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Abstract

Background: Fibrodysplasia ossificans progressiva (FOP) is an ultra-rare, disabling genetic disorder characterized by
congenital malformations of the great toes and progressive heterotopic ossification of soft and connective tissues.
Assiduous attention to the unmet needs of this patient community is crucial to prevent potential iatrogenic harm and
optimize care for individuals with FOP,

Objective: To gather international expert opinion and real-world experience on the key challenges for individuals
with FOP and their families, highlight critical gaps in care, communication, and research, and provide recommenda-
tions for improvement.

Methods: An international group of expert clinicians, patients and patient advocates, caregivers and representatives
from the international FOP community participated in a virtual, half-day meeting on 22 March 2021 to discuss the key
unmet needs of individuals with FOP.

Results: Individuals with FOP often face the frustration of long diagnostic journeys, the burden of self-advocacy and
the navigation of novel care pathways. Globally, patients with FOP are also confronted with inequities in access to
diagnosis and specialist care, and consequently, unequal access to registries, clinical trials, and essential support from
patient associations. Organizations such as the International FOP Association, the International Clinical Council on
FOP and national FOP organizations work to provide information, facilitate access to expert clinical guidance, nurture
patient empowerment, fund FOP research and/or foster meaningful collaborations with the research community. The
non-profit Tin Soldiers Global FOP Patient Search program aims to identify and provide a pathway to diagnosis and
care for individuals with FOP, particularly in underserved communities. Such global initiatives and the increasingly
widespread use of telemedicine and digital platforms offer opportunities to improve vital access to care and research.
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Conclusions: This multi-stakeholder perspective highlights some of the unmet needs of individuals with FOP and
their families. Regional and international organizations play an important role in improving the quality of life of those
they reach in the global FOP community. However, globally, fundamental issues remain around raising awareness of
FOP among healthcare professionals, identifying individuals with FOP, reducing time to diagnosis, and ensuring access
to best practice in care, support, and clinical research. Medical writing support was industry-sponsored.
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Introduction

Fibrodysplasia ossificans progressiva (FOP; OMIM
#135100) is an ultra-rare, disabling genetic disorder char-
acterized by congenital malformations of the great toes
and progressive heterotopic ossification (HO) of soft and
connective tissues [1]. Approximately 97% of individuals
with FOP carry the same spontaneous missense muta-
tion in the ALK2/ACVRI gene, involved in the bone mor-
phogenetic protein (BMP) signaling pathway [2, 3]. The
estimated prevalence of FOP (diagnosed cases) has been
reported as up to 1.43 per million individuals [4]; how-
ever, regional variability is high [4, 5].

Episodes of soft tissue swelling, pain, reduced move-
ment, stiffness and warmth, referred to as ‘flare-ups,
often emerge in young children with FOP [6]. Although
FOP flare-ups can occur spontaneously, they are fre-
quently triggered by intra-muscular injections, unneces-
sary biopsies, muscle fatigue, dental work, minor trauma
or influenza-like viral illnesses [7]. Flare-ups often lead
to HO [8], but FOP progression can also occur in the
absence of flare-ups [6]. HO is cumulative and perma-
nent, leading to progressive disability and severe func-
tional limitations in joint mobility. As individuals age,
their need for assistance in performing activities of daily
living increases and, by the third decade of life, most
individuals with FOP are confined to a wheelchair [9].
Many clinical aspects of FOP resemble a premature aging
phenotype [10].

Individuals with FOP have a median life expectancy of
56 years [11]. However, a wide variation in lifespan has
been observed, with some patients reaching their sev-
enties [11]. In underserved regions,' the effect of lim-
ited access to diagnosis and care on the life expectancy
of individuals living with FOP remains unknown. Death
is often a result of cardiorespiratory failure, due to tho-
racic insufficiency syndrome, or pneumonia [11]. There is
no definitive medical treatment for FOP; current clinical
management is supportive and aims to mitigate the risks

! In the context of this paper, the term ‘underserved’ is used to indicate any
community, whether in a developed or developing region, that faces inequi-
ties in access to information, diagnosis, specialist care and/or support from
patient organizations.

that could cause further disease progression and compli-
cations [12]. Attempts to treat individuals with FOP by
physicians who lack the necessary experience or knowl-
edge of FOP can inadvertently result in flare-ups and/or
irreversible disease progression.

Due to the rarity and disabling nature of FOP, patients
and their caregivers require specialist, multi-discipli-
nary care, and support with many aspects of life. The
FOP community faces numerous challenges including
low awareness of FOP among healthcare profession-
als (HCPs) and policymakers, high rates of misdiagnosis
worldwide [13], poor access to specialist FOP care, and
limited support and information for individuals who are
isolated from the global FOP community [4]. These fac-
tors are exacerbated in developed or developing regions
where access to healthcare is limited due to resource con-
straints and/or competing healthcare challenges, such as
high rates of communicable diseases. This includes highly
populated regions such as Asia and Africa, where rates of
FOP diagnosis are largely unknown but most likely very
low. The recent increase in targeted clinical trials offers
hope that an effective disease-modifying therapy, or
therapies, may be identified [14]. However, such develop-
ments also present new medical and logistical challenges
for individuals with FOP, and it is vital to implement pro-
visions to ensure equitable access to care, support, and
research. Identifying the most important challenges and
raising awareness of these among policymakers is crucial
for improving quality of life for individuals with FOP and
their families worldwide.

