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Abstract 

People living with rare diseases (PLWRD) still face huge unmet needs, in part due to the fact that care systems are not 
sufficiently aligned with their needs and healthcare workforce (HWF) along their care pathways lacks competencies to 
efficiently tackle rare disease-specific challenges. Level of rare disease knowledge and awareness among the current 
and future HWF is insufficient. In recent years, many educational resources on rare diseases have been developed, 
however, awareness of these resources is still limited and rare disease education is still not sufficiently taken into 
account by some crucial stakeholders as academia and professional organizations. Therefore, there is a need to funda‑
mentally rethink rare disease education and HWF development across the whole spectrum from students to gen‑
eralists, specialists and experts, to engage and empower PLWRD, their families and advocates, and to work towards 
a common coherent and complementary strategy on rare disease education and training in Europe and beyond. 
Special consideration should be also given to the role of nurse coordinators in care coordination, interprofessional 
training for integrated multidisciplinary care, patient and family-centered education, opportunities given by digital 
learning and fostering of social accountability to enforce the focus on socially-vulnerable groups such as PLWRD. The 
strategy has to be developed and implemented by multiple rare disease education and training providers: universi‑
ties, medical and nursing schools and their associations, professional organizations, European Reference Networks, 
patient organizations, other organizations and institutions dedicated to rare diseases and rare cancers, authorities and 
policy bodies.
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Background
Unmet needs of people living with rare disorders
In 2010, the Global Independent Commission on the 
Education of Health Professionals for the 21st Century 
proposed a systems-based educational reform to improve 
health system performance and provision of patient and 

population-centered care [1]. For decades, rare diseases 
(RD) have been among the priority public health areas 
in Europe, USA, Japan and some other countries [2–4] 
and increasingly they are being identified as a global pub-
lic health priority with growing recognition and calls for 
action in both high and low and middle-income countries 
[5–7]. Furthermore, in 2019, the United Nations declared 
that people living with rare diseases (PLWRD) are among 
the most vulnerable groups still on the fringes of uni-
versal health coverage [8]. In Europe, RD are defined as 
the ones that affect no more than five persons in 10,000 
inhabitants [3], and rare cancers as the ones with an 
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incidence of less than 6 in 100,000 persons per year [9]. 
Some 6000 to 8000 RD that are currently known may 
affect any organ or body system at any age, and in most 
cases RD are multisystem, consequently, physicians of 
any specialty will see PLWRD. With a point prevalence 
of 3.5–5.9% (excluding rare infectious diseases, intoxica-
tions and rare cancers which represent altogether about 
20% of all cancers), PLWRD comprise a significant part of 
our societies [10], however, still face huge unmet needs. 
Our health systems are mostly not aligned with the needs 
of PLWRD and their families [8]; and the healthcare 
workforce (HWF) lacks competencies to efficiently tackle 
the challenges and unlock the opportunities for RD [11]. 
The four main aims of education and training in rare 
diseases and rare cancers would be to ensure efficient, 
timely diagnosis and integrated, coordinated, multidisci-
plinary care, to empower patients and to foster research.

The rarity, diversity, number and heterogeneity of RD 
create major hurdles to RD recognition  in clinical prac-
tice. Diagnosis takes 5 to 6  years on average and up 
to decades [12]. Before achieving a definite diagnosis, 
PLWRD experience multiple visits to physicians and 
diagnostic procedures, get misdiagnoses, inappropriate, 
ineffective or even detrimental treatments [11]. The situ-
ation creates intricate diagnostic labyrinths and lengthy 
diagnostic odysseys, that are tedious, frustrating and 
costly for patients, their families and health systems. A 
significant proportion of PLWRD do not get timely diag-
nosis just due to the lack of awareness and coordinated 
healthcare systems and pathways [13]: frequently pri-
mary or local care professionals do not have a sufficient 
awareness and index of suspicion for RD, nor the health-
care system literacy for referring patients to the right 
level and point of care [11, 14, 15].

