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A B S T R A C T

Academic industry partnership (AIP) represents an important alliance between academic researchers and industry that helps translate technology and complete the
innovation cycle within academic health systems. Despite diverging missions and skillsets the culture for academia and industry is changing in response to the current
digital era which is spawning greater collaboration between physicians and businesses in this marketplace. In the field of pathology, this is further driven by the fact
that traditional funding sources cannot keep pace with the innovation needed in digital pathology and artificial intelligence. This concept article from the Digital
Pathology Association (DPA) describes the rules of engagement for pathology innovators in academia and for their corporate partners to help establish best practices in
this critical area. Stakeholders include pathologists, basic and translational researchers, university technology transfer and sponsored research offices, as well as
industry relations officers. The article discusses the benefits and pitfalls of an AIP, reviews different partnership models, examines the role of pathologists in the
innovation cycle, explains various agreements that may need to be signed, covers conflict of interest and intellectual property issues, and offers recommendations for
ensuring successful partnerships.
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1. Introduction

Academic Industry Partnership (AIP) represents an important alliance
between academic researchers and industry that helps identify and
translate technology into clinical practice.1,2 AIP stimulates innovation,
lowers barriers to develop marketable technology, and offers a mecha-
nism to fund translational research.3 Reliance on industry resources has
become increasingly more important as federal research funds diminish.
A prior study illustrated that in 2012 in the United States approximately
36% ($38 billion) of all research and development (R&D) funding comes
from traditional federal funding sources (e.g. National Institutes of
Health, National Science Foundation, Department of Defense) and
approximately 64% ($67.9 billion) from industry.4 This gap continues to
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widen, favoring industry over federal funding. At academic medical
centers where sustaining clinical revenues are under constant pressure,
some departments may search for additional revenue streams through
industry collaboration. AIP is being further driven by the fact that
traditional grant funding sources are unlikely to keep pace with the
innovation needed in digital imaging and artificial intelligence (AI).

A strategic alliance allows academic researchers who discover novel
technology solutions to team up with experts in industry to help
commercialize their fruitful discoveries for widespread adoption.5,6 AIP
thereby allows many patients to benefit from academic research. Apart
from financial support, the benefits of publications, and gaining early or
low-cost and sometimes even free access to new and sophisticated
products, academia can further benefit from an AIP because faculty and
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trainees get to broaden their experience and employment opportu-
nities.7,8 Engaging with industry allows faculty to also keep ahead in
their field, which helps them prioritize research and the relevance of
their work for the private sector.8 Today, a proportion of academic fac-
ulty is expected to be entrepreneurial.9 Although this may vary by
department, of that faculty whose efforts result in a commercial product
or service, only a few will eventually form a company or venture part-
nership. For industry allies, an academic medical center is an excellent
source of novel technology and knowledge, access to scientific and
medical experts, ethical access to clinical patients and data, fuels publi-
cations that help with marketing, and presents an opportunity to receive
market feedback that results in making functional products users want.10

A successful AIP includes a clear definition of the goals and scope of
the project, data sharing plan, timeline, execution of contracts, clarifi-
cation of each party's responsibilities, development of a budget, man-
aging disclosures, compliance with regulations, as well as establishing
intellectual property (IP) ownership (Fig. 1).11 Examples of successful
AIPs in healthcare include collaborations between academia and phar-
maceutical companies (e.g. drug development, clinical trials),12 as well
as with biotechnology companies (e.g. medical devices, cancer research,
etc.).13 In the current digital era of healthcare including pathology where
AI applications are rapidly emerging, we are witnessing a plethora of
AIPs to try to meet the demand for innovative products and services for
use in clinical practice.14,15 Indeed, such AIPs have the potential to
catalyze the use of AI in healthcare, including their role in the field of
pathology. These AIPs have taken on many forms including partaking in
clinical trials for digital pathology system regulatory approval, alpha/-
beta prototype testing, co-development of AI algorithms, and sponsored
research agreements to validate commercial tools in a clinical laboratory
setting. By leveraging digital pathology, pathologists have been enabled
to contribute digital slides, including large public datasets, to the AIP
process, as well as assist with supervised learning of AI-based image
algorithms.

Much has been learned from AIPs arising from the digital trans-
formation in radiology,16,17 and from highly successful collaborations in
the realm of clinical pathology.18 In the realm of device development,
both in radiology and surgery, several successful models have been
employed, including the “embedded scientist” model, the gradu-
ate/undergraduate student model, externally supported commercial
development, industry supported researchers, and the incubator and
accelerator models.19 Others have likewise identified pitfalls to be
avoided relative to funding, purchasing, integrity of results/publications,
and disclosures.20 In all of these, the way academia and business ventures
can successfully play to their relative strengths in a win–winmanner rests
Fig. 1. Schematic showing the critical path for a successful AIP. The priority ass
successfully navigate these steps in a timely fashion can delay AIP efforts. (IP¼ Inte
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on understanding the motives, priorities and operational realities of both
stakeholders. It is thus imperative that pathologists and other academics
looking to commercialize their innovation or otherwise collaborate are
aware of the pertinent industry ecosystem.

