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People living with a rare disease can wait months to years for a confirmed diagnosis after symptom
onset, mainly due to low prevalence, lack of awareness of primary healthcare professionals,
heterogeneous clinical presentation and/or peculiar inheritance patterns. This consensus paper aims
to establish a set of guidelines to assist healthcare professionals—also without a specialized expertise
in rare diseases—in optimizing the diagnostic pathway for these conditions. During Phase 1 of a real-
time Delphi study, ten experts defined 26 statements addressing the identification of clinical features
(“red flags”, domain 1) and non-clinical tools/conditions (*clinical gateways”, domain 2) that could
trigger/support the diagnostic suspect of a rare disease. During Phase 2, the survey was extended to

a multidisciplinary panel of 55 experts to reach a consensus on statements. Consensus was reached

on 22 out of 26 statements across the two domains. Family history, clusters of birth defects, unusual
presentations of common disease, neurodevelopmental delays or decline, and severe pathology
emerged as key indicators to improve the identification and referral of cases of rare disease and should
be integrated into primary care practices. Education, increased awareness in the community and use of
technology are possible gateways to facilitate early diagnosis in rare disease.
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Rare diseases are defined as chronic and debilitating conditions occurring in<1 every 2000 people in Europe
and in < 200,000 people in USA. Although each rare disease affects a small number of individuals, when viewed
globally, they involve more than 300 million people worldwide, with high medical, psychological and financial
burdens to patients, caregivers and healthcare systems!. Many rare diseases are progressive and exhibit symptoms
at birth or during childhood. Moreover, a significant proportion of rare diseases are severe, multisystem
disorders?, substantially affecting life quality and expectancy®.

Despite rare diseases are increasingly being recognized as a global health priority*, people living with a rare
disease can still wait months to years for a confirmed diagnosis after symptom onset.

The diagnosis of rare diseases can be quite complex and challenging due to the rarity of each condition and
the heterogeneous clinical presentation and/or peculiar patterns of inheritance, in addition to a general lack of
awareness, training and education among physicians®. To counteract these difficulties at informative level, the
11th revision of the International Classification of Diseases and Related Health Problems (ICD-11), issued by
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the World Health Organization in 2024, has a greater focus on rare disease vs. the previous versions, and, in
particular, it now includes the Orphanet terminology to improve the classification and understanding of rare
diseases®”’.

Primary care is the initial point of contact of a subject in the healthcare system, and general practitioners
(GPs), pediatricians and emergency physicians should have a broad medical knowledge to be able to recognize
problems and make decisions, rather than provide a definitive diagnosis. Recognition and evaluation of red flags,
i.e. signs and symptoms of disorders in patient’s medical history, is essential in primary care, playing a crucial role
in ensuring that potentially serious conditions, such as rare diseases, are not overlooked and patients are referred
to specialists or centers for further clinical and genetic investigation®. Of note, referral of an undiagnosed patient
to a center for rare diseases in Europe reduces the total diagnosis time (TDT) from 5.4 (interquartile range: 0.1-
6.2) to 4.3 years (interquartile range: 0.1-4.2), underlying the need for more centers of expertise and increased
referrals’.

Healthcare professionals often lack clear information and guidelines on when to suspect the presence
of a rare disease. Information about the existence and the activity of centers for rare diseases and the access
procedures is often inadequate as well'®. The present study is based on a real-time Delphi (RTD) method and
has been developed in the setting of the Argo project to reach a consensus on a series of statements defining
the general clinical and non-clinical signals and circumstances that should trigger the diagnostic suspect of a
rare disease, with the aim of supporting primary healthcare professionals, including those lacking a specific
experience/background in the setting of these disorders. The Delphi panel was intentionally composed of a
multidisciplinary group of professionals (including clinicians from various specialties, public health experts, and
healthcare coordinators) reflecting the real-world complexity of rare disease care. This approach aimed to ensure
that the identified red flags would be applicable not only in specialized settings but also across broader healthcare
contexts, enhancing their relevance and potential for implementation.

Methods

Study design and development

The Argo project (https://helaglobe.com/argo/) takes its name from Argo, Ulysses’ faithful dog, who, recognizing
his master beyond any disguise, embodies the essence of vigilance and instinct. Inspired by this symbolism,
the initiative promotes a culture of diagnostic awareness, encouraging healthcare professionals to look beyond
appearances and identify the often subtle and overlooked signs of rare diseases.

