
Page 1/18

Diagnostic delay in rare diseases: a documented list of (296) rare
diseases for which delayed diagnosis would be especially
detrimental, based on the French situation
Pierre-Etienne CHAZAL 

Orange Healthcare
Anne-Sophie CHALANDON  (  anne-sophie.chalandon@sano�.com )

Sano� https://orcid.org/0000-0002-6812-9893
Ségolène AYMÉ 

Institut du cerveau et de la moelle epiniere
Christian DELEUZE 

Sano� Genzyme

Research

Keywords: Rare diseases, Diagnostic delay, Time to diagnosis, Care management, eHealth

Posted Date: June 10th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-32308/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-32308/v1
mailto:anne-sophie.chalandon@sanofi.com
https://orcid.org/0000-0002-6812-9893
https://doi.org/10.21203/rs.3.rs-32308/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Background

A timely diagnosis is a critical step to ensure a proper access to expert clinical management for patients. However, diagnosing rare
diseases (RD) is a major challenge, as these diseases are extremely diverse in their expression, cause, semiology and nosology.
Today, the development of digital technologies offers genuine opportunities for improving diagnosis and care in a sector with urgent
needs. However, developing and testing digital solutions would only be possible for a limited number of Rare Diseases (RD).

Results

The approach presented in this article aims at proposing an ethical and rational way of de�ning a subset of “priority” rare diseases
to focus on, based on pathologies for which an established and effective standard of care management is de�ned. Two types of
management were considered: the existence of a medicinal product speci�cally targeting the disease; and / or the existence of
authoritative clinical guidelines in France. Our work led to the establishment of a list of 251 RD for which a delayed diagnosis would
be especially detrimental.

Conclusion

It remains now to establish whether the diagnosis of these RD is especially delayed, or not, before setting up targeted initiatives to
reverse the situation. Clarifying choices when taking initiatives to develop solution in a �eld with so many unmet needs is an
element of an ethical approach.

Introduction
Diagnosing rare diseases is a major challenge. Rare diseases (RD) whose de�nition is based on a prevalence notion are not only
numerous (more than 7000 are described, mostly with a genetic origin) but also extremely diverse in their expression, their cause,
their semiology and nosology and, for most, their natural history are not �rmly established. Many rare diseases share symptoms
with “common” diseases. Despite increasing knowledge and new imaging or biological and molecular technologies, diagnosis
remains di�cult, even for the best experts.

As a consequence, the long lag time between �rst symptoms and diagnosis is identi�ed as a key problem to be �xed, especially
pointed out by patient organizations (1). A timely diagnosis is a critical step to ensure a proper access to expert clinical
management for patients suffering from rare diseases. Currently, this delay is thought to be unacceptably long, and amenable to
improvement if appropriate measures are undertaken. The reasons for such a delay are diverse and cumulative.

A delayed diagnosis can occur because the patient did not consult early enough, or because the symptoms are non-speci�c or
uncommon for the disease to be considered. A delay can also occur because scienti�c knowledge is still limited, or because all
investigations have been performed without any conclusive result. These delayed diagnoses are not avoidable at a given time point.

In contrast, the determinants of the healthcare systems contributing to delays could be totally or partially addressed. Those may
include health professionals’ lack of awareness and of experience with RD, di�culties in referring patients to expert centers, lack of
specialized centers or too distant ones, understaffed expert centers, or limited access to genomic services.

