Z
Is that they also involve very complex processes. Since every license is negotiated y Comirnaty
separately, and the licenses frequently cover diverse combinations of IP, the process
for achieving impact is not always consistent.
: : o . ) . Deep TMS
licensing, four products were selected for qualitative case study analysis as listed in
Figure 39. The three technologies represent key dimensions of overall impact:
o They represent the diversity of product categories involved in licensing, including S

pharmaceuticals, biologics, and devices. @ Yescarta

o Certain cases (especially Comirnaty) achieved very broad adoption, as evidenced
by their high sales volumes.

To help capture the details, complexities, and unique aspects of IRP technology

o The cases involved pioneering discoveries or inventions that led to extensive
follow-on products or new technical approaches to treating diseases.

o The products did not have any adverse effects or other significant negative
impacts.

Each case study will be presented in an abbreviated 1- or 2-page format (suitable as
a handout or flyer for broad distribution), and a more detailed 4+-page format with
additional discussion on the case’s technical, legal, and business issues.
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1-Page Case Studies

Figure 40 provides screen shots of 1-page version of the Comirnaty, Deep TMS, and Yescarta case studies. The case study research was informed
by interviews with both the relevant NIH licensing officer and at least one of the inventors for each case. The analysis highlights the critical role that

the technology transfer office played in enabling the commercialization of this significant innovation.

Comirnaty - Deep TMS = Yescarta
Plizer-SioNTech's COVID-19 Vactine An FOA- spprowed, 1 nlwa, 1 Area e pption for major Wite Pharma’s CAR T-Cel Theragy for Non-Hodghin Lymghoma
desr piiive my, Sl hirva dioidarn, snd dmobing ceiialion.
Discovery ’

Discovery
H3CDEry E
' EXE
L t 1 1 R -
3

Role and Impact of Tech Transfer

Rode and Impact of Tech Transfer

Role snd Impact of Tech Tranader

Figure 40: 1-Page Case Studies
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