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Abstract
Background: Public research organizations and their interactions with industry partners play a crucial role for
public health and access to medicines. The development and commercialization of the Human Papillomavirus (HPV)
vaccines illustrate how licensing practices of public research organizations can contribute to high prices of the
resulting product and affect accessibility to vulnerable populations. Efforts by the international community to
improve access to medicines have recognised this issue and promote the public health-sensitive management of
research conducted by public research organizations. This paper explores: how medical knowledge is exchanged
between public and private actors; what role inventor scientists play in this process; and how they view the
implementation of public health-sensitive knowledge exchange strategies.
Methods: We conducted a systematic qualitative literature review on medical knowledge exchange and qualitative
interviews with a purposive sample of public sector scientists working on HPV vaccines. We explored the strategies
by which knowledge is exchanged across institutional boundaries, how these strategies are negotiated, and the
views of scientists regarding public health-sensitive knowledge exchange.
Results: We included 13 studies in the systematic review and conducted seven semi-structured interviews with
high-ranking scientists. The main avenues of public-private medical knowledge exchange were publications, formal
transfer of patented knowledge, problem-specific exchanges such as service agreements, informal exchanges and
collaborative research. Scientists played a crucial role in these processes but appeared to be sceptical of public
health-sensitive knowledge exchange strategies, as these were believed to deter corporate interest in the
development of new medicines and thus risk the translation of the scientists’ research.
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Conclusion: Medical scientists at public research institutions play a key role in the exchange of knowledge they
generate and are concerned about the accessibility of medicines resulting from their research. Their scepticism
towards implementing public health-sensitive knowledge management strategies appears to be based on a biased
understanding of the costs and risks involved in drug development and a perceived lack of alternatives to private
engagement. Scientists could be encouraged to exchange knowledge in a public health-sensitive manner through
not-for-profit drug development mechanisms, education on industry engagement, and stronger institutional and
legal backing.
Keywords: Public-private technology transfer, University innovation, Access to medicines; medical research and
development, Prophylactic HPV vaccines

Background
Public research organizations (PROs) play a crucial
role in the advancement of medical science [1]. Of all
scientifically novel medicines approved by the U.S.
Food and Drug Administration (FDA) between 1998
and 2007, one in five were developed by PROs [1].
Medicines submitted by PROs were also more likely
to receive priority review, awarded by the FDA for
medicines deemed to represent major advances of the
medical practice. Almost half of all drug approvals
submitted by PROs have received priority review,
compared to one in five submissions from the private
sector – indicating that research carried out at PROs
has a higher public health impact [2].
The contribution of PROs is particularly significant
in the field of vaccines – virtually all important and
innovative vaccines approved from 1985 to 2010 have
been developed by PROs [2]. These include the vaccines against Human Papillomavirus (HPV). HPV infection is the main cause of cervical cancer [3, 4],
which ranks fourth for cancer incidence and mortality
among women, with 570,000 cases and 311,000 deaths
worldwide in 2018 [5]. It is the leading cause of cancer death in women in mainly sub-Saharan Africa and
South-Eastern Asia, thus disproportionately affecting
young women in regions where screening and treatment options are limited [4–7].
In the 1980s, Prof. Harald zur Hausen, then working
at the publicly-funded German Cancer Research Center
(DKFZ), discovered the association between HPV infection and cervical carcinoma [8]. The first vaccine candidates were based on further research conducted by
groups at the University of Queensland, Rochester University, the U.S. National Cancer Institute (NCI) and
Georgetown University with contributions from other
PROs such as the DKFZ [9–15]. These research groups
then licensed their Intellectual Property (IP) to MedImmune, GlaxoSmithKline (GSK) and Merck, Sharpe &
Dohme (MSD) for further development and clinical testing for efficacy and safety. Except for the licenses acquired from the NCI, these were all exclusive licenses,