Many initiatives have been taken in the past to address these issues. In Europe, Orphanet was speci�cally established in 1997 to
disseminate the information on RD and expert resources. In 2004, the French government adopted the �rst Public Health Plan for
rare diseases, including the establishment of a network of expert centers in academic hospitals and many other initiatives likely to
contribute to a better diagnosis of RD (2). A recommendation of the Council of European Ministries was adopted in 2010, urging all
European countries to set up a national plan or strategy for RD before 2014, a recommendation followed by most countries (3; 4).
With the progressive availability and affordability of Next-Generation Sequencing (NGS) technologies, the debate around solution for
the diagnosis of rare diseases focused on the access to sequencing technologies and on accelerating the identi�cation of disease-
causing genes by involving all undiagnosed patients in research protocols (5; 6).
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Improving the diagnosis of RD is an enormous challenge for public and private actors, as it is a multifaceted phenomenon,
encompassing all aspects of medicine. But, today, the development of digital technologies offers genuine opportunities for progress:
for patients and their caregivers, with new tools and options for dealing with their condition; for healthcare professionals with tools
supporting their daily administrative, medical and research duties; for healthcare systems, with tools to optimize care. The sector of
rare diseases is at urgent needs and the community is organized and dedicated enough to quickly adopt innovations which could
improve patients’ quality of life.

In this context, developing eHealth solutions that are speci�cally suited to RD was identi�ed by Sano� France, in partnership with
Orange Healthcare, as an obvious priority for its open innovation initiative, named UniR. A group of stakeholders, including patients,
patient associations, healthcare professionals, researchers, administrators, healthcare and digital specialists, was invited, in 2018, to
identify tangible eHealth solutions to reduce diagnostic delay. This open innovation initiative brought together 16 experts in rare
diseases along with six representatives from national centers of expertise and four patient associations for rare diseases. After 30
individual interviews and three workshops, the group identi�ed 13 obstacles that are sources of diagnostic delay, and suggested 14
digital-based solutions to reduce such delays. The outcome of this brain storming exercise is published as a white book (7).

During the process of deciding about the potential solutions to be developed in the short term, emerged the idea of de�ning a subset
of rare diseases to focus on, for practical reasons. As testing these solutions would only be possible for a limited number of RD, the
most ethical approach would be prioritizing RD for which a delayed diagnosis would be especially detrimental, because an
established and effective standard management is already de�ned (including clinical guidelines and / or speci�c drug). It is this
approach that is now described. This choice does not imply that an absence of diagnosis, or a very late diagnosis, is not detrimental
in the context of other diseases. Of course, it is the case for all of them. The current approach just aims at proposing a rational way
of choosing rare disease on which pilot projects will be tested, addressing so the most urgent needs.

Materials And Methods
De�nitions and sources. In an attempt to de�ne a subset of “priority” rare diseases to focus on, it was decided to concentrate on
missed opportunities for patients affected with a pathology for which an established and effective standard management is
de�ned. This required the identi�cation of established speci�c care management options. Two main types of care management
have been retained in this work: the existence of a medicinal product speci�cally targeting the disease; and / or the existence of
authoritative clinical guidelines.

A targeted medicinal product was de�ned as a medical product with a Marketing Authorization (MA) with designation for one or
more RD (Orphan drugs and non-Orphan drugs); and products in development available as part of an Authorization for Temporary
Use in France (ATU). These authorizations are given, prior to the MA granting, for the exceptional use of experimental
pharmaceutical products that do not have MA and for patients that cannot be included in a clinical trial (8).Two open access
sources of information were used: the list published by Orphanet, of Orphan (OD) and non-Orphan (NON-OD) drugs intended for RD
and with a Marketing Authorization in the European Union (EU) as of July 2017 (Source #1) (9); and the list of drugs with an
Authorization for Temporary Use (ATU) in France with on OD designation as of November 2017 (Source #2) (10; 11; 12).

Regarding authoritative clinical guidelines, we considered the protocols elaborated either by the French National Authority for Health
(Haute Autorité de Santé, HAS) or by the French Rare Disease networks (FSMR) following the methodology elaborated by the HAS.
These protocols are syntheses of published good practices about a rare disease, or a group of rare diseases, followed by
recommendations. Their objective is to guide healthcare professionals (HCP) for an optimal diagnostic and therapeutic
management. Two open access sources of information were used: the list of National Diagnosis and Care Protocols (NDCP)
published by the HAS (Source #3) (13); and the list of NDCPs written or under writing by the 23 FSMR according to their websites
(Source #4) (14).

Finally, the identi�ed pathologies were matched with Orphanet nomenclature database (Source #5 (15). The detail of the
information sources used in this work is available in the Supplementary Information section.