The Delphi method is a reliable measurement instrument commonly used in different settings, including
health-related areas, to reach a consensus on a topic by a structured group of experts'!. The conventional
Delphi method is based on multiple rounds of questionnaires aimed at collecting and synthesizing opinions,
and has four main characteristics: anonymity, iteration, controlled feedback and statistical aggregation of
group responses'2. However, this multi-round Delphi (MRD) is characterized by some shortfalls, including the
length of the process. Recently, the concept of RTD as an efficiency-centered approach has emerged. It allows
an enhancement of the overall process, as it is characterized by a greater efficiency, does not require iterative
rounds of an online survey and the responses are recorded and updated in “real-time”. Of interest, recent studies
revealed comparable outcomes for the MRD and the RTD surveys and highlighted the advantages of RTD in
terms of time saving and achievement of better convergence on final scoring">.

This RTD survey was led and administered in the setting of the Argo project by Helaglobe (Florence, Italy) as a
team of experts in Consensus methodologies that was responsible, in collaboration with the Campania Region—
Coordinator Center for Rare Diseases (Naples, Italy), for literature review, organization and coordination of the
experts’ groups, development and analysis of questionnaires, and drafting of the final report of the survey.

All methods were carried out in accordance with relevant guidelines and regulations. All panelists provided
written informed consent for their participation in the RTD study. No human patients or animals were involved
in the study.

The study and the RTD survey were organized as detailed below and in Fig. 1:

Step 1, Desk analysis: a working group from the Argo project administrator (Campania Region—Coordinator
Center for Rare Diseases and Helaglobe) drafted a preliminary list of principles and research questions following
the literature review on rare diseases, diagnostic odyssey and potential general red flags. Predefined keywords
were used for literature search in the main biomedical PubMed/Medline database, and the search string was as
follows: (((rare diseases|[Title/Abstract]) AND (red flags[Title/ Abstract]) AND ((diagnosis[Title/ Abstract]) OR
(suspect[Title/Abstract])))) OR ((rare disease[Title/Abstract]) AND (early diagnosis[Title/Abstract]) AND ((late
diagnosis[Title/Abstract]) OR (delayed diagnosis[Title/Abstract]))) OR ((rare disease[Title/Abstract]) AND
((diagnosis[Title/Abstract]) OR (suspect[Title/ Abstract])) AND ((pedigree[Title/Abstract]) OR (genetics|Title/
Abstract]) OR (familial [ Title/ Abstract]))).

The following selection/inclusion criteria were used during literature review:

o Reference period: January 1, 2014-August 31, 2024;

« Studies in English;

« Major publications with greater scientific evidence (meta-analysis, systematic reviews, clinical trials, clinical
studies, guidelines, reviews, real-world data) relevant for the topic of the RTD study.

Step 2, meetings of the expert board, literature review and statement definition: a board composed by a panel
of 10 experts in rare diseases reviewed, discussed and revised during two virtual meetings the outputs of the
desk analysis, including a list of draft statements. Overall process allowed the generation of 26 survey items
about general “red flags” (domain 1) and the non-clinical circumstances and tools (“clinical gateways’, domain
2) that should trigger and support a diagnostic suspect of rare disease in healthcare professionals, with particular
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*  Original records identified: 202
* Records considered as potentially relevant to the study: 153
* Records fully evaluated as relevant to the study: 83
List of draft statements
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Two virtual meetings of the board of experts:
» Review of the outputs of the desk analysis
» Discussion and definition of a list of 26 final statements

v

Enroliment of additional rare disease experts for participation to a
real-time Delphi survey

v

Individual online voting over a set timeframe of four weeks

v

Analysis of results

v

Consensus reached for 22 statements

Fig. 1. Overall design of the study.

reference in those involved in primary care and without a well-defined expertise in rare diseases. Red flags and
clinical gateways differ not only in their content but also in their relationship with time and clinical action. Red
flags represent signals that may require immediate action—when more than one of them appear, rare disease
suspicion should be raised, and the patient should be promptly referred for further diagnostic investigations.
In contrast, clinical gateways do not indicate an immediate emergency but represent factors that should be
integrated into medium- and long-term planning.

Step 3, Delphi panel composition and online voting: 67 experts in the field of rare diseases were invited by
email to participate to the RTD survey and 45 accepted. All materials, including the survey, were in English. The
45 experts included as members of the Delphi voting panel, together with the board of 10 experts (n=>55 total
panelists), were asked to express their judgment on the 26 statements defined during the Step 2 described above.
Overall, participants to the RTD survey included experts in rare diseases, representatives from Rare Disease
Coordination Centers (CCMRs), pediatricians and specialists from various fields with experience in specific rare
diseases. The RTD survey was conducted on a proprietary platform by Helaglobe. Participants were provided
with personal access to the online portal for four weeks between December 2024 and January 2025. On accessing
the portal during the process, panelists were able to vote and comment each statement and to view aggregated
responses from other responders in real-time. They were also able to revise their responses as many times as they
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wished within the set timeframe, with a simultaneous calculation of agreement and feedback. Single answers and
comments were anonymous and only visible by the moderators.

