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ARTICLE INFO ABSTRACT
Keywords: The increasing awareness of acceptability and usability of pharmaceutical drug products by the patient as a key
Patient centric quality requirement continues to drive need for integrating patient centric drug product design into the phar-

Drug development
Drug product design
Target product profile

maceutical development process. The complex matrix of multiple drug product related decisions during the early
drug development process often limits patient-centric drug product (PCDP) design options in the final com-
Acceptability mercial drug product development phase. To integrate the specific needs and perspectives of patients into drug
Medication errors development and product design process, a rational approach integrated into the complex development matrix is
Effectiveness required from the start and weighs product development decision options accordingly. The aim of this work was
Compliance/adherence to develop a roadmap for PCDP design in a multidisciplinary approach that leads to better usability, adherence
and acceptance of the drug by patients via early integration into the development matrix. The proposed rational
approach is based upon regulatory requirements and lessons learned from pediatric and geriatric drug

development.
1. Introduction passive role, patients are more and more taking an active part in the
decision-making process as they are the most critical factor in the
Due to progress in pharmacotherapy and the resulting variety of implementation of therapy and physicians increasingly implement
therapeutic options, as well as the social development towards shared decision making on the therapeutic approach [1]. Without the
increasing personal responsibility and individuality, the role of the pa- active and continued contribution of the patient, the product might not
tient and care giver ecosystem has steadily evolved. From a rather be taken properly and hence therapeutic outcomes are likely to be sub
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‘{ Step 1 - Investigational attribute

* The major attributes related to the medical-disease
condition, patient conditions, therapeutic criteria and
drug property attributes are systematically assessed and
collected without any judgement on their level of
relevance for the final product design.

* The objective of this initial assessment is to obtain a
thorough understanding of the disease expression,
characteristics of patients with this disease and the
patient needs associated with the therapy.

‘( Step 2 - Consequence of attribute

]i

* The investigational attributes are further specified with
regard to the disease/patient/drug specific
consequences of the attribute concerned.

* The consequences of all attributes are listed as single
items in order to judge each individual of their priority
level.

{ Step 3 - Area of attribute impact

}7

* The systematically collected consequence of attributes
are evaluated with regard to the areas, which are
impacted by this attribute.

* The objective is to understand the dimension of an
attribute on the therapeutic outcomes

—( Step 4 - Priority level 1 (low) to 10 (high) scale

]i

* Each investigational attribute is judged by the relevant
disciplinary expertise with regard to the priority for the
drug development, and the drug product design. The
priority is defined by the specific benefit-to-risk in the
specific disease and patient population.

* The classification criteria for the ten priority levels to be
defined in advance.

Step 5 - Derived requirements and options for TPP
(Design output)

]7

*The requirements for the attribute according to their
criticality are defined in the TPP to mitigate the risk and
increase the benefit for the patients.

Fig. 1. Steps in the Roadmap to define the important patient needs in the
development of the Targeted Product Profile (TPP).

optimal.

The provision of safe and effective pharmaceutical drug products to
be used and administered by the patients, care givers and healthcare
professionals have to fulfill a number of important criteria to display the
best benefit-to-risk profile. Besides the efficacy and safety of the drug
compound, which is essential for the clinical outcome, the finished
pharmaceutical drug product needs to be of high quality and stability,
affordable cost, accessible as well as acceptable and usable by the end
user. Over the past decades, evidence is emerging on the importance of
the acceptability and usability of pharmaceutical drug products and the
contribution this might have to non-adherence, medication errors, other
medication related problems and undesired therapeutic outcomes.
While the problems in dealing with existing pharmaceutical products are
well described [2 -4], our knowledge regarding optimal drug product
design and the implementation of patient-centric drug product design
[5] within existing regulatory/clinical guidelines remains very limited
[6-8]. However, there is increasing scientific and regulatory research on
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the patient perspective throughout the development process of new
therapies [9,10] including acceptability and usability of the drug
product. These issues have already been recognized for the pediatric
patient population, but are equally acute for other patient populations
such as geriatric or multimorbid patients [11].