In addition to the diagnostic challenge, only 5 to 6% of 
RD have specific, prognosis-changing treatments [12]. 
This proportion is larger in rare cancers, where close to 
all cancers have at least proposed treatment options [9, 
16]. The fundamentals of the path to the development of 
effective treatments is the same for both rare and com-
mon diseases: there is a need to unveil the mechanisms 
of a given disease, to identify biological targets for treat-
ments, and to develop drugs or therapeutic procedures. 
Unfortunately, there is a critical lack of even the basic 
scientific knowledge for 7 out of every 8 RD, therefore, 
specific treatments are not even on the horizon for the 
vast majority of PLWRD, and dedicated research remains 
scarce for rare cancers [17]. There is a critical need to fos-
ter and support RD research, to build the capacities of 
the entire RD research community and to empower and 
include patient representatives across the whole research 
continuum to ensure appropriate tackling of unmet 
needs.

The multisystem nature of RD demands a multidiscipli-
nary approach, where teams of experts carefully assemble 
individual signs and symptoms into complex diagnostic 
puzzles and provide comprehensive and coherent man-
agement for PLWRD. About 70% of RD present in child-
hood and are frequently life-long, disabling and inducing 
complex needs [18, 19]. Patient and family-centered care 
is essential in RD with a complex integration of services 
at multiple levels of health systems and across many 
medical specialties and sectors, including healthcare, 
social and educational sectors. Complex trajectories of 
care pathways and multiple transition points, including 
life or disease-stage related transitions (e.g., transition 
from pediatric to adult services or to palliative services) 
requires meticulous care coordination. Unfortunately, 
the main burden of care organization and coordination 
frequently lies on the shoulders of PLWRD and their 
families and induces significant psychosocial and finan-
cial difficulties [20, 21], while the HWF is unprepared to 
provide a comprehensive, integrated and coordinated, 
team-work based care for PLWRD and their families [14, 
15].

Confronted with the aforementioned gaps, PLWRD 
and their families become “experts by experience” and 
acquire multiple roles including that of informal care pro-
vider, advocate, case manager, health and social systems’ 
navigator [22, 23] and even innovator [24]. Although 
empowered and educated patients better cope with 
their conditions and have better self-rated health status 
[25], studies have shed light on the lack of a collaborative 
relationship between health care providers and PLWRD, 
where professionals fail to recognize patients and fami-
lies as informed, involved and equal partners in the care 
process [26].

In this Statement, we investigate the state-of-the art of 
knowledge and awareness of RD among the current and 
future HWF through a comprehensive literature review, 
identify some of the main challenges for RD education, 
present a non-exhaustive list of available resources and 
initiatives in the field, define some general principles of 
RD education across the continuum of educational stages 
and specialties and some specific aspects, and call for an 
action towards a common strategy for RD and rare can-
cer education in Europe and beyond.

Level of rare disease knowledge and awareness 
among the current and future healthcare workforce
Although data are limited, studies to date unequivo-
cally show that future and current HWF lacks even the 
basic knowledge and awareness of RD (Table 1). In sev-
eral studies, an objective evaluation of knowledge on RD 
among physicians (general practitioners and specialists), 
pharmacists, nurses and students of various specialties 
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was performed by asking questions about RD defini-
tion, epidemiology, examples of RD and informational 
resources for RD [14, 27–36]. Generally, the knowledge 
on RD was insufficient with correct answer rates for vari-
ous questions from 2% (question about prevalence of RD) 
to 91% (question about genetic origin of RD). The vast 
majority of general practitioners (GPs) and students self-
rated poorly their knowledge on RD and preparedness 
to provide care for RD, while self-ratings of pediatricians 
and specialists were higher [11, 14, 15, 29, 31, 33–35, 
37, 38]. Importantly, in some studies physicians claimed 
very rare encounters with PLWRD in their practice that 
may not be compatible with the real RD prevalence rates, 
hence, it is likely that RD remained unrecognized by 
responders [27, 37]. In other cases, physicians may not 
realize their encounters and may underestimate their 
knowledge of rare diseases or rare cancers: e.g., gen-
eral practitioners usually have high index of suspicion 
and relatively good knowledge of “red flags” of pediatric 
cancer, and all pediatric cancers are rare cancers [39]. 
According to Australian study, each full time equivalent 
GP in that country cares for 66 to 86 RD patients in his/
her care [40].