Step 4, voting and analysis of consensus: Voting was undertaken by the Delphi panelists using a 5-point
Likert scale to indicate the level of agreement on each statement: 1 =absolutely disagree, 2 =disagree, 3 =neither
agree nor disagree, 4 =agree, 5=strongly agree. The answers were expressed as a percentage response for each
statement. A total cumulative agreement was defined as the sum of response percentages in items 4 (‘agree’) and
5 (‘strongly agree’).

Final data analysis: The consensus for each statement was reached if at least 75% of Delphi panelists ranked
the statement >4 on the 5-point Likert scale described above. This level of total cumulative agreement has been
set as median threshold to define the consensus consistently with several other studies in the healthcare setting!“.

Results

Participation in the survey

We recruited in this RTD study a panel of experts selected among the major stakeholders in the field of rare
diseases, representing a variety of medical specialties, with the aim of achieving the greatest possible range
of opinions in this setting. Forty-five out of the 67 experts we contacted agreed to participate in the RTD and
joined the board of 10 experts, thus reaching a remarkable total of 55 voting panelists. Physicians and researchers
belonged to one, or a combination of, the areas of expertise listed in Table 1. Pediatrics (n=12) and medical
genetics (n=>5) were the most frequent specialties among panelists, followed by nephrology and human genetics
(n=4/each), cardiology, immunology, hematology, rheumatology, and internal medicine (n=3/each). A group of
20 panelists were also representatives of regional centers for rare diseases located in 18 Italian regions. UNIAMO,
the Italian Federation of Rare Diseases, which also serves as the Italian National Alliance within the European
Organization for Rare Diseases (EURORDIS) represented people with rare diseases and their families.

Overview of results
The 26 final statements defined by a panel of 10 experts in rare diseases during the Phase 2 of the study were split
in two domains (defined as red flags and clinical gateways of rare disease, respectively) as described in Methods
section, and spanned the following areas:

Red flags (n=16 statements):

« Involvement of multiple systems

o Multiple specialist referrals

 Genetic inheritance pattern

o Delayed diagnosis or single/multiple misdiagnosis or prolonged hospital stay

Area of expertise® Panelists (N)
Biomedical engineering 1
Cardiology 3
Clinical biochemistry 1
Clinical pathology 1
Dermatology 1
Emergency medicine 1
General practice 1
Hematology 3
Hygiene and public health 1
Hospital pharmacy 2
Human genetics 4
Immunology 3
Internal medicine 3
Medical genetics 5
Nephrology 4
Neurology 3
Oncology 3
Opthalmology 1
Pediatrics 12
Pneumology 1
Psychiatry 1
Radiology 1
Rheumatology 3

—

Rare disease patient organization representative

Table 1. Panelists’ area of expertise. *Panelists had the possibility to select multiple areas of expertise.
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« Failure to standard therapies

« School concerns

o Puberty and transition to adult care
o Peculiar emotional phenomena

» Disease presentation at any age

« Functional impairment

o Wait and see strategy

Clinical gateways (n=10 statements):

« Healthcare professional education

« Information to increase awareness and knowledge about rare diseases
« Implementation of technological tools

o Healthcare system planning

At the end of RTD, the statements’ review was highly favorable, with 84.6% of them achieving a consensus (Table
2). The four statements that did not reached a consensus were all included among the potential red flags of rare
disease, and concerned the failure to standard therapies (statement #9), the prolonged length of hospital stay
(statement #10), school concerns (statement #11) and the peculiar emotional phenomena associated with other
signs or symptoms and with failure to respond to standard therapies (statement #13) (Table 2).

Of note, 43.7% and 60% of the statements reached a 90-100% consensus in the red flags and clinical gateways
domains, respectively. The statements reaching a 98-100% consensus in domain of potential red flags of rare
disease confirmed the importance of patient’s family history, possibly suggesting a genetic inheritance pattern
to be further investigated (statement #6, 100.0% degree of consensus), and recommended to carefully consider a
potential manifestation of a rare disease at any age, considering a different intensity of signs and symptoms that
could make the diagnosis even more complicated (statement #14, 98.2% degree of consensus). Other potential
red flags of rare disease that reached a high degree of consensus following the RTD process included the
multiorgan or multisystem involvement, to be evaluated through a comprehensive and multispecialty approach
(statement #1, 94.6% degree of consensus) and the delayed diagnosis, implying a persistent health issue for at
least one year (statement #7, 96.3% degree of consensus) (Table 2).