Investigator-initiated trials are conducted when clinical investigators
drive researching new uses for a product, compare multiple products, or
seek to expand the safety profile and overall knowledge of existing
products. It is typically the responsibility of university investigators to
manage the ethical and regulatory elements of investigator-initiated
trials.21 Funded AIPs were vitally important to enable pathologists
from several academic and private pathology practices across the United
States to participate with companies seeking Food and Drug Adminis-
tration (FDA) approval to market their digital pathology systems to aid
pathologists in examining digital surgical pathology slides for primary
diagnosis.22,23 For data to be considered valid by the FDA, companies
initiating such pre-market studies must ensure that their partner sites
comply with FDA guidelines including good clinical practice (GCP) and
appropriate human subjects protection. Companies may also initiate and
fund studies after products receive FDA approval to achieve expanded
FDA claims or demonstrate additional use cases.

There are, unfortunately, risks associated with an AIP that may
include conflict of interest (COI) and undermining of academic standards
(e.g. publication bias).7,24–26 Misappropriation and malevolence arising
from various partnerships have sometimes eroded public trust in
research.27 There has also been notable gender disparity in AIPs, where
female physicians in some fields have received fewer and lower industry
payments.28 Regrettably, some partnerships have drawn unwanted bad
press or resulted in litigation. In the current AI era, there are also unique
challenges that have emerged due to data ownership and control over
assets (e.g. transformation of personal digital data into a private asset).29

Managing a successful AIP can thus be challenging. Currently, there are
no widely published “rules of engagement” in pathology that help guide all
parties in an AIP. Some effort has been made by federal regulators, profes-
sional associations, and continuingmedical education programs byoffering
policies that address disclosures and COI. Hence, the Digital Pathology
Association (DPA) embarked on producing this concept article to safely
promote AIPs in the era of digital pathology andAI. The aim of this article is
to accordingly educate the pathology community, and vendors working in
the digital pathology andAImarket, for them tobettermanage partnerships
andproactivelymitigate potential risks. The article discusses different types
of AIP that may exist, various phases of the innovation cycle and how
entrepreneurial pathologists and their spin-off companies fit into this
sequence, numerous agreements that may need to be signed, potential COI
that may arise, and matters relevant to IP ownership. The goal is to
igned to the various tasks will be dictated by partnering stakeholders. Failure to
llectual property).
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encourageAIPandprovide guidance for a successful partnership that results
in a win for academia, industry, and patients.

2. Contracts to support different partnerships

Common AIP contracts include an industry Sponsored Research
Agreement (SRA), Technology Transfer Agreement (TTA), and industry
consulting agreement (Table 1). Understanding how these different AIPs
can catalyze technology validation and adoption are important to en-
trepreneurs focused on translating their innovative ideas into reality.

2.1. Sponsored research agreement (SRA)

The most common, and potentially impactful, AIP is the SRA. A SRA is
a formal contract established between a university and sponsor intended
to fund and conduct specific research during a defined timeframe at the
university. If a company funds such research without receiving rights in
return (e.g. license IP), it is considered a gift. SRAs can be supported by
funding received from a non-profit (e.g. federal government, foundation)
or for-profit (e.g. private industry) sponsor. A SRA contains terms that
govern several key aspects of the collaboration such as scope of work to
be performed, deliverables (e.g. publication of research results), budget
for the research, payment obligations, options to license IP arising from
this research, compliance with regulations, and rights regarding termi-
nation of the project.

2.2. Technology Transfer Agreement (TTA)

These agreements can be used to form a relationship between an aca-
demic partner who develops an innovation and registers it as IP, and sub-
sequently seeks to transfer such IP toan industry partner. This canhappen in
many ways, but the most common mechanisms include: 1) licensing of an
academicpartner's IP to an industry partner (licensor) througha technology
transfer office (TTO), 2) the academic inventor (licensee) develops a start-
up company, licenses their own IP from their university and subsequently
seeks Small Business Innovation Research (SBIR) funding from the federal
government, and 3) a company approaches an academic partner via a Small
Business Technology Transfer (STTR) agreement to develop technology in
partnership. Both SBIR and STTR awards–based programs encourage small
domestic businesses to engage in federal R&D which thereby stimulates
high-tech innovation. The STTR program, in particular, fosters AIP. STTR
grants are suitable for early-stage spin-off companies, whereas an SBIR is
more appropriate for self-sufficient companies. Details about SBIR/STTR
seed funding eligibility and award amounts are available online (https://
www.sbir.gov/about).