allowing the licensee to exclude others from making,
marketing or selling the patented material MedImmune
and GSK later formed a vaccines alliance and shared
their IP with each other. In 1997, the U.S. Patent and
Trademark Office initiated patent interference proceedings between research groups in Queensland, Rochester,
the NCI and Georgetown. As part of the dispute settlement the non-exclusive licenses provided by the NIH
were turned into co-exclusive licenses in 2007. Both
MSD and GSK had already cross-licensed their IP to
each other, guaranteeing themselves unhindered access
to the HPV vaccine technology and securing their market positions [16–18]. In 2006 and 2007, the European
Medicines Agency approved two prophylactic HPV vaccines: Gardasil® (MSD) and Cervarix® (GSK).
The HPV vaccines were later included in the World
Health Organization’s Essential Medicines List, which
outlines the “minimum medicine needs” of populations
[19]. Recognizing the human right to the enjoyment of
the highest attainable standard of health, the international community has committed to providing “access
to affordable essential medicines and vaccines for all”
[20–23]. However, in 2014, only 1.2% of females 10–20
years of age in Africa and 1,1% of the same population
in Asia had been fully immunized, despite accounting
for 70% of all HPV-related cancer cases [24–26]. As of
June 2018, only seven African and two South-East Asian
countries have implemented national immunization programs for HPV [27], indicating that immunization coverage fails to meet global needs even 12 years after the first
vaccines became available. The reluctance of country
governments to include HPV in national immunization
programs has been associated with the high price of the
vaccines, especially for states in transition that do not
qualify for support mechanisms such as GAVI [26, 28–
30]. However, the production costs for HPV vaccines are
estimated to be as low as 3 USD for affluent and 0.60
USD per dose for less affluent markets respectively [31],
and by 2014, HPV vaccine sales had already amounted
to a total of USD 14.1 billion, recouping the investment
made by the pharmaceutical companies fivefold [32].
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Prolonging the status quo, recent patent applications
filed by GSK are likely to delay market entrance of
cheaper generic products until 2020 [31, 33].
As illustrated above, scientists and their public institutions play a crucial role not only in the development of
medicines and vaccines but their knowledge exchange
practices with private companies also shape the availability and accessibility of the resulting drugs. The Sustainable Development Goals, the WHO’s draft road map for
access to medicines, vaccines and other health products
as well as Reports by the UN High-level Panel on Access
to Medicines and the Lancet Commission on Essential
Medicines have emphasized the need to rethink the
management of publicly funded innovation in a manner
that “promotes access to health products” [21–23, 34].
The implementation of public health-sensitive knowledge management has also been supported by NGOs,
such as Universities Allied for Essential Medicines
(UAEM) [16].
The strategies put forward by the reports and organizations named above aim to promote access to medicines mainly through the public health-sensitive transfer
of patented technologies [21, 35, 36], such as nonexclusive licenses or obligations regarding affordability
and accessibility of the final product [37–40]. While
such formal transfer of intellectual property constitutes
a relevant and easily targeted knowledge exchange
mechanism, it is far from the only one [41, 42]. Bradley,
Hayter and Link formulate a broader concept of technology transfer, which includes the traditional licensing
pathway through the PRO’s Technology Transfer Office
(TTO) as well as informal transfer mechanisms such as
collaborations and informal exchange of knowledge [43].
Exploring these less codified forms of communication
and emphasizing the role of the originator scientist,
Perkman et al. have proposed the concept of academic
engagement, any “knowledge related collaboration” by
scientists at PROs with private entities [44]. Both technology transfer and academic engagement are set within
the broader framework of knowledge generation and diffusion, comprehensively and famously conceptualized in
the Triple Helix. In this model, knowledge is exchanged
across institutional boundaries through an overlay of
formal and informal, explicit and implicit communications between the private, academic and government
spheres [41–45]. To encompass all avenues of communication, the term ‘knowledge exchange’ will be adopted
for this paper.
However, in contrast to the growing political interest
in knowledge exchange practices of PROs in the context
of access to medicines, as well as substantive theoretical
literature; empirical research on public-private knowledge exchange in medical research remains scarce. To
our knowledge, neither a review of the current literature
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nor an exploration of the perspectives of scientists at
PROs regarding the possibility of pursuing public
health-sensitive knowledge exchange, has been conducted so far. Such knowledge would serve to better
support the efforts within the global access to medicines
community to identify and implement knowledge exchange strategies that promote access to medicines.
The objectives of this paper are to explore (1) how
medical knowledge is exchanged between PROs, particularly individual inventor scientists’, and private actors,
and (2) which public health-sensitive knowledge exchange strategies inventor scientists are aware of and
how they view their implementation.

Methods
To address the objectives of this paper, we conducted a
systematic review and a qualitative study on the development of the HPV vaccines.
Systematic review

Before conducting the systematic review, we published a
study protocol outlining our search and analysis strategy
[46]. The review addressed how medical knowledge is
exchanged between PROs and private actors, and in particular how scientists engage in the process. The review
included the databases PubMed and Web of Science as
well as ProQuest, DiVa and DART Europe. The search
terms covered medical public research and technology
transfer or research collaborations. The search terms
were developed based on the PICo approach, whose
components are population (P), phenomenon of interest
(I) and context (Co) [47]. The initial search terms were
tested and adapted to each database [46].
Included were studies addressing any kind of formal
or informal exchange of knowledge from the public to
the private sector and focusing on medical research. We
included studies published since 1995 to capture the
period after the Agreement on Trade-Related Aspects of
Intellectual Property Rights (TRIPS) entered into force.
The literature under review was limited to qualitative
studies as this type of research “is most revealing when
the variables of greatest concern are unclear” [48]. Excluded were commentaries; theoretical texts; books and
meeting reports as well as studies focusing on an industry perspective or knowledge exchange effectiveness.
The screening strategy was piloted by screening onefifth of the studies in duplicate (RJ, KB). All disagreements between the screening results were discussed by
RJ, KB, and SN. The remaining studies were screened by
RJ in close consultation with the research team. All included studies were assessed for their quality using the
qualitative research checklist developed by the Clinical
Appraisal Skills Programme (CASP) [49]. Data extraction and evidence synthesis followed the meta-
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ethnography approach first developed by Noblit and Hare
[50]. It describes the identification and comparison of
major themes, “metaphors”, across studies and is particularly suitable when a wide variety of studies is expected.
The study findings were identified using open coding in
MAXQDA. After coding the first two studies and discussing the results in the research team, the extraction strategy
was adjusted to better capture all relevant findings. Coding
and analysis of the remaining studies were then performed
by the first author. The codes and synthesis based thereon
were discussed and refined within the research team. Further details of all steps of the systematic review are provided in the protocol [46].
Qualitative HPV case study

Between March 2014 and March 2015, we conducted
seven qualitative, semi-structured in-depth interviews
with a purposive sample of high ranking scientists from
four countries working on prophylactic HPV vaccines.
The interviews addressed the knowledge exchange between public and private entities in HPV research in
general as well as opportunities regarding the promotion
of access to medicines. HPV was chosen as a case study
because, as described above, it provides insights into the
exchange of knowledge at the intersection of private and
public interests which is at the heart of the access to
medicines debate.
In the initial phase of this study, we conducted a review of scientific publications on HPV vaccines as well

