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Abstract
The findable, accessible, interoperable, reusable (FAIR) principles for scientific
data management and stewardship aim to facilitate data reuse at scale by both
humans and machines. Research and development (R&D) in the pharmaceuti-
cal industry is becoming increasingly data driven, but managing its data assets
according to FAIR principles remains costly and challenging. To date, little
scientific evidence exists about how FAIR is currently implemented in practice,
what its associated costs and benefits are, and how decisions are made about
the retrospective FAIRification of data sets in pharmaceutical R&D. This pa-
per reports the results of semi-structured interviews with 14 pharmaceutical
professionals who participate in various stages of drug R&D in seven pharma-
ceutical businesses. Inductive thematic analysis identified three primary themes
of the benefits and costs of FAIRification, and the elements that influence the
decision-making process for FAIRifying legacy data sets. Participants collec-
tively acknowledged the potential contribution of FAIRification to data reusabil-
ity in diverse research domains and the subsequent potential for cost-savings.
Implementation costs, however, were still considered a barrier by participants,
with the need for considerable expenditure in terms of resources, and cultural
change. How decisions were made about FAIRification was influenced by legal
and ethical considerations, management commitment, and data prioritisation.
The findings have significant implications for those in the pharmaceutical R&D
industry who are engaged in driving FAIR implementation, and for external
parties who seek to better understand existing practices and challenges.
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The findings have significant implications for those in the pharmaceutical R&D
industry who are engaged in driving FAIR implementation, and for external
parties who seek to better understand existing practices and challenges.
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1. Introduction
The FAIR principles articulate the importance of making scientific research data
findable, accessible, interoperable, and reusable (FAIR) [1]. These principles
have been initiated in a few academic institutions and have thus gained pop-
ularity and endorsement [2], leading to their wide acceptance by policymakers
[3], funding councils [4], publishers [5], and research communities [6]. The ulti-
mate goal of these aspirational principles is to enhance the data infrastructure
by enabling data reuse at scale by both humans and machines [7]. It has been
estimated that not having FAIR research data costs the European economy at
least €10.2 billion per year [8]. As such, governments [9], international [10], and
local [11] organisations are using the FAIR principles to drive data management
strategy in both the public and private sectors.

Seeing the potential of implementing FAIR principles, the pharmaceutical in-
dustry has responded quickly [12] and is tackling the data challenges faced by
these large, complex global enterprises [13]. Implementing these principles as
effective data management strategies could amplify the value of data assets
through higher data reusability [14]. As pharmaceutical research and develop-
ment (R&D) is increasingly becoming a data-driven process, significant effort
must be devoted to managing its data assets efficiently and effectively. Over
the past two decades, the cost of drug R&D has risen ten-fold, whereas the num-
ber of approved new drugs has steadily declined [15, 16]. For many years, the
Innovative Medicines Initiative (IMI) has sponsored data management projects
that have dealt with developing data centres. These projects have shown that
proper data asset annotation and management is a complex, resource-intensive
process that must be improved [17, 18, 19, 20].

Progress has been made towards the adoption of these principles, led by the
Pistoia Alliance FAIR toolkit, a pharmaceutical company collaboration in the
pre-competitive space that aims to facilitate FAIR implementation [21], and the
FAIR cookbook from the IMI FAIRplus project. The latter is an activity of the
FAIRplus project, an ongoing EU project to develop tools and guidelines for
making data FAIR in collaboration with the European Federation of Pharma-
ceutical Industries and Associations (EFPIA) [22]. These initiatives, which play
a significant role in transforming data management and stewardship, make a
concerted effort to drive FAIR implementation in pharmaceutical R&D.

Previous research has shown that adopting FAIR guidelines for data manage-
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ment has the potential to increase the efficacy of drug R&D [12, 13]. More
specifically, studies reported that the availability of FAIR data for its original
purpose and beyond (primary and secondary use) can accelerate innovation and
reduce the time needed to bring a drug to market [12]. Furthermore, this im-
provement in the discovery and development of innovative medicines has been
driven by the exploitation of advanced analytical technologies, such as artificial
intelligence (AI) and machine learning [23, 24, 25, 26].