Methodology.

The methodology designed to establish this list of pathologies was based on four main steps (Figure 1):
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#1: Identi�cation of RD for which a commercial drug with a MA is available,

#2: Identi�cation of RD for which a drug is available as part of an ATU,

#3: Identi�cation of RD with a published or under writing NDCP,

#4: Merger, duplicates removal and mapping of pathologies with the Orphanet nomenclature.

Figure 1: Methodology

All of the treatments described below were performed using the Microsoft Excel Suite.

#1: Identi�cation of RD for which a commercial drug with a MA is available. The “source #1” tables encompassed 256 drug entries:
drugs with Orphan Drug (OD) designation (98 entries) and drugs without Orphan Drug (NON-OD) designation (158 entries) (9). For
each drug entry, the Marketing Authorization description was manually processed to extract the names of the RD targeted, resulting
in 371 "drug x RD" entries. Duplicates were removed using both Excel automatic tool then manual processing (107 duplicates
merged, 264 unique RD entries remaining). Rare cancers were discarded

from the �nal table (167 RD entries remaining – 97 cancer entries discarded) as they are not considered for the production of
clinical guidelines and are supported outside the rare disease networks. Conditions linked to the administration of medicinal
products were also excluded: anthracycline extravasation, methotrexate toxicity and hepatitis B reinfection following liver
transplantation (164 RD entries remaining – 3 RD entries discarded).

#2: Identi�cation of RD for which a drug is available as part of an ATU. To ensure an exhaustive listing of drugs with an ATU
available in France as of November 2017, two sources (10; 11) were merged (281 drug entries remaining). Drug products for which
an end-date of ATU was already ruled were discarded (224 drug entries remaining – 57 drug entries discarded). The table was then
compared with the EMA Orphan drug designation table (12), which included all products with an ongoing application for the
“Orphan Drug” status by the EMA. Given the difference of language between the sources, the two tables were compared based on
the "Active Substance" (66 drug entries matched: 41 automatic matches + 24 manual additional matches). The "Orphan Drug"
designation which had a "withdrawn" or "negative" status were excluded (55 drug entries remaining – 11 drug entries discarded). A
search of the RD targeted by the 55 products was then carried out in the EMA Orphan drug designation table (column "Disease /
condition”) (12). Duplicates were manually removed. Finally, rare cancer entries were excluded (68 RD entries remaining – 6 cancer
entries discarded).

#3: Identi�cation of RD with a published or under writing NDCP. To ensure an exhaustive listing of drugs with a NDCP, both sources
(16; 14) were merged (104 NDCP entries remaining) and completed with the list of NDCP in the process of drafting and / or planned
according to the FSMR websites (160 NDCP entries remaining). For each NDCP entry, the description was processed to extract the
names of the targeted RD (160 RD entries).

#4: Merger, duplicates removal and mapping of pathologies with Orphanet nomenclature. The three RD tables previously obtained
were merged (336 remaining RD entries - 59 duplicate entries merged). For the 336 RD entries, a search for correspondence with the
Orphanet nomenclature was carried out. A con�dence index was introduced to characterize the degree of certainty on the
correspondence (High / Medium / Low): 248 matches with a "High" correspondence (74%), 39 matches with a "Medium"
correspondence (12%) and 28 matches with a “Low” correspondence (14%) were found. The list was �nally reviewed by an expert on
rare diseases, with proposals for modi�cation, grouping or removal of pathologies. An output table including 273 RD entries was
�nally produced.

Information on each RD (ORPHA number, ICD 10 code, synonyms, inheritance, age of onset and prevalence) was then collected from
the Orphanet database for the purpose of producing statistics. The inheritance codes were simpli�ed in three categories: “Genetic
origin” encompasses all diseases with a genetic origin whatever the mode of inheritance. “Partially genetic” includes diseases with a
mix of different possible origins, some being genetic, some being acquired. “Non genetic” includes all other diseases, although some
of them may have some genetic determinants as minor co-factor. The pathologies were classi�ed by broad categories, following the
logics applied in the International Classi�cation of Diseases in its 11th edition (17).