The vast majority of physicians experience difficul-
ties in caring for PLWRD, including difficulties to obtain 
diagnosis, lack of available clinical practice guidelines 
(CPGs), diagnostic tests, treatments, information about 
RD and where to refer PLWRD for specialized services, 
insufficient time to search for information [15, 38, 41]. 
Awareness of where to find information about RD (e.g., 
Orphanet) is generally poor among GPs and students and 
better among pediatricians and specialists. Moreover, a 
significant proportion of dentists in a study from Ger-
many (10%) and students (up to 24% of nursing students) 
in a study from Poland claim that they do not need or do 
not search for information about RD, although general 
willingness to broaden knowledge on RD is very high [29, 
31].

Educational and informational sources of knowledge 
about RD have also been investigated in a number of 
studies. About half of all physicians reported university 
courses and specialty training as an important source 
of RD knowledge, although usefulness and complete-
ness may be limited (academic training not useful or 
insufficient for 7–17% of specialists and 80% of GPs) 
[11]. Nursing and physiotherapy students may receive 
even lower university education on RD when compared 
to medical students [34]. Interestingly, despite a gen-
eral willingness to broaden knowledge on RD diseases 
and claims about insufficient academic RD education, 
respondents were relatively reluctant for inclusion of 
mandatory RD university courses (expressed need for 
such course: 29% of GPs, 44% of pediatricians, 39% to 

44% of specialists, 85% of nurses, 46% to 88% of stu-
dents [11, 31, 33]); this may be due to a combination 
of both lack of awareness of the magnitude of burden 
of RD [42] and the perception of already overwhelmed 
curricula. As expected, continuous medical education, 
scientific literature and conferences are considerably 
more important as a source of information on RD for 
practicing physicians and nurses; many of them com-
pleted their studies a number of years ago, when RD 
concepts where not sufficiently developed [31, 34]. 
However, perhaps unexpectedly, the Internet was men-
tioned as an important source of information about RD 
by a considerably higher number of practicing profes-
sionals as compared to students; presumably, profes-
sionals are forced to search for information about RD 
when they encounter suspected or confirmed RD cases 
in their practice [31, 34, 38].

Several studies of knowledge base in certain RD groups 
presented similar results [28, 29, 43–46] (Table  1). A 
study performed by the European Reference Network on 
rare endocrine diseases, Endo-ERN, investigated knowl-
edge base on rare endocrine diseases [47]. The largest 
knowledge gaps were reported for GPs (71%), followed 
by students and medical specialist trainees (61% each), 
and specialists (51%). Out of 146 respondents across 19 
European Union (EU) Member States, only 45% had a 
structured RD educational plan, and only 36% reported 
a specific training program for GPs. There was an almost 
unanimous desire for a more harmonized approach 
towards education and training through the common 
e-learning platform of professional organizations (Euro-
pean Society of Pediatric Endocrinology and European 
Society of Endocrinology) and the Endo-ERN.

Several studies investigated knowledge base in rare 
cancers. In a study performed by the Joint Action Rare 
Cancers and the European Union of Medical Specialties 
(UEMS), 104 respondents of all European nations were 
questioned about education and training in rare cancers, 
including undergraduate and postgraduate training [48]. 
Only a small proportion of respondents had received 
specially dedicated undergraduate teaching (19%) or 
targeted teaching materials (26%) for rare cancers. 
Knowledge and awareness on rare cancers of a training 
personnel in the institution or country was frequently 
rated as poor (accordingly, in 20% and 30% of cases). Sim-
ilarly, ratings of knowledge and awareness of rare cancers 
among the new MD graduates were generally low (poor 
knowledge: 43% of respondents). Additionally, more than 
half of the participants did not feel that GPs are aware 
and well informed on rare cancers (56%), while ratings 
of pediatricians (not aware 21%) and specialists (11%) 
were more favorable. There was a general agreement that 
European training in rare cancers is fragmented (77% of 
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respondents agree) and there is a need for pan-European 
harmonization of training (90% of respondents agree).