2.3. Consulting agreement

For such consulting agreements there is a personal contract estab-
lished between an academic faculty member (i.e. consultant) and an
Table 1
Different types of contractual arrangements to develop an AIP.

Partnership type Key elements Strengths

Sponsored Research
Agreement (SRA)

Specified research Variable fundin

Specified timeframe Contractual cus
Widely underst

Technology Transfer
Agreement (TTA)

Facilitates transfer of existing
(and future) IP to potential
commercial venture

Specifies what
developers
Categorizes typ

Consulting Agreement Specific individual services
retained

Contract specifi
incentives

IP¼ intellectual property.
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industry client who wants to retain specific services from the consultant.
Such an agreement defines the scope and financial terms of the consul-
ting activity. The consultant's university is typically not a party in these
personal agreements. Compensation is usually, but not always, paid
directly to the faculty depending on their university and/or healthcare
system employment contract.

3. The innovation cycle

Innovation in the context of this concept article refers to the invention of
new products and/or services that may result in commercialization.
Without a successful business model, there is no innovation, just invention.
According to Peter Drucker, the father of modern-day management, inno-
vation can serve as an instrument of entrepreneurship.30 Innovation is a
continuous cycle of product discovery, development, and commercializa-
tion. AIPs can fuel both the efficiency and effectiveness of this process
(Fig. 2). In fact, AIPs commonly arise during the innovation cycle that helps
reduce the cost of resources aswell as advance development and evaluation
of new products. Healthcare commercialization programs (HCPs) exist,
such as the National Science Foundation's Innovation Corps (I-Corps™)
program that encourages AIPs to enable the transformation of invention to
impact.31 However, this program is aimed mainly at individual faculty
rather than larger institutional programs. There is a long history of
enlightened universities creating centers and institutes with industry part-
nerships as a primary goal. The intent is to removebarriers for initiating and
sustaining industry collaborations. These modern academic incubators
typically manage many sponsored projects, provide stewardship, admin-
ister research funds, and thereby allow their students and staff to connect
with entrepreneurs and interested financiers. Some industry partners pay a
subscription to belong to these institutions. TheMITMedia Lab is a famous
example that is unconstrained by traditional disciplines and promotes
interdisciplinary research. Alumni of this lab have become successful in-
ventors, entrepreneurs, owners of spinoff companies, and consultants. The
University of Utah has created a similar Scientific Computing and Imaging
(SCI) Institute that fosters considerable cross-disciplinary research,much of
which is in the form of contract research for industry.

The life cycle of innovation can be broken down into four phases.32

The first phase (ideation) is when a researcher (principal investigator or
PI) performs R&D and invents a novel device, software or an AI-based
algorithm that was funded by a grant or other mechanism (e.g. SRA,
SBIR, STTR). The second phase (project selection) is when a decision
gets made to invest in commercializing this invention. During this critical
phase, tactics such as advocacy and market analysis are employed to
gauge the likelihood an invention has towards commercial success. In
this phase, AIPs can be very useful as industry partners have far better
expertise and infrastructure for this process (e.g. product pipelines, cus-
tomers). Funding during this phase may involve an angel or seed in-
vestment from a private high-net-worth individual who offers financial
backing to the entrepreneur or small start-up in exchange for ownership
equity in their new company.33
Weaknesses

g sources possible Ownership of resultant IP may become an
issue

tomization for deliverables
ood Incentives may not align completely
IP is involved, protecting rights of Does not cover funding of commercial

venture
e of transfer (license, sale, etc.) Reward on IP may be limited by

commercial success or failure due to other
factors

es nature of services, term and University may only be a bystander to these
agreements
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Fig. 2. The innovation cycle of academic industry partnerships. Principal Investigators (PI) of federally funded grants focused on software and algorithm
innovation (e.g. Computational Pathology innovations) develop Intellectual Property (IP) as part of their Research and Development (R&D) plans. Federal funding in
academic health care systems comes from National Institute of Health (NIH) or National Science Foundation (NSF) grants. In addition, academic entrepreneurs who
seek to validate their technology innovations seek Collaborative Research and Development Agreements (CRADA), industry Sponsored Research Agreements (SRA) as
well as Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR) grants to develop their innovations into commercially hardened
solutions. The Early University innovation ecosystem then helps to de-risk technology, perform market analysis and early commercial adoption/management plans. At
this stage, Early Investment “angel” or regional investment entities help to further validate innovations. Sometimes health system ecosystems and local business
development apply together for additional rounds of NIH or NSF funding to do clinical trials leading to formal capital venture investment. Finally, commercial entities
license or option technology (IP including patents) and create a new company. The funds generated from this financial “success” can lead to reinvestment in R&D and
software engineering for the academic entrepreneurs who were the original inventors of the IP.