The detailed list of the RD identi�ed in this work is available in the Supplementary Information section.
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Results
A total of 273 rare diseases, disorders and conditions were identi�ed as satisfying the criteria of being particularly sensitive to a
delayed diagnosis, by loss of opportunity to bene�t from an appropriate care management option. This list included some infectious
diseases (11 RD) which were not considered further, as posing very different problems. It included also isolated major
malformations (9 RD) which are quite obvious at birth, but also trisomy 21 which is now easily diagnosed, and familial patent
arterial duct, which is not posing a diagnostic issue. These conditions were excluded from the analysis as irrelevant in the
framework of this project.

The �nal list includes 251 conditions, classi�ed in broad categories (Table 1). Most of the conditions identi�ed bene�t exclusively
either from a drug (118 RD) or clinical guidelines (94 RD), while only 39 of them bene�t from both (Figure 2). Without surprise, the
largest groups are inborn errors of metabolism and multi-systemic diseases, followed by developmental disorders, hematological
disorders and neurological disorders. Developmental disorders are represented because of the large number of clinical guidelines
available, despite a small number of drug therapies (Table 2). On the contrary, inborn errors of metabolism rank high because of the
large number of marketed drugs, despite a small number of clinical guidelines. In all categories, the number of RD with both a
marketed drug and clinical guidelines is very small (15%).

Table 1: List of rare diseases for which a delayed diagnosis would be especially detrimental, in the context of the study.

Table 1: Rare diseases by nosology
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BONE DISORDERS

Childhood-onset hypophosphatasia

Fibrous dysplasia of bone

Osteogenesis imperfecta

CARDIOLOGICAL DISORDERS

Hypertrophic cardiomyopathy

Pulmonary valve agenesis

CONGENITAL IMMUNOLOGICAL DISORDERS

Adenosine monophosphate deaminase deficiency

Agammaglobulinemia

Cyclic neutropenia

Lysosomal acid lipase deficiency

Recurrent infections associated with rare

immunoglobulin isotypes deficiency

Severe combined immunodeficiency

Severe congenital neutropenia

DERMATOLOGICAL DISORDERS

Dermatitis herpetiformis

Dermatomyositis

Epidermolysis bullosa acquisita

Hypohidrotic ectodermal dysplasia

Incontinentia pigmenti

Juvenile dermatomyositis

Linear IgA dermatosis

Neonatal dermatomyositis

Neurofibromatosis type 1

 HEMATOLOGICAL ERS (CTD)

Hereditary combined deficiency of

vitamin K-dependent clotting factors

Hereditary thrombophilia due to

congenital antithrombin deficiency

Hypoplasminogenemia

Immune thrombocytopenic purpura

Multicentric Castleman disease

Paroxysmal nocturnal hemoglobinuria

Polycythemia vera

Primary myelofibrosis

Rare acquired aplastic anemia

Rare hemorrhagic disorder due to a

constitutional thrombocytopenia

Severe hereditary thrombophilia due

to congenital protein C deficiency

Sickle cell anemia

Von Willebrand disease

X-linked erythropoietic protoporphyria

HEPATOLOGICAL DISORDERS

Alpha-1-antitrypsin deficiency

Biliary atresia and associated disorders

Congenital bile acid synthesis defect

type 1

Congenital bile acid synthesis defect

type 2

Congenital bile acid synthesis defect

NEUROMUSCULAR DISORDERS (CTD)