Rare disease education challenges
Although the need for RD education for the current and 
future HWF is evident from both public health (unmet 
needs of PLWRD and families) and learners’ perspective 
(objective and self-reported insufficiency of RD knowl-
edge), there is a general lack of attention to developing 
and delivering targeted and coordinated RD education 
that may be attributed to multiple factors. For many dec-
ades RD were, and in many cases still are, neglected in 
healthcare systems; due to the lack of specific RD codi-
fication, the RD burden is systematically underestimated 
contributing to the relative invisibility of its public health 
impact [49], although for rare cancers better codifica-
tion opportunities and consequently more data on bur-
den are available [50]. Together with a paradox of rarity 
(i.e., RD and rare cancers are individually rare, but collec-
tively common), it may create a perceived lack of interest 
towards RD; indeed, both professionals and students usu-
ally severely underestimate probabilities of encountering 
RD in their practice [51]. A frequent complaint of both 
educators and learners are overwhelmed curricula and 
lack of time in the extremely busy agenda of practicing 
clinicians and nurses; although the digital transformation 
has changed the role of universities from memorization 
of facts to location of requisite information for synthe-
sis, analysis and decision-making, the sheer amount and 
dispersion of novel data and information in medicine are 
immense and RD field is no exception with 6000 to 8000 
nosological entities currently known. Having in mind 
the sheer number of RD, lack of time and already over-
whelmed academic curricula, it seems very appealing to 
prioritize RD education based on, e.g., prevalence (149 
RD comprise 77.3–80.7% of the population burden of RD 
[10]) or treatability [52, 53]. Although for some groups of 
stakeholders, e.g., general practitioners or medical stu-
dents, it could be of relevance, caution should be taken 
not to leave any RD behind as it could increase inequity 
among PLWRD. An important challenge in medical edu-
cation on RD and rare cancers, that makes it essentially 
different from common diseases, is the lack of reinforce-
ment of information for the vast majority of HWF: after 
gaining some knowledge on a certain RD or rare cancer, 
practitioners do not encounter this disease in their prac-
tice for many years or not at all. Therefore, complemen-
tary educational strategies and goals should be applied 
to professionals across the education and training con-
tinuum from generalist to specialist and expert. Moreo-
ver, RD as a field has novel dynamics; in Europe, RD have 
been defined and prioritized as a public health issue only 
two decades ago and many current professionals and 

educators have completed their medical education long 
before. The huge heterogeneity and multisystem nature 
of RD present additional challenges: although the gaps 
and needs for various specialties and types of profession-
als (eg, physicians and nurses) are largely unexplored, 
RD education is important to everybody in care systems. 
Moreover, with improved treatments, many PLWRD 
that previously had severely limited survival are living 
well into adulthood nowadays; there is a crucial lack of 
knowledge on many aspects associated with prolonged 
survival and novel treatments, including late adverse 
effects of interventions, definition of new natural histo-
ries or effects of aging on certain RD [54]. Unfortunately, 
there is a lack of investment in RD not only among aca-
demic institutions, but also among many professional 
organizations that play an important role in definition of 
educational standards and provision of continuous medi-
cal education, although some of them have developed 
educational resources for RD and rare cancers recently 
in collaboration with ERNs (Table 2) [55]. Some RD edu-
cation is provided by a private sector, in many cases this 
education targets just one RD or a small group of all RD 
and may create some issues of RD education independent 
governance and increasing inequities among PLWRD. 
Finally, although many on-line, face-to-face or blended 
resources for RD education and training have been devel-
oped in recent years (Table  2), awareness about these 
resources is still very low [56].

State‑of‑the‑art in rare disease education: available 
resources and the needs across education and training 
continuum
There is no health without the healthcare workforce: if 
we want to respond to unmet needs of PLWRD and their 
families, we need to fundamentally rethink RD educa-
tion and HWF development. The entire spectrum that 
makes up the HWF requires knowledge and awareness of 
RD, but the needs are vastly different across the educa-
tion and training continuum and follows a principle of a 
pyramid (Fig. 1). The vast majority of the HWF, including 
students, nurses and GPs, is at the basis of this pyramid; 
they have to be equipped with the basic, general knowl-
edge about RD (like „red flags “ to recognize RD, the 
most common RD, awareness on where to refer a patient 
for specialized services, skills for participation in long-
term management, integrated care and care coordina-
tion). Highly-specialized experts are situated at the very 
top of the pyramid; their education and training takes 
much more time and efforts, includes not only formal, 
but also informal and non-formal training [57], and they 
are not only “learners”, but also generators of expertise 
and knowledge. Middle layers of the pyramid involve the 
whole multistakeholder community with highly variable 
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needs according to the specialty and scopes of practice, 
like specialists, nurse coordinators, multidisciplinary 
team members, researchers. Importantly, PLWRD and 
their advocacy organizations should be included at all 
stages of the pyramid: they need knowledge and skills for 
the empowerment, active and meaningful participation 
in self-care, and advocacy and leadership skills to engage 
and partner with HWF, researchers, policy makers and 
regulatory agencies. As PLWRD are experts of their own 
disease, they could be consulted and engaged into the 
creation and alignment of educational contents to unmet 
needs, provision of medical and peer-to-peer education 
[58–60].