Some of the initial red flag statements such as “Failure to Standard Therapies”, “Prolonged Length of Hospital
Stay”, and “Peculiar Emotional Phenomena” did not reach a sufficient level of agreement. According to our own
interpretation, this is potentially due to several reasons. First, many common conditions present with similar
symptoms or signs, leading to ambiguity in differentiating them from rare diseases. Second, different clinical
experiences, diagnostic approaches, and cultural factors that may influence how these symptoms are perceived
and managed across healthcare settings.

Inline with this, the items multiple specialist referrals and specific red flags derived from hospital administrative
data monitoring, and “invisibility” diagnostic challenges reached a borderline level of agreement (statement
#5: 75.0% and statement #19 among the “clinical gateways™ 75.9%). According to our own interpretation,
the uncertainty among panelists is likely to reflect the same underlying challenges, such as overlap with more
common diagnostic pathways, variable and incomplete knowledge of atypical disease presentation, and negative
or uncertain perception regarding the potential usefulness of hospital records and notes as source for diagnostic
red flags.

The statements reaching a 100% consensus in the domain of potential clinical gateways underlined the
importance of healthcare professional education to learn systematic methods aimed at excluding common
conditions and focusing on the diagnostic suspect of rare disease (statement #17), the importance of an increased
awareness of rare diseases among healthcare professionals, leading to a possible re-evaluation of subjects in light
of a diagnostic suspect of rare disease (statement #20), and the relevance of the economic burden of a delayed
diagnosis of rare disease for healthcare systems, patients and their families (statement #26). Other clinical
gateways that reached a high degree of consensus following the RTD process included a comprehensive and
updated electronic medical record as a tool to summarize the patient’s journey and identify potential red flags of
rare disease, avoiding data dispersion and redundant tests (statement #23, 96.3% degree of consensus) (Table 2).

Discussion
A prompt identification of general signs and symptoms of rare disease is an urgent issue in healthcare policies, as
late diagnosis or misdiagnosis can deeply affect the quality of life of patients and their caregivers, with a relevant

psychological burden and a financial impact to individuals and healthcare systems!'>.

The diagnostic delay in rare disease

A recent retrospective patient survey conducted within the Rare Barometer programme, an initiative of
EURORDIS-Rare Diseases Europe, revealed that the average TDT is 4.7 years, with 50% of people living with
a rare disease waiting at least 9 months for a confirmed diagnosis after symptom onset, and 25% waiting more
than 5 years’. The survey also revealed that the average time from symptom onset to first medical contact in
Europe is approximately 5 months, while the average time from first medical contact to a confirmed diagnosis of
rare disease is 4.3 years’. Another study conducted in Poland and collecting the responses from 925 caregivers
of children with a rare disease revealed that the duration of the diagnostic journey spanned from 0 to 18 years,
with an average time of 1.7 years, while the average number of physicians consulted before receiving the correct
diagnosis was 4.8'°. A survey recently conducted in China and involving almost 2000 patients and caregivers,
representing 104 different rare diseases, revealed a diagnostic delay of 1.4+3.0 years. Patients experienced