Despite the potential that the FAIR principles offer pharmaceutical R&D, their
implementation poses significant challenges. Existing research has briefly high-
lighted the obstacles that might impact the effective implementation of FAIR at
an enterprise level [12, 27]. A lack of financial investment, technical infrastruc-
ture, training, and cultural change were the most commonly identified barriers.
However, it is balancing the requirements of diverse stakeholders involved in the
R&D, enterprise, IT, and business domains that presents the most significant
challenge [3, 12, 13]. A recent study indicated that most pharmaceutical compa-
nies were at an early stage of internal FAIRification, focused on the process of
aligning data sets with FAIR principles [28], which is often driven by use cases
due to these challenges [13].

Retrospective FAIRification—making legacy data sets align with FAIR principles
—offers significant potential, but this also remains limited [29]. A recent report
found that the reason FAIR is hard to achieve at scale in the pharmaceutical
industry is due to the challenge of dealing with existing legacy data [30, 31].
A key challenge in retrospective FAIRification is the cost, which includes the
upfront cost of revising legacy data to comply with data standards, the previous
investment in legacy systems, and the cost of data loss during transformation
[27].

Although some previous research has discussed FAIR implementation in the
context of pharmaceutical R&D [12, 13], there is little study of its actual imple-
mentation in a company setting. In this paper, we examine current approaches
to FAIR implementation in pharmaceutical R&D using a qualitative approach
that explores the experiences of pharmaceutical professionals. This paper will
be of interest to those in the pharmaceutical industry who are engaged in FAIR
implementation and to external parties who seek to better understand exist-
ing practices and challenges. Ultimately, the results will be used to develop a
decision-making framework to aid decision makers in pharmaceutical R&D to
determine whether FAIRifying a legacy dataset is worth the cost of the invest-
ment, and to help them prioritise their data sets accordingly.

2. Method
In this study, we conducted semi-structured interviews to gain deep insights
into the current implementation of FAIR data principles in pharmaceutical
R&D. Semi-structured interviews effectively capture the complexities of a phe-
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nomenon and enable further in-depth exploration of experts’thoughts in an
open-ended manner [32, 33, 34]. The interviews aimed to comprehensively ex-
plore the thoughts of the experts involved in FAIR implementation, and covered
the associated costs and expected benefits, and how decisions were made about
the retrospective FAIRification of data in pharmaceutical R&D.

2.1 Participants

We recruited 14 participants (4 females and 10 males) working in pharmaceuti-
cal companies involved in the implementation of the FAIR data principles. The
sampling used both purposive and snowball techniques [35]. The inclusion cri-
terion was at least two years’experience handling life science data and working
with FAIR guiding principles. Participants were recruited from the European
Federation of Pharmaceutical Industries and Associations (EFPIA) members
participating in the FAIRplus project. Eligible participants were sent invita-
tions to take part in online interviews using the email address that appeared on
their personal pages or those provided by the FAIRplus project team. Table 1
summarises the participant profiles, including their role in their companies and
their area of expertise.

Table 1. Summary of participant information

ID Role Area of expertise Experience years
P1 Data manager Data curation

across biopharma
and functional
genomics

P2 Assistant head Data and
knowledge
management in
R&D

P3 Data director Data
management,
data science, and
AI in R&D

P4 Data curator Bioinformatics,
identifiers, and
data hosting

P7 Alliance manager Clinical
pharmacology
and Safety
Sciences

P8 Data manager Data ontology
and mapping
domain
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ID Role Area of expertise Experience years
P9 Manager of

discovery
programmes

Drug
development and
biomarker
research

P10 Member of data
strategy team

Life science
informatics and
drug discovery

P11 Director Ontologies,
standardisation
processes,
curation, data
strategy and
FAIR definition

P12 Principal analyst Bioinformatician
in neuroscience

P13 Principal
scientist

Data curation of
clinical and
preclinical
studies

P14 Senior director Data
management
plans and project
sustainability

2.2 Procedures

All participants provided informed consent prior to taking part in the study.
Each was interviewed once online (via Zoom) by a single researcher (the first
author). The interview started with a brief introduction to the study. All
the interviews were audio-recorded, transcribed and anonymised. Each of the
sessions lasted between 30 and 60 minutes. The interview questions were used
as prompts for the discussions, which varied in terms of detail depending on the
role of an interviewee. The interview guide covered the following questions:

• What are the motivations for your company’s FAIRification programme?
• What kind of FAIRification are you targeting—prospective or retrospective

FAIRification of data sets?
• Which parts of the drug discovery value chain are more important for

FAIRification than others?

