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remain ‘neglected’ in terms of medicines development, 
and even pre-development research on basic pathophysi-
ology mechanisms and on clinical presentation/ natural 
history are lacking [4–7]. To help address the pressing 
need to develop medicines for patients with RDs, the 
IRDiRC Orphan Drug Development Guidebook (ODDG) 
was published in 2020 [8], proposing a roadmap to navi-
gate in an efficient manner the available tools, resources 
and initiatives available to developers in the RD field. 
The Guidebook provides key recommendations tailored 
to the different stages of the drug development pathway. 
Both the Guidebook and the checklist are designed to 
begin with the end in mind, so to keep the patient’s need 
as a central point.

One of the key findings of the project was the recur-
ring need of starting to apply many tools very early in the 
development phase (even before a candidate drug is avail-
able) and to ground all future activities on pre-existing 
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Rare diseases (RD) have become a priority in the politi-
cal agenda over the past 20 to 30 years. The combination 
of regulatory incentives, public and private investment 
and a strong community of patients has paved the way 
for the growth of the research and development land-
scape for RD medicines, with several new drug approv-
als and blooming biotech’s pipelines [1–3]. However, a 
large majority of the 6000–8000 identified rare diseases 
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knowledge, resources, and stakeholder networks, which 
appear to be vastly lacking in these neglected disor-
ders. To orientate the developer in this large portfolio of 
pre-requisites to be verified and of potential gaps to be 
urgently addressed at the start of the development path, 
we have generated a specific pre-development check-
list, to be used as “starting blocks” of the development 
race. The four essential domains captured in the list are 
pictured by the acronym ‘ST.A.R.T.’, standing for: STake-
holder mapping, Available information on the disease, 
financial Resources, and the Target patient value profile 
(Fig. 1).

The START checklist (Table 1) is relevant both in the 
context of better known and already well-researched 
diseases, but also - or even more - in the context of 
‘neglected’, under researched conditions to help build 
the solid foundations of a successful patient-centered 
medicines development program. As such, the proposed 
checklist applies to all therapeutic areas in rare diseases, 
including all types of medicinal product modalities, for 
first-time regulatory approved products, for new active 
substance and products with or without an orphan des-
ignation. This tool, which is publicly available, can also 
be used by different types of developers for rare disease 
therapeutics, including but not limited to academic 
developers, small and medium enterprises, and patient-
led developers[9]. This tool is applicable to any stage of a 
development program but with a focus on the pre-clin-
ical elements. Whenever a developer starts the project, 
independent of the stage, they can use this tool to help 

make a strategic plan and use the checklist to revisit that 
plan over time.

Main text: START
STakeholder mapping
A Stakeholder map can be described as a representa-
tion of all external parties, such as patients, clinicians, 
and other experts, who have a relevant interest for and 
a potential influence on the project, how these actors are 
(inter-)connected, and how these external parties repre-
sent stakeholder and the organization they’re represent-
ing. For any development program, it is essential that the 
developer builds as the first step (and maintains) a solid 
stakeholder network, which includes patients, clinicians, 
regulators, HTA experts, data and platform experts and 
other experts as needed, as this can provide information, 
knowledge, guidance, and support, which may lead to 
the success or failure of development, registration, and 
patient access[10]. The START checklist guides the devel-
oper in the identification of the before-mentioned key 
stakeholders by asking a series of key questions focusing 
on the existence of and accessibility to patient organiza-
tions, community advisory boards, medical healthcare 
networks, and connects them to owners and curators of 
platforms and infrastructures. When combined, these 
stakeholders are an irreplaceable source of unwritten 
knowledge about disease and patient’s needs, a unique 
resource in the design and conduction of clinical trials, 
and a paramount aid in the interpretation of the final 
benefit/ risk and value of the product. In the relationship 

Fig. 1 START to drug development. The different questions for each rare disease drug development project to ask are on Stakeholder mapping, 
thereby providing information on actors and fundamental infrastructure in the development process, Available information on the diseases, gathering 
information non the disease, financial Resources, gaining an overview on the financial means for the development and Target Patient Value Profile, before 
a stakeholder starts drug development. for Stakeholder mapping, this means looking at all stakeholders with a vested interest in the development pro-
cess, such as patients, clinicians, and supporting contacts with platforms and development networks. For Available information on the disease, this entails 
searching for data and tools. For financial Resources, this means searching for a combination of public and private funding and setting out a fundraising 
strategy for the different steps in the development pathway. For the Target patient value profile, it means making an overview of the opinion and perspec-
tive of the patient regarding disease profile being investigated and the expected outcomes of a therapeutic development
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with regulators, there is the possibility to have an open 
dialogue on non-product specific topics, such as general 
issues, guidelines, and disease endpoints. This can be 
done via the official regulatory procedures, such as scien-
tific advice or non-official channels, such as multi-stake-
holder forums and congresses.