Scientific Reports |

(2025) 15:39411 | https://doi.org/10.1038/541598-025-23081-0 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Final
Statement degree of
number | Statement area | Statement consensus | References
Domain 1: Red flags of a rare disease
Involvement of Employ a comprehensive approach to clinical assessment, integrating the patient’s medical history while
1 three or more recognizing that rare diseases commonly affect multiple systems like the CNS, musculoskeletal or cardiovascular 94.6% 7,20,31-34
systems system, and sensory organs as an example. Multiorgan or multisystemic involvement requires a comprehensive o
Y approach and a careful and multispecialty evaluation of the patient’s history
Multiple Take into account the patient’s history of healthcare interactions. If the patient has consulted with numerous .
specialist specialists without receiving a diagnosis, the possibility of a rare disease should be considered 7,20.31,35-38
P P! g g P! Y
referrals In particular:
2 High number of primary care appointments: Monitor and review primary care records and appropriateness of the 81.8% 7,20,31,36
diagnostic pathway o
3 Frequent emergency department (ED) presentations for non-traumatic issues: Monitor and examine hospital 89.1% 7203135
administrative data )
4 M}xlzlipclie general practitioner (GP) and specialist appointments, particularly across various specialties should be 94.6% 7,20,31,35,36
minde
5 In compliance with privacy regulations, hospital administrative data may be monitored and analyzed for specific 75.0% 7,20,39-42
keyword aimed at recognizing rare diseases general prevalence and appointment patterns :
Genetic . . o L . . . .
. . Consider the importance of family history in primary care settings and strive to gain a thorough understanding of 20,34,37,43-48
6 inheritance A o . 100.0% I
pattern the patient’s familial medical background
7 Delayed Consider the potential for a rare disease in patients who remain undiagnosed after one year of seeking medical 96.3% 20,31,49-51
diagnosis attention for a persistent health issue -
Be mindful of the possibility of a rare disease in patients with multiple prior misdiagnoses. Do not dismiss the
P! Y )% ple p g R
8 Misdiagnosis likelihood of a rare disease solely based on established diagnoses as common conditions (e.g. epilepsy or arthritis), | 88.9% 17,20,49,52
g y g 8. epllepsy
as these may represent secondary manifestations of an underlying condition
Failure to 2 dard of ilored therapies, with or without multiple hospitalizati b
9 standard oor response to standard of care or tailored therapies, with or without multiple hospitalization, may be 35.9%
therapies considered as a possible indicator of an unrecognized, complex, potentially rare disease .
Prolonged R hospital admission. d di bati dard of icht b
10 length of ecurrgnt ospital admission, due to isease exacer ation or poor response to standard of care, might be 24.5% 20
hospital stay suggestive of misdiagnosis, hiding a potentially rare disease i
1 School concerns | Investigate failure to reach milestones and/or regression in milestones, absences, difficulty participating in physical 53.5% 7,20
education and bullying/social isolation
Puberty and Monitor for signs of precocious or delayed puberty, as well as potential exacerbation or changes in disease
12 transition to phenotypes during this period, ensuring appropriate transition to adult care for continued management. During 85.2% 7
adult care puberty, common signs of many rare diseases can be observed
Peculiar Frustration, self-doubt, anxiety, and stress should be considered as potential “red flags” in individuals presenting
13 emotional with other signs or symptoms and along with failure to respond to standard therapies. These emotional indicators | 23.3% 20.21,34
phenomena are common among individuals with rare diseases and their caregivers during the prediagnostic period
P . Rare diseases can manifest at any age: childhood, adulthood and old age. Avoid excluding the possibility of a rare
14 resentationat | jicease based solely on the patients age. Be mindful that “mild” signs and symptoms recurring in the geriatric age | 98.2% 20.33,53-56
any age ° y P ge. g ymp g g t -
can make diagnosis even more complicated
15 Functional New-onset or progressively worsening disabilities, unexplained by other conditions, or functional impairment in 83.3% 57
impairment adulthood may be caused by a rare disease =7
After rare disease diagnosis of a slowly progressive pathology, the characterization of a “stable” phase should be
16 Wait-and-see carefully profiled and the therapeutic strategy should be defined considering the specific diseases and the cost- 87.0%
strategy effectiveness of the available treatments. Unnecessary delays in the initiation of diagnostic/therapeutic pathway S
should be avoided
Domain 2: Clinical gateways of a rare disease
Education
Healthcare Medical education should ad inciple-and-method-based  rather th i di
rofessional edical education should adopt a principle-and-method-based approach rather than covering every rare disease. . )
17 Ie) ducation Priority lies in teaching students systematic methods to exclude common conditions and gather diagnostic 100.0% 17,34,36,54,58-60
(diagnosis) evidence
Healthcare Focus should be placed on teaching students how to efficientl f i
rofessional ocus should be placed on teaching students how to efficiently access resources for treatment options once a .
18 Ie) ducation (after diagnosis is made and to maintain high attention on work-related issues, independent living, sexuality, as well as 77.8% 17,54,59,60
diagnosis) the ‘after us’ phase for non-self-sufficient patients
nvisibility” | Gividuals with rare di look healthy, which licate diagnosis. Physicians should b i
19 diagnostic ndividuals with rare diseases may look healthy, which can complicate diagnosis. Physicians should be aware o 75.9%
challenges this diagnostic challenge, particularly when patients express feelings of illness despite appearing well :
Information
fs(lisie;wgrrte:;s: The future of personalised medicine is characterised by an essential increase in the number of rare diseases;
of rare gisease knowledge of rare diseases should become a necessary skill for every physician )
20 suspicion among | 1€ dissemination of information about rare diseases through specialized conferences, various medical specialties, | 100.0% 10,52,61,62
healfth care 8 | and publications in relevant journals is crucial. Re-evaluation of all persons in the light of rare disease suspicion
professionals should become common practice among the medical community
Continued
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Final
Statement degree of
number Statement area | Statement consensus | References
Raise awareness Health literacy specifically tailored to rare diseases will play a critical role in advancing community engagement
and importance . . . ) 1
) efforts. A deeper understanding of these diseases among the general population and stakeholders will facilitate o
21 of rare disease X Lo, P 4 . S . . 90.7%
L more meaningful participation, informed decision-making, and effective collaboration in addressing the unique
suspicion in the L
; challenges posed by rare conditions
community
Typical patterns of a “diagnostic journey” before diagnosis might serve as a basis for developing diagnostic support
Raise awareness | tools for health care professionals, regardless of the prevalence of the disease
22 on “diagnostic The diagnostic journey differs among various rare diseases. It is essential to distinguish them based on the 77.8% 21,32,54.63
odysseys” presence of distinct signs and symptoms and the prevalence of the diseases to develop effective pathways and
support systems
Technological
tools
A comprehensive electronic medical record, constantly updated and fully accessible to clinicians coming into
23 Electronic contact with the patient can be a powerful tool in order to facilitate the identifications of many red flags. The 96.3%
medical record | individual patient journey cannot only be narrated by the patient him/herself. This would avoid data dispersion =0
and carrying out excessive and redundant tests
Healthcare
system planning
Enhancing the The operations and goals of Centers for Rare Diseases need to be made more prominent. To achieve this, existing
visibility and websites should be improved for user-friendliness, with clear explanations of access procedures. Additionally,
24 effectiveness it would be beneficial to provide physicians with feedback regarding the expected duration of their patients’ 90.7% 10
of rare disease diagnostic and therapeutic pathways and timelines for receiving feedback or diagnoses. Websites of rare disease
centers centers should include references which allows physicians to independently find appropriate resources
Promote awareness among preschool, elementary, and secondary school teachers and educators about the signs of
Involvement . . . . ik et .
potential health issues (e.g. unusually high number of absences for different specialist visits) and how to recognize
of the school . > . : : . : 720,58
25 them. Autism spectrum disorders and specific learning disorders, such as dyslexia, dysgraphia, dysorthography, 83.3% 20
system and . . . S . .
teachers and dyscalculia, should be considered for further investigations. Offer guidance on how educators can assist
parents in seeking appropriate clinical assessments for their children
. Healthcare systems face increased costs due to unnecessary investigations, inappropriate treatments, and repeated
Economic dical consultations. Additionally, th ion of untreated conditions often leads to complicati ir
impact of medical consultations. itionally, the progression of untreated conditions often leads to complications requiring o
26 deﬁ od more intensive and expensive interventions. For patients and families, the financial impact extends far beyond 100.0% 64,65
dia }rllosis direct medical expenses. Loss of productivity due to frequent medical appointments, reduced work capacity, and
8 early retirement creates substantial indirect costs