Considering the complexity of the matrix of a new drug product
development, the intrinsic physico-chemical and pharmacological
properties of a drug compound, the variety of different patient charac-
teristics and needs, the existing regulatory and industrial requirements
as well as the timely access for patients to effective new therapies, the
integration of patient-centric pharmaceutical product design remains a
major challenge [8,12]. In addition, the multiplicity of different stake-
holders, tasks and deliverables, the need for scientific evidence of
patient-centric drug product development and design as well as the lack
of regulatory guidelines, are challenges for cross-disciplinary discus-
sions and joint research. To overcome these barriers, a pragmatic,
rational, and stepwise process commonly agreed between different
stakeholders and development organizations is required. One such
approach is suggested in this paper. Since each drug development pro-
gram is specific to the disease, the drug compound and the intended
patient population, the process considered must be general in nature to
serve as a RoadMap. It must be able to justify the scientific approach
taken during development of the patient-centric drug product, including
the rationale for product design decisions and associated risk mitigation
during the early development stages and scale-up. While there are
probably no solutions to all problems yet, a better solution can be
developed for every product, through a RoadMap that will improve the
product design by qualified assumptions to support decision making
without compromising equally important quality requirements of the
final drug product, its approval and patient access. The RoadMap can
also be applied in life cycle management to further improve the product
design or better serve additional patient population.

This publication is intended to serve as a proposal for a RoadMap
towards patient-centric drug product design to stimulate further input
and scientific discussions with other experts and stakeholders across all
disciplines.

2. Methods

The Patient Centric Medicine Initiative (PaCeMe) is a multidisci-
plinary stakeholder group of academic and industrial individuals with
specific expertise covering various aspects of drug development and the
interface of patients with their medical products.

After reaching consensus that the complexity of the subject as well as
the development matrix of a new drug product will require a case-by-
case approach, it was acknowledged that it would not be possible to
provide a single, generally applicable RoadMap. However, there was
consensus that a RoadMap can be developed that provide a logical
framework and process to steer identified patient needs towards inclu-
sion into PCDP development and design. For the RoadMap development,
the following preliminary considerations were defined:

Leverage prior experience and work done in similar field (e.g.,
product development and clinical supplies in pediatrics, geriatrics)
e Use of available information related to patient characteristics and
needs in disease or discipline specific guidelines, documents or
publication (screening of literature and regulatory guidance)
Follow the principles of a rational, meaningful and practical
approach, taking into account the feasibility of implementation
Define knowledge gaps, methodological limitations, and issues with
qualification and quantification of results to be addressed in future
research

e Assure all stakeholder inclusion and users involvement in the
RoadMap for product development and life cycle



S. Stegemann et al.

+ Drug profile
* Clinical efficacy
* Drug Safety

Drug Characteristics
Design input

* Medical conditions/criteria
* Patient conditions
* Therapeutic conditions/criteria

Patient Characteristics
Design input

A

* Product requirements

* Manufacturing requirements

* Supply chain requisites

* Market Access
criteria/regulatory

Product characteristics

Design input
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Step1

Investigational
attribute

Step 2

Consequence of
attribute

Step 3

Area of attribute
impact

TPP

Step 4

Priority level 1 (low) to
10 (high) scale

Step 5
Derived requirements
and options for TPP
(Design output)

Fig. 2. The various characteristics considered for each step in the RoadMap to define the important patient needs and transfer into the Targeted Product Pro-

file (TPP).

e For practicality reasons, the framework development was limited to
oral dosage forms, but should be adaptable and applicable to other
dosage forms as well

Based on the preliminary considerations a screening of the literature
and regulatory guidance documents relevant to the RoadMap was per-
formed and analyzed. In addition, subgroups were formed to collect
insights on (1) patients and therapeutic conditions; (2) acceptability; (3)
formulation and manufacturing; and (4) market access and prescribing
with a focus on type 2 diabetes mellitus. This information served
RoadMap the objective to demonstrate the practicality of the RoadMap
as a case study.