Fig 1 Actors in HPV vaccine research, by geographic location (2014)
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as university and government websites to identify institutions, researchers and collaborations currently engaging in prophylactic vaccine research (see Fig. 1) [17,
51–62]. This research showed regional clusters of institutions currently exploring new or improved versions of
prophylactic HPV vaccines. The clusters in the U.S and
Europe as well as, to a lesser extent, those in the U.S.
and Australia, were found to be engaging in joint research, whereas the East Asian cluster appeared to be
somewhat isolated. The institutions in India we identified through our literature search were exclusively private companies, which were engaging with PROs from
the U.S. and European clusters. We used a purposive
sampling strategy, aiming for diversity with regards to
the geographical region, kind of research collaboration,
as well as gender and age of the scientist. We contacted
12 scientists working at three PROs from the European,
four from the American, one from the Australian, and
two from the East Asian cluster. Of the 12 scientists,
seven agreed to participate.
The interviews were conducted using an interview
guide, developed by the research team based on the
health policy triangle described by Gilson and Walt [63].
It addressed the actors involved in knowledge exchange
and their power, the negotiation process, as well as exchange strategies and the broader context. The views regarding access to medicines were addressed within these
categories. The interview guide was piloted in a test
interview and adapted during the course of the

Jahn et al. Globalization and Health

(2020) 16:22

interviews to reflect perspectives gained and emerging
theory (see Appendix A for the first and final version).
Two interviews were conducted in the workplace faceto-face and five via Skype. With the interviewee’s consent, all interviews were recorded. Important points were
noted during the interview and a post scriptum was
written shortly afterwards. The interviews lasted between
45 and 90 min. All interviews were conducted, transcribed and coded in MAXQDA by RJ in English and
German (for coding tree see appendix B).
The analysis of the interview data was based on the
method of framework analysis [64] because it allows for
the generation of new theories from the data while incorporating previous knowledge into the design and analysis of the study. Every participant was assigned a
pseudonym by randomly choosing one of the 35 most
common surnames in the United States while maintaining the respective academic grades: Dr. Williams, Prof.
Thomas, Dr. Jones, Prof. Smith, Prof. Taylor, Dr. Wright
and Dr. Wilson. Our literature review revealed that very
few women are active in HPV vaccine research. To ensure that no female participants can be identified, we
thus only use the male form in the presentation of our
results. Likewise, we limit the description of the study
population, including place of work, details of research
projects or geographic area to avoid identification of individual participants.

Results
Systematic review

The search strategy yielded 1380 results. After removing
all duplicates, 1257 studies remained and were screened
based on abstract and title. 112 studies were included
for full-text review, six of these could not be retrieved
and 93 were excluded (see appendix C for PRISMA flow
chart). 13 studies were included in our analysis, 11 journal papers and two dissertations [65–77]. The quality of
included studies ranged from five to nine points, indicating moderate to high quality (for a detailed description
see annex C).
Knowledge exchange strategies and negotiation

The reviewed studies described various methods of exchanging knowledge, including academic publications
and the presentation of research findings at conferences.
Often in contrast to these “academic channels” [66],
studies discussed the protection of IP through patents
and the subsequent licensing of the protected technologies [65, 67, 74]. Two papers, in particular, explored the
conflict between publishing and patenting knowledge
[66, 67]. They concluded that peer-reviewed publications
function as a signal to the academic community that research is scientifically valuable. Individual scientists,
their institutions, as well as early-stage spin-off
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companies, tend to signal their academic legitimacy
through publications. Patents, on the other hand, signal
commercial value and are thus preferred by pharmaceutical and biotech companies as well as spin-offs that are
already commercially exploiting their technology. A more
recent study, however, found that patents and commercial
success also translate into academic prestige, indicating a
shift towards a more positive view of industrial engagement among the academic community [68]. It was also reported that some PROs provide financial incentives to
scientists engaging in patenting and commercialization
[68]. The only study from the African continent described
that in Tanzania, public sector scientists avoided filing
patents because the patent enforcement mechanisms were
perceived to be too weak to adequately protect the IP disclosed in the patent application [76].
The only type of license discussed in the reviewed
studies was the exclusive license. Ard (2002) found that
scientists believed engaging with a company to be necessary for developing their research into products, and that
exclusive licenses were the only way to encourage industry involvement [65].
Spin-off companies were discussed in-depth by Bacevice (2010), who suggests that these can take different
organizational forms. Number and geographical proximity of members, the involvement of other companies and
funders, connections between the spin-off, the founding
scientist and the originator institution as well as communication formats vary greatly [66]. The sustained involvement of the inventor scientists may be influenced
or curtailed by funders, venture capital firms, for example, were reported to often request a change of leadership [75]. Academic scientists were found to also be
involved in consulting activities or contract research that
lead to a formalized knowledge transfer between academia and industry. These include clinical studies [69],
provision of equipment, in-kind counselling activities,
assistance in problem-solving or investigation of novel
problems [71].
By far the most extensively explored forms of knowledge exchange were collaborative research endeavours.
Two studies independently identified four phases of network development [70, 71], with other studies providing
additional detail (see Table 1). These studies show that
the knowledge exchange strategies used by networks
vary with the network development stage. They often
begin with informal, personal contacts initiated by scientists working at PROs, for example at conferences. Once
a rapport is established, a formal framework is negotiated between the partners and with the involvement of
the PRO’s TTO. The further the network progresses, the
more trust is established and contractual routines are relaxed. Informal transfer of implicit knowledge between
the partners then becomes possible. During the more
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Table 1 Four Phases of Network Development
Phase I

A few individual key actors initiate or renew connections among scientists working on related issues [70, 71]. These actors are often
academics or government scientists who reach out to industry with an idea for a research project [68, 72]. In this phase, knowledge
exchange occurs through publishing and presenting papers, conferences and a few proprietary projects between individual scientists and
individual firms [71].