A multi-stakeholder meeting was convened to give a
voice to the FOP community, represented by an inter-
national group of clinical experts/researchers from
the International Clinical Council on FOP (ICC) [15],
patients, patient advocates, caregivers, and members
of FOP organizations such as the International FOP
Association (IFOPA) [16], FOP Friends [17], Tin Sol-
diers [18] and Fundacién FOP [19]. Drawing on their
collective expertise and/or lived experience, the multi-
stakeholder group highlighted the main challenges for
patients with FOP and their caregivers, priority areas
for change, and opportunities to further improve the
care of people living with FOP worldwide. This paper
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presents the outcomes of these discussions along with
recommendations for the achievement of best practice
and global equity in FOP care.

Methods

A targeted literature review was conducted to identify
recent evidence on awareness of FOP, unmet needs
and best practices in FOP care, and patient engage-
ment with research. The information gathered was
used to develop a proposed agenda of discussion top-
ics for the multi-stakeholder meeting.

An international group of expert clinicians (repre-
senting the ICC), patient representatives/advocates,
caregivers, and representatives from the IFOPA, Tin
Soldiers, and other FOP national organizations, were
invited to participate in a virtual, half-day meeting
to provide a broad range of perspectives on the key
unmet needs of individuals with FOP and their fami-
lies. A project charter outlining the roles and respon-
sibilities of all parties involved in the project was
shared with prospective attendees ahead of the meet-
ing, for full transparency. Consistent with best-prac-
tice reporting of patient involvement in research, we
report patient involvement in this project using the
standardized Guidance for Reporting Involvement of
Patients and the Public (GRIPP) checklist (Additional
file 1: Table S1) [20].

A total of 12 participants attended the virtual meet-
ing, held on 22 March 2021. The multi-stakeholder
group included individuals from 5 countries (Argen-
tina, Brazil, South Africa, United Kingdom and the
United States of America). An expert in rare disease
policy development and patient engagement was
selected to chair the meeting. The format of the meet-
ing was organized as a virtual roundtable discussion,
with a participant introducing each discussion topic
with a short talk, followed by open discussion. Top-
ics were developed around pathways of care, patient
involvement in research, and future opportunities
made possible by advancements in technology. Discus-
sions held both during the meeting and the develop-
ment of the manuscript were analyzed thematically
and resulted in the identification of key challenges and
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opportunities for improving the care of individuals
with FOP worldwide (Fig. 1).

Pathways to care

Diagnostic journey for patients and families

Delayed diagnosis is a common phenomenon across rare
diseases [21]. Although time to diagnosis for individuals
with FOP has decreased in recent years [13, 22], patients
and their caregivers still face a prolonged diagnostic jour-
ney. Data from the FOP Registry (as of December 2020)
show that on average, individuals with FOP receive a cor-
rect diagnosis around 1.5 years following symptom onset,
with over 50% of individuals initially misdiagnosed [13,
22]. Common incorrect diagnoses include cancer (e.g.
osteosarcoma), juvenile fibromatosis and non-hereditary
myositis ossificans [13, 23]. Prolonged diagnostic jour-
neys and misdiagnosis may be more common for individ-
uals with an atypical FOP mutation [22] and/or for those
who live in an underserved region. As a result of misdi-
agnosis, it is common for patients with FOP to undergo
unnecessary surgical procedures or medical interven-
tions. Such interventions can exacerbate disease pro-
gression and contribute to disability [23]. Therefore, the
timely and accurate diagnosis of FOP is crucial to prevent
premature loss of mobility and preserve quality of life for
individuals with FOP [23].

According to recent FOP Registry data, individuals
with FOP receive a correct diagnosis after seeing an aver-
age of 3.3 HCPs [13]. These results highlight that there is
a disconnect between the HCPs first consulted and those
who are most likely to accurately diagnose patients [9,
13]. Geneticists and orthopedic physicians were identi-
fied as the specialists most likely to provide a definitive
diagnosis of FOP [9, 13, 22]. Although newborn screen-
ing for FOP has recently been proposed in Brazil, the
implementation of these programs more widely is, in
part, limited by country-specific differences in newborn
screening policies. However, there are also important
ethical considerations over screening for a disease with
no approved treatment, concerns over the risk of misdi-
agnosis based on clinical observation in newborns, and
regulatory/cost-effectiveness barriers related to genetic
testing. Therefore, the routine screening of newborns to
diagnose FOP, either clinically or genetically, is unlikely

(See figure on next page.)