2.3 Analysis

The interview transcripts were uploaded to the qualitative data software NVivo
12, and were thematically analysed [36]. The themes were identified using an

chinarxiv.org/items/chinaxiv-202211.00202 Machine Translation

https://chinarxiv.org/items/chinaxiv-202211.00202


inductive method (open coding) using the following steps: (1) repeated read-
ing of the transcripts by the first author for familiarisation with the content;
(2) initial ideas converted into relevant concepts–codes; (3) preliminary codes
identified to contextualise the data; and (4) themes reviewed iteratively until
each code was effectively represented by the extracts attached to it. Finally, an
independent coder (second author) who was not involved in the study design or
theme generation was given the codebook and transcripts to test the reliability
of the coding. The inter-coder reliability analysis of the transcribed interviews
yielded a percentage agreement of 79.1% and Cohen’s kappa (�) of 0.66, which
indicates substantial agreement.

2.4 Ethical Approval

The study was granted ethical approval by the Research Ethics Committee of
the University of Manchester (Ref.: 2019-7982-12464).

3. Results
3.1 Themes

The thematic analysis identified three primary themes: FAIRification benefits,
FAIRification costs and the FAIRification decision-making process. Each theme,
along with relevant sub-themes (Figure 1 [Figure 1: see original paper]) is de-
scribed in further detail below.

Figure 1. The thematic analysis themes and sub-themes

The perspective of the pharmaceutical professionals was that FAIR data stew-
ardship should be considered a corporate data management strategy, important
for improving efficiency. FAIR implementation was viewed as particularly im-
portant for pharmaceutical R&D due to the complex and disconnected data
landscape. The participants emphasised that the FAIR data principles would
address several issues inherent in their company settings, such as siloed, project-
based data and constant changes in knowledge and expertise. They saw working
in a FAIR environment as breaking these siloes, facilitating data sharing prac-
tices and ensuring business continuity.

Participants emphasised that implementing FAIR principles is a new practice
in their pharmaceutical organisations; community practices are still developing,
and growing knowledge about FAIR implementation is still in the process of
being assimilated by pharmaceutical R&D units. A few companies have initiated
data FAIRification projects on a larger scale, but most are considering data
FAIRification in the context of specific use cases.

3.1.1 Theme 1: FAIRification Benefits This theme describes the bene-
fits expected from implementing FAIR principles in pharmaceutical R&D. The
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reusability of data assets at scale was identified by the participants as the main
benefit. This process was seen as useful in generating value from data assets by
enabling companies to utilise the data to create novel scientific insights through
facilitative use of advanced analytical approaches, such as AI. The expected
financial impact in terms of cost savings and time was also discussed.

(1) Reusability of data assets

The reusability of data was considered the main advantage of implementing
FAIR principles in pharmaceutical R&D. The participants stated that they have
an enormous amount of legacy data and want to utilise and repurpose those
assets to exploit their full value. They explained there are teams specifically
concerned with historical data and attempting to convert the data to align with
FAIR principles.

“We have loads and loads of legacy data. We would, as much as
possible, like to utilise those data as well. That is why there are
teams dealing with those legacy data and trying to transform those
data such that they fulfil the FAIR requirements.”(P1)

The participants also emphasised that reusing previously generated data has
long-term benefits for pharmaceutical R&D, particularly in disease-related areas
in which legacy data may offer alternative indications for a drug that compa-
nies already have—positive or negative aspects that they may not have realised.
As an example, one participant mentioned the response to the COVID-19 pan-
demic, which would have benefitted from aligning SARS-CoV-2 data with FAIR
principles.