Chronic inflammatory demyelinating

polyneuropathy

Duchenne muscular dystrophy

Facioscapulohumeral dystrophy

Glycogen storage disease due to acid

maltase deficiency

Glycogen storage disease due to

glycogen debranching enzyme

deficiency

Glycogen storage disease due to muscle

glycogen phosphorylase deficiency

Inclusion body myositis

Kennedy disease

Mitochondrial trifunctional protein deficiency

Myasthenia gravis

Periodic paralysis

Proximal spinal muscular atrophy

ODONTOLOGICAL DISORDERS

Dentinogenesis imperfecta

Rare odontal or periodontal disorder

OPHTHALMOLOGICAL DISORDERS

Acanthamoeba keratitis

Albinism-deafness syndrome

Aniridia

Central retinal vein occlusion

Intermediate uveitis
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Partial deep dermal and full thickness

burns

Stevens-Johnson syndrome

Toxic epidermal necrolysis

Xeroderma pigmentosum

Pemphigus

DEVELOPMENTAL DISORDERS

22q11.2 deletion syndrome

Allan-Herndon-Dudley syndrome

Alström syndrome

Angelman syndrome

Bardet-Biedl syndrome

Borjeson-Forssman-Lehmann syndrome

Cardiofaciocutaneous syndrome

Christianson syndrome

Classic glucose transporter type 1

deficiency syndrome

Cohen syndrome

Costello syndrome

Fragile X syndrome

Japanese encephalitis

Kabuki syndrome

KBG syndrome

Nail-patella syndrome

Noonan syndrome

type 4

Familial intrahepatic cholestasis

Hepatic veno-occlusive disease

Primary biliary cholangitis

INBORN ERRORS OF METABOLISM

Alkaptonuria

Argininemia

Argininosuccinic aciduria

Carbamoyl-phosphate synthetase 1 deficiency

Citrullinemia type I

Classic homocystinuria

Classic organic aciduria

Combined malonic and methylmalonic

acidemia

Congenital isolated hyperinsulinism

Congenital sucrase-isomaltase deficiency

Fabry disease

Familial chylomicronemia syndrome

Gaucher disease

Homozygous familial hypercholesterolemia

Hyperammonemia due to N-

acetylglutamate synthase deficiency

Hypercholesterolemia due to

cholesterol 7alpha-hydroxylase

deficiency

Hyperimmunoglobulinemia D with

Leber hereditary optic neuropathy

Ligneous conjunctivitis

Oculocutaneous or ocular albinism

Panuveitis

Posterior uveitis

Usher syndrome

PNEUMOLOGICAL DISORDERS

Adult acute respiratory distress syndrome

Apnea of prematurity

Chronic thromboembolic pulmonary hypertension

Cystic fibrosis

Heritable pulmonary arterial hypertension

Idiopathic pulmonary arterial hypertension

Idiopathic pulmonary fibrosis

Infant acute respiratory distress syndrome

Interstitial lung disease

Lymphangioleiomyomatosis

Primary ciliary dyskinesia

RHUMATOLOGICAL DISORDERS

Adult-onset Still disease

Enthesitis-related juvenile idiopathic

arthritis

Juvenile idiopathic arthritis

Psoriasis-related juvenile idiopathic

arthritis

Rheumatoid factor-negative juvenile
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Partington syndrome

Pendred syndrome

Prader-Willi syndrome

Renpenning syndrome

Rett syndrome

Rubinstein-Taybi syndrome

Syndrome oro-facio-digital type 1

Trisomy Xq28

Williams syndrome

Wolfram syndrome

ENDOCRINE DISORDERS

Acquired premature ovarian failure

Acromegaly

Androgen insensitivity syndrome

Congenital adrenal hyperplasia

Congenital hypogonadotropic hypogonadism

Cushing disease

Cushing syndrome

Familial hyperthyroidism due to

mutations in TSH receptor

Generalized resistance to thyroid

hormone

Growth delay due to insulin-like growth

factor type 1 deficiency

Klinefelter syndrome 

(Non rare in Europe)