Fig. 1 Overview of the multi-stakeholder meeting and key challenges and opportunities identified. A multi-stakeholder meeting was convened to
give a voice to the FOP community, represented by an international group of clinical experts/researchers from the ICC, patients, patient advocates,
and caregivers, representing FOP Friends, Tin Soldiers and Fundacion FOP, and members of the IFOPA. Drawing on their collective expertise and/or
lived experience, the multi-stakeholder group highlighted the main challenges for patients with FOP and their caregivers, priority areas for change,
and opportunities to further improve the care of people living with FOP worldwide. FOP: fibrodysplasia ossificans progressiva; HCP: healthcare
professional; ICC: International Clinical Council on FOP; IFOPA: International FOP Association
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Pathways of Care Global Community

> Long diagnostic journeys and
misdiagnosis remain common

> Transition from pediatric to
adult care can be challenging

> Expertise in FOP is limited,
finding a primary care provider
can be difficult

> Simplify key messaging and
raise awareness of characteristic
features of FOP among HCPs
likely to see a patient when they
first present (e.g. pediatricians)

-> Optimize web search results
for FOP-related symptoms

> Support young patients to
gradually gain confidence and
advocacy skills

- Promote knowledge-sharing
between pediatricians and
adult physicians

> Appoint a local primary
physician to coordinate care
between non-specialists and
FOP experts

Fig. 1 (See legend on previous page.)

> Access to clinical trials and
information about current
research is limited for many

> Unique needs of FOP
community require consideration
during clinical trial development

> Ethical considerations exist
around post-trial care and/or
access to treatments

> Gaps remain in the
understanding of FOP
disease progression

v

Increase frequency and
availability of patient-friendly
communication on clinical trials,
even in absence of new data

v

Industry to engage with
patients and families during all
stages of clinical trial
development and clearly
communicate risks/benefits in a
culturally-appropriate context

v

Conduct research to identify
soluble biomarkers, investigate
role of inflammation in disease
progression, and understand
joint manifestations of FOP

-> Share non-proprietary
research information to
build knowledge and
avoid duplication

> Access to diagnosis and
specialist FOP care varies by
geographical region

> Global inequalities exist in
access to registries, clinical trials
and essential support from
patient organizations

> Language barriers and digital
poverty may isolate some
individuals from the international
FOP community

> Increase awareness of FOP to
find undiagnosed individuals and
diversify patient representation
(e.g. Tin Soldiers campaign)

-> Capitalize on telemedicine
technology to improve access
to care and clinical trials in
underserved communities

> Improve accessibility to
trustworthy information and
support from the global FOP
community through virtual
meetings/webinars

> Ensure availability of resources
in multiple languages and
across phone platforms to
maximize reach
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Table 1 Online resources available for individuals with FOP

Page 5 of 13

Resources

Details

IFOPA [16]
Medical care resources

Resources for those newly diagnosed
Ability Toolbox Program

Resilient Living Program

The Advocacy Series

Educational videos, webinars and workshops available on YouTube
channel

Support guidebooks

Resources for children with FOP and their families

Meetings
Clinical studies and trials guidance

ICC[15]
FOP Treatment Guidelines
Clinical trial guidance

COVID-19 guidance
FOP Friends [17]

Supporting a Child with FOP: a practical guide to their learning experi-
ence

Personalized medical brochure; medical information tracking resources;
emergency medical cards

IFOPA Welcome Packet; FOP Connect: Peer Mentor Program

Designed to empower individuals with FOP by promoting independence
through the use of tools and home adaptations

Provides education for strengthening the mind and spirit as every family
works to overcome the challenges they face throughout their journey with
FOP

Provides the tools for individuals to become more effective communicators
and problem solvers in a variety of settings

Including: The Same but Different: A Look at Life with FOP’; FOP Facts and
Insights; Oral Health and Anesthesia workshop; FOP and COVID-19'

‘What is FOP? A Guidebook for Families’;'What is FOP? Questions and
Answers for the Children’

Including: Guidance for siblings; 'Supporting your Child During a Stressful
Procedure’;'Summer Family Activity Guide’;'FOP and School’; ‘Kids with
FOP and Sports’; Fun Zone at FOP Family Gathering; tween/teen journaling
workshop

FOP Family Gathering

Glossary of terms; current list of ongoing clinical studies and trials; videos
and webinars such as ‘Development Journey for FOP: How Medicines
Become Treatments’and ‘Exploring Clinical Trials for FOP’

Includes ‘Executive Summary of Key Practice Points'[12]

Current list of ongoing clinical trials; tips on how to prepare for clinical trials;
publication on ‘Special considerations for clinical trials in fibrodysplasia
ossificans progressiva (FOP)'[47]

Precautions for FOP Patients and Families [60]; Vaccine recommendations
[61]

Written by experienced teachers, to offer clear information and advice for
how to best support a child with FOP and their family; serves as an ongoing
guide providing useful age-appropriate insights and considerations as the
child ages

COVID-19: coronavirus disease; FOP: fibrodysplasia ossificans progressiva; ICC: International Clinical Council on FOP; IFOPA: International FOP Association

to become more widespread in the near future. Efforts
should focus on raising awareness of the characteristic
features of FOP among the HCPs who are most likely to
see patients early in life or when they first present with
symptoms.