Table 2
Academic and industry priorities. The top three priorities for a university versus
an industry or start-up company are tabulated in the order of relevance to the
organizational goal. Note that education and innovation are prioritized in reverse
order depending on the designation of the organization.

Prioritization University partner Industry partner

High priority Education Innovation
Medium priority Research Research
Low priority Innovation Education
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The third phase (product development) involves building the prod-
uct. This requires developing a prototype or pilot within a health system,
often with local business developers which translate the derisked tech-
nology into an advanced product. This allows for validation of the tech-
nology in a clinical setting, including possibly dealing with
reimbursement and regulatory issues. This phase is also often deeply
reliant on AIPs, where the inventor can rely on existing products that in-
dustry partners already have in place (e.g. laboratory information system,
whole slide imaging system). Investment at this stage is generally secured
from the capital venture community, aswell as industry partners critical to
the commercialization and integration of the product. The fourth phase
(commercialization) requires bringing the product tomarket andadapting
it to meet customer demands. This entails licensing of the product and/or
new company (newco) creation that is dependent on a sales pipeline and
buildinga customerbase.Anewcompany is likely to establish success only
when significant customer sales are created during this fourth phase of the
life cycle. The funds generated from this financial “success” during the
fourth phase can lead to reinvestment in R&D for academic entrepreneurs
and inventors of the product, to test their new ideas. This process can
continue as a cycle for additional innovations. Of note, a “Lean Startup”
approach is a method sometimes used to launch a new product or start a
new company based on an existing company or based upon products that
consumers have already demonstrated are desirable.

Companies interested in an AIP should ideally seek academic part-
nership early in the development cycle to align objectives and ensure
adequate resources are invested to guarantee product success. Once an
innovation reaches its final phase, AIPs can still be helpful by scaling up
the innovation into a commercial success. At the final stage and beyond,
AIPs help generate financial revenue through licensing revenues shared
by the inventor and their academic institution. After the final product is
launched, reinvestment from this financial success will make engaged
faculty provide continuous feedback to improve the end product, help
4

drive regulatory approval, promote adoption by acting as an individual
consultant or serving on the company's advisory board, and develop
related or new products. The digital pathology industry is filled with
companies that spun out of academia (e.g. InterScope, Inspirata, Omnyx,
Paige.AI, PathPresenter, SpIntellx).34 This is not surprising, because
when commercializing a university invention spin off companies are
often the best route to ensure the original inventors remain involved.35

4. Academia versus industry priorities

Academia and industry are critically dependent on specialized and
innovative talent for success. In this manner they share traditional core
missions such as research and education. However, both face different
constraints to achieve these goals with divergent agendas and varying
prioritization (Table 2). Typically, education and clinical care for uni-
versities coupled with a medical center are of highest institutional pri-
ority, followed by research and then innovation. In contrast, industry and
particularly small start-up companies try to achieve a competitive
advantage by prioritizing innovation over research and education.36

Unlike corporate culture which is more guarded because they want to
monetize their innovations, academic culture usually encourages re-
searchers to share and publish their novel findings. Despite these
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different agendas and competing priorities, there are still propelling
forces for partnership between academia and industry.37,38 Of interest,
one group of researchers in Switzerland found that scientific institutes
more oriented toward applied research and/or lower teaching obliga-
tions were more strongly inclined to get involved in technology transfer
activities.39

Establishing a successful partnership between academia and industry
clearly requires understanding of the factors that influence the success of
such a partnership. A recent systematic review of the literature identified
numerous critical factors that influence a successful collaboration be-
tween industry and universities.3 Flexibility in understanding and
accepting cultural differences emerged as the most significant institu-
tional factor for success in such partnerships. Transparency and clarity in
communication between institutions were also significant. In addition,
awareness of how economic, legal, political and social developments
influenced such collaborations was important to assess and monitor. An
AIP can be further strengthened by putting into place the correct
governance structure (e.g. allowing academics to be decision makers),37

as well as careful management of resources offered by each partner. Some
of the critical resources include finances, time, staff, laboratory space,
equipment, and access to published literature (e.g. library). Whilst an
industry partner can be heavily motivated to deliver resources fast and on
command, the academic institute–based resources may be limited in
availability and dependent on the timing of the institutional curriculum.
Hence, it is evident that these partnerships will benefit from appropriate
project management to improve coordination and communication be-
tween partners with diverse priorities and approaches to decision
making.40–42

5. Role of the pathologist

Pathologists may be involved at any stage of an AIP (Table 3). This
could be at the beginning of an invention, during the commercialization
phase, while validating alpha or beta products, as the principal investi-
gator on a clinical trial, serving as an industry consultant, or as a member
on a scientific advisory board. In the field of digital pathology and AI,
pathologists are frequently summoned by industry associates to serve as
subject-matter experts (SME) who can provide scientific and practical
guidance on product development regarding their feasibility, design,
workflow impact, and clinical utility. Participating in preclinical and
clinical trials requires that pathologists and their institutions, address
Table 3
The role of pathologists during different phases of an AIP project.