“. . . it’s driven by a massive societal issue. We are desperately
trying to go back and look at what we knew from SARS 10 years
ago.”(P8)

The participants stated that the application of FAIR principles could create
“future-proofing”and thereby enable rapid innovation. They emphasised that
the availability of data in a FAIR format would enable large-scale analysis and
the use of innovative, AI analysis methods, such as machine learning techniques.

“The data are in a form that can be cut and diced based on the
questions that are being asked rather than the original preformed
hypothesis that’s being tested. You open up the doors for machine
learning and artificial intelligence.”(P5)

Although the ultimate goal of FAIR implementation is reusability, the partici-
pants also noted that improved findability would add a tangible benefit to their
businesses, as finding data sets of interest is currently a huge issue in large and
complex pharmaceutical organisations. They reported that their data and in-
frastructure is fragmented across many departments and the simple ability to
find what already exists would be extremely beneficial.

“We are still back at the F of FAIR. I think just finding the data
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would be a big win. For people to find a study, to be able to find
all studies across the company with a certain compound or a certain
disease would be very useful.”(P6)

An added advantage is that ensuring compliance with FAIR principles presents
real value in facilitating data integration. The participants stated that render-
ing existing data interoperable would improve their ability to integrate large
volumes of data and validate results.

“The value of it is the ability to integrate. I want to have more data.
I think biologists also recognize that. They want to be able to look
across and compare their data with others to see if you get similar
results or contrasting results.”(P11)

(2) Cost savings

Aligning data with FAIR principles would have a positive financial impact on
pharmaceutical organisations, as it would enable them to maximise value from
their data assets. They explained that the availability of relevant data can pre-
vent the duplication of experiments, which in turn, lowers costs and accelerates
timelines across the R&D pipeline.

“I can see that it also benefits on the financial side in that if you have
a fully FAIR system, then you should be able to avoid redundancies
in experiments.”(P2)

Data scientists were identified as primary beneficiaries of implementing FAIR
principles, as the availability of FAIR data would save time and money by
allowing them to focus on what they considered to be more important, skilled
work.

“I think for individual scientists, they spend so much time working
on data sets that there is a time and efficiency saving to be achieved
if they can easily get a hold of the data sets that they need to do
their work. That frees them up to do other more exciting work,
writing papers, or going back to the lab.”(P2)

The participants mentioned drug repurposing as an example of reusing existing
data in a different way. They stated that repurposing or reusing the same
data models or data templates allows for the rapid analysis, transformation or
curation of data. This practice helps with identifying the promising drug targets
which accordingly minimises costs that accompany the launch of a medicine in
the market.

“If you’re able to do target identification quickly or be able to do
a drug repurposing. It’s more about saving time and saving costs.”
(P12)

3.1.2 Theme 2: FAIRification Costs This theme centres on the costs
associated with implementing FAIR data principles in pharmaceutical R&D
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departments. Despite the potential future reduction of costs where data have
been FAIRified, the FAIRification process itself entails considerable expenditure
in terms of resources, both technical and human. Cultural change was also raised
as a primary concern in effectively implementing FAIR principles.

(1) Resources

FAIRification was collectively acknowledged by the participants as a resource-
intensive task, especially when it was carried out retrospectively. Participants
noted that an issue consistently arose: the resources that are available for imple-
menting FAIR principles in their organisations. Resource costs associated with
this task included the time, effort, and potentially standing up expenses.

“It is the resource costs of curators and data specialists, data stew-
ards; the resource costs of defining and building metadata models;
the implementation costs of things like a reference and master data
management.”(P3)

An internally integrated infrastructure was regarded as a requirement of FAIR
implementation, due to inconsistency in the existing internal systems. The
respondents identified several internal IT applications (e.g., identifier systems,
ontology services and storage databases) that support FAIR implementation.
However, they also argued that these applications are incompatible with one
another and require sophisticated design to achieve effective integration and
reconciliation.

