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‘Big Data’ informed drug development:
a case for acceptability
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Data, which help inform various stages of drug product development, are increasingly being collected
using newer, more novel platforms, such as mobile applications, and analysed computationally as much
larger ‘Big Data’ data sets, revealing patterns relating to human behaviour and interactions. Medicine
acceptability gauges the ability and willingness of patients to take their dosage forms. It has become a
crucial human component of drug product design. Vouching for the age appropriateness of medicinal
products, acceptability related data are now expected by regulatory bodies. Shifting from traditional
paper-based to electronic data-gathering platforms will allow the pharmaceutical industry to collect
real-world, real-time, clinically relevant data, capable of informing current and future drug product
development, reducing time and cost, and setting foundations for patient-centric drug product design.

Introduction
Data help inform the four stages of pharma-
ceutical product development [1]. Increasingly,
drug product development is being driven by
‘Big Data, extremely large data sets that can be
analysed computationally to reveal patterns,
trends, and associations, especially relating to
human behaviour and interactions. ‘Big Data’
can also be characterised as the ‘5Vs’ [2]: (i)
value: data can only be of value when applied to
make better and faster decisions; (ii) variety:
whether the data that are available are struc-
tured, semistructured, or unstructured; (iii) ve-
locity: the speed of data generation and analysis;
(iv) veracity: the truthfulness of the data gath-
ered; and (v) volume: the amount of data
available.

Various platforms and technologies are al-
ready used within the pharmaceutical industry
to collect and analyse ‘Big Data; including the

use of artificial intelligence to optimise admin-
istration of controlled-release formulations [3]
and predict drug behaviour using in vivo-in vitro
correlations [4]. Mobile applications (apps) are
another platform being explored, although
current adoption, based on downloads, has not
been so successful [4]. However, there remains
an opportunity for the industry to develop apps,
targeted at the increasing number of patients
taking active measures towards understanding
disease and medicines, which encourage and
sustain behavioural changes to support a
patient’s needs [5].

The repurposing or adaptation of existing
technological platforms, such as wearable
devices used in conjunction with smartphone
apps, provides an alternate approach for col-
lecting ‘Big Data. Newer studies have incorpo-
rated biometrics and unique personal identifiers
within wearable sensors for capturing various

unconscious physiological responses (e.g., heart
rate, respiration rate, stress level, etc.) to stimuli
[6].

A successfully developed drug delivery sys-
tem has several key considerations: acceptabil-
ity, efficacy, manufacturability, and safety. In
recent years, acceptability has gained substan-
tial focus from the pharmaceutical industry and
regulatory bodies. The European Medicines
Agency (EMA) defines acceptability as ‘the
overall ability of willingness of the patient to use
and its caregiver to administer the medicine as
intended’ [7]. Acceptability of orally adminis-
tered medicines, those most commonly avail-
able, requires recognising and considering
characteristics of both the end-user and the
medicinal product, including swallowability,
palatability, and administration [8].

An unacceptable medicine could lead to
medication rejection, a crucial issue for healthcare
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providers and caregivers because the prescribed
course of treatment is incomplete. Interpatient
variability for medicine acceptability might also
exist, where one formulation is better suited to a
particular cohort over another (e.g., the use of
orodispersible tablets in patients with dysphagia).
This becomes problematic for patients with
chronic disease because it can have prolonged
effects on overall wellbeing.

Digital technologies could be used to collect
medicine-acceptability ‘Big Data’ by the phar-
maceutical industry, supporting real-time, in-
formed drug product development while
minimising the crucial issue of medication re-
jection because of unacceptable medicine ad-
ministration. One way in which this could be
achieved is in a manner analogous to patient-
reported outcomes (PROs), which uses ques-
tionnaires to provide a direct response from
the patient regarding their health condition,
without a healthcare provider or caregiver in-
terpretation [9].

PROs, similar to medicine-acceptability
assessments, are often recorded using paper
questionnaires, which are practical and easy, but
can result, because of misinformation or mis-
interpretation, in unanswered questions, multi-
ple responses to a single question, or answering
beyond the nominated boundaries [10]. These
errors can compromise recorded data because
of the presence of missing values. Paper-based
data collection also involves several time- and
cost-expensive processes, including printing
and packaging questionnaires and transcribing
responses [10].