3. Results
3.1. Screening of literature relevant to the RoadMap

A screening of the literature identified approaches developed within
the pediatric drug product development space. Severin et al described
the importance of forming a Pediatric Expert Group within the company
to enhance internal collaboration and external collaboration with e.g.,
research networks, academic institutions and public private partner-
ships to enhance the quality and efficiency of pediatric medicines
development [12]. Sam et al proposed a framework for the development
of drug products for pediatric populations. The framework includes
considerations for the selection of age-appropriate dosage forms and
how to make use of existing formulation approaches and technology to
the benefit of the adult populations as well [13]. The WHO and Unitaid
published guidance on the clinical and pharmaceutical development of
pediatric antiretroviral drugs consisting of 10 modules. Modules 5, 6 and
7 provide useful information about the state-of-the-art knowledge, gaps
and potential solutions to assess and achieve acceptability (Module 5),
to involve patients and their community (Module 6) and define an
appropriate Target Product Profile [14]. Additionally, precompetitive
consortia have been established in Europe like e.g. the European Pae-
diatric Formulation Initiative (EuPFI) that aims to resolve scientific,
regulatory and technological issues associated with paediatric formu-
lation development [http://www.eupfi.org/] or the European Paediat-
ric Translational Research Infrastructure (EPTRI) which aims to
accelerate the pediatric drug development [https://eptri.eu/].
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The proposed definition of patient-centric pharmaceutical drug
product design describes a 3-step approach. Four different factors were
identified as design drivers in the first step (characteristic of disease/
condition, characteristic of drug substance/physiology, characteristic of
drug therapy, characteristic of drug product, patient characteristics) for
which design inputs and design outputs can be described in the second
and the third step respectively to guide the drug product development
process [5].

Human factor engineering and ergonomic methods for medical de-
vice development provide a framework to assess the product-user
interface and to assure a smooth and error-free interaction between
the product and the user by an iterative design process with direct user
involvement [15].

A design process can also be guided by a heuristic problem-solving
approach, building on the ability and intuition of the users when
interfering with a drug product with the goal of ensuring ease of use
without user instructions. A three-step process was proposed, (1) define
how the product should be used, (2) identify the most serious challenges
of the usage and any resulting complications that must be avoided and
(3) identify solutions that support users best while minimizing the
cognitive effort required to use the product. The heuristic approach can
be used prospectively based on existing knowledge and retrospectively
by gaining more knowledge for further product improvements [16].

4. Screening of the regulatory framework relevant for the
RoadMap

Over the past 15 years, the patient’s perspective has increasingly
become the focus of regulatory science as one of the important factors in
the treatment cascade. The guidelines and reflection paper cover a va-
riety of aspects to achieve better PCDP e.g., by including patient
involvement in drug development, addressing safety issues like medi-
cation errors, considerations for special populations (e.g. pediatric,
geriatric, frail), considerations for dosage forms (e.g. beads, sprinkle,
administration through feeding tube) and the use of digital tools like real
world data and evidence (table 1, supplemental material).

For example, Patient Reported Outcomes (PRO) defined as a “report
that comes directly from the patient (i.e., study subject) about the status
of a patient’s health condition without amendment or interpretation of
the patient’s response by a clinician or anyone else” were introduced in
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Table 1
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The theoretical development of a new drug product profile for Diabetes Type 1 & 2. Process to determine and analyze product requirements in the Target Product

Profiling step*.

Step 1 Investigational attribute
(Design input)

Step 2 Consequence of attribute

Step 3 Area of attribute
impact level**
1 (low) to 10

(high) scale

Step 4 Priority

Step 5 Derived requirements and options
for TPP (Design output)