Phase II After the key actors receive a positive response from their partners, a formal agreement must be reached [70], including an IP strategy [71,
73] and clearly identified objectives. Subsequently, partners need to commit to the network by providing or obtaining funding, which is
then invested to stabilize the network [70, 71]. Lastly, members of the new network develop a leadership structure, for example through a
manager [71] or a board [70].
Phase
III

This phase establishes routines of interaction, trust and knowledge sharing within the network [70, 71]. With increasing trust between the
members of the network and faith in its success, contractual routines are relaxed and members become more agile in their interactions
[71].

Phase
IV

Phase four is the knowledge-generating phase [70]. The members of the network are exchanging explicit as well as tacit knowledge and
contribute to new discoveries and their interpretation [71]. This success leads to further commitment by the members of the network and
often sub-projects evolve around specific issues [70, 71].

advanced stages of network development, patentable IP
may be produced and transferred formally. Especially in
the initiation of research networks, scientists were found
to play a key role.

The inventor scientists’ view on public-private knowledge
exchange

The scientists engaging in knowledge exchange with
companies were described to often be “unusually successful, well placed, and highly visible” white men with
PhD or MD degrees at major research institutions [67].
It emerged that while some scientists are wary of commercial engagement and are not taking active steps towards patenting or commercialization, others feel more
comfortable crossing institutional boundaries and regularly engage with private partners [67]. These typologies
were most extensively explored by Owen-Smith and
Powell (2001), who developed four faculty types: the Old
School Professor, the Reluctant Entrepreneur, the New
School Professor and the Engaged Traditionalist. Realizing the societal benefit of their research, however,
emerged as one relevant reason to engage in knowledge
exchange with companies to develop marketable products. The motivating factors as well as perceived limitations of engaging with industry are summarized in
Table 2.

Knowledge exchange and access to medicines

Views on access to medicines or strategies to promote
affordability of resulting products were not discussed
by any of the reviewed studies, although patient benefit was discussed as a motivator for research and
knowledge exchange. One study indicated that exclusive licenses are perceived to be the only viable licensing framework, as they provide companies with
the necessary incentive to engage in the development
of the patented technology [65].

Qualitative interview results

For the qualitative study of HPV vaccine development,
we interviewed seven scientists, most of them high ranking, male and heading their own research units. Three
interviewees worked at government institutions, four at
public universities in Europe, America and Australia.
The combined years of work experience of all participants was 188 years, the mean of individual HPV research experience was 27 years. All had filed at least four
patents and licensed at least once. All non-European
participants reported that they had started at least one
spin-off company. All but one participant had been involved in the development of Gardasil® and Cervarix®; of
these, most were still working on HPV vaccines at the
time of this study.
Knowledge exchange strategies and negotiation

The knowledge exchange strategies addressed by study
participants included publication in journals or presentations at conferences; patents and subsequent licenses,
sales or spin-off companies; service or research agreements; requests for advice; informal and personal exchange of knowledge as well as research collaborations.
Publications in the form of journal papers or conference contributions emerged as the most important currency in medical research. However, the interviews
suggested that patents have become more common and
are increasingly considered to be relevant within the scientific community, too. The scientists reported scanning
knowledge for patentability before publication but said
that determining whether a research finding may be patentable was often challenging.
“As a researcher, I don’t live off patents, I live off publications. [...]If you apply here somewhere, it’s primarily about peer reviewed articles.” (Prof. Smith)
“It’s become fashionable to patent. It seems like
your research is more valuable if you have patents,
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Table 2 Motivating factors and perceived limitations in
engaging with industry
Motivation
Acquiring
resources

“Human capital, equipment, and access to proprietary
information”, funds for “post-docs” and “space” “feed
back into better science” [67]
Aquiring funds for “newer equipment for their
laboratories” [68]
Funds for their research” and “PhD projects and
payments for lab tests, research materials, salaries, or
conference travels.” [69]

Personal
reward

Obtain a personal financial reward [68]
Interviewees stress that they do not “get a penny” [69]

Societal
Impact

Others

“All of us know someone who has died of cancer. […]
Fluorescent in situ hybridization is a way […] to help
diagnose cancer. [...] I am very, very proud of what we
have accomplished” [65]

Secrecy

and some people you know, want to patent, in part
probably because they think they should because
people are telling them to do it.” (Dr. Williams)
“It’s now considered a positive mark if you do do
technology transfer and sort of a black mark if you
[...] publish something when it could’ve been a valuable IP.” (Dr. Williams)

Interesting work [69], Reputation with industry and
learning opportunities [68], High-level influence in the
respective field [66]

Overall, the interviewed scientists described that they
are encouraged by their PROs to explore patenting opportunities, but that the decision to disclose an invention
to the TTO generally rests with the principal investigator, with a varying degree of input from the research
team. All participants reported that, although it is not legally mandated to, the TTO usually followed through on
patenting the disclosed invention and engaged the inventor scientists for ideas and suggestions regarding possible
commercialization
plans
or
potential
commercialization partners. They are also usually the
ones to establish contact with and present the research
to interested parties. This was attributed mainly to the
scientists’ experience and reputation within the HPV research field.