Diagnosis of FOP can be made clinically. Individuals
will often present in their first decade of life with great
toe malformations and lumps/swellings on the scalp,
head, neck and/or back [6]; FOP is the only condition
with this combination of symptoms. Increased commu-
nication of this unique symptom combination among
pediatricians and other HCPs may help to reduce the fre-
quency of misdiagnosis and shorten the time to a correct
diagnosis and care. Consideration of these symptoms in
isolation, particularly the lumps and swellings charac-
teristic of FOP, can lead to misdiagnosis and unneces-
sary medical procedures, potentially causing irreparable

harm. The ability to provide a clinical diagnosis of FOP
is particularly valuable for individuals living in regions
where genetic testing is either not available or cost pro-
hibitive. However, where available, genetic testing can
also be beneficial, particularly for individuals with an
atypical genetic mutation or for those who have great toe
malformations without HO [24].

There has been a recent drive to optimize rare disease
diagnosis through the use of web search, social media
and medical data repositories in recognition that many
parents, caregivers, and HCPs increasingly use these
resources to search for a diagnosis [25]. Although such
approaches can be helpful, it is important that individuals
are steered towards trustworthy sources of information
and advice. The IFOPA is currently optimizing search
results to ensure that individuals who search for FOP-
related symptoms, such as malformations of the great
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toes, are directed to the IFOPA website and the wide
variety of resources provided (Table 1) [16]. Increasing
the accessibility of reliable information available online
for both patients and HCPs could help to reduce patient/
caregiver anxiety and the time to diagnosis.

A recent study of the epidemiology of FOP, based on
information from the patient registration databases of
the IFOPA and 16 other regional/national FOP organiza-
tions, found that the apparent prevalence of individuals
with FOP ranged from approximately 0.65 per million
in North America to 0.05 and 0.04 per million in Africa
and the Asia Pacific region, respectively [4]. The authors
concluded that this variability is likely associated with
limited awareness of FOP, delays in diagnosis, lack of sup-
porting regional infrastructure, and poor access to a local
FOP organization or the international FOP community in
underserved areas [4]. To address global inequalities in
access to diagnosis, the Tin Soldiers Global FOP Patient
Search program aims to increase global awareness of
FOP, to identify undiagnosed individuals and connect
patients with the FOP community [18]. By employing a
novel approach that used a mixed-media campaign and
community-based programs, the Tin Soldiers initiative
increased the number of known cases in Africa from 25
to 32 over a five-month period from December 2020 to
April 2021 [26]. These newly diagnosed individuals were
subsequently connected to national and international
support structures, patient organizations and medical
care. This positive outcome demonstrates the potential
of a dedicated global patient identification program to
increase rates of diagnosis and access to care pathways
for individuals living in underserved regions.

Education for healthcare professionals

There is a need for more unified, global initiatives to
educate HCPs on caring for patients with rare bone dis-
eases. Many scientific societies are expanding the edu-
cational programming available at congresses and using
special journal issues to raise awareness, highlight recent
research, and present new perspectives on rare bone dis-
eases [27]. To address the need to educate HCPs on car-
ing for patients with FOP specifically, the ICC created
the Global Health & Education Task Force with the fol-
lowing goals: (1) identify FOP global health providers;
(2) develop a global database of treating FOP physicians,
across all relevant specialties; (3) formulate a pathway for
new ICC membership; and (4) develop education plat-
forms for new members.

Many countries are also becoming increasingly aware
of the importance of providing educational programs for
HCPs to develop their expertise in rare diseases. These
programs can be used to encourage collaboration and the
sharing of information among HCPs (locally and globally)
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and also to foster communication between HCPs and
patient organizations [28]. For example, the Rare Bone
Disease TeleECHO, a monthly video teleconference, pro-
motes active learning and peer-to-peer knowledge shar-
ing of rare bone diseases for HCPs around the world [29].
Similarly, the Tin Soldiers Continuing Medical Education
(CME) Master series provides virtual and international
educational opportunities for HCPs to interact with and
learn about FOP from their peers [30]. However, in areas
of digital poverty other initiatives may be needed, such
as enlisting the help of local faith-based health initiatives
and/or humanitarian medical non-governmental organi-
zations to reach physicians and nurses [18].

Although it may not be feasible to educate all HCPs
on FOP-specific symptoms, simplifying the key messag-
ing for clinicians around rare diseases may expedite the
diagnosis process for all individuals with a rare disease.
For example, a drive to raise awareness among clinicians
that the presence of a bilateral physical malformation
is possibly indicative of a genetic disease, may increase
the likelihood of timely referral to a geneticist. Messag-
ing specifically targeted to the pediatric healthcare com-
munity (e.g. pediatricians and pediatric nurses, nurse
practitioners and physician assistants, and the neonatal
care team) and/or the most common frontline HCPs in
a given country (i.e. community pharmacists in Egypt,
Jordan, Lebanon and Somalia [31]) is also needed to
improve the likelihood of an individual receiving a cor-
rect diagnosis prior to receiving any unnecessary and/or
potentially harmful medical procedures.

Care coordination

As FOP does not fall under one medical specialty,
patients with FOP interact with a number of HCPs and
specialists during the management of their care. A coor-
dinated, multidisciplinary approach to providing care for
patients with FOP is critical to ensure high-quality care
and patient safety [24, 32]. However, expertise in rare dis-
eases is often concentrated in a limited number of medi-
cal centers, typically where clinicians have taken a special
interest in the rare disease [21]. This is also the case for
FOP, where the standard of care and access to specialists
for individuals with FOP can vary considerably by geo-
graphic region.