periodic fever

Hyperornithinemia-hyperammonemia-

homocitrullinuria syndrome

Hyperphenylalaninemia due to

tetrahydrobiopterin deficiency

Long chain 3-hydroxyacyl-CoA

dehydrogenase deficiency

Lysinuric protein intolerance

Mevalonic aciduria

Mucopolysaccharidosis type 1

Mucopolysaccharidosis type 2

Mucopolysaccharidosis type 4A

Mucopolysaccharidosis type 6

Mucopolysaccharidosis type 7

Niemann-Pick disease type B

Niemann-Pick disease type C

Ornithine transcarbamylase deficiency

Phenylketonuria

Tyrosinemia type 1

X-linked creatine transporter

deficiency

NEUROLOGICAL DISORDERS

Acquired aneurysmal subarachnoid hemorrhage

Aicardi-Goutières syndrome

Amyotrophic lateral sclerosis

CADASIL

idiopathic arthritis

Rheumatoid factor-positive polyarticular

juvenile idiopathic arthritis

Systemic-onset juvenile idiopathic

arthritis

SLEEP DISORDERS

Narcolepsy type 1

Narcolepsy type 2

Non-24-hour sleep-wake syndrome

SYSTEMIC / MULTISYSTEMIC DISORDERS

Acquired generalized lipodystrophy

Acquired partial lipodystrophy

AGel amyloidosis

AL amyloidosis

ATTRV30M amyloidosis

Atypical hemolytic uremic syndrome

Autosomal systemic lupus erythematosus

Berardinelli-Seip congenital lipodystrophy

Buerger disease

Calciphylaxis

Cerebrotendinous xanthomatosis

CINCA syndrome

Cryopyrin-associated periodic syndrome

Ehlers-Danlos syndrome

Familial cold urticaria

Familial Mediterranean fever
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Neonatal diabetes mellitus

Non-acquired isolated growth hormone

deficiency

Non-acquired premature ovarian failure

Peripheral resistance to thyroid

hormones

Pituitary resistance to thyroid hormone

Primary adrenal insufficiency

Rare hypoparathyroidism

Turner syndrome

GASTROLOGICAL DISORDERS

Short bowel syndrome

HEMATOLOGICAL DISORDERS

Acquired hemophilia

Autoimmune hemolytic anemia

Autoimmune thrombocytopenia

Autosomal erythropoietic protoporphyria

Beta-thalassemia major

Class I glucose-6-phosphate

dehydrogenase deficiency

Congenital factor VII deficiency

Congenital factor XIII deficiency

Essential thrombocythemia

Glanzmann thrombasthenia

Hemophilia A

Hemophilia B

Charcot-Marie-Tooth

disease/Hereditary motor and sensory

neuropathy

Dravet syndrome

Familial cerebral saccular aneurysm

Friedreich ataxia

Guillain-Barré syndrome

Huntington disease

Joubert syndrome

Juvenile myoclonic epilepsy

Lambert-Eaton myasthenic syndrome

Lennox-Gastaut syndrome

Limbal stem cell deficiency

Moyamoya disease

Multifocal motor neuropathy

Multiple system atrophy

Neonatal hypoxic and ischemic brain

injury

Neuronal ceroid lipofuscinosis

Pediatric multiple sclerosis

Progressive multifocal leukoencephalopathy

Rare epilepsy

Syringomyelia

Tourette syndrome 

(Non rare in Europe)

NEUROMUSCULAR DISORDERS

Familial partial lipodystrophy

Giant cell arteritis

Hereditary angioedema

Hereditary hemorrhagic telangiectasia

Kawasaki disease

Marfan syndrome

Mastocytosis

Muckle-Wells syndrome

Primary lymphedema

Systemic sclerosis

Takayasu arteritis

Tuberous sclerosis complex

Tumor necrosis factor receptor 1

associated periodic syndrome

Vascular Ehlers-Danlos syndrome

Vasculitis

Von Hippel-Lindau disease

Wilson disease

URO-NEPHROLOGICAL DISORDERS

Cystinosis

Idiopathic nephrotic syndrome

Interstitial cystitis

Juvenile nephropathic cystinosis

Nephropathic infantile cystinosis



Page 10/18

Becker muscular dystrophy

Carnitine palmitoyltransfeArase II deficiency

Table 2: Distribution of care management options by broad groups of diseases.