“Virtually all [of 27 interviewees currently engaged in
public-private partnerships] expressed concerns about
conflict of interest related to private industry” [77]

Old school type: “There’s a certain greedy, ‘have it now’
mentality that may motivate people to try to get out
there and do something dramatic from which they’re
going to profit in a short time. Some people even
choose their scholarly area in order to position
themselves in that respect” [67]
“If someone else files a patent that conflicts with your
work, that could really impair your research” [67]

Research shift

Reluctant Entrepreneur: “My lab generates knowledge
that could be of great value to companies. Since it is
not done in a company, the knowledge could be
viewed as a loss to some firms. But we want to be able
to publish it. So the company might have an incentive
to restrict or control our research” [67]

“In the beginning you may not even think that this
is something patentable and you keep working on it
and then [...] you are overcome be the realization
that maybe you already said too much.” (Prof.
Taylor)

“I don’t care what they write into the contract in terms
of independent reporting... the reality is that they’re not
going to bite the hand that feeds them. [...]. It may not
be intentional but the university will err on the side of
being favorable to industry. We all know how you can
paint a different picture with the same set of
circumstances without ever lying.” [65]
Academic
Freedom

Table 2 Motivating factors and perceived limitations in
engaging with industry (Continued)

New School Professor: “I’ve had cancer twice. I’ve had
many friends die from HIV. [...] (M)y research [...] deals
with HIV and cancer. If I feel that I have an opportunity
here to make a difference”, “collaborations between
universities and industry will have positive societal
benefits as they speed the discovery and development
of new therapeutics” [67]

Limitations
Conflict of
Interest
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Old School Type: “in biomedical science, there is a very
widespread feeling that the higher quality you are, the
more you’re going to be raking in, the more patents
you’ll have, and the more companies you’ll be
associated with. [...] There is a big reorganization under
way such that traditional fields, small low funded fields
that endow the institution with great diversity, are
going by the wayside. What you’re going to wind up
with are big juggernauts of work in a few areas like
functional genomics.” [67]
Old School Type: “It’s anathema to me that you can
find people in academic settings who won’t talk about
what they’re doing. They can’t tell you what they’ve
found because of patents, pending patents, or
applications. If you can’t talk openly, it’s bad” [67]

“Usually it’s driven by the investigator. If the investigator really thinks that this is going to have some
kind of applicability, the technology transfer office
will probably agree”. (Dr. Jones)
“You have to indicate in your invention report
already, how could this potentially be marketed,
who would be the potential partners who could
market it“ (Prof. Taylor)
“What leads to success in the majority of cases, if at
all, is that we refer to such companies. Why? Because the companies rather know [Prof. Smith] and
[Prof. Taylor] and know what they do“. (Prof.
Smith)
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“We had meetings with people. So as the technology
transfer arm of the university was trying to market
the intellectual property [...] we had a lot of meetings. In some cases we would travel to companies,
in some cases they would come here and then a lot
of phone calls.” (Dr. Wilson)
The licenses that were negotiated were reported to be
usually exclusive licenses. They were generally considered to be the only possible way to provide enough of an
incentive for companies to engage in the
commercialization of a technology. Some participants
described specific licensing clauses, such as milestones,
or non-exclusive licenses. While these were reported to
encourage the working of the patent or access to research tools, none of the participants described licenses
that promote access to medicines and did not think such
licenses were feasible.
“And the vaccine, well, if we didn’t patent the vaccine to give some sort of exclusivity, noone can
spend five hundred billion dollars developing it.
Okay? There will never be the vaccine. So (that’s
huge) for human health, even though there is some
exclusivity, you have to do it or it just wouldn’t happen.“ (Dr. Williams)
“They say the state is financing the NIH, therefore
the technology should be available to the citizens.
[...] Patents are usually transferred non-exclusively,
[...] so no monopolies are created.” (Prof. Taylor)
“One lever is for the university to include milestones. To say [...] if you don’t develop this within
the next five years, you either have to pay us something, so a penalty in case [...] there is no development [...] or it falls back to us.“ (Prof. Taylor)
Negotiating licenses with firms was described to be
hindered by TTOs, which were in some cases perceived
to be understaffed and weak. In particular at public universities, which have tighter budgets than their private
counterparts. The companies’ legal presence, on the
other hand, was described to be much stronger.
“[P]rivate universities have more money to devote
to their TTOs. [...] And plus the private universities can pay their TTO people more than the
state university people so therefore they get better people. You know, so it’s, what can you say.”
(Dr. Jones)
“[A] big company probably is more difficult […] to
deal with because […] they have lawyers […]. The

Page 8 of 16

more lawyers there are involved the more it is difficult, that’s clear” (Dr. Wright).
Instead of selling or licensing a patent, institutions and
inventor scientists can decide to start their own spin-off
company. All American interview participants mentioned that they had started at least one spin-off while
none of the European participants had. One American
participant stated that establishing a spin-off has become
very common. Generally, scientists reported that a spinoff would be created to continue the development as
long as possible until a favorable license or sale could be
negotiated with a larger company. In this endeavor, they
face limitations in how far they can take their technology
because of financial constraints and participants generally believed phase II clinical trials to be too expensive
for a spin-off.
“The other way of course is to start your own company, which a lot of academics are doing now and
hopefully therefore can draw on private investors
and things to develop their technology. So, I think
that that at least in the United States, it has almost
become epidemic” (Dr. Jones).
„[T]he [spin-off] company is a small company and
the way that these small biotech companies typically
work is that smaller companies can often move
products into phase one trials and sometimes into
phase two trials, but at that point usually if the data
looks promising the products get licensed to larger
pharmaceutical companies“ (Dr. Wilson)
Other exchange pathways discussed by the participants
included advice and service agreements as well as more
collaborative research endeavors. Especially the participants who had been directly involved in the development of the HPV vaccine described that they are
frequently being asked for advice. In this context, companies seem to be more interested in feedback on their
work from experts in the field than acquiring new knowledge or technologies. Sometimes this exchange was facilitated through paid positions at the company, e.g. on
advisory boards. Lastly, formal service agreements facilitate the exchange of knowledge or research materials between private companies and PROs. Similarly to the
advice described above, companies often approach the
scientists directly.
“They [...] commissioned quite a lot of work in that
area from different groups, […] I mean they have their
own expertise in-house obviously, but they wanted to
be reassured by people who were outside of the company that they were getting it right.” (Prof. Thomas)
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“And I work with several other companies on their
scientific advisory boards or as [...] a board member
to try and help them get commercialization and development, translation of the products out there
into the real world.“ (Prof. Thomas)
“I’ve established a model […] of cancer […] So one
company for instance contacted me because they
wanted to learn how to make this model. So for this
we had a service agreement and they came […] just
two, three days just to learn how to make this particular model.” (Dr. Wright)
The interviews also shed some light on more collaborative forms of knowledge exchange. According to the
interviews, research collaborations often come about
through informal, unorganized interactions and knowledge exchange, connecting researchers from the public
and private sector that are working on similar questions.
This is facilitated by confidentiality agreements which
are often signed at some point during the process and
allow for free sharing of knowledge. While the subsequent formalization of a research collaboration is the
mandate of the TTO, scientists described essentially developing preliminary terms with the partner and dictating these to the TTO.
“I believe most cooperations […] happen on a rather
personal basis, so that you are in touch with two,
three others you know personally and then you develop mutual trust and develop things together.
And maybe commercialization is not in the forefront but rather how can we get this technology one
step further?“ (Prof. Taylor)
“I talk to somebody from the company first and
then if it looks like it’s going to be an interesting
collaboration [...] I bring the tech transfer company
in to help with that. [...]I might sort of set up a […]
draft term sheet and say this is how I think they
ought to do business and then they will go and sort
of sort out the details and see if they can make it
work.” (Prof. Thomas)