Table 2. Statements for domains 1 (red flags of a rare disease) and 2 (clinical gateways of a rare disease) and
final degree of consensus. Values in bold indicate statements with a degree of consensus>75%. CNS: Central
Nervous System; ED: Emergency Department; GP: General Practitioner.

1.6+3.8 misdiagnoses between 3.2+2.4 hospitals. Diagnoses of rare disease were concentrated in 10 large
hospitals and 5 big cities, indicating a significant heterogeneity of medical resources in the Country. Patients also
reported that the rare disease often led to difficulty in their education and employment, as well as to a significant
financial burden. A battery of standardized tests demonstrated poor health status, depression, somatization,
anxiety, and sleeping issues among both patients and caregivers®”.

The main determinants of diagnostic delays in Europe are gender and age, and in particular symptom onset
before 30 years of age and being a woman, in addition to living in Northern or Western Europe, the number of
healthcare professionals consulted, misdiagnosis, referral to a center of expertise, unmet needs for psychological

and financial support, having a genetic disease and a family history of rare disease’.

The Argo study

Multiple factors can affect a timely diagnosis of rare disease, and healthcare professionals need clear information
and guidelines on when to suspect the presence of this kind of disorder. The Delphi methods assumed a central
role in the latest years to develop guidance in healthcare practice using collaborative insight where data are
limited or evidence is conflicting!®. In particular, the RTD method selected for this study maximized the
participation of experts from different areas, reduced the amount of time required to panelists, and enabled a
real-time presentation of results, so that experts were able to perform multiple assessments and modify their
opinion'Z

This RTD study identified and recommended a series of clinical and non-clinical signals, tools and
circumstances (red flags and clinical gateways) that should be considered by primary care professionals during
the journey towards a diagnosis of rare disease (Table 2).