“If you don’t have applications in IT infrastructure, so servers,
databases and data acquisition pipelines, if that is not all in place,
then you have disconnected in the execution of that data capture and
analysis interpretation. That creates potential breaks in the FAIR
backbone because you don’t have a connected integrated system.”
(P5)

For some participants, FAIRification is a distracting task that diverts an indi-
vidual’s attention from what he/she is supposed to do during a novel scientific
investigation. The respondents asserted that the time spent aligning data with
FAIR principles might affect an individual’s productivity and thereby signif-
icantly influence a company’s day-to-day business of drug discovery. They
stated that the FAIRness of the data is not their top priority, but rather a pri-
ority secondary to the scientific progression of the project. They declared that
individuals and groups in their businesses are assessed on their productivity and
research outputs, and not against longer-term objectives such as the extent to
which they generate FAIR data.

“People will tell you,‘I have my setup in place. My objective, I don’
t know . . . do another clinical trial, track a new market, this kind
of stuff’. They will see this FAIRification as a distraction. This is
your typical problem in FAIR data.”(P10)

Additionally, some participants discussed continuity and long-term objectives as
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essential to the implementation of a FAIRification programme. Within industry,
staff churn and organisational change occur frequently. This is a major issue, as
personal knowledge plays a significant role in familiarity with the data sets.

“It is a situation where you have a high turnover of staff and a high
turnover of expertise. Having the results of work in a FAIR format
ensures business continuity. What if individuals leave or for some
other reason, or there’s a change in focus which results in a loss of
expertise.”(P2)

(2) Cultural change

A pressing issue in pharmaceutical organisations is that the current culture is not
conducive to the implementation of FAIR data principles, and that awareness
needs to be raised about the importance of FAIR principles to achieve the
required cultural change.

“What is needed, as I said, is the cultural change. It is the under-
standing of their data and it is the understanding that delivering
FAIR data does increase the resources to produce those data.”(P1)

Skill sets identified as necessary for data FAIRification were related to eight dis-
tinct types of knowledge or abilities, namely, ontologies, metadata, data analy-
sis, data stewardship, domain knowledge, software, technical skills (at scientific
and computational levels) and communication. These competencies will ensure
a team has professional expertise in FAIR data handling. Almost all the par-
ticipants stated that knowing how to create metadata and use ontologies in
particular were necessary skills.

“I think data stewardship is really key. In addition, it would be
infrastructure people who know how to set up a knowledge graph and
how to maintain a knowledge graph. How to establish the ontologies
—ontology is another central point.”(P1)

Investing in training as a facilitator of organisational culture and the subsequent
implementation of FAIRification was also viewed as important. FAIRification
was described as an emerging process in their companies, that required raising
awareness and educating individuals about why they should adopt this new
practice.

“It is an investment in training individuals; it’s not so much in the
development of software systems.”

Another aspect that participants found important for promoting FAIRification
was the existence of incentives, in particular for legacy data. Participants high-
lighted that the prevailing culture at the organisational level did not encourage
retrospective FAIRification processes, as there was no incentive to do this and
rather there was counter-pressure to meet the required productivity rates. They
stated that the only incentive provided to them is encouragement from project
managers or project teams.
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“The legacy is always going to be an issue. How you’re going to
push people to go back to their data and really make it FAIR, that’
s going to be an issue, unless there’s some reward at the end.”(P11)

3.1.3 Theme 3: FAIRification Decision-making Process This theme
addresses how decisions are made about whether to FAIRify existing data sets.
It covers prioritisation and resource allocation, ethical and legal considerations,
and the role of management in the process.

(1) Data set prioritisation

Participants noted that prioritising legacy data for FAIRification is a complex
process within R&D departments. They described the success of this task as
primarily dependent on optimal resource use, which would in turn depend on
capacity issues and the volume of legacy data. They emphasised that priori-
tisation is based on the data set’s value and relevance to each corresponding
project.

“We have to be selective. The reason against would be we have a
lot of legacy data, and people have to say that they’re interested in
it, or someone has to make a decision that these data are valuable
enough to invest in the work required for FAIRification.”(P6)

The participants also emphasised that a data set’s uniqueness and competi-
tive advantage make it a high priority for FAIRification. If the data set can
be demonstrated to confer a competitive advantage for their organisation, this
would make it a higher priority for the curation and re-annotation necessary to
align it with FAIR principles.