Regulatory bodies have recognised the tran-
sition to electronic data recording, with studies
that have harnessed the Internet shown to lower
costs associated with data collection [11], at-
tractive for larger population-based studies used
in clinical trials. The EMA has expressed support
for the development of digital tools to support

the approval of medicinal products [12]. To
ensure the safe and effective use of medicines,
comprehensive advice will be provided, even at
early conceptual stages [13]. As digitalisation of
patient healthcare data increases, assisted by
high-quality real-world evidence, the US Food
and Drug Administration (FDA)-designed MysS-
tudies App has the capability to improve the
efficiency of clinical trials by enabling input of
real-world data directly by patients, linked to
their electronic health data records [14,15].

Legal and ethical issues for data capture and
storage, and technical, reimbursement, and re-
muneration requirements are some of the bar-
riers associated with these advanced
technologies [11]. Importantly, the design and
development of technologies and applications
should not be in isolation of the desired end-
user. Instead, collaboration between healthcare
providers, academic institutions, and pharma-
ceutical companies will be essential to maximise
the use of ‘Big Data’ to inform drug-product
design [16]. Together, the collected ‘Big Data’
would enable informed development of current
and future assets with all stakeholders benefit-
ing from the result.

Here, we consider how data associated with
patient acceptability are currently obtained,
what additional data would be useful to obtain
and, consequently, how ‘Big Data’ could be
generated to inform drug product design.

Development data

‘Big Data’-informed drug product development
with associated technologies has the potential
to reduce both time, approximately two dec-
ades, and cost, upwards of a billion US dollars,
required to develop and release new active
pharmaceutical ingredients (APIs). As described
earlier, many drug discovery programs have
been assisted through various implementations
of ‘Big Data’ technology. Novel platforms could

be used to collect, store, and analyse data
generated from the phases that follow drug
discovery (Fig. 1), helping to accelerate the drug
development process while improving the de-
sign of age-appropriate, patient-centric medi-
cines. The individual phases where ‘Big Data’ for
medicines acceptability exists are further dis-
cussed herein.

Preclinical trials

Preclinical APIs must pass safety assessments
before formulation design is considered. For
age-appropriate formulations, product life-
cycles and requirements will vary depending on
the target population. For paediatric formula-
tions, the safety profile of the API will likely have
been determined in association with the de-
velopment of the adult drug product in pre-
clinical and adult clinical studies. The right
medication, dose, patient, time and route must
be considered when administering an accept-
able medicine [17]. In paediatric patients, this is
especially important because any potential
aversive reactions might prevent dose repetition
if and/or when required.

Given that APIs are often bitter and require
taste masking, the ambition is to develop for-
mulations of neutral taste, because strong fla-
vours might become unacceptable with
repeated administration [7]. Excipients, such as
taste-masking agents, sweeteners, and flavours,
can be introduced where improvements are
required. Care must be taken to ensure that the
final product is not too attractive, particularly for
children, because this is known to increase rates
of accidental poisoning [7].

Sensory analysis studies help assess the ac-
ceptability of designed formulations.
Nonhuman trials using the electronic tongue
(e-tongue) [18] test formulations in a laborato-
ry environment with optimisation of the ‘best’
performing products before human studies.
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FIGURE 1

Diagrammatic representation of a typical drug development pipeline. The figure displays where ‘Big Data’ already exist (red) and a proposal for where ‘Big Data’
for patient acceptability could be captured to improve drug product development (orange).
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Human sensory assessments rely on small co-
hort responses collected using paper-based
questionnaires. Combined, these tests produce
both qualitative and quantitative data, which
with time, could enable the generation of ‘Big
Data’ for different formulations. These larger
data sets could be used to create predictive
models capable of selecting the most accept-
able formulation composition, demonstrating
the capacity and ease of ‘Big Data’ technologies
and platforms for data capture, storage, and
analysis.