Project phase Pathologist role

Feasibility � Operate as key opinion leader (KOL)
� Define product utility and requirements
� Provide input on product or study design
� Determine data availability and quality
� Generate labeled data and ground truth
� Address ethics and potential conflicts
� Contribute to potential business use case

Verification � Investigator role in sponsored research
� Institutional review board approval
� Manage material and data exchange
� Assist with study design and expectancies
� Assemble research use only (RUO) material
� Substantiation of product performance
� Sharing outcome results (e.g. publication)
� Commercialization via technology transfer
� Full disclosure regarding conflict of interest

Validation � Investigator role during a clinical trial
� Institutional review board approval
� Corroborate product performance for intended use
� Report validation and/or trial results (e.g. publication)
� Assist with pre-market regulatory approval
� Commercialization via technology transfer
� Full disclosure regarding conflict of interest
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relevant ethical (e.g. animal use committee and institution review board
approval), regulatory, financial and logistical issues (e.g. hiring study
coordinators).43

For issues related to technology transfer (e.g. filing patents) and
commercialization of research (e.g. legal counsel), academic pathologists
will likely need to work with their university technology transfer office
(TTO) or technology licensing office (TLO). These offices act as a conduit
between academia and industry, and are intended to protect an in-
stitution's IP and license novel products developed by their faculty to
industry partners. After the Bayh–Dole Act (or Patent and Trademark Law
Amendments Act) was passed in the United States (1980), many uni-
versity policies created IP policies that obligated faculty to assign their
inventions to the university. Finally, while universities may allow faculty
to participate as individual consultants and advisory board members in
outside activities, they are often still regulated. For example, the
pathologist is responsible to ensure that the industry consulting agree-
ment they sign is consistent with their university rules (e.g. employment
obligations, requirement to disclose, and assign inventions to the
university).

6. Agreements

When industry and universities engage in studies, partnerships, or
joint ventures there is a natural order of agreements that are essential to
ensure legal protection and ethical conduct for both sides (Table 4). Prior
to sharing detailed study information or other IP, both sides should
execute a non-disclosure agreement (NDA) or confidential disclosure
agreement (CDA). A mutual NDA or CDA is warranted when both parties
plan to jointly design a study or exchange proprietary information for
product development.44 One-way agreements may occur in some in-
dustry sponsored clinical trial cases where only the university is receiving
confidential information needed to execute a study. Typically, the uni-
versity TTO or sponsored program office (SPO) has templates to start
NDA or CDA negotiations. Of note, most universities do not allow in-
vestigators to sign such agreements on behalf of the university.

The next step required to advance an academic-industry relationship
involves a material transfer agreement (MTA) or data use agreement
(DUA). MTAs typically pertain to the acquisition of various biological and
research materials, including data. While options for open MTAs exist,
many universities may insist on using agreements specific to their own
institution. MTAs may disallow the redistribution of materials, which
many argue impedes multisite research.45 Some universities use research
collaboration agreements, which combine elements of the NDA/CDA and
MTA/DUA to expedite these important partnership agreements. Research
collaboration agreements further include language regarding publication
rights and IP ownership related to the scope of work. Investigators should
utilize their respective university TTO or SPO to negotiate and provide
final sign-off on any MTA, DUA, or research collaboration agreement.
Because views may differ, negotiations can sometimes be time
consuming. Issues of contention that may arise often relate to ownership
of technology generated by the research, compliance with policies, and
the use and dissemination of research results (e.g. restricting publication
of unfavorable results).

Studies arising from collaborations involving human subjects should
only proceed with Institutional Review Board (IRB) approval.46 It is the
responsibility of both the university investigators and industry entities to
ensure that new protocols are reviewed by an IRB. Many industry
sponsored trials utilize a centralized IRB to achieve general approval for a
new protocol, which can expedite approval on multi-centered trials. Most
universities require a local IRB review (that may be expedited if agree-
ments are in place with a centralized IRB) and centralized IRB approval in
order for sponsored research to proceed. Industry sponsored trials also
require a clinical trials agreement (CTA) between the company and
university. While university research teams or individual investigators
can work directly with sponsors to negotiate budgets and study details,
investigators should ultimately utilize their SPO for negotiation and final



Table 4
Overview of transactional agreements typically used in Academic-Industry Partnerships and collaborations. The table summarizes agreements between companies and
universities only, excluding other third parties.