The list also pushes developers to continuously oper-
ate a horizon scanning of the development landscape, 
projecting their thinking to the future landscape that will 
be unfolded when the product will be used in clinical 
practice, and ensuring the suitable stakeholders are con-
sidered for involvement as development progresses. As 
such, the horizon scanning provides an overview of the 
collaborative expertise and efforts of the stakeholders, 
thereby highlighting the vested interest of all players in 
the development of an orphan drug.

Patient organizations have to be involved at the begin-
ning of any drug development program. It is essential to 

map if there are any relevant patient organizations repre-
senting the disease, where these organizations are based 
and how they represent specific geographic areas, if there 
are any relevant community advisory boards already con-
stituted and operating, what is their main expertise and 
scope. Networks of healthcare professionals, researchers 
and physicians are also invaluable, and include umbrella 
initiatives such as European Reference Networks in EU, 
Clinical Research Networks in the US or the AMED-
IRUD initiative in Japan[11–13]. Finally regional initia-
tives like the European Joint Program for Rare Diseases 
or the Pediatric Clinical Research Networks C4C (Conect 
4 Children) for pediatric trials in Europe can be relevant 
sources of support in the developments[14–16].

A historical and current development landscape analy-
sis is necessary to identify who is working in a particular 
disease area. This is normally a competitive analysis for 
the industry to determine the commercial potential of 

Table 1 START Checklist
Question Yes/ No More information?

Stakeholder mapping

Are there patient organizations for the disease? □Yes
□No

Are there community advisory boards (CABs)? □Yes
□No

Community advisory boards

Are there clinical stakeholder networks? □Yes
□No

Engagement with established research 
networks
The NIH rare diseases clinical research networks
Japan Agency for Medical Research and 
Development (AMED) – Initiative on Rare and 
Undiagnosed Diseases

Are there general development support platforms and 
infrastructures?

□Yes
□No

Conect4Children
European Joint Programme on Rare Diseases

Have you done a landscape analysis or horizon scanning? □Yes
□No

Horizon Scanning: Landscape analysis/ Stake-
holder identification and engagement

Available information on the disease

Are there Natural History (NH) Studies? □Yes
□No

Natural History studies

Are there diagnostic tools? □Yes
□No

Companion diagnostics

Are there patient-centered outcome measures (PCOMs) □Yes
□No

Development of Patient-Centered Outcome 
Measures

Are there biomarkers? □Yes
□No

Use of biomarkers in orphan drug 
development

Is there a coding for the rare disease? □Yes
□No

Coding of rare diseases: Orphanet 
nomenclature

Financial Resources

Did you acquire different sources of public funding? □Yes
□No

European Commission funded programs and 
resources
European Joint Program on Rare Diseases
NIH funded programs and resources
AMED funded programs and resources

Did you acquire different sources of private funding? □Yes
□No

Private funding

Target Patient Value Profile

Did you make a Target Patient Value Profile? □Yes
□No

Target Patient Value Profile
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the development, as well as the future place on therapy of 
the product. For academic developers, it may be relevant 
to avoid duplication, provide intelligence on successful or 
failed approaches to guide product discovery and devel-
opment and to suggest potential collaborative work with 
other research groups.

Once identified, the key stakeholders must be engaged 
with a long-term plan for this activity to be continuously 
developed over time, throughout the entire drug devel-
opment pathway. However, there are certain moments in 
time when these interactions and engagement are more 
important, and these correspond to key milestones of 
Product Development: (i) during the discovery to gener-
ate the Patient Target Value Profile (PTVP), a document 
that describes how new medicinal products will benefit 
to patients (ii) before entering First in Human Trial (iii) 
after the generation the first evidence of efficacy and 
safety (Proof of Concept), (iv) once the Pivotal data are 
available and (v) in some cases also when the product is 
about to undergo through the market access and reim-
bursement discussions. Despite these key milestones, 
more regular consultation with stakeholders can be nec-
essary and helpful for the successful progression of the 
project.

Available information on the disease
Rare diseases are rare by definition; thus, it is very 
important to learn as much as possible from the patients 
affected by a rare condition, or to extrapolate from dis-
eases with a similar etiology. The limited knowledge of 
the history and progression of the disease is typically one 
of the biggest challenges many developers have to face 
when developing medicines to treat a rare condition[17]. 
About 80% of rare diseases are genetic disorders, and the 
majority has a broad range of clinical heterogeneity. Such 
heterogeneity has an impact on determining meaningful 
outcomes that effectively address patients’ unmet needs 
and the interpretation of the data generated. Understand-
ing the natural history of rare disorders is essential to 
understand the disease course and how it can be variable 
across patients, ensuring that appropriate clinical trial 
endpoints are incorporated in the trials. Depending on 
the information available on the disease, gaps in informa-
tion need to be identified, so that additional information 
can be gathered if needed.