Clinical trials

A drug product entering clinical trials will be
assessed by a diverse cohort, increasing in
number and heterogeneity through each phase:
Phase |, healthy volunteers; and Phases Il and III,
patients with the targeted disease. Clinical
trials offer greater insights into medicine-
acceptability profiles and potentially provide a
rich resource of ‘Big Data’ used to inform future
drug product development.

Early Phase | trials determine drug product
tolerability. Data obtained from these assess-
ments combined with the preclinical data set
could enhance predictions of the overall ac-
ceptability and tolerability of a drug product in
healthy participants, helping to eliminate earlier,
less successful, future formulation candidates.

Phases Il and Ill are likely to generate the
greatest volume of medicine-acceptability data
because of recruitment numbers, and the pos-
sibility that the disease state might alter char-
acteristics essential to acceptability profile
determination. Age can also influence the per-
ception and acceptability of a particular drug
product, important in paediatric and geriatric
cohorts.

From the ‘Big Data’ collected, it might be
possible to make incremental changes to a
formulation (e.g., change in flavour) during
Phase III. If the asset is too far into development
and changes cannot be made, the data can be
useful for either the future of the life cycle of this
API (e.g., use of the product in different patient
populations) or different APIs in development
with similar acceptability. If an age-appropriate
formulation was not acceptable, a project team
might decide to delay the product to get it
correct for first launch.

Given that real-time, continuous monitoring
of patients in real-world environments is less
likely to be achieved with traditional paper-
based methods (discussed earlier), where mea-
sured outcomes are an infrequent snapshot of
the participant within an unnatural environment
[19], Phases Il and Il provide the optimal envi-

ronment to use ‘Big Data’ technologies and
platforms to collect, store, and analyse clinically
relevant, real-time data sets. Furthermore, these
technologies do not depend on manual tran-
scription of data into appropriate databases and,
therefore, do not suffer from a lack of data entry
and validation.

Marketing application authorisation and
approval

The final application for a formulated drug
candidate must present evidence that the API
provides the required effects during trials when
prescribed as recommended for the wider pa-
tient population affected by the disease. Guid-
ance issued by the EMA states patient
acceptability must be a fundamental compo-
nent of paediatric formulation development and
must be described in the paediatric investiga-
tion plan (PIP) [20].

Digital technologies and platforms can ac-
celerate the filing of new applications through
real-time, real-world qualitative and quantitative
drug product attribute data, automatic storage
in cloud databases, and subsequent data anal-
yses. This provides a significant advantage
compared with paper-based data collection
methods and also makes documentation of this
requirement far easier. Overall, these modern
‘Big Data’ technologies could reduce costs as-
sociated within both clinical trial Phases and
marketing authorisation processes, and have
been recognised by regulatory bodies
[12,13,15], further encouraging their use in drug
product development.

Postmarketing surveillance

Postmarketing surveillance allows for extensive
data collection of medicinal and consumer
health products and devices because of further
increases in population size and diversity; in
addition, time for data collection is greater than
in the stages discussed thus far. The two main
forms of post-marketing surveillance are: (i)
monitoring of adverse drug reactions (ADRs);
and (ii) detection of falsified medicinal products
under the Falsified Medicines Directive (FMD),
2013 (Directive 2011/62/EC) [21].

The former allows ADR reports to be collected
by local regulatory agencies, analysed to identify
and categorise ADRs, and assess incidence.
Mobile technologies are already used for ADR
reporting to local healthcare agencies or regu-
latory bodies, although data are not immedi-
ately transferred to market authorisation holders
unless product recall is necessary. The latter
aims to prevent entry of falsified medicinal
products into supply chains, minimising the risk

of such products reaching patients. Subse-
quently, two safety features on medical product
packaging anticipated for human use and/or
consumption, as stipulated by the Commission
Delegated Regulation (EU) 2016/161 [22] were
introduced: (i) a unique identifier: a 2D data
matrix barcode (QR codes) scanned along the
medicine/device supply chain to determine
authenticity; and (ii) an anti-tamper device
(ATD).