“Whether the data set is actually proprietary to the organization. If
it is a competitive advantage that will raise its profile and its priority
for curation.”(P5)

The participants also identified the characteristics of a data set as a factor that
plays a significant role in prioritisation. They tended to prioritise data sets
according to their data quality: how complete the metadata were and whether
they met existing standards.

“When I look at the characteristics of legacy data and whether it’s
worth FAIRifing them or not, I tend to think along the lines of how
complete is the existing metadata? Does it conform to an existing
standard? What is the potential scientific or business impact?”(P5)

Participants also highlighted the importance of balancing the costs and benefits
of data set FAIRification when making a prioritisation decision. This entailed
estimating the resources required to FAIRify the legacy data and the expected
need for the data.

“Within pharma, that’s similar in terms of the cost benefit. . .
There is willingness, it’s just how much it’s going to cost and which
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data sets are worth it.”(P11)

The views of research scientists were important in identifying requirements and
assessing the expected benefits.

“I think we rely on the research scientist to tell us what they need and
what they would like. We can give them examples of the benefit of
FAIRification, they say if they like it or not. They give us feedback.”

It was not always the case that FAIRification was viewed as the most cost-
effective option. The cost of experiments is decreasing so dramatically that
it may actually be more efficient to rerun an experiment using new types of
instruments than to reuse existing data, unless the data are unique. Advances
in technology mean the effort that goes into working with historical data is not
necessarily worthwhile.

“You’re dealing with the advance of technology and the advance of
the quality of data and the advance in the range, sensitivity, depths
of analysis that you can perform. All of those things are driving
against investing large amounts of effort into working with historical
data”. (P2)

Some participants reported a drive towards generating new data sets in prefer-
ence to maintaining historical data, particularly in genome sequencing, as the
cost of re-sequencing is actually lower than the cost of managing existing data.
They reasoned that new data sets would also allow more relevant data to be
obtained, along with better analysis due to advances in equipment and even
gene editing to introduce or remove genes that might be relevant to a disease.

“. . .Maintaining the raw data files from genome sequencing is not
cost-effective, Because the cost of re-sequencing is lower than the
cost of maintaining the data archive.”(P7)

(2) Legal and ethical considerations

Legal and ethical issues are a major consideration in the decision about whether
to FAIRify data. The legal aspect of access rights is a significant issue due to
its complexity and the lack of clear process for accessing previously generated
data sets, which may incur a significant cost to clarify. Legal complications are
a particular challenge when multiple countries are involved, and each country
has its own legislation with regard to access to legacy data.

“Sometimes . . . you have all the legal aspects to get it or not,
actually pretty expensive to clarify, if you can actually access these
data. Some of these data are constrained with respect to what kind
of consent you have. What can you do with this data set? The legal
aspect is very complex especially for this FAIR, it doesn’t really fit
with the big and clear process.”(P10)

Another issue affecting accessibility is that a lot of data are generated through
contract research organisations (e.g., service providers), who retain control over
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access and privacy issues in their research agreements.

“The access component we are still working on because it is very
complicated in our area because of the research data agreements.”
(P14)

Although it would be more efficient to FAIRify clinical data than conduct new
studies, as this is a particularly expensive part of drug development, ethics com-
pliance is an issue in the reuse of this type of data. The collection of clinical
data involves considerable compliance processes, which may be subject to retro-
spective challenges with respect to regulations, audits and patient privacy. For
example, if patients in the original study did not explicitly consent to sharing
the data, then it may not be legally possible to reuse that data.

“Retrospective use of data from clinical trials can often be a problem,
simply because the older informed consent from past clinical trials
may not be drawn up in such a way that reuse of the information is
actually possible.”(P7)

(3) Management commitment

The participants stated that decision making about retrospective FAIRification
is a joint process between upper management and a data strategy team. They
explained that the process requires interaction between these divisions as a
managerial decision is required to approve data FAIRification, while a strategy
team decides on how to make progress with the process.