Recently, the International Rare Diseases Research Consortium (IRDiRC) assembled a global, multistakeholder
task force to identify barriers and opportunities that could support primary healthcare professionals in addressing
challenges posed by rare diseases'. The Argo RTD study identified some key indicators that were consistent
with the outcomes of the IRDiRC task force, such as family medical history, clusters of birth defects, unusual
presentations of common illnesses, neurodevelopmental delays or decline, and severe pathology that should
be integrated into primary care practices to improve the identification and referral of cases of rare disease. Of
interest, a range of red flags of rare disease initially identified by 79 different patient groups based in UK through
anon-medical audience questionnaire, reached a consensus also in this experts’ opinion RTD study, thus leading
to a convergence of common experiences and recommendations shared by both patients and physicians, even
if based in different Countries®. In particular, a common consensus was reached on red flags across physical
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and psychosocial domains, with reference to the involvement of three or more organs or systems (statement #1),
the pattern of genetic inheritance (statement #6), the continued presentation during childhood and adulthood
(statement #14), multiple specialist referrals (statement #4), delayed diagnosis (statement #7) and misdiagnosis
(statement #8)2°. Of note, school concerns, reported as a potential red flag of rare disease by patient groups in
UK, did not reach a significant expert consensus in this study (statement #11), suggesting that difficulties in the
educational setting are not considered a typical challenge of young subjects with a rare disease. It is interesting to
note that the role of schools in identifying potential indicators of a rare disease may vary significantly across these
two different educational systems. In UK, the school system is structured to identify and separate students with
specific difficulties, assigning them to distinct educational pathways. Conversely, in Italy, the guiding principle
is educational inclusion, aiming to integrate students with difficulties into the standard education system while
avoiding early categorization. This cultural difference may explain the lower consensus reached for statement #
11, since the concern that school involvement could lead to stigmatization or misdiagnosis may have influenced
how this aspect was perceived by the Italian panelists.

A two-step Delphi survey involving all German centers for rare diseases and patient groups as experts of
their rare disease highlighted the need to improve the diagnostic process in individuals with rare diseases, with
a particular focus on metabolic and autoimmune diseases?!.

Opverall consistency of results about red flags of rare diseases obtained in this RTD study and in other surveys
or questionnaires summarized above highlights homogeneous circumstances in the setting of the diagnostic
suspect of a rare disease in different Countries and healthcare systems that require a global call to action.

For what concerns the “clinical gateways”, filling the gap in knowledge about rare diseases through education
of healthcare professionals, focused meetings and scientific publications, is highly recommended by the experts
(statements #17-20, Table 2). An increased awareness of rare diseases and the typical pattern of a diagnostic
journey faced by patients and their families should also be increased among the general population and
the stakeholders, as well as among schoolteachers and educators, for an effective collaboration between the
community and the healthcare professionals (statements #21-22, 25). These recommendations are supported
by other recently published indications. Among them, a survey involving 165 medical doctors taking their
specialization courses in Poland revealed that most physicians lacked basic knowledge about the etiology,
epidemiology and estimated prevalence of rare diseases, and many of them lacked preparation and training
to distinguish rare diseases from more common conditions’. According to the authors, initiatives should be
taken by the Academia to train physicians about rare diseases, regardless of medical specialization, and with
a principle-based approach. Although it is impossible to be aware of every identified rare disease, physicians
should still be equipped to recognize the so called “zebras” among the “horses™. Consistently with these results,
physicians from different hospitals in China revealed through a questionnaire that lack of rare disease awareness
and inappropriate education in medical schools are a major issue in diagnostic delay and/or misdiagnosis of
these disorders??. A similar urgent information need for emergency physicians about rare diseases came up
from a large survey conducted by Zhou et al. in the same Country?. Of note, a lack of guidelines or consensus
was indicated as the most important reason for the diagnostic delay of rare diseases by the emergency physicians
involved in the survey?. Of interest, Medics4RareDiseases, a charity based in UK, created the online course
“Rare Disease 101” to try to address the gap in formal education in the field of rare disease medicine using a
disease-agnostic approach, obtaining encouraging early results?*.