Drug Characteristics

Design consideration: Drug profile
Bioavailability variability

Drug lipophilicity/solubility
Drug absorption

Drug metabolism

Drug clearance

Drug stability

Polymorphs

Design consideration: clinical efficacy & safety

Dose requirement
Biologic half-life
Taste

Adverse Drug Reactions
pH dependent solubility

Patient Characteristics

Design driver: Medical conditions/criteria
Varying glucose level

Varying glucose level

Disease cluster

Nephropathy

Retinopathy

Neuropathy
Achlorhydria

Design driver: Patient conditions
High age

Homeostasis

Kidney function
Multimorbid conditions

Multimorbid conditions
Dexterity impairments
Grip strength limitations

Visual impairments
Visual impairments

Visual impairments
Stigmatization

Design driver: Therapeutic conditions/criteria
Polypharmacy

Polypharmacy
Swallowing function
Swallowing function
PPI co-prescription

Over-, under-dosing

Food effect, Over-, under-dosing
Pharmacogenomics
Pharmacogenomics

Organ functions

Degradation products
Bioavailability

Dosage form, volume size
Drug concentration within the
therapeutic window

Negative perception

Patient harm

Bioavailability

Hyperglycemia
Hypoglycemia

Distinct co-morbidity profiles
PK changes

Visual impairment

Physical functioning
Bioavailability

vulnerability
vulnerability

CKD
Cardiovascular disease

Chronic Kidney Disease

Dosage form manipulation/
handling
Usability — product handling

Product identification
Dose adjustment/
selection (e.g. insulin)
Product information
Social participation

Therapeutic complexity

Drug-drug-interaction

Oral dosage form size/shape
Medication error — tablet crushing
Bioavailability

Safety, efficacy
Safety, efficacy
Safety, efficacy
Safety

Safety, efficacy
Efficacy, safety
Efficacy

Usability, Acceptability
Efficacy, safety

Adherence
Safety, non-adherence
Safety, efficacy

Efficacy, long term co-
morbidities

Safety, cardiovascular
disease

Drug-drug & drug-disease
interactions

safety

Usability, medication
errors

usability

Safety, efficacy

Safety, Adverse Drug
Reaction

Safety, Adverse Drug
Reaction

Safety
Drug-drug-interactions,
safety
Drug-drug-interactions;
safety

Adherence, safety

Adherence

safety

Medication errors Safety
Safety, efficacy

Medication errors Safety
Adherence, efficacy

Adherence

safety

Safety
Adherence, safety
Adherence, safety
Safety, efficacy
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Biomarker, adherence monitoring
Solubility enhancement

Clinical data and guidance

Clinical data and guidance
Number of dose strengths options
Stability targets

Stable or stabilized crystalline form

Alternate forms (injectable) or multiple
dosing units

Dosing regimen, Modified release
formulations

Taste masking

Prescribers information & education

Drug delivery technology (e.g. amorphous,
enteric form)

Flexible dosing, drug half-life

Glucose control, adherence monitoring,
biomarker
Prescribers information & education

Dose adaptation guidance,

Range of dose strength

non-filigree distinguishing feature
Dosage form design, packaging design

Drug delivery technology (e.g. modified
release)

Clinical data and guidance
Clinical data and guidance

Clinical data and guidance
Clinical data and guidance

Clinical data and guidance
Ready to use dose strength options
Dosage form design, Packaging design

non-filigree distinguishing feature
non-filigree distinguishing feature

Leaflet letter size, audio option
Discrete design

Once daily, FDC

Physician education/alert, label warning
Formulation/product design
Formulation/product design

Drug delivery technology (e.g. modified
release)

(continued on next page)
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Table 1 (continued)
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Step 1 Investigational attribute
(Design input)

Step 2 Consequence of attribute

Step 3 Area of attribute
impact

Step 4 Priority
level**

1 (low) to 10
(high) scale

Step 5 Derived requirements and options
for TPP (Design output)

Product characteristics

Design driver: Product requirements

Product differentiation to other products
used in this indication

Packaging requirements

Acceptability, Identification

Acceptability, country specific
requirements

Acceptability & usability of self- Therapeutic monitoring
diagnostic devices

Independent of food Therapeutic complexity

Safety, Medication errors
Adherence

safety
Efficacy, safety

Acceptance, Medication

errors

Intuitive/learned use
Drug degradation, impurities
Toxicity, bioavailability

No preparation steps required
Stability in targeted regions
Excipient characteristics

Safety, Medication errors
Safety, accessibility
Safety, drug-drug-

Product design (colors, imprints, shapes)
Packaging design

Human Factors Design

Formulation design, drug delivery
Minimize specific use requirements

Formulation, stabilizer
Alternative excipient

modulation interactions
Design drivers: Manufacturing requirements
Physical state Stability Safety, efficacy Formulation
Dosage form Capabilities Adherence Alternative dosage form
Excipients Stability safety Alternative excipient