With variable access to specialists, patients should
have a primary physician who can coordinate a local
care team and who is willing to consult with FOP experts
[12] (Fig. 2). With the help of the patient community and
national organizations, the ICC is actively recruiting and
continually expanding its global network of FOP special-
ists through the Global Health & Education Task Force
[15]. In addition, the Tin Soldiers formed the ‘African
Clinicians Collective’ that includes ten African clinicians,
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Fig. 2 Care coordination pathway (current and future). The journey to diagnosis for patients with FOP can involve a number of different HCPs.
The IFOPA and other national/global FOP organizations and initiatives also play an important role in the identification and referral of patients.
Following diagnosis, patients with FOP should be supported by a primary physician who is willing to consult with FOP experts and can coordinate
a local care team of specialists without expertise in FOP [12]. FOP experts from the ICC can provide guidance and education for the local physician
as required. There are also a variety of CME opportunities available for all HCPs. As the global network of FOP specialists continues to expand, it is
the long-term goal of the ICC to create multiple national/regional centers of FOP care. These centers would combine medical, surgical, anesthesia,
physical and occupational therapy, and dental expertise in FOP in physical locations to improve care and minimize risks for patients. These centers
could also function as key sites for clinical research. CME: Continuing Medical Education; FOP: fibrodysplasia ossificans progressiva; HCP: healthcare
professional; ICC: International Clinical Council on FOP; IFOPA: International FOP Association

nine of whom currently treat individuals with FOP
[18]. Nevertheless, despite best efforts, it is not feasible
for FOP experts to be involved in every care decision.
To assist local HCPs with the day-to-day management
of patients with FOP, the ICC maintains up-to-date
FOP Treatment Guidelines, last updated in April 2021
[12]. These guidelines provide an important resource
for HCPs, but are also invaluable for patients and/or
their caregivers to advocate for themselves in a medical
setting.

There is an increased awareness that specialized treat-
ment, knowledge, and resources for the care manage-
ment of rare and complex diseases need to be centralized.
For example, European Reference Networks (ERNs) were
launched in 2017 as virtual networks of HCPs across
Europe to facilitate discussion and improve the manage-
ment of rare diseases [33]. Specifically, the RarERN Path
has been developed as a reference organizational model
for care pathways that can be adapted to best fit the spe-
cific disease and geographical context [33]. The long-
term goal of the ICC’s global network of FOP specialists
is the development of national/regional centers of FOP
care; combining medical, surgical, anesthesia, physical
and occupational therapy, and dental expertise in FOP in
physical locations to improve care and minimize risks for
patients [24]. In addition to focusing on care, these cent-
ers could also function as key sites for clinical research.
Many existing centers currently serve as clinical trial sites
for ongoing interventional studies.

Transition from pediatric to adult care

The transition from pediatric to adult care, also known
as transitional care, has been characterized as “the pur-
poseful, planned movement of adolescents and young
adults with chronic physical and medical conditions from
child-centered to adult-oriented health care systems”
[34]. For chronic health conditions, the transition from
pediatric to adult care can be challenging for the patient
and caregiver [35], and this is especially true for rare dis-
eases [36]. For the patient, assuming responsibility for
managing insurance, prescriptions, diet, dental care, and
other key needs can be overwhelming, regardless of the
specific underlying disease. The importance of a suc-
cessful transition to adult care for health outcomes has
been established [35, 36]. Individuals who encounter dif-
ficulties navigating the transition to adult care can often
experience disruptions in care that increase the likeli-
hood of future medical complications, higher emergency
department/hospital use, lower treatment adherence and
reduced quality of life [37]. Similar to other rare diseases
[36], individuals with FOP often experience a delayed and
disrupted transition to adult care.

The transition from familiar physicians, family-cen-
tered systems, and multidisciplinary pediatric care to a
less supportive and more fragmented adult healthcare
system can be a particularly challenging time for patients
and their caregivers [36]. One cause of anxiety for
patients with a rare disease is that adult physicians often
lack the necessary expertise and experience of treating
patients with rare diseases, especially those that are first
encountered in childhood [36]. There is often a related
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fear among patients and their caregivers that adult physi-
cians may not consider or value the patient’s own exper-
tise and lived experience [37, 38]. As an ultra-rare disease
that does not fall under one medical specialty, it is par-
ticularly challenging to manage adult care for individuals
with FOP. It can be difficult to find a primary physician
willing to assume responsibility for the coordination of
a patient’s care into adulthood. Identifying an adult-care
physician early on in the transition process and including
them in care management discussions with the patient,
caregivers and pediatrician can help to mitigate the anxi-
ety experienced by patients and caregivers, and ensure
the continuity of high-quality, specialized care [36-38].