A disease natural history (NH) study) collects informa-
tion about the clinical course, presentation, and progres-
sion of that disease. NH studies can be both retrospective 
by collating medical records and any other already avail-
able sources of information, or they can be prospective 
by collecting specific data to inform objectives of a study, 
often referred as a registry study. Detailed NH studies are 
also used to create historical and external control arms 
that can be used to evaluate the efficacy and safety of new 

treatments, resulting in an important alternative to pla-
cebo-controlled, when it is unethical or not feasible to do 
so[18]. Such NH studies can also be used in pharmaco-
economic analysis to define the socio-economic burden 
of the untreated rare disease or later to develop a drug 
value proposition at the time of the market access.

For these reasons, the existence of a reliable source of 
NH data must be retrieved as soon as possible in devel-
opment, or a solid NH evidence generation plan must be 
in place, potentially capitalizing on the partnership with 
relevant stakeholders. This is particularly relevant as 
real-world data (RWD), and real-world evidence (RWE) 
can also be leveraged in defining the NH studies of rare 
conditions. RWD and RWE are data collected through 
electronic health records by healthcare providers while 
providing their routine services. Clinical evidence gener-
ated from the analysis of these data can help to provide 
meaningful insights as to how patients fare in the real 
world with or without treatment.

Another critical element in enabling the progression 
of a drug development program is the presence of a clear 
diagnostic path and test(s) for the disease of interest, as 
well as tools for patient’s stratification (i.e., genotyping 
or phenotyping) and monitoring of response to therapy. 
If product-specific, companion diagnostic assays are 
only developed in parallel to a therapeutic product, or 
even after the product has been developed, and an inac-
curate diagnostic test can lead to an incorrect treatment 
decision.

The success of such co-development also depends on 
the existence of specific biomarkers. The identification 
of biomarkers must pre-date drug development or occur 
during the very early research and preclinical phases, 
and this requires a thorough molecular understanding 
of both the disease biology and the drug mechanism of 
action[19].

Within the scope of understanding the disease, there’s 
the emerging notion that drug development outcomes 
should be measured from a more patient-focused per-
spective, which has led to the concept of patient-centered 
outcome measures (PCOMs)[20]. PCOMs consist of cap-
turing the patients’ opinions and understanding how they 
cope with their health challenges and associated health-
care. A patient’s assessment on the health status (unmet 
needs, quality of life and symptom) offers the potential 
to provide therapies that are more valuable and aligned 
with patient’s priorities. It is not common in rare diseases 
that validated, or at least commonly accepted, PCOMs 
are already available and therefore the need for scout-
ing relevant measures should occur at the beginning of 
the development journey, probably need to enter in the 
development of a new set of PCOMs or their extrapola-
tion from other diseases. A logical step and question-
ing would be: has a PCOM been identified; if yes, does 
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a corresponding measurement tool exist; if yes, has the 
measurement tool been endorsed by the regulators for 
use in clinical development?

Finally, one additional source to find disease informa-
tion is through the Coding for Rare Diseases, a tool where 
a code is assigned each disease, so that it can be easily 
recognized within a health information system, such as 
healthcare databases and procedures related to patients’ 
cases and diseases. Such information is essential to make 
decisions on how to improve treatments, research, care 
and healthcare management. Currently there are several 
coding systems: the International Classification of Dis-
eases (ICD) and is managed by the World Health Orga-
nization’s (WHO’s); the Systematized Nomenclature 
of Medicine Clinical Terms (SNOMED CT), run by the 
International Health Terminology Standards Develop-
ment Organisation and is available in over 50 countries; 
and Orpha codes system that is based on Orphanet data 
and includes nearly 7000 rare diseases with a specific 
code, making it the largest coding system[21–24]. Over-
all, the above data sources will contribute to understand-
ing the disease better and gaining a better understanding 
of the therapeutic need prior to starting the development.

Financial resources: a continuous strategy
Drug development, for all diseases, including rare, is 
resource intensive, and the financial cost alone of devel-
oping a rare disease treatment has been estimated to be 
over 200  Million dollar[25]. In addition to the involve-
ment of numerous partners throughout the develop-
ment process, the quantity of investment often requires 
the involvement of multiple and heterogeneous financing 
mechanisms. It is therefore necessary to ensure incre-
mental funding resources along the drug development 
pathway from the beginning to end, in order to develop 
the appropriate knowledge on the disease, to identify the 
appropriate technology which may address the respective 
underlying mechanism of action, to pursue the appropri-
ate non-clinical and clinical development and to registra-
tion and launch of the drug. In other words, a developer 
must continuously look for funding until the drug is 
placed on the market and can be reimbursed.