“That would be a joint decision between the business leader of that
domain and IT leader for the cost to do that FAIRification and the
value that would return scientifically or corporately as a business/
commercial function.”(P5)

Management is obliged to approve a particular FAIRification process, but this
approval is based on a discussion with a team that is empowered to determine
how to actually execute the process and with which data to commence.

“Then there is a team. Then that team proposes a route, how to
get to a FAIR omics data landscape. This route then, obviously, is
discussed with management and has been approved. This is how the
process goes. There is a strategic decision to go into the field, and
then the team decides how to deal with that field.”(P1)

The importance of having a long-term data strategy was raised as a critical
factor for the enforcement of FAIR principles, with buy-in from the highest
level necessary to executing this successfully.

“It is a bottom–up request but a top–down instruction, endorsement
of following these processes. That doesn’t mean that all the depart-
ments, all the therapeutic areas, are very strongly aligned. There, I
feel that within the company now, there is also a momentum shift
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looking to almost a president level decision on making sure all the dif-
ferent activity lines and strategies are following the same harmonised
FAIRification approach.”(P13)

3.2 Conceptual Model

Although it is now more common to consider FAIR implementation in phar-
maceutical R&D at the beginning of the project (FAIR by design), the FAIR-
ification of legacy data remains a major focus. How decisions are made about
retrospective FAIRification thus emerged as the primary concern in pharma-
ceutical R&D. This process has several steps, depends on many factors and
involves various stakeholders, as illustrated in Figure 2 [Figure 2: see original
paper]. The cooperation between the management team (which may include
the IT leader, middle manager, and lab head) and the data team (including
data providers and producers (e.g., researchers), data consumers (e.g., data sci-
entists), and data stewards) facilitates the process of selecting legacy data for
FAIRification. The data team may begin by prioritising use cases (an example
or experiment) and identifying related studies based on their relevance to each
corresponding project. In other cases, the management team selects specific
data for FAIRification.

This prioritisation of use cases is influenced first by factors such as ability to
access the data set and the ethical governance requirements. Then, the data
team assesses the effort required to FAIRify the data based on its character-
istics (e.g., whether it meets existing standards, how old it is). At the same
time, they also identify the benefits of FAIRification based on the value of the
data set. The data team provides feedback to management who will ultimately
approve FAIRification based on their assessment of both the scientific and the
business case. If management approves the proposed FAIRification, the data
team then defines the process and determines the scope of the project, and the
requirements involved in FAIRifying the chosen data set. Finally, management
allocates resources (employees to do the work, a certain amount of time, etc.)
to carry out the FAIRification. Once the FAIRification has been completed, the
FAIRified data are approved again by the management, so the data team can
add the data to the company data catalogue. There is also some time allocated
for ad hoc processes in case any stakeholders (e.g., researchers, scientists) have
a specific use case or a question that they need to be addressed.

Figure 2. Conceptual model for the FAIRification decision-making
process

4. Discussion
This study examined the implementation of FAIR principles in pharmaceutical
R&D, through semi-structured interviews with 14 pharmaceutical professionals.
The thematic analysis of the transcripts enabled us to gather insights about the
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practical realities of implementing the FAIR data principles in the field. Three
primary themes emerged: FAIRification benefits, FAIRification costs and the
FAIRification decision-making process. We found that adherence to FAIR guide-
lines can potentially improve drug R&D by generating current and future value
from the reuse of data assets. Nevertheless, FAIRifying data entails consider-
able expenditure in terms of resources, both technical and human, along with
training to promote cultural change. The decision-making process for retrospec-
tive FAIRification is complex, involving multiple teams and stakeholders, and
requiring interaction between data scientists and management.

The findings reported here are supported by those of previous studies investigat-
ing the implementation of FAIR principles in the pharmaceutical industry [12,
13], which highlighted the expected benefits of the implementation of FAIR prin-
ciples and the anticipated requirements for financial investment, cultural change,
training and the technical infrastructure. Research has also highlighted the
challenge of dealing with legacy data [30, 31]. FAIRifying data retrospectively
remains challenging when data and metadata are curated and re-annotated ret-
rospectively [29]. We extend the literature by documenting another critical
aspect of FAIRification—the decision-making process.