The inventor scientists’ view on public-private knowledge
exchange

The interview results suggest that the individual inventor
scientists are indeed key actors in the exchange of the
knowledge they create. The scientists also went into
some detail regarding their views on knowledge exchange with private companies. They highlighted that
involvement really depends on individual interest and
commitment.
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“I have kind of acquired this [interest in
commercialization] epigenetically, others don’t have
that as much” (Prof. Smith)
“It’s just who we are. I mean, [... ] we like to be in
charge of our own developments. We were very interested in this whole process [...]. And we thought
it was potentially important, so we didn’t want to
lose control of it. It’s kind of the way we do things”
(Dr. Williams)
An important motivator to engage in knowledge exchange and in commercialization in particular was to
improve human health in general, promote public health
in resource-poor settings or even to achieve universal
access to the resulting product.
“I don’t see the point in developing things to cure
mice; the point is to cure people.” (Dr. Wright)
„I was really keen to see the product used. Cervical
cancer is […] really a disease of the developing
world” (Prof. Thomas)
For the interviewed scientists, the impact on human
health they were working for was mediated by developing products and bringing them to market. They all
stated that to do so, the engagement with industry was a
requirement, not a choice, because PROs were seen to
lack the necessary technical and financial means. The
drug development process was understood to be unbelievably expensive and thus far out of reach for PROs.
„Without a commercial partner there would be no
vaccine. [...] if this was going to be […] useful then
we needed somebody who was going to make it and
sell it." (Prof. Thomas)
“Well, I mean obviously the ultimate goal is to improve human health. […] I feel like the company is
really the fastest way to move these vaccines ahead
into the clinic. So that’s the motivator.” (Dr. Wilson)
„Why do you have to patent? So that companies are
interested. And when are firms interested? If there
is money to make! [...] I mean as the company Bayer
I live from making money and when there is no
money made, there is no company Bayer, easy as
that” (Prof. Smith)
“So if the HPV vaccine had remained in the academic sector, we wouldn’t have the vaccines today.
Nobody would have been able to scrape up the billion necessary for the development” (Prof. Smith)
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Financial incentives also played an important role for
the participating scientists. These included personal financial profit as well as acquiring funds for their institution or the continuation of their own research. Most
participants stated that generating income from
commercialization activities has become more important
for their PROs and themselves, as public funds for basic
research have been reduced. Many participants cited cases
where institutions had made a fortune with one key technology and that they believed examples like these were
motivating PROs to engage in commercialization and professionalise their TTOs. Some European scientists seemed
less enthusiastic, one even saying that licensing revenues
do not justify the high cost of filing patents.
“Universities have become much more proactive in
working with their scientists to try to patent potentially valuable technologies. […] as funds get harder
and harder to come by, government funds for research […] people do look more and more at funding their research by doing things that company
may want to fund. And […] the one way to do that
is to have some good IP” (Dr. Williams)
“[T]he scientists are also very greedy too, all right? I
mean, they really want money, too, [...] there’s really
a financial incentive to everybody to go to technology transfer.” (Dr Jones)
“I would estimate that our university makes twenty
million dollars a year in patents, royalties. […] It’s
not so bad. But some places make, I mean University of Madison Wisconsin had a patent on Vitamin
D or something in the early nineties, I mean they
made hundreds of millions of dollars. Just off one
patent”. (Dr. Jones)
Additionally, one participant stated that his colleaguescientists feel pressured to commercialize their research
in order to “add luster to their resume” (Dr. Williams).
Overall, they described that patenting and engaging in
commercialization had become very common.
“Now people [...] patent everything [...], it’s silly actually. You know, because everybody has become
aware of how valuable these patents might be and
so, they’ve become hypersensitive to discovery” (Dr.
Jones)
Knowledge exchange and access to medicines

While all interview participants stated that they influence the commercialization of their research results, and
that promoting human health was a key motivator for
engaging with industry, they did not believe that they
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could shape their knowledge exchange in a way that
would promote global access to the resulting product.
Except for one participant who mentioned non-exclusive
licenses in the context of public health, public healthsensitive knowledge exchange strategies were not discussed. Instead, a number of interviewees mentioned licensing clauses, such as milestones or non-exclusive
licenses they had used to achieve unrelated goals. Nonetheless, as indicated above, participants believed that
only exclusive licenses would provide enough security
about return on investment to convince pharmaceutical
companies to develop a technology. This suggests that
they believe the promotion of access to the resulting
product would necessarily lead to relevant losses of
revenue.
“You could have exclusive versus non [exclusive
licenses], and some people, you know, won’t deal
with you unless they have an exclusive license because they want to protect their development
process, too. So, it is a give and take on both sides
and I think that it’s usually, you know, it’s a business
decision.” (Dr. Jones)
Qualitative synthesis: scientist-centric model of publicprivate knowledge exchange in medical research