Excipient variability Out of specification

Design drivers: Supply chain requisites
Manufacturing site On time supply issue

Manufacturing cycle time Limited on demand reactivity

Number of qualified supplier Dependency on supplier

Design drivers: Market Access criteria/regulatory
Added value evidence third line classification
Added value evidence Re-imbursement

Manufacturing costs affordability

Health Insurance No reimbursement

Accessibility, out of stock

Out of stock
Out of stock

Out of stock

Patient access
Patient access

Limited patient access

Limited patient access

Alternative excipient/formulation

Higher safety stocks, flexible manufacturing
(additive, continuous)

Higher safety stocks, flexible manufacturing
(additive, continuous)

Multiple sourcing strategy

Comparative study to golden standard
HTA measure on drug product design
impact

flexible manufacturing (additive,
continuous)

Early negotiation, patient value
demonstration (HTA measure)

* Some companies use e.g., Multi-stakeholder or Active Listening Meetings which serve as a process to systematically collect information for the Target Product Profile,
** Classification criteria for the ten priority levels have to be defined and established in advance. Since the prioritization highly depends on the drug compound

characteristics, no priority numbers were included in this case study example.

2009 [8]. These were included in the latest regulatory science initiative
to develop a series of Patient Focused Drug Development guidance [17].
This initiative has been taken up by the ICH publishing a Reflection
Paper on how to progress the inclusion of the patient experience and
perspectives into patient focused drug development [18].

Real world data are emerging as an important source to understand
the patient perspective and support regulatory decisions [19]. The EMA
has recently set up the DARWIN EU coordination center to integrate real
world data in the medicine evaluation process [20]. Furthermore, the
European Network to Advance Best practices & technoLogy on medication
adherencE (ENABLE) is a multi-disciplinary EU network aiming to raise
awareness of adherence enhancing solutions, foster knowledge on
medication adherence at patient, treatment and system levels, accel-
erate translation of this knowledge to useful clinical application and,
work collaboratively towards economically viable implementation of
adherence enhancing technology across European healthcare systems
[21].

From the regulatory guidance documents, the EMA Good practice
guide on risk minimisation and prevention of medication errors [21,22]
describe some important drug product design related factors including
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tools for the evaluation during development to mitigate the risk of
medication errors. Similar guidance has been published by the FDA
[23].

Regulatory guidance and reflection papers provide consideration on
the pharmaceutical drug product development and design for the pe-
diatric population as well as for older people (see supplemental mate-
rials). These considerations include aspects of the different dosage
forms, formulations and physical attributes as well as aspects of their
predicted practical use like stability in multi-dose compartment aids,
subdivision and use in enteral feeding tubes. The EMA reflection paper
on physical frailty provides regulatory consideration on the relevant
assessment instruments to be used to ensure that truly frail patients are
included in the clinical trials [24]. For a detailed compilation of regu-
latory guidance see supplemental material.

5. Summary of the working groups

The particular characteristics of the patient with a specific disease
might differ across the span of age and disease stage. Patients with multi-
morbidity are increasingly present in specific disease classes whereby
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disease clusters are common [25,26]. The number of index diseases
correlate with the number of functional impairments, which both
together determine the ability and/or willingness of a patient to
administer a drug product of a specific product design [27,28]. The
perceived and potentially real heterogeneity of the targeted patient
populations, the concerns about patient involvement in drug product
development as well as reimbursement issues are still considered as
uncertainties and barriers.

Acceptability depends on the specific patient population and is
achieved when the patient population is able and willing to use the drug
product as intended [10]. The ability to (self-)administer a drug product
as intended is the result of the ease of use and handling, route of
administration, dosage form appearance, level of restrictive instructions
and prior experience. The willingness to orally take a drug product is
driven by sensory experience (e.g., taste, flavor, mouthfeel, texture,
aftertaste and smell), swallowability (e.g., size, shape and surface) and
psychological or perceptual interpretation (e.g., cultural, gender, social,
economic, health or other beliefs on dosage form or route of adminis-
tration) [29 -31]. The multitude of individual preferences for what is
acceptable raise concerns about the variety of potential product varia-
tions required even within a single patient population. This in turn
would limit commercial manufacturability and access to new products.