This education and training continuum involves mul-
tiple forms of teaching and learning, including formal, 
informal and non-formal education, vocational training 
and development of skills through lectures, seminars, 
bed side teaching, case reports, case scenario discus-
sions, journal clubs, e-learning, webinars, fellowships, 
computer assisted, self-instruction modules, problem-
based learning, team-based learning, simulation, etc. 
Universities, nursing and medical schools should be the 
main providers of basic and general knowledge on RD 
for the future HWF, while teaching hospitals implement 
clinical and specialty education and training. As a large 
part of current HWF lacks RD awareness and knowledge, 
continuous medical education is required to fill this gap. 
Professional organizations define educational standards 
for their specialty, provide continuous medical educa-
tion and other resources (e.g., on-line training modules, 
conferences and educational events) for professional 
development, and have a special role in filling the knowl-
edge gaps of current HWF (Table  2). Recently, a Multi-
disciplinary Joint Committee on Rare and Undiagnosed 
Diseases was established in UEMS and developed com-
petency training requirements and syllabuses for rare 

and undiagnosed diseases [61] and rare adult solid can-
cers [62]. These resources may aid in the harmonization 
of training requirements across Europe and beyond and 
may serve as a base for RD and rare cancers education in 
the national educational systems.

Highly-specialized knowledge and skills of RD experts 
are often acquired in the Centers of Expertise (CoE) or 
Comprehensive Cancer Centers [63]. In 2017, more than 
900 of CoE joined their forces and created 24 European 
Reference Networks (ERNs) across the main RD and rare 
cancers domains. Currently ERNs include more than 
1600 CoE and, through EU-wide leveraging of existing 
educational and training resources, generation of knowl-
edge and development of novel educational and training 
means, provide powerful resources for highly-specialized 
RD knowledge and expertise (Table 2) [64–66]. Addition-
ally, through the involvement of patient organizations 
and European patient advocacy groups (ePAGs), ERNs 
play an important role in the development and provi-
sion of educational resources for patient empowerment 
[58, 60, 67]. ERNs organize their educational strategy via 
the ERN Knowledge Generation working group formed 
by ERN coordinators and representatives of the ERN 
Board of Member States [68], aimed at the development 
of common approaches to promote and sustain courses, 
masterclasses, post-doctoral programs and mobility pro-
grams for pre- and postdoctoral fellows on RDs. All these 
activities constitute the ERN Academy, a virtual platform 
which will collect all the educational modules generated 
by the ERNs.

Education on RD research is provided by research 
institutions and research infrastructures, like European 
Research Infrastructure for biobanking BBMRI-ERIC 
[69] or European Research Infrastructure for life sci-
ences ELIXIR [70]. A recently developed European Joint 
Programme on Rare Diseases (EJP RD) encompasses a 

Fig. 1  Principle of pyramid in rare disease education and training. The basis of the pyramid comprises a general knowledge base and includes 
vast groups of stakeholders as students and general practitioners; the top of the pyramid refers to highly-specialized knowledge and knowledge 
generation and includes experts and thought leaders
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comprehensive RD research education and training pro-
gramme that aims to fulfill the educational needs of the 
RD research multistakeholder ecosystem along the whole 
research and innovation pipeline (i.e., basic to preclini-
cal to clinical research and translation) and across career 
stages (from students to principal investigators) (Table 2) 
[71]. Patient organizations play an indispensable role in 
the education, empowerment and capacity building of 
PLWRD, families and advocates. Through it ‘s extensive 
patients ‘ and mixed audiences-targeted (including both 
patient representatives and other multistakeholder com-
munity members as clinicians and researchers) training 
programmes, the largest alliance of currently 974 RD 
patient organizations EURORDIS equips trainees with 
crucial leadership, advocacy and partnership-building 
skills for a meaningful inclusion of RD patient repre-
sentatives into all RD-related activities [71].  Finally, 
important educational resources are also provided by 
some non-governmental organizations as Medics4Rare-
Diseases that leverages on the social accountability and 
involvement of medical students and young professionals 
to foster RD education [72].