The reusability of data assets for the generation of further value was identified
as the primary driver of FAIRification. This could enable repurposing of a drug
that a company already has or uncover further uses or potential side effects
which may not otherwise appear without further experimentation. For exam-
ple, the availability of previous SARS-CoV-2 data presented in a FAIR format
has contributed to an efficient response to the COVID-19 pandemic. In a simi-
lar vein, a recent study demonstrated that the availability of FAIRified primary
genomic data could have helped the response to the pandemic [35]. To ensure an
effective response to future outbreaks, several active communities have started
defining the roadmap for FAIR implementation in health data [36, 37]. The re-
spondents said that readily available data would enable large-scale analysis and
powerful new AI analytics. These arguments are consistent with the findings
of several studies that reported improved analysis owing to the availability of
substantial high-quality, better-curated data [12]. In addition to effective anal-
ysis, advanced drug discovery processes are also enabled by the availability of
well-managed data [38, 39, 40].

Culture change was noted as essential for the effective implementation of FAIR
principles, in terms of raising awareness within an organisation of the potential
value of FAIR data. Investment in training would be required to help people
understand the value of reuse, as well as why data are an asset to companies.
This cultural shift is expected to change people’s perspectives of what they
are valued for—that they are highly regarded not only for completing immediate
project objectives, but also for creating valuable data sets for use in the future.
An important consideration, however, is that there are prerequisites to adopting
a FAIR culture, in particular, demonstrating how working in a FAIR-oriented
manner generates long-term advantages and benefits, and being able to provide
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examples of FAIRification. Other studies have highlighted the importance of in-
vesting in culture change for the purpose of advancing the use of FAIR data in
pharmaceutical companies [12], and that culture change is the principal obstacle
to FAIR data implementation [41]. The respondents in this study stated that
the only incentive provided to them at present is encouragement from project
managers or project teams. The literature appears to have devoted little at-
tention to incentivisation, and studies that do explore this matter have been
conducted in academic, rather than industrial, contexts [42, 43, 44, 45].

Legal and ethical considerations are also important in the FAIRification decision-
making process. Accessing legacy data can be complex, as the access request
process often has an ad hoc design. This may be due to the fact that many of
their data are generated by research organisations, which often retain control
over access. While the value of reusing clinical data is clear, there may be ethical
issues in terms of patient privacy and consent. Other studies have reported
similar ethical challenges when it comes to implementing FAIR principles in
human [46] and clinical [47] data. A recent review of FAIR data in health and
medical research introduced additional principles to support compliance with
legal requirements [14]. The authors showed how to resolve privacy and access
challenges in handling health data, such as using privacy-enhancing technologies
for anonymisation and minimising the risk of privacy breaches. Another study
proposed using a FAIR-aware patient consent framework for data providers of
human genomic data sets [48].

The current study has a number of limitations. The sample size was small due to
a lack of participants who meet the inclusion criteria as FAIR implementation is
a new area in pharmaceutical R&D. Participants were aware that they were be-
ing interviewed by a researcher focused on the development of a decision-making
framework for FAIRification to be used by stakeholders in pharmaceutical R&D,
which may have biased their responses. Moreover, when selecting participants,
we targeted pharmaceutical professionals with different levels of experience and
involvement in various aspects of FAIRification. This means that our sample
comprised senior-level participants who were involved in management decision-
making and other employees with prior FAIRification experience. Respondents’
perspectives might have differed if they had been implementing FAIRification
as part of their day-to-day business. As with all interview studies, the results
may not generalize to other samples or populations.

5. Conclusion
This study examined the implementation of FAIR in pharmaceutical R&D,
which is a new practice in many pharmaceutical organisations. We found that
the implementation of these guiding principles as a form of cooperative data
management has the potential to increase the higher reusability of data assets
and significantly reduce costs of drug discovery and development. Nevertheless,
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it remains the case that retrospective FAIRification in particular entails signif-
icant costs, and that a culture shift is required to support its implementation.
One of the significant findings to emerge from this study is the identification of
the process of how the decision about retrospective FAIRification is made.
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