Name of agreement Main purpose Agreement coverage University
office

Process and time
investment

Agreement considerations

Confidential
Disclosure
Agreement or Non-
Disclosure
Agreement (CDA
or NDA)

Exchange of confidential
non-public information
between two or more
parties to facilitate a
common objective

Scope and nature of information for
disclosure, definition of confidential
information, permitted use of
information, and consequences for
violations.

TTO Mostly simple and
straight forward,
complete in days or
weeks.

- Ensure all confidential information is
marked properly

- Beware whom you can share information
- Beware for what purposes you can use
the information

- Ensure confidentiality is maintained
even years after the agreement expires

Material Transfer
Agreement (MTA)

To access or provide
unique proprietary
materials and resources

Definition of material or resource,
permitted use, limitations on use,
rights on materials and derivatives,
publication of results and data, and
consequences for violations.

TTO Mostly simple and
straight forward,
complete in days or
weeks

- Do not share received materials or
resources with others without formal
authorization

- Beware of any implications or
restrictions on patenting and publication
of any results or data obtained with the
use of materials

Data Use/Transfer
Agreement (DUA)

To govern the transfer
and use of data between
two or more parties
where the data is non-
public or is otherwise
subject to some
restrictions on its use

Scope and nature of data, subject
matter of data, ownership, allowed
uses for data, publication or patenting
of data, clauses about compliance with
appropriate regulations, policies and
guidelines, term and expiration, data
disposal and liability

TTO Depends on nature of
data (proprietary,
personal information
about human
subjects etc.)

- Use caution if data is related to human
subjects from a clinical trial, or a Limited
Data Set as defined in HIPAA

- Different rules may apply based on
whether data is proprietary or sensitive

- Faculty or staff are often required to sign
as Read and Understood

- Covers both outgoing and incoming
transfer of data

Sponsored Research
Agreement (SRA)

To enable collaboration
between university
researcher/lab and
company scientists to
advance a common
scientific objective

Research plan, parties' contribution
and responsibilities, management of IP
and data rights, publication, financial
terms, ability to change course, dispute
resolution, and termination

TTO or
SPO

Complex research
could make this very
involved, complete in
weeks or months

- Expectations can change over time
- Success can complicate perceptions
about contributions to the collaboration
which can change

- Long term view would benefit the project
and parties

Clinical Trial
Agreement (CTA)

Establishes drug or device
supply for a clinical trial

Terms related to drug or device supply
(e.g. quantity, labelling, shipping),
reporting, conditions for termination,
data and IP rights, liabilities,
indemnification, dispute resolution,
monitoring, publication, regulatory
application and related terms

SPO Can be very involved
with multiple
stakeholders from
each party, can take
significant amount of
time as this can
involve high risk

- Publication and data ownership must be
clear

- Allocation of liability needs to be well
thought out

- Trial monitoring and safety reporting
need to be consistent with regulatory
requirements

- Compliance with laws related to human
subject, privacy, and patient personal
information

HIPAA¼Health Insurance Portability and Accountability Act, IP¼ intellectual property, SPO¼ sponsored programs office, TTO¼ technology transfer office.
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execution of a CTA.
If collaborations result in a funded grant, a grant subaward agreement

may need to be negotiated to ensure proper allocation of responsibilities
and funds (subaward) among the party that submitted the grant (pass-
through entity) and their partner (subrecipient). Grant subaward agree-
ments can be initiated by either party and should always be led by the
party that applied for the grant. Such agreements are usually tailored to
the specifications of the grant. Like grant recipients, the collaborating
subrecipient will need to comply with a grant's requirements. Improper
distribution of funds to outside entities could lead to scrutiny and po-
tential loss of an award.

7. Disclosure and conflict of interest

The key to successfully navigating all disclosure requirements and
COI reporting for AIPs are appropriate communication with federal
funding agencies, university and hospital compliance offices, and during
public announcements (e.g. meeting presentations, publications, public
messages, broadcasts, etc.). Perceptions of COI must be avoided at every
step of the innovation process. In essence, the safest policy is to disclose
everything, every time, especially when there are significant financial
conflicts involved (e.g. ownership of stock, licensing revenues or other IP
entanglements with an industry partner). It is important to also disclose
6

any COI when having a conversation with key decision makers about
making a financial recommendation related to a company partner or
their industry. Disclosures often need to be updated annually, or any time
a new industry collaboration is initiated. Disclosures usually also extend
to family members.