Some specific aspects of rare disease education 
and training
Care coordination: the role of case managers and nurse 
coordinators
Care coordination for PLWRD is highly complex: there 
is a need to ensure better navigation through complex 
trajectories and smooth transitions across health, social 
care, educational systems, among many professionals, 
and across the lifespan and disease stages. PLWRD and 
caregiver experiences of care are vastly negative [18, 
20–23, 73–75]. Although some aspects of integrated, 
coordinated care for PLWRD and families have been 
defined [18, 21, 76, 77], implementation of care coor-
dination depends on dedicated, educated and empow-
ered professionals-case managers or nurse coordinators. 
Nurse coordinators successfully implement a variety of 
care functions, including care coordination, holistic over-
sight, symptom and adverse event monitoring and man-
agement, and emotional support, in care of patients with 
cancer or chronic diseases [78, 79], however, their role in 
RD care coordination is still underinvestigated and there 
is a lack of dedicated educational programmes.

Interprofessional training for integrated multidisciplinary 
care
Although the concept of interprofessional educa-
tion (IPE) as a means to decrease health systems ‘ frag-
mentation and ensure integrated care was proposed a 
number of years ago [80], it ‘s implementation is often 
hampered by „uniprofessional identity “, persistent 

negative stereotypical attitudes towards other profes-
sionals and practical issues such as integration of IPE into 
curricula of different educational programmes, align-
ment of scheduling and logistics, staffing and funding 
for IPE [81–83]. However, due to the need for complex 
integrated care and multisystemic nature, RD could be 
an excellent case study for interprofessional training that 
equips HWF with crucial skills and capabilities. A salient 
example of an increased partnership between health and 
educational sectors is a recently launched  mEDUrare ini-
tiative that has begun aligning policy, practice and work-
force training between the Health and Education systems 
in Western Australia [84].

Patient‑ and family‑centered rare disease education: „expert 
patients “and patient empowerment
PLWRD and caregivers are frequently exceptionally 
knowledgeable: a proportion of PLWRD thus often know 
more about their disease than the professionals whom 
they meet on their care journey [58]. These role discrep-
ancies may have a negative impact on patient-physician 
relationship and communication processes [26, 85]. 
Hence, the success of the relationship crucially depends 
on the professional ‘s ability to acknowledge the active 
role of the patient as an informed, involved and equal 
partner in the care process and gain mutual trust through 
the sensitive, empathetic, transparent, supportive for 
proactivity,  human communication and attitudes [26, 
86]. There is a need to equip future HWF with appropri-
ate communication skills, professional values and atti-
tudes for the improvement of PLWRD and caregivers’ 
experiences [76].

PLWRD and caregivers have high needs for informa-
tion and skills in self-management, coping, communica-
tion and advocacy [60]. Hence, there is a need to develop 
patient empowerment and educational programmes that 
may be provided by specialist nurses, allied health or 
other highly-specialized professionals [60, 67]. Collabo-
ration with patient organizations may also play a highly 
important role in the fulfillment of patients ‘informa-
tional and educational needs and the establishment of 
partnerships among patients and professionals, while one 
of the most effective ways to ensure partnerships may 
be through the integrated learning of mixed audiences 
(patient representatives and professionals together). 
EURORDIS Open Academy trained over 600 RD patients 
and patient advocates since 2008, empowering them with 
knowledge and skills to take part in patient engagement 
roles side-by-side with all stakeholders and to advocate 
for rare diseases on a European and national level [71, 
87]. Besides, as the experts of their own disease, PLWRD 
may provide valuable information on unmet needs and 
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fill the gaps of missing information that is available to 
various professionals on their care journey [58].