Active involvement of the patient and caregivers in care
decision-making has been shown to increase the likeli-
hood of a successful transition to adult care [36, 39]. To
facilitate anticipatory care, and to account for variability
in FOP disease progression, it is beneficial to start pre-
paring an individual for the transition to adult care from
an early age [37]. Although learning self-advocacy skills
can be overwhelming at first, with the support of a guard-
ian, a young patient can gradually gain experience and
confidence in assuming an active role in their own care
management. It may also be beneficial for individuals
who share an FOP diagnosis to help support and mentor
younger individuals and their families during the transi-
tion [40]. The goal should be to ensure connectivity and
continuity of care, in an age- and disease progression-
appropriate context. The IFOPA provides many resources
and programs to help patients emotionally and practi-
cally negotiate this transition, including the Transition of
Care webinars and the Advocacy Series and Resilient Liv-
ing Program (Table 1). In addition, national FOP organi-
zations play a key role in providing targeted support and
guidance for families within local communities.

Patient empowerment and support
At present, patients or caregivers typically assume pri-
mary responsibility for informing and educating new cli-
nicians, dentists, or other care providers about FOP and
how to manage care for individuals with FOP. However,
developing advocacy skills can be time-consuming and
challenging, and not every patient or caregiver has the
ability to act as an advocate. As the life expectancy for
individuals with FOP increases, it may become difficult
for aging caregivers to provide the level of physical care
needed (e.g. lifting) over time. Therefore, it is important
to educate and empower a patient’s wider support net-
work, such as their adult siblings, and not just their pri-
mary caregiver.

The IFOPA and other national organizations specifically
aim to educate and nurture advocacy skills to empower
patients and their support network by providing many

Page 8 of 13

online resources for managing day-to-day and emergency
care (Table 1; Additional file 1: Table S2). An important
aspect of managing day-to-day care, particularly for chil-
dren with FOP, is within an educational setting. There-
fore, organizations such as the IFOPA and FOP Friends
have created resources in a child-friendly format to help
raise awareness of FOP among educators and school-age
children to ensure the safety of children with FOP among
their peers (Table 1). In addition to physical care, provid-
ing emotional support is a fundamental but often over-
looked and underprioritized aspect of care [24], and the
IFOPA has created resources to address the social and
mental health needs of the FOP community. This support
can be particularly important for individuals who did not
develop symptoms nor receive a diagnosis of FOP until
their teenage years, after experiencing a relatively normal
childhood.

Social media and mobile phone messaging apps are
very important to the FOP community and serve as a
platform to ask questions, share resources, feel connected
to peers, and problem-solve in real time. In addition to
providing practical information and guidance for parents
of children with a rare disease, access to support groups
and communication with other parents is an important
social need [41]. Communities created through online
and mobile phone platforms and supported by patient
organizations can encourage a network of collaborative
self-management among patients and caregivers that
can enhance care and lead to better clinical outcomes
[21]. Social media can also be an important tool for chil-
dren with FOP to interact with their peers and mitigate
isolation.

However, it is important to recognize the limitations of
these tools. Social media can be difficult to navigate for
individuals with underlying mental health issues, such
as anxiety or depression. Furthermore, richer interac-
tions may be required to offer optimal support. Although
efforts have been made to expand reach across various
digital/mobile phone platforms and languages, maintain-
ing clear messaging across platforms can be challenging.
Additional barriers can be caused by limited access to the
internet and enabled devices in some parts of the world
[42]. Nevertheless, these tools offer the opportunity to
increase access and vital connectivity to regional or inter-
national FOP communities for individuals worldwide.

Research

Patient involvement and access

The identification of the classic FOP gene mutation
(ALK2/ACVRI®*M) and the dysregulated BMP signal-
ing pathway was a key milestone in the history of FOP
[2]. The discovery identified druggable targets for treat-
ments and fueled international interest in research and
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development (R&D) in FOP [2, 14]. This recent drive in
R&D has resulted in several promising treatments for
FOP reaching clinical trial stage [43]. Patients played a
pivotal role in the discovery of the FOP gene and con-
tinue to be instrumental in advancing FOP research by
being actively involved in online surveys and participat-
ing in advisory panels for industry, clinical trials, non-
interventional studies, the “Tooth Ferry” Program, and
the IFOPA’s FOP Registry and FOP Biobank [44—46].

Patients are often keen to participate in clinical tri-
als, but opportunities can be limited (particularly in the
Global South). Pharmaceutical companies often rely
on existing patient networks, created and maintained
through a patient organization or specialist clinicians, to
increase awareness of an upcoming trial and to identify
participants. The lack of an established, local patient net-
work can, therefore, be a major barrier to initiating a clin-
ical trial in a certain geographical region. Other barriers
to establishing clinical trials in underserved areas include
cumbersome country-specific legal regulations that cause
delays or roadblocks, a very low number of known diag-
nosed patients, lack of local supportive infrastructure for
clinical trials and inadequate research training, and pri-
oritization of local sites for trials of treatments for more
prevalent infectious diseases.

As there is an increased drive to expand clinical trials
into new regions and increase participation for under-
served patient groups, there are important ethical con-
cerns to be considered. It is crucial that the relevant risks
and benefits of a clinical trial are clearly communicated,
taking into account cultural context; the message should
convey that clinical trials are experiments, not proven
treatments [14, 47]. There are also ethical considera-
tions around access to post-trial care and/or treatments
for participants following a clinical trial. This is espe-
cially important if the treatment provided during the trial
resulted in a meaningful clinical benefit for the partici-
pant [48].