Acceptability is critical for adherence, avoiding medication errors
and preventing inappropriate medication altering. Since the basic drug
product design concept already determines critical factors for accept-
ability, an analysis of the particular characteristics of the targeted pa-
tient population has to be sufficiently reflected from the early product
development phase onwards.

The drug product formulation and processing have to assure the
product quality criteria (e.g., content uniformity, purity, excipient level
and safety, stability, dissolution, etc.) and bio-performance (e.g.,
bioavailability, pharmacokinetics and pharmacodynamics) [32].
Compliance with existing regulatory guidance (e.g., child resistant
packaging) as well as limited guidance on patient-centric drug product
design (e.g., guidance on acceptability or usability) are still perceived as
barriers. The drug product design has to assure that the product can be
manufactured on a commercial scale at affordable costs and is suitable
for the supply chain and distribution in the targeted countries.

The market access and reimbursement are national decisions based
on data on the efficacy, safety, patient-reported outcomes, real-world
effectiveness and additional phase 4 studies demonstrating the thera-
peutic and/or economic superiority of the new dug product [33]. Patient
advocacy groups have started a worldwide initiative for patient
involvement in Health Technology Assessment (HTA) in order to change
the clinical and economic focus of HTA by better integration of the
patient value and quality of life aspects [34]. Comparative effectiveness
data which include the evaluation of benefit of a special product design
in this context is still lacking and has to be considered as an important
area for research, method development and regulatory guidance [35].
For detailed working group reports see supplemental material.

6. RoadMap considerations

Three major aspects have been identified that must be compiled,
analyzed and weighed in any development project at the same time (1)
drug characteristics, (2) patient characteristics and (3) drug product
characteristics. Drug characteristics review the physicochemical, bio-
pharmaceutical, pharmacological etc. intrinsic properties of the active
pharmaceutical ingredient (API), the patient characteristics review the
typical patient capabilities, impairments, disease burden etc. and the
product characteristics review the drug product in its final, packaged form
and context of its use, manufacturing, supply chain etc. which together
have to be considered, evaluated and addressed in the TPP to drive the
pharmaceutical product design process. The outcomes of the working
groups provide valuable guidance on these three different aspects to
define the critical PCDP design elements within the industrial-technical
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product development matrix. Since the existing literature does not
provide yet logical and rational process for identifying the needs of in-
dividual patient populations and their prioritization to increase product
effectiveness and safety, this RoadMap intends to build on the existing
development matrix by incorporating the most critical patient needs in a
systematic and rational way early on into the drug product design
process.

7. A proposed systematic and rational process for patient-
centric product design

The proposed process is intended to serve as a roadmap to define the
important patient needs in the targeted product profile (TPP) and how
these could be addressed by product design. Fig. 1 graphically illustrates
the 5 steps involved in the process. The process is further elaborated in
Fig. 2, which shows the various characteristics (drug, patient, and,
product), that need to be considered. The process is then used as a
template for the development of a theoretical new drug compound and
product for diabetes type 1 and 2 (Table 1).

The information in Table 1 represents some aspects in the develop-
ment of this drug and serve only the purpose of providing an example for
applying the roadmap to develop, prioritize, address, and document a
PCDP development.

The process is based on a thorough analysis of the specific disease,
patients/patient population, therapeutic context, drug properties and
manufacturing requirements. It has to be developed with all disciplines
involved in the development process, especially clinical, pharmaceu-
tical, regulatory, manufacturing and supply chain functions.

As a starting point in the process a high-level overview of the ther-
apeutic landscape and the market data on the product prescriptions are
collected (e.g., through Pharma Circle, IQVIA) to understand the ther-
apeutic burden of the patients, the available drug products and their
share in the treatment. It is acknowledged that the products might differ
in terms of brand names, composition etc. which can lead to some
discrepancy. For the initial phase, this is acceptable but further analysis
can be considered at a later stage understand a potential gap between
efficacy and effectiveness.