Synthesizing the evidence from both the systematic review and the qualitative interview study, we developed a
researcher-centric model for medical knowledge exchange between PROs and industry actors (see Fig. 2).
This model captures four knowledge exchange pathways. First, scientists exchange knowledge through publishing their research results. Secondly, they scan their
research results for patentability and disclose what they
perceive to be patentable inventions to the PRO TTO.
The TTO usually follows through on filing a patent, and
often follow suggestions of the inventor scientists with
regards to potential commercialization partners and
strategies. Formal licensing or sale agreements are negotiated between the TTO and the industry partner, with
varying input from the inventors. Instead of licensing,
the scientists may initiate spin-off companies, which are
either established through the TTO or with the support
of other funders. Thirdly, companies seek advice or specific services from PRO scientists, who they often contact directly. Formal agreements for services, material or
advice are negotiated between the TTO and the company, but the scientists are often consulted. Foregoing
the TTO; scientists may accept paid positions at firms to
provide advice and knowledge on a more permanent
basis. Finally, scientists exchange knowledge through
personal contacts, which may lead to ideas for joint research. After initial discussions, and potential joint publications, scientists bring in the PRO TTO to formalize
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Fig 2 Scientist-centric model of public-private knowledge exchange in medical research

the collaboration, sometimes even providing draft terms.
The agreement is then negotiated between the PRO
TTOs and the company, usually including regulations
regarding ownership of IP.

Discussion
Knowledge exchange in medical research

The results of the systematic review, as well as the interview study, show that the public-private exchange of
medical knowledge occurs through four pathway complexes: (1) the publication of research results in journals
or at conferences; (2) the transfer of research results
through patents and subsequent license, sale, or spin-off
companies, (3) problem-specific formal exchange of advice, services, or material; or positions within the company; and (4) exchanges based on informal contacts
which may give rise to formalized research collaborations. The scientists themselves were found to be key actors particularly in the early stages of these exchange
pathways: Scientists decide whether to publish or patent
research results, they are consulted in commercialization
efforts by their institutions’ TTOs, they usually initiate
the establishment of spin-off companies, and informal
contacts established by them are crucial in the development of joint research endeavours. According to our results, their influence lessens over the course of the
exchange pathway, although there is evidence that particularly senior scientists are engaged and consulted by
the drug developer all the way through to market entry
and beyond.
The scientists engaging in the exchange of knowledge
in medical research appeared to be highly visible, well
connected, male researchers. The motivations to engage
with private partners prominently include improving

human health through developing and making available
new medicines. Financial interests also appeared to be
relevant factors, particularly the generation of licensing
revenues for academic institutions, although 84% of U.S.
university TTOs, in fact, operate at a loss [78]. Similarly,
in 2010 TTOs in Germany were supported by the state
with a total of €9,6 million, while making only €4,9 million in revenues [79].
The interview results indicate that the knowledge exchange process is driven by individual scientists who see
an application for the knowledge they created and initiate knowledge exchange processes with industry. In this,
the scienstists approach and connect their institution
and potential private partners. Within the Triple Helix
Model, such individuals are called “entrepreneurial scientists” [42], researchers who generate scientific knowledge and simultaneously examine it for commercial
opportunities. In the qualitative study, we found attitudes and strategies that most closely resembled the
“New School” professor described by Owen-Smith and
Powell (2001), engaging with industry to promote the
practical application of innovation and ultimately public
health [67]. Limitations of industry engagement included
a focus on applied research as well as conflict of interest.
Reflecting these issues, a 2010 study in France found
that 33.3% of academics in pharmaceutical research confirmed that patenting opportunities influence their research agenda [80].
Knowledge exchange and access to medicines