Guidance for clinical trials in FOP have recently been
developed by the Clinical Trials Committee of the ICC
[47]. These guidelines emphasize the responsibility of
pharmaceutical companies to engage with patients and
their families during all stages of clinical trial develop-
ment. The patient perspective should be reflected in the
practicalities of the trial (e.g. need for onsite visits, imag-
ing, etc.), but also to provide insight into the FOP-spe-
cific safety considerations that are necessary to include
in the trial design, and the assessment of measurable
outcomes that are meaningful to patients [47]. Ensuring
that the voice of the patient is heard and incorporated
into research studies and clinical trial design is essential
to maintaining a positive relationship between the FOP
community and the pharmaceutical industry.
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Maintaining patient-friendly communication with the
FOP community throughout a clinical trial or research
study is important, even when there is no new infor-
mation to provide. The IFOPA provides educational
resources to explain the drug development process and
how clinical studies and trials are conducted to enable
individuals to accurately interpret research results and
understand how these findings may be relevant to them-
selves or their family members. Although there are many
possible avenues to communicate research outcomes,
some of the most accessible and well-known to the FOP
community are the Annual Reports of the FOP Collabo-
rative Research Project at the University of Pennsylva-
nia [46], lay summaries provided by IFOPA for research
projects that they fund, and the IFOPA’s FOP Family
Gathering. In addition, the FOP Drug Development
Forum organized by the IFOPA brings together academic
researchers, clinical care specialists and patients to dis-
cuss and plan future research with the patient voice cen-
tral to these discussions. However, there is a need for all
stakeholders to go beyond the proactive communication
of research to actively sharing non-proprietary research
information with the FOP community to build knowl-
edge and limit the duplication of research. As such, the
IFOPA, in collaboration with the ICC, has developed
guidelines for data-sharing specific to various research
activities. This “Open Science” approach to data shar-
ing and collaboration has been identified as particularly
important within the rare disease community to reduce
the time to diagnosis and treatment [49].

National patient organizations and networks also play
an important role in communicating research updates
and information to individuals within a given country
or region (Additional file 1: Table S2). For example, the
national FOP organization for Argentina (Fundacién
FOP) connects the Spanish-speaking patients and fami-
lies throughout Latin America with the international
FOP community. However, there are still regions that are
not directly supported by a patient organization, which
can be very isolating for patients and their families [4].

To improve access to care, reliable information, and
clinical studies and trials for all individuals with FOP,
there have been several recent initiatives to increase
regional representation and expand the reach of the
international FOP community. For example, the FOP
Registry, launched in 2015 by the IFOPA, is a centralized,
international registry for patients with FOP that captures
demographic data and has facilitated longitudinal stud-
ies of patient health and quality of life [50]. As of Decem-
ber 2020, the Registry had 323 enrolled patients from 69
countries, approximately 36% of the world’s known FOP
population. In addition to providing valuable research
information, it is hoped that the Registry will increase
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the known patient base for this ultra-rare disease and
improve clinical care by increasing the speed of devel-
opment of novel treatments [44]. It is important to note
that language (the Registry is currently available in seven
languages), educational level and/or limited access to the
internet/enabled devices may be barriers to participation
in the FOP Registry for some individuals. Addressing
these issues that limit regional representation and ethnic
diversity are crucial to ensure that patients, regardless of
their location, receive appropriate care and treatment,
access to clinical trials and up-to-date information and
support.

Gaps in research

Despite many crucial advancements arising from FOP
research from over 60 institutions worldwide, such as the
discovery of the genetic mutation underlying FOP [2],
there is still much to understand about disease progres-
sion. The natural course and co-morbidities of FOP in
poorly resourced areas remain particularly understudied.
Future research should also prioritize the identification of
biomarkers that can be used to predict flare-up and HO
status, and evaluate treatment efficacy. In addition, as
FOP shares similarities with other inflammatory diseases,
understanding the role of inflammation in the context of
FOP could provide valuable insight and new avenues to
treatments. Finally, although FOP is often categorized as
a “new bone” disease, it is also a disease of the joints [51,
52]. As such, further research on the joint manifestations
of FOP is warranted.

Natural history studies of FOP are important to under-
stand disease progression and to identify clinically
meaningful outcome measures to assess in short-term
(typically 1-2 years) clinical trials [6]. However, conduct-
ing these studies in ultra-rare diseases can be fraught with
challenges, including small numbers of geographically-
dispersed patients and a lack of established biomarkers,
validated measurement tools, and clinically-meaningful
disease progression endpoints. A recent 3-year, global
natural history study of FOP (NCT02322255; sponsored
by Ipsen) provided valuable information on the base-
line, cross-sectional disease phenotypes of 114 individu-
als with FOP [52-54] and additional longitudinal data
are forthcoming. These studies will be crucial to better
understand the natural history of FOP and identify com-
mon secondary health issues. In addition, the increased
use of FOP-specific assessments, such as the Cumulative
Analogue Joint Involvement Scale (CAIJS), will help to
better understand the disease progression of FOP [55].
An initial clinical staging system for FOP has also been
proposed [56], which is currently being validated using
data from a longitudinal natural history study on FOP
and the FOP Registry. Further expansion of the FOP
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Registry will continue to yield valuable data on the lon-
gitudinal natural history of FOP for patients globally, and
can also be used in the future to facilitate post-marketing
surveillance of new therapies/treatments [50].