With the key stakeholders and development require-
ments usually differing at each stage of development, this 
also implies that financing sources differ at each stage. 
Basic discovery research is funded primarily by public 
funding, such as local, national, and international gov-
ernmental funding or funding by philanthropic orga-
nizations. Later stage development is funded mainly 
by private funding, such as funding by pharmaceutical 
companies or venture capitalists, while for the phase in 
between (basic research up to therapeutic development) 
hybrid financing mechanisms might be considered. 
Therefore, a sustainable financing strategy should be 

developed early on, to best make use of available funds, 
and financial sustainability may require a pluralistic 
approach in which needs are met throughout a combina-
tion of financing mechanisms, with no one-for-all strat-
egy being available.

Target Patient Value Profile (TPVP)
TPVP is proposed as a concept tool that gathers the input 
of the patients within the process of the generation of the 
optimal Target Product Profile (TPP)[26]. The TPVP is a 
concept we propose here, that would specifically capture 
the opinion and perspective of the patient regarding dis-
ease profile [27] and the expected outcomes of a thera-
peutic development. It is based on both the TPP which is 
a tool designed to outline the desired ‘profile’ or charac-
teristics of a target product that is aimed at a particular 
disease or group of diseases (i.e., product labelling), and 
on the Target Development Profile, which is a tool to out-
line the desired profile, but also includes details on col-
laboration with all stakeholders[28]. It provides accurate, 
up-to-date information describing the expected benefit 
for patients. The TPVP should help to embed patient per-
spective across multiple domains: by understanding their 
needs, symptoms, and disease progression and how well 
the current standard of care meets their needs, what 
challenges they face and what are current therapy gaps. 
In other words, if developed and used appropriately, the 
TPVP can help developers to better plan and prioritize 
research methodologies toward filling up such patient 
identified gaps. Beyond the TPVP the engagement of the 
patients is a continuous process, and will be interwoven 
throughout the drug development timeline, but such 
engagement is particularly important prior to the start 
of therapeutic development to steer and set up research 
priorities. Overall, by having a TPVP that is co-designed 
with patients, we might be able to ensure that the TPP 
reflects the expected minimally acceptable product char-
acteristics and desired value to be delivered to the most 
important stakeholder. Any developer is welcome to 
adopt the concept and adapt it to his/her own setting and 
situation.

Conclusion
Although the popular motto “well begun is half done” 
might not necessarily apply to drug development, a sig-
nificant proportion of factors with a relevant impact in 
the later stages are depending on pre-existing knowledge 
or decisions to be taken very early on in the development 
process. Examples of these are several previous papers 
have highlighted the importance of involving individual 
stakeholders and resources from the start, and the added 
value this represents, but also the additional costs it 
takes to later add aspects initially neglected. An example 
of these are studies that highlight the impact of patient 
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engagement from the start, which leads to a faster enrol-
ment of patient in clinical studies[29] or avoid proto-
col amendments [30], or overall bringing in the real-life 
experience for understanding the needs for developing 
orphan drugs[31]. A specific example from the Duchenne 
community describes the importance of stakeholder 
engagement needed to overcome the numerous chal-
lenges such as the developing the tools needed, and col-
lecting relevant data[32]. In stages after the a successful 
start of orphan drug development, others highlight the 
increased compliance with procedures, and better use of 
regulatory incentives, resulting in a positive marketing 
authorization application[33, 34]. This is one of the cru-
cial take-aways emerging from the IRDiRC’s ODDG, to 
guide the developer from the inception of a project, with 
the end in mind. To be successful, the design, including 
different innovative trial methodologies [35], conduction 
and interpretation of clinical trials in rare conditions, 
able to properly represent the real therapeutic value of 
a pharmaceutical product, require the mobilization or 
generation of vast informational resources and many of 
the supporting tools identified by the ODDG can provide 
valuable assistance only entering very early into play.

To highlight this concept and provide a valuable 
resource on day one of the research/ development proj-
ect, we defined, based on the ODDG building blocks, a 
“starting blocks” checklist that is agnostic to the disease 
and to the medicine in development, using the acronym 
ST.A.R.T. START captures the optimal identification, 
connection, and engagement of four key pillars: STake-
holder mapping, Available information on the diseases, 
financial Resources, and Target patient value profile. 
These four elements are the must-have departure point 
to build up the entire infrastructure around the develop-
ment of a pharmaceutical product. By emphasizing the 
importance of these four pillars, our goal is to ensure that 
each drug development process gets off to a good start, 
potentially maximizing the speed of the development, 
and at the same time, reducing risk and costs, recogniz-
ing that it takes the responsibility of an entire community 
of stakeholders to generate and grow a valuable therapeu-
tic option for our patients.
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