Real-time transfer of information simulta-
neously to local regulatory bodies and market
authorisation holders to enable capture, stor-
age, and analysis of data for future drug
product design could be achieved with the
compulsory technologies defined within the
FMD. This is important because the mass dis-
tribution of products to increasingly diverse
global populations could reveal the possible
introduction of falsified medicines into the
supply chain. Additionally, previously unex-
plored insights during the premarket stages,
including use and/or performance as intended,
reporting of pharmacovigilance issues, and
understanding the effects of patient preference
on repeated dose products could be further
analysed. Postmarket acceptability assessments
could, with time, collect data to aid determi-
nation of the most acceptable formulations for
a specific patient population, rather than tar-
geting the general population during product
launch (Fig. 2)

Wanted: new acceptability data

The growing number of patient-centric drug
products necessitates the consideration and use
of patient medication-acceptability data to
support informed drug product development
throughout the pipeline, as outlined in the
previous section. Acquiring these data will be
easier for certain routes of administrations and
formulation types, such as oral drug products.
The various oral formulation acceptability pro-
files have been extensively studied, as reviewed
by Mistry and Batchelor [23].

Although regulatory authorities, including the
EMA [7,24], FDA [25], and the International
Council for Harmonisation (ICH) [26], highlight
the importance of developing medicinal pro-
ducts suited to the characteristic of targeted
patient groups, especially paediatric and frail
geriatric populations [27], there remains an
absence of ‘recognised’ pharmacopoeia testing
for determining medicines acceptability. The
current qualitative assessments are laborious,
time consuming, and conducted on smaller
groups of trained panellists [28], unrepresenta-
tive of the final patient population.
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FIGURE 2

Summarised representation of the volume and availability of data throughout the drug product pipeline, which could aid informed drug product design of
future, acceptable medicinal products. The figure is divided into premarketing, with the key stages of marketing authorisation, and application and approval,

followed by post marketing.

The platforms and technologies described
earlier provide an ideal opportunity to reach
end-users to obtain real-world, real-time ac-
ceptability data during drug product develop-
ment or post marketing, helping to inform both
processes separately. The Noldus FaceReader®
provides an example of facial recognition and
video analytic technologies that has been used
to assess drug palatability of postmarketed
medicines in children [29,30]. Through appro-
priate recruitment and platform customisation,
assessments of medicine acceptability may in-
form future prescribing practices through
observations of patient compliance and/or ad-
herence during chronic treatment regimens. It
might also be possible to identify potential
relationships, previously unknown, between
medication adherence and physiological mea-
sures, using digital feedback systems and in-
gestible sensors located within pill-sized
electronics that confirm tablet swallowing for
patients with chronic conditions [31]. Further
analyses could help reduce rising costs and
inefficiencies troubling healthcare systems,
associated with unused medicines and poly-
pharmacy.

Randomised controlled trails remain the gold
standard. However, use of real-world patient
data could accelerate drug approval processes,
reducing time to market and support treatment
recommendations and guidelines [32,33]. ‘Big
Data’ could enable regulatory bodies to make
informed decisions from analysis of non-
randomised patient data [33], particularly for
drug repurposing. As personalised medicine

becomes increasingly important, acceptability
data will drive the future of medicine manu-
facture through informed drug product devel-
opment.

Concluding remarks

With regulatory bodies increasingly recog-
nising the importance of medicine-accept-
ability data for drug product development,
and the use of mobile technologies for cap-
turing data throughout clinical trials, the
pharmaceutical industry needs to continue
adopting the shift away from traditional pa-
per-based practices to electronic technologies
and platforms. The collection of real-world,
real-time, clinically relevant data during the
various stages outlined herein could culmi-
nate in ‘Big Data’ data sets capable of
informing drug product development. Im-
portantly, medicine-acceptability data could
allow for meeting the requirements of wider
patient populations and reducing medication
rejection, laying the foundations for future
patient-centric drug product design. Together,
both time and cost to the pharmaceutical
industry might be reduced through the col-
lection of language normalised data, while
also accelerating the availability of more
patient-tailored pharmaceuticals.
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