At many universities researchers are permitted to spend a proportion
(e.g. up to 20%) of their time consulting with industry and or engage with
other entities including “for profit” concerns. These activities should be
disclosed and made transparent not only to the university, but also to
federal funding agencies and other associations (e.g. professional soci-
eties, accredited continuing medical education providers), as well as in
teaching settings. It is equally important that a pathologist who owns a
company should not sponsor research in their own laboratory or have
graduate students from their own institution work in their company.
Moreover, as an equity owner in an established company that is gener-
ating revenue at some universities a pathologist cannot take on a high-
ranking executive title (e.g. CEO, CMO). In such cases, most academic
entrepreneurs instead evolve into clinical or scientific advisors and
should not maintain direct decision making/fiscal authority. However,
these rules may vary among academic institutions, with some relaxation
at enlightened institutions. Academic leaders should also be cautious of
drawing negative attention if they are offered equity, board seats, or
other perks in exchange for facilitating arrangements rather than on the



Table 5
Stages in a typical utility patenting process.

Stage Task

1 Identify invention
2 Patentability evaluation and preparation

(including invention disclosure) of the patent application
(via patent attorney or self)

3 Filing of the application with a patent office
4 Prosecuting the application (negotiating with the Patent

Examiner regarding what can be granted) to reach an outcome
(issuance or abandonment or restart the negotiation)

5 Patent issuance
6 Post-issuance procedures (optional)
7 Payment of maintenance fee to keep the patent alive
8 Enforcement of patent against infringers (if necessary)
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basis of their individual R&D contributions.
In the United States, the Physician Payments Sunshine Act (PPSA)

necessitates that medical product manufacturers disclose to the Centers
for Medicare and Medicaid Services (CMS) any payments or transfers of
value (e.g. covered travel expenses) they have given to physicians or
teaching hospitals.47 The PPSA additionally requires certain manufac-
turers and group purchasing organizations to disclose any physician
ownership or investment interests held in those companies.48 Since 2014,
this information has been published annually in a publicly searchable
database (https://www.cms.gov/OpenPayments). It remains unclear
how this reporting affects the behavior of different stakeholders (e.g.
providers, patients, and industry) and what impact this has on AIPs.
7.1. Intellectual property

IP refers to an invention to which one has legal rights and may
accordingly apply for patent, copyright, trademark or trade secret
protection. This enables individuals to earn recognition and financial
benefit from their invention. Patents can incentivize innovation.49 It is
critical to choose an appropriate type of protection for any valuable IP.
For example, inventions in digital pathology can be protected using
either patents or trade secrets, but each of these provide different
advantages and disadvantages. A fundamental difference between
these two is that a patent relies on mandatory public disclosure
whereas a trade secret relies on guarded secrecy from the public. From
the perspective of public policy, a patent is granted with exclusive
rights for a limited time when an inventor provides sufficient disclo-
sure of their invention which can benefit the public. Patent protection
lasts 20 years from the filing and trade secret protection can be per-
petual, if one is able to keep its secrecy. However, trade secret pro-
tection is lost if someone reverse engineers the invention whereas a
patented invention is protected against reverse engineering. Thus, it is
important to carefully consider which type of IP protection is optimal
for an invention.

Driven by major advances in imaging technology, we have wit-
nessed a significant increase in digital pathology patent applications
and patents granted.50 This trend is likely to continue in the future,
especially with the rapidly emerging application of AI in pathology.
Table 6
Utility patent protection details in the USA for digital pathology inventions.

Type of IP Statutory basis for
Protection in USA

What is protected Legal
requirement

Rights
in USA

Utility
patent

U.S. Constitution
and 1952 Patent
Act, as amended,
see 35 U.S.C. xx
1–390

New and useful
process, machine,
manufacture, or
composition of
matter or
improvements

Novelty; non-
obviousness;
utility and
sufficiency of
disclosure

To mak
offer to
sell, an
import
patente
inventi
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Hence, it is important for inventors in this field to understand the
patent system that enables them to protect their IP (Supplemental
Appendix; Table 5). The most requested patents in digital pathology
are utility (Table 6) and design patents. For digital pathology most
patents requested or granted can be broadly classified into the
following technological categories: digital scanners, telepathology,
pathology consultation/diagnostic networks, digital image analysis,
and computer-aided diagnosis (CAD) tools. While not all partnerships
generate IP, they may still yield business opportunity for departments
of pathology and laboratory medicine.