The power of e‑learning and the need for digital literacy
Digital transformation affects both healthcare and educa-
tional sectors. In RD care, it is critical to overcome geo-
graphical barriers and provide remote, even cross-border 
health services [88, 89], empower PLWRD [71], and 
interconnect RD expertise and knowledge [68, 90]. Digi-
tal health solutions are indispensable for improved RD 
diagnosis, treatment, navigation and care coordination, 
and integration and coordination for broader societal and 
patient wellbeing [91]. During recent years, many valu-
able on-line RD educational and informational resources 
have been developed by ERNs, EJPRD, EURORDIS, 
European Society of Human Genetics, European School 
of Oncology, Medics4RareDiseases and other stakehold-
ers (Table 2). The importance of these resources cannot 
be underestimated: high quality on-line information for 
both professionals and PLWRD is a high unmet need 
[92], besides, it may counterbalance low quality or even 
detrimental potential of some Internet and social media 
sources [93, 94]. While the recent COVID-19 pandemic 
has induced major disruptions in both healthcare and 
educational systems, advances in digital technologies 
provided crucial means to overcome at least some of the 
challenges and may provide an enduring basis for long-
term changes [95, 96], and RD are an exemplar domain 
for advancing and implementing digital (health) technol-
ogy [91]. Notably, the major drivers for a constructive 
digital transformation are not only the hardware or soft-
ware, but the so-called humanware [97]; hence, there is 
a high need to equip HWF with the crucial digital skills 
and to evaluate further potential of digital RD educa-
tion and training under both normal and emergency 
conditions.

Professionalism, social accountability and culturally safety 
and responsiveness
The recent movement towards socially accountable pro-
fessionalism [1] and value-based care [98] enforces the 
focus on socially-vulnerable groups such as PLWRD and 
calls for strengthening of transversal “soft” skills to equip 
professionals with analytical, leadership and communica-
tion capabilities and instill a culture of life-long learning. 
Both current and future HWF generally acknowledge 
RD as a significant public health issue that requires some 
special measures (Table 2) [14, 15, 30, 31, 33, 35, 37, 43, 
99]. Education is required to support equitable health 
care delivery through culturally safe and responsive care. 
This includes, but is not limited to, how best to support, 
respect and work together with: different languages, 
customs and narratives; address other access barriers 

including stigmatization and referral bias; understanding 
of the challenges of limited knowledge of (gen)omic and 
phenotypic reference data and the importance of indig-
enous data sovereignty and related principles and enable 
capacity building and empowerment of Indigenous peo-
ple, community and workforce [100].

Conclusions
Next steps: towards a common strategy for rare disease 
and rare cancer education and training in Europe 
and beyond
In order to fill the knowledge and awareness gaps of current 
and future HWF and to equip HWF and multistakeholder 
community of RD and rare cancers with strong knowledge 
base and skills to deal with manifold RD and rare cancers ‘ 
challenges, there is a need for a common strategy on educa-
tion and training in Europe and beyond. It has to be devel-
oped and implemented by multiple education and training 
providers: universities, medical and nursing schools and 
their associations, professional organizations, European 
Reference Networks, patient organizations, other organi-
zations and institutions dedicated to RD and rare cancers, 
authorities and policy bodies (Table 2). All of them together 
provide coherence and complementarity for the education 
and training across the whole RD and rare cancers eco-
system. International collaboration is indispensable in RD 
and rare cancers and provides the means for harmoniza-
tion of educational standards across different countries and 
globally. There is a need to identify gaps and needs across 
many domains: for various professions and specialties, and 
according to the learners’ perspective based on the princi-
ple of pyramid (Fig. 1). As the areas of RD and rare can-
cers share many commonalities, but also some important 
differences, there is an opportunity for sharing some best 
practices and solutions between the two areas and the need 
to identify sometimes different strategies for education 
and training (e.g., diagnostic urgency is much more impor-
tant in rare cancers and requires teaching on “red flags”). 
For every group of stakeholders and diseases, educational 
outcomes have to be clearly defined and educational pro-
grammes and frameworks developed (including train-
ing requirements, syllabuses, educational resources, etc.). 
Finally, national, international and professional policies and 
strategies have to support RD and rare cancers education 
and training, like the recently developed ERN Strategy on 
education and training and prioritization of rare diseases as 
one of the strategic directions in the Association of Medical 
Schools in Europe.
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