Future directions

Changes to ‘routine’ medical practice and the rise of tel-
emedicine during the coronavirus disease (COVID-19)
pandemic could provide a framework to improve access
to care and clinical studies/trials for individuals with FOP
around the world. Telemedicine can facilitate access to
specialists for the management of care in FOP, particu-
larly for patients who are not able to travel or have lim-
ited access to local medical specialists.

By necessity, remote medical assessments became the
norm during the COVID-19 pandemic. As the feasibility
and benefits of remote medical consultations are recog-
nized and understood, this may lead to positive changes
regarding how data are collected for patient registries,
disease diagnosis, natural history studies and clinical
trials, ultimately improving accessibility [49]. Wearable
medical devices transmitting digital health data may also
be a way to increase access to research and clinical tri-
als for individuals [49]. For example, FOP-PROMPT is a
patient-reported outcomes (PRO) tool that can be used
to capture the signs, symptoms and impacts most impor-
tant to people living with FOP via a mobile phone app
[57]. It may be possible to incorporate this daily symptom
tracker into future clinical trials to enhance the timespan
of data collected. However, not all medical information
can be collected remotely (e.g. whole-body computed-
tomography scans) and the importance of in-person
interaction between a patient and clinician cannot be
minimized [49].

Although the COVID-19 pandemic has been an isolat-
ing time for patients and their families, the circumstances
necessitated by the pandemic have forced a new level of
comfort with video-conferencing and online webinars.
The IFOPA has seen increased engagement with online
meetings of the international FOP community, such
as the annual FOP Family Gathering. This event is an
opportunity for families and local HCPs to learn about
the latest developments in treatments and care from FOP
experts, and tips and strategies for disease management
and daily living from other people living with FOP. Tra-
ditionally an in-person event, the necessitated virtual for-
mat increased accessibility to individuals who would have
been unable to travel and participate in person. Digital
platforms can provide an opportunity for individuals to
connect with the international FOP community while
efforts are ongoing to establish dedicated patient organi-
zations in underserved countries and regions. The events
organized by national and regional patient organizations,
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whether in person or virtual, are crucial to build the FOP
community and provide support and information for
individuals (Table 1) [4].

Although there are many opportunities for digital plat-
forms and telemedicine to have a positive impact on the
global FOP community in the future, it is also important
to be aware of limitations posed by cost, digital poverty,
and language barriers. For example, although the 2020
IFOPA Virtual FOP Family Gathering was translated into
17 languages, it was not possible to provide translation
for every language due to the associated costs. Individu-
als also have differential access to the internet and data
based on their location and means, including rural com-
munities in developed countries [58]. To reach patients
who do not have access to the internet, national tel-
ephone helplines can be used to reach a higher number
of individuals in their local language at limited cost [59].
Similarly, it may be possible to make key information
available on a mobile phone app that can be referred to
during medical appointments.

Conclusions

As an ultra-rare, disabling disease with no definitive
treatment at present, FOP poses significant challenges for
patients and their caregivers. Individuals with FOP often
face a long diagnostic journey and a constant need to
advocate for themselves in new medical circumstances.
Continued education of HCPs on the characteristics of
FODP, particularly targeting those HCPs most likely to see
a patient when they first develop symptoms, will help to
reduce the rate of misdiagnosis and shorten the diagnos-
tic journey for patients. Once a diagnosis is received, a
local primary physician should be appointed to coordi-
nate care between local non-specialists and FOP experts.
Furthermore, as the transition from pediatric to adult
care can be challenging for individuals and often result in
disruptions to care, it is important to identify a primary
adult physician early to encourage knowledge-sharing
with the pediatrician and ensure a positive transition
process.

With ongoing and anticipated clinical trials, there is
hope that an effective disease-modifying therapy, or
therapies, will be identified. However, there are safety and
ethical concerns to consider during clinical trial devel-
opment that relate to the unique needs of the FOP com-
munity, post-trial care and/or access to new treatments.
The patient perspective should be reflected at all stages
of clinical trial development to ensure that FOP-specific
safety considerations are addressed and that the measur-
able outcomes are meaningful to patients. Communica-
tions on FOP research should be frequent and conveyed
in plain language that is easily translatable, to ensure the
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timely sharing of information globally and reduce the
spread of misinformation or misunderstanding due to
poor translation. Although additional research is needed
to fully understand the disease progression of FOP, the
sharing of non-proprietary research information between
stakeholders will help to further build knowledge and
limit duplication.

In many regions of the world, individuals have poor
access to diagnosis and expert care, face barriers to par-
ticipating in registries and trials, and may be isolated
from the wider FOP community. Innovations in tele-
medicine and increased communication via digital plat-
forms have the potential to improve accessibility of care
and information worldwide. It is critical to ensure that
all individuals with FOP are afforded equitable access to
care and treatment. Along with the continuing efforts
from the IFOPA, the ICC, national FOP organizations,
the Tin Soldiers Global FOP Patient Search, and Indus-
try, increasing awareness of the unmet needs facing the
FOP community among key audiences will be vital to
address these challenges and improve the care of patients
globally.
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