Table 2: Rare diseases by care management

Disease nosology Number of
RD

Speci�c
drug

Clinical
guidelines

Speci�c drug + Clinical
guidelines

SYSTEMIC / MULTISYSTEMIC
DISORDERS

33 20 18 5

INBORN ERRORS OF METABOLISM 33 28 11 6

DEVELOPMENTAL DISORDERS 27 4 25 2

HEMATOLOGICAL DISORDERS 26 24 11 9

NEUROLOGICAL DISORDERS 25 16 12 3

ENDOCRINE DISORDERS 19 10 13 4

NEUROMUSCULAR DISORDERS 14 8 11 5

DERMATOLOGICAL DISORDERS 14 1 13 0

OPHTHALMOLOGICAL DISORDERS 11 7 4 0

PNEUMOLOGICAL DISORDERS 11 8 6 3

HEPATOLOGICAL DISORDERS 8 7 1 0

RHUMATOLOGICAL DISORDERS 7 7 1 1

CONGENITAL IMMUNOLOGICAL
DISORDERS

7 7 0 0

URO-NEPHROLOGICAL DISORDERS 5 5 1 1

BONE DISORDERS 3 1 2 0

SLEEP DISORDERS 3 3 0 0

CARDIOLOGICAL DISORDERS 2 0 2 0

ODONTOLOGICAL DISORDERS 2 0 2 0

GASTROLOGICAL DISORDERS 1 1 0 0

TOTAL 251 157 133 39

Figure 2: Intersection between the criteria used

The proportion of RD with a genetic origin is 68.9% in this list, comparable to the 75% for the whole set of RD in the Orphanet
database (Table 3). Most of the 251 conditions are pediatric disorders (Figure 3), which is similar to what is generally described in
RD. Most of the 251 conditions are very rare (74 RD, 41.8%), or ultra-rare (58 RD, 32.7%), as displayed on the distribution of
prevalence (Figure 4).

Table 3: Distribution of the genetic origin or not of the diseases, by broad groups of diseases.

Table 3: Rare diseases by genetic origin
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Genetic Origin

Disease nosology Number of RD Yes Partially No

SYSTEMIC / MULTISYSTEMIC DISORDERS 33 21 1 11

INBORN ERRORS OF METABOLISM 33 33 0 0

DEVELOPMENTAL DISORDERS 27 26 0 1

HEMATOLOGICAL DISORDERS 26 17 0 9

NEUROLOGICAL DISORDERS 25 10 6 9

ENDOCRINE DISORDERS 19 12 1 6

NEUROMUSCULAR DISORDERS 14 11 0 3

DERMATOLOGICAL DISORDERS 14 4 0 10

OPHTHALMOLOGICAL DISORDERS 11 6 0 5

PNEUMOLOGICAL DISORDERS 11 3 1 7

HEPATOLOGICAL DISORDERS 8 5 0 3

RHUMATOLOGICAL DISORDERS 7 0 0 7

CONGENITAL IMMUNOLOGICAL DISORDERS 7 6 0 1

URO-NEPHROLOGICAL DISORDERS 5 3 0 2

BONE DISORDERS 3 3 0 0

SLEEP DISORDERS 3 0 0 3

CARDIOLOGICAL DISORDERS 2 0 1 1

ODONTOLOGICAL DISORDERS 2 2 0 0

GASTROLOGICAL DISORDERS 1 1 0 0

TOTAL 251 163 10 78

Percentage 100,0% 64,9% 4,0% 31,1%

Figure 3: Age of onset

Figure 4: Prevalence

Discussion
This work is based on open access data sources. Even if the study gives relevant results, these sources have de facto several
limitations. They may suffer from non-completeness. They are not fully interoperable. The Orphanet prevalence data are estimates
only and cannot be considered as established. Thus, it is possible that the prevalence is overestimated, as epidemiological studies
are generally based on hospital data in regions with higher prevalence (18).

Regarding treatments of the data, the main bias comes from the many manual processing operations performed, particularly
because of non-interoperability between sources, as well as their difference in language and denomination of pathologies. This bias
is particularly important for the manual extraction of RD from MA (source #1) and in the crossing between the drug with an ATU
(France) and OD designations list from the EMA (source #2).