According to the results of the systematic review and
interview study, medical scientists were sceptical regarding their ability to engage in public health-sensitive
knowledge exchange and unaware of most of the
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available strategies. In the interview study, this scepticism seemed to stem from four core beliefs: (1) bringing
a medical product to market requires “a billion” in investments, (2) promoting affordability necessarily entails
significant loss of revenue, (3) in public-private knowledge exchange negotiations, universities have a weak
negotiation position, and (4) the development of new
medical products is only possible through the involvement of industry actors.
First, the costs associated with developing a drug remain intransparent. The most recent estimate of USD 2,
6 billion per approved drug is mostly based on selfreported data provided by pharmaceutical companies
[81]. This and most other figures are impossible to verify
and have been heavily contested [82–84]. The not-forprofit drug development initiative DNDi has instead suggested that research and development costs range from
USD 100–150 million per approved drug, accounting for
attrition and risk of failure [84]. These costs cover the entire process from exploratory early discovery - the riskiest
of all research stages- to the market. However, at the point
where universities begin engaging with industry partners
regarding the development of a medical product, they
have often progressed beyond the risky, early research
stages. In the HPV vaccine case, for example, vaccine candidates had already been developed, their efficacy in animal models had been tested, and production methods had
been explored. In cases like these a substantial part of the
costs of development have thus already been shouldered
by the PROs and ultimately, the public.
Second, the risk of reduced return on investment
placed on industry partners through the implementation
of public health-sensitive knowledge exchange strategies
may be lower than medical scientists appear to believe.
According to the WHO, only 18% of the global vaccine
market is captured by developing countries [85]. Pushing
for affordability of HPV vaccines in LMICs would arguably have limited impact on revenues, and there is no
evidence that the differential pricing applied under the
Pan American Health Organization’s revolving fund and
GAVI has led to re-imports or otherwise affected revenues of manufacturers [86].
Third, pharmaceutical companies increasingly seek and are
dependent on interesting technologies emerging from public
research institutions to supplement their own pipeline. Many
are in fact reducing their in-house early-stage research activities, sometimes with the explicit aim of out-sourcing basic
research to public institutions [87–89]. This leads to an increasing dependency of pharmaceutical companies on inlicensing scientific knowledge from public institutions for the
development of medicines. As scientists are generally responsible for initiating and designing such agreements, they might
thus be in a better position to negotiate alternative transfer
strategies than they appear to be aware of.
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Finally, there may be alternatives to engaging with private companies in the development of new medicines. In
the current drug development system, biomedical and
pharmaceutical firms are indeed the only entities developing and producing medical products on a large scale.
However, these endeavours are already heavily supported
by publicly funded knowledge as well as direct state
funds [90, 91]. A not-for-profit drug development program with a scope beyond neglected tropical diseases,
such as a global funding mechanism for global health research and development as proposed by the WHO,
would offer scientists a chance to turn their research
into products without the caveats of industry entanglement and promote access to the resulting medicines.
Such measures may enable scientists to support the
realization of universal health coverage and access to affordable medicines, key components of the Sustainable
Development Goal on Health [22]. It would also help
abate some of the side effects of the current drug development system, such as biases in clinical trials, lack of
research into new antimicrobials and other unprofitable
health issues, as well as increasing financial pressure on
social health insurances [92–96]. In addition, the intellectual property regime has so far failed to deliver on its
promise of fostering innovation [97, 98].
However, until such changes are made, some public
health-sensitive knowledge management strategies that
promote access to medicines are already available. In
other medical fields, universities are increasingly exploring the implementation of public health-sensitive licensing practices [99, 100] and a set of global health sample
clauses extracted from successful agreements can be
found on the website of the Association of University
Technology Managers [101]. Our results indicate a number of ways in which the implementation of public healthsensitive knowledge exchange strategies could be promoted. First, the scepticism regarding the implementation
of public health-sensitive transfer practices among PRO
scientists appeared to be based on an incomplete,
industry-friendly understanding of the commercialization
process. This suggests that education and training on drug
development and transfer strategies may enable scientists
to be more self-determined and informed when engaging
with biomedical and pharmaceutical enterprises. Medical
curricula, in particular, should include unbiased education
on drug development. Second, institutional policies, or national legislation, should mandate public health-sensitive
knowledge exchange in publicly funded research. This
study also suggests additional avenues for promoting access to medicines that may be worth exploring. For example, informal exchanges, mature spin-offs looking to
sell to a larger firm, or paid positions on advisory boards
may be leveraged to promote access to medicines. This
could possibly be achieved through institutional or
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regional standards of conduct for spin-offs or informal
communications. Moreover, legal capacity building at the
level of PRO TTOs could further strengthen the position
and self-determination of PROs and individual scientists
when engaging with private partners, whose legal presence
appears to be perceived as overwhelming. Lastly, projects
such as the University Report Card that monitor universities’ global health practices and evaluate stewardship of
IP, could promote transparency and commitment to these
issues [102].
Strengths and limitations

This study represents the first qualitative research on
medical technology transfer with a specific focus on access to medicines and vaccines. It draws on a systematic
literature review as well as extensive, in-depth interviews
that generated detailed data on the commercialization
process and key results were consistent across interviews
and studies. The study was explorative in nature and
followed a case study approach, thus limiting the
generalizability of data across other fields of medical research. There is also a risk of social desirability bias,
which we aimed to minimize in the conduct of the interviews. The interviews were conducted in German and
English, data thus had to be analysed across different languages and quotes had to be translated, possibly affecting
the research results. In addition, most interview participants were male; the female perspective on the issues
under study, therefore, remains underrepresented. We
also chose to focus on the role of the inventor scientist
and used a case study of successful commercialization.
Building on our research, future studies should include
TTO professionals and private actors; and include
scientists with less experience in private engagement to
triangulate different perspectives. Limitations of the systematic review include that the screening process could
not be conducted in duplicate due to resource constraints.
However, the screening strategy was piloted on a large
portion of the studies in duplicate and all uncertainties regarding the decisions on the remaining studies were discussed within the research team to ensure the quality and
rigor of this review.

Conclusion
From the systematic review and the interview study, we
identified publications, formal transfer of patented
knowledge, problem-specific advice or service agreements as well as informal exchanges and collaborative
research as the main avenues of public-private knowledge exchange in medical research. The inventor scientists played a key role in determining which pathway was
adopted and how it was framed, tailoring these processes
to achieve the fastest possible translation of their research into marketable products to benefit human
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health. The involvement of pharmaceutical companies
was perceived to be a prerequisite for the successful development of such products and had to be incentivized
through lucrative knowledge exchange strategies, such as
exclusive licenses. In the interview study, we found scepticism towards the implementation of public healthsensitive knowledge exchange strategies, as these were
believed to deter corporate interest in the development
of new medicines and thus risk the translation of the
scientists’ research.
Discussing these findings within the context of the financial gains and risks as well as the roles currently
played by public and private entities in drug development, we find that the views among medical scientists at
PROs appear to be biased towards an industry-friendly
perspective of medical research and development. We
thus suggest that until a delinked model of medical research alleviates the conflict between public and private
interests altogether, education of medical students and
researchers on the processes, power relations, and financial realities of knowledge exchange and drug development, as well as improved institutional and legal backing,
could be key in improving the success of public healthsensitive knowledge exchange strategies.
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