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Abstract

Fibrodysplasia ossificans progressiva (FOP) is an ultra-rare genetic condition characterized by congenital malformations of the great toes and
progressive heterotopic ossification (HO) in specific anatomic patterns. Present management summarized here is focused on early diagnosis,
assiduous avoidance of injury and iatrogenic harm, symptomatic amelioration of painful flare-ups, and optimization of residual function. Twenty-
one members of the International Clinical Council on FOP (ICC) and seven consultants from 15 countries, chosen for their clinical expertise in
FOP developed this summary statement. Further advances in therapeutics will be based on rigorous clinical trials to assess novel and emerging
treatment and prevention strategies. A detailed and updated exploration of the topics outlined in this brief perspective can be found in “The
Medical Management of Fibrodysplasia Ossificans Progressiva: Current Treatment Considerations” which can be found on the International
Clinical Council on FOP (ICC) website (www.iccfop.org).
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Lay Summary

Fibrodysplasia ossificans progressiva (FOP) is a very rare genetic condition of bone formation in muscles, tendons, and ligaments. Currently,
medical efforts focus on early diagnosis, avoidance of injury, symptomatic treatment of painful flare-ups, and maintenance of function. The
International Clinical Council on FOP (ICC) developed these brief guidelines for managing FOP Further advances will be based on clinical trials
to assess new medications for FOP. A detailed exploration of the topics outlined in these guidelines can be found in “The Medical Management
of Fibrodysplasia Ossificans Progressiva: Current Treatment Considerations” which can be found on the following website (www.iccfop.org).

Introduction

Fibrodysplasia ossificans progressiva (FOP; MIM# 135100) is
an ultra-rare, disabling, fully penetrant, autosomal dominant,
genetic condition characterized by congenital malformations
of the great toes and progressive, heterotopic ossification
(HO) in specific anatomic patterns.!~* Fibrodysplasia ossif-
icans progressiva is the most catastrophic disorder of HO in
humans and has a dramatic impact on patients and family.’
However, there is great variability among individuals in terms
of course and severity. Flare-ups that often lead to HO are
episodic and may be misdiagnosed as tumors; immobility is
cumulative.®>” Joint degeneration and ankylosis often occur
independently of HO.®

Most children with FOP develop episodic, painful, inflam-
matory soft tissue swellings called flare-ups during the first
decade of life. While some flare-ups regress spontaneously,
most transform soft connective tissues into mature hetero-
topic bone through a process of endochondral ossification.
Minor trauma, such as intramuscular (IM) immunizations,
mandibular blocks for dental work, muscle fatigue, blunt
muscle trauma, or influenza-like viral illnesses, can trigger
new flare-ups of FOP leading to progressive HO. Attempts to
surgically remove heterotopic bone often provoke explosive
and painful new episodes of HO.?>?

Most patients with FOP are confined to a wheelchair by
the third decade of life and require lifelong assistance with
activities of daily living. The median estimated life expectancy
is 56 yr. Death often results from complications of thoracic
insufficiency syndrome.'”

A common gain-of-function, missense pathogenic variant in
activin receptor IA (ACVR1, also known as ALK2), encoding
a bone morphogenetic protein (BMP) type I receptor, occurs
in all sporadic and familial cases with a classic presentation
of FOP.!'! An estimated 97% of individuals with FOP have
this recurrent variant (ACVR1R206H) = Approximately 3%
of affected individuals have different pathogenic variants in
ACVR1—some with more severe phenotypes, and some with
less.!” However, all known individuals with FOP have gain-
of-function, heterozygous, pathogenic variants in the gene
encoding ACVR1.

The discovery of the genetic variants in ACVR1 that
cause FOP established a critical milestone in understanding
FOP, revealed a highly conserved therapeutic target in the
BMP signaling pathway, and propelled the development
of novel inhibitors of ACVR1-mediated BMP pathway
signaling. Effective therapies for FOP will likely be based
on the results of clinical trial interventions that modulate
overactive ACVR1 signaling. However, present management
is focused on early diagnosis, assiduous avoidance of injury
and iatrogenic harm, symptomatic amelioration of painful
flare-ups, optimization of residual function, and monitoring
and treating co-morbidities.!-”>11-20

Here, we summarize the medical guidelines on FOP based
upon currently available knowledge. This report is not
intended to present a specific approach for managing the
symptoms of FOP, but rather is intended to present views,
statements, or opinions of the authors that may be helpful to
others who face similar challenges.

Further advances in therapeutics will be based on knowl-
edge of disease mechanisms at the molecular and cellular
level, the refinement of genetically based animal models for
drug testing, and rigorous clinical trials to assess novel and
emerging treatment and prevention strategies.”»13-21-25

Although there are common physical features shared by
every person who has FOP, there are differences among indi-
viduals that may alter the potential benefits or risks of any
medication or class of medications discussed here. The deci-
sion to use or withhold a particular medication must ulti-
mately rest with an individual patient and his or her physician.
We emphasize that this report reflects the authors’ experience
and opinions on the various classes of symptom-modifying
medications and is meant only as a guide to this controversial
area of therapeutics.

Materials and methods

All twenty-one members of the International Clinical Council
on FOP (ICC; www.iccfop.org), as well as 7 consultants
from 15 countries, chosen for their expertise in FOP,
developed this summary statement. Participants included
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anesthesiologists, endocrinologists, rheumatologists, orthope-
dic surgeons, clinical geneticists, molecular geneticists, neona-
tologists, pediatricians, internists, physiatrists, geriatricians,
dermatologists, dentists, oral surgeons, and a non-voting
representative from a parent support group. All participants
completed a conflict-of-interest declaration. The consensus
was supported without pharmaceutical industry support or
funding.

A modified Delphi-like consensus methodology was
adopted. A comprehensive literature search was conducted
using PubMed and the search terms “fibrodysplasia ossificans
progressiva.” Additional relevant articles on FOP were
also identified by PubMed searches when supplementary
information was necessary. A comprehensive review of
>2900 articles formed the basis of discussion by the
Publications Committee of the ICC. As FOP is an ultra-
rare condition, evidence-based statements are generally
moderate to low. If published data were unavailable or
insufficient, experts’ clinical experiences and opinions were
considered.

Perspective and discussion

Executive summary of key practice points