The grouping of conditions is largely arbitrary. The rational depends on the purpose of the classi�cation, as the same disease can
be considered from several angles, such as the main affected function, the medical specialty caring for patients, the
pathophysiology at stake, the etiology, etc. (19; 20) . For this project, it was decided to be as close as possible from the ICD 11
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classi�cation system, as it is the most recent attempt to establish an international consensus (21). However, many choices are
disputable. For example, Neuro�bromatosis type 1 is classi�ed as a dermatological disease when it could be also in the
developmental anomaly group. Turner and Klinefelter syndrome are considered here as endocrine disorders, when they could also be
considered as developmental anomalies. Glucose-6-phosphate dehydrogenase de�ciency is in the group of hematological
conditions when it could be in the inborn errors of metabolism group. Alpha-1-antitrypsin de�ciency is here as hepatological disease
and could be a pneumological disease for instance.

In addition, the dataset is a snapshot of the situation as of January 2018, based on information sources from July 2017 to January
2018. It may not be representative of the current situation.

The work was based on the French situation, in particular concerning the RD for which a drug with an ATU and clinical guidelines are
available. An extension of the scope may have been considered to ensure a better completeness of the list. However, this work was
done in order to de�ne a list of RD on which pilots could be tested, starting at national level, because each healthcare system is
speci�c. Especially, the choice of considering only French NDCP is questionable. However, NDCP production was a measure of the
�rst French National Plan for RD (2), assigned to the French National Authority for Health (HAS). At the time of the second national
plan for RD, the assignment switched to the national centers of reference, to speed up the production, with an obligation to follow
the HAS well-de�ned procedure (22; 23). The limited resources and the heaviness of the process obliged the RD experts to de�ne
priorities, based on the existence of heterogeneous practices and on the existence of speci�c measures to be taken, an approach
very close to the one of this project. This justi�es the choice of this criterion in the current study. However, at International level, other
organizations produce relevant clinical practice guidelines, such as learned societies and, in Europe, European Reference Networks
and other national agencies, such as Highly Specialized Services in the UK (24). They could have been considered as well. If this
pilot is successful, other similar projects could emerge in Europe, based on other de�nitions of authoritative clinical guidelines. An
extension to medical products in clinical trials at European and / or international level could also have been considered.

Despite these limitations, this study comforts the choice of the two indicators (drugs / clinical guidelines) used for selecting RD to
focus on for the development of eHealth diagnostic solutions. The two indicators are very differently distributed among the RD
groups (Table 3). In general, most of diseases have either a speci�c drug or clinical guidelines, when only 39 of them bene�t from
both (Table 2). The existence of clinical practice guidelines for RD is, therefore, an independent criterion from the existence of a
targeted new therapy, as half of the prioritized RD in the study has been picked up due to the existence of clinical guidelines only.

Conclusion
This study led to the establishment of a tentative list of 251 RD for which a delayed diagnosis would be particularly detrimental. It
remains being established whether the diagnosis of these RD can be considered as especially delayed, or not, before setting up
targeted initiatives to reverse the situation. The next step could be, for instance, to validate this list using the data from the French
national RD database (BNDMR) (25). The time to diagnosis for these diseases will show whether this delay is acceptable, or not,
according to the opinion of RD experts. If not, this will clearly indicate that eHealth solutions should be considered in priority for
those RD. Clarifying choices when taking initiatives to develop solution in a �eld with so many unmet needs is an element of an
ethical approach.
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Figure 1

Decision-tree to identify rare diseases for which a delayed diagnosis would be especially detrimental, using existing open access
sources on information, in France, on drugs intended for rare diseases and on clinical management guidelines
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Figure 2

Intersections between the criteria used to select rare diseases for which a delayed diagnosis would be especially detrimental, in the
context of the study
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Figure 3

Distribution of the age of onset of the rare diseases for which a delayed diagnosis would be especially detrimental, in the context of
the study.

Figure 4

Distribution of the classes of prevalence of the rare diseases for which a delayed diagnosis would be especially detrimental, in the
context of the study
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