Based on the thorough drug, drug product and patient profiling, the
most critical risk factors that should be included and addressed in the
TPP can be derived based on the level of priority. Even though the
judgements might be subjective, they highlight the most important
criteria for the development and design of the final drug product. The
priority level assigned for each characteristic will depend on the indi-
vidual drug product; for example, for drugs with a narrow therapeutic
index, the pharmacokinetics (e.g., the absorption, metabolism and
clearance) will have a higher priority level as well as for drugs with a pH
dependent dissolution with a targeted patient population with high
probability of achlorhydria or proton pump inhibitor (PPI) co-
medication. The identification of such critical product attributes than
leads to the product requirements including a set of options to address
these accordingly in the drug product development and design. The
RoadMap analysis will provides comprehensive evidence of the different
attributes that will most likely be positively impacted by a certain
product design element and how this can be achieved.

The RoadMap analysis is intended to be used within the overall
context of the drug development program. The derived TTP will be a
balance between the priorities defined by the patients and the different
stakeholders from industry, healthcare professionals and providers. The
RoadMap analysis is a process to achieve the best benefit-to-risk profile
of a drug product by a systematic and rational definition of the priorities
in a new drug development program. The RoadMap requires periodical
reviews due to the generation of new data and information during the
course of development. Continuing this process in the commercializa-
tion phase might support life cycle management and new drug devel-
opment programs. It is expected that over the course of additional
projects the TPP and the RoadMap items form a comprehensive
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collection of items that are applicable on a generic basis and facilitate
the process for PCDP design of other drugs, indications and/or patient
populations.

Nevertheless, there are still major gaps that need to be closed. The
most important area relates to validated methods of qualifying and
quantifying the acceptability, usability, effectiveness, and safety of
different pharmaceutical drug product designs in relevant patient pop-
ulations and their implementation in the regulatory process.

8. Discussion

The analysis of the literature, the regulatory guidance and reflections
and their own experiences have helped the authors in designing the
proposed RoadMap. Since the individual stakeholder judgments might
be biased by their own disciplinary point of view, it is still considered
essential to involve all stakeholders to cover the entire spectrum of the
industrial, clinical, provider, payer as well as patient perspectives in the
future discussions.

The development of a new medicine follows a number of well-
established processes to mitigate the risk, unnecessary delays and
assure regulatory compliance and approval. Following these workflow
processes and focusing mainly on the clinical efficacy bears the risk of
underestimating the capacity of specific patient population to manage
the therapeutic burden of the new medicine.

Changing or progressing the existing workflow processes to include
PCDP design requires a higher degree of planning and propriety setting
in early phases of a specific project while at the same time managing
additional uncertainties regarding the corporate and regulatory pro-
ceedings [36-38].

The proposed roadmap is meant to overcomes some of these issues by
allowing for the systematic recording of all drug substance-, dosage
form-, manufacturing- and patient-specific properties. This provides a
complete overview of the drug to be developed, allowing for prioriti-
zation of the product design and an analysis of possible solutions. De-
cisions to be made in the course of development can thus be evaluated
with regard to their consequence for a patient-centric drug design of the
intended patient population and can be made accordingly in an open or
flexible manner.

The roadmap integrates into the Quality by Design process and fol-
lows the principles of the TPP and addresses the regulatory issues arising
from the EMA’s reflection paper on the pharmaceutical development of
medicines for use in the older population [10]. Prioritization defines the
critical product attributes and presents the various solution options that
can be weighed against each other to best align product development
and design with the targeted patient population in terms of usability and
acceptance. The roadmap fits into the established development matrix
but evolves the TPP around patient characteristics. These highlight and
weight important product attributes and the possible courses of action at
critical decision points. By considering prioritized patient-centric
product design features during development, relevant decisions are
made accordingly without negatively impacting development time or
regulatory approval. The purpose of the proposed roadmap is to outline
a possible path to patient-centric drug design and open it up for dis-
cussion. The roadmap is based on input from the various disciplines
involved and recognizes that prioritization between disciplines will also
need to be negotiated. However, these discussions are part of the
roadmap as solutions can and should be developed from them. The
roadmap is further intended to address the regulatory expectations e.g.,
set forward in the recent Reflection Paper on the pharmaceutical
development of medicines for use in the older population [10] and to
facilitate the regulatory discussion and approval process. Finally, with
the proposed framework towards PCDP development we would like to
call for a broader discussion and continue to advance the development of
evidence-based methods to demonstrate improved treatment outcomes
in concerned patient populations through improved pharmaceutical
drug product design.
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