8. Challenges associated with AIP in digital pathology

Much of the discipline of pathology is an image intensive specialty
that generates enormous datasets that includes both structured and un-
structured clinical data. With the advent and progressive global adoption
of whole slide imaging in pathology, large digital datasets are being
established that have ushered in the field of computational pathology.
Not surprisingly, there is an increasing desire for industry vendors in the
field of digital pathology and AI to partner with pathology laboratories,
particularly those at academic institutions, to gain exclusive access to
these huge, annotated datasets to generate novel AI-based applications.
However, data ownership is currently one of the key challenges for AIP in
pathology. It is often unclear who owns the data: the patients, institutions
hosting these data, pathologists who generated and curated these data-
sets that reside in institutional databases, or their industry partners.51

Unfortunately, practical guidelines that deal with this issue in AIP are
lacking. Another big challenge is difficulty related to licensing software,
which is key for the use of AI-based systems. Although the FDA identifies
Software as a Medical Device (SaMD), regulations are still emerging to
cover the vast array of unique software solutions and their applications in
digital pathology.

9. Recommendations for successful partnerships

A successful AIP (Table 7) for responsible innovation relies heavily on
setting clear goals and expectations in terms of action and impact,
continued active communication throughout the partnership involving
all stakeholders, an agile approach to adjust to unforeseen parameters as
well as shifting landscapes in a fast-evolving space, and resilience to
redefine the collaboration if necessary. Most importantly, an AIP should
be built on a strong foundation of trust, sound ethical principles, and
solid strategic decisions.52,53 Ethical actions in physician relationships
with industry should also be guided by professional standards, medical
society guidelines, and local institutional policies.54 These principles
apply to all governance modes of AIPs; viz. an institutional mode where
interactions are mediated via the university's administrative structures
(e.g. TTO, SPO) and the personal mode where interactions are dictated by
binding contractual agreements between a company and individual ac-
ademics executed without direct involvement by the university. Prior
experience with collaborative research has been found to lower barriers
to a successful AIP. There are myriad reasons why an AIP may fail
including conflict between stakeholders, overpromising, over/under
budgeting, unclear or changing aims, poor communication, inadequate
granted Term of
protection

Process, time
and cost
involved

International rights Digital Pathology
example

e, use,
sell,
d
the
d
on

20 years
from filing

Very
involved, can
take years
and be very
expensive

Rights are country
specific, hence need
to obtain a patent in
each country where
one is desired

Auto-focus
methods and
systems for multi-
spectral imaging
US Patent:
10,768,403

https://www.cms.gov/OpenPayments


Table 7
Practical recommendations and checklist for sustainable and successful
Academic-Industry Partnerships.

Win–Win relationship: The partnership should benefit all engaged parties.
Building trust: There must be trust, integrity and compatibility of values.
Legal review: Consult legal counsel including a TTO early on.
Upfront review: Sign all necessary partnership agreements upfront.
Define vision and scope: Clearly define vision, expectations, as well as short and long
term plans.

Create boundaries: Determine institutional restrictions on both sides.
Identify champions: Identify a champion from each party to drive the relationship.
Get the C-suite engaged: Garner support from senior leadership on both ends.
Financial review: Establish a credible financial budget.
Data sharing: Generate an ongoing data sharing plan.
Pilot program: Initiate a pilot program to determine fit and scope.
Workload balance: There should be fair distribution of roles.
Review resources: Manage resources judiciously.
Governance review: Ensure good governance and project management.
Be transparent: Maintain transparency throughout the partnership.
Compliance review: Maintain compliance with all involved institutions and
regulatory bodies.

Full disclosures: Adhere to full disclosure and acknowledgement.
IP review: Address monetizing IP with all stakeholders early on.
Local versus International: For international partnerships explore geographical
considerations, especially as they apply to data sharing and compliance with specific
regulatory bodies.

Engage academicians: Mitigate fear from academicians getting involved in
entrepreneurship.

IP¼ Intellectual property; TTO¼ Technology transfer office.
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governance, lack of a troubleshooting mechanism, milestones not met,
failed deliverables, loss of marketability and/or commercialization, and
an undesirable scandal.55–58

10. Conclusion

In summary, successful and sustainable academic and industry part-
nerships must be designed to benefit all parties and create win–win en-
gagements from the outset (Table 7). This will enable all stakeholders to
stay engaged and ensure that the relationship is productive and collabo-
rative. As in any relationship, there must be trust, integrity, and compat-
ibility of values. Organizational work cultures also need to be compatible.
Early key steps include engaging legal counsel to set the boundaries for
how theAIPwill operate in thenear and long term. It is highly beneficial to
have a leader or champion from each side drive this relationship forward
and facilitatewell balanced involvement of stakeholders fromwithin their
organizations. A vital aspect of a successful AIP is addressing intellectual
property issues, licensing, and revenue opportunities upfront. In addition,
there needs to be an ongoing data sharing plan, especially if there is intent
to build adaptive deep learning algorithms that continuously utilize new
data and feedback for improvement. Involving several intra-
organizational teams is essential with representation from scientific, in-
formation technology, legal, regulatory compliance, business develop-
ment and domain experts. Attending to all the aforementioned important
details discussed in this review will help facilitate a fruitful AIP.
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