Centers for rare diseases concentrate expertise and knowledge about these disorders and play a major role
worldwide in supporting diagnosis and treatment approaches®. In particular, centers for rare diseases could
play a major role for genetic assessment in case of a diagnostic suspect. Actually, about 80% of rare diseases have
a genetic basis, and several of them follow a pattern of inheritance indicative of a monogenic origin. Recent
advancements in sequencing technologies revealed the genetic causes for newly identified rare diseases and
helped identify new variants responsible for previously known disorders®. In addition, when exome or whole
genome sequencing are unrevealing, different novel technological approaches can be applied to support the
diagnosis and elucidate the molecular mechanism of rare diseases?®. Actually, the low incidence, and/or the
limited knowledge of the pathogenetic mechanisms, are responsible for the lack of EMEA or FDA-approved
treatments for about 95% of the estimated 6000-10,000 rare diseases*. Nonetheless, even when an approved
therapy is unavailable, an accurate diagnosis of rare disease can lead to symptomatic treatments and medical
intervention, improving patients’ quality of life and extending their lifespan®. In addition, a diagnosis of
rare disease can allow the participation in relevant clinical trials, prevent potentially ineffective and harmful
treatments and allow the support of specific patient advocacy groups®!®. GPs and other healthcare professionals
should be aware of the operations and goals of centers for rare disease in their area and refer to them when
necessary. On the other hand, the centers for rare diseases should improve their visibility and access also through
the implementation of user-friendly websites and providing timely feedback to physicians (statement #24)°.

Finally, panelists involved in this RTD study highlighted the importance of constantly updated and
comprehensive electronic medical records as a tool to facilitate the identification of potential red flags of rare
disease (statement # 23, Table 2). This aspect is of particular interest in the perspective of recent advances in
the use of artificial intelligence (AI) and machine learning, as these tools could assist physicians and expedite
the diagnosis of rare diseases?’~?’. In particular, algorithms can automate and systematize the clinical suspicion
of a genetic disease by analyzing the information stored in electronic health records and creating predictive
models to accelerate the identification of patients with a clinical profile representative of receiving a genetic
test. The combination of targeted education and new technologies could help the population of rare disease
patients (around 50%) affected by significant diagnostic delay, lowering the costs and finally improving patient
outcomes®*6,
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Limitations

We would like to highlight that the high level of consensus on red flags among panelists does not imply that
these indicators should be automatically used as standalone screening tools for rare disease suspicion. The
identification of a red flag should always be interpreted within a broader clinical context, taking into account
sociodemographic variables and additional diagnostic factors. For example, a high number of emergency
department visits may be an alert for a potential rare disease but could also reflect limited access to primary
care services or socioeconomic disadvantage. The isolated use of red flags as a diagnostic filter could lead to
an excessive number of false positives. Further validation is required and encouraged to confirm their ability
to discriminate effectively the patients at higher risk while avoiding unnecessary diagnostic procedures or
misclassification.

Other study limitations possibly relate to the composition of the voting panel of experts and to the subjectivity
in initial selection of literature and statements. In particular, the panel is limited to Italian professionals and
cultural or healthcare system differences might limit applicability elsewhere. Delphi is an opinion-based
consensus process, so potentially different outcomes with different panels are intrinsically part of this procedure.
We acknowledge that the inclusion of non-clinical experts may have influenced the level of agreement on certain
items more closely related to direct patient interaction. For instance, red flag items such as “failure to standard
therapies”, “length of stay”, “school concerns”, and “peculiar emotional phenomena’, which require a high
degree of intimate knowledge of rare diseases and close contact with the families, did not achieve final degree
of consensus due to the broad and heterogenous composition of the panel. However, their participation was
considered essential to incorporate systemic, organizational, and policy-level perspectives, which are crucial for
ensuring that clinical insights can be effectively translated into sustainable, real-world implementation strategies.

Conclusions
To the best of our knowledge, this is the first RTD study providing a consensus by a relatively large panel of experts
about red flags and clinical gateways to be considered by primary care professionals in the troubled journey
towards a diagnosis of rare disease. The multidisciplinary expertise and the multiplicity of voting panelists in
this RTD study benefit the consensus process. Moreover, the constantly high response rate throughout the RTD
study indicated that experts’ knowledge and opinions were well represented throughout the whole survey, and
anonymity minimized the possibility of introducing bias in the consensus process, thus strengthening its validity.
The recommendations emerging from this survey represent a basis to reshape, adjust and optimize the
process leading to an early recognition of rare diseases in the primary care setting and respond at least in part to
the unmet needs of affected individuals and their families. This could improve the patient experience, optimize
the use of available healthcare, financial and technological resources and reduce the challenges of the diagnostic
odyssey. As Argo project evolves, future phases will intend to focus on disease-specific consensus-building and
the extension of the methodology to a European context, with the aim of promoting cross-national alignment on
early recognition strategies for rare diseases. In addition, a retrospective validation study is under evaluation to
assess whether the proposed red flags are identifiable in clinical documentation preceding diagnosis, to evaluate
their potential to support earlier suspicion and reduce diagnostic delay in real-world settings.

Data availability
The data sets generated and analyzed during the current study are available from the corresponding author on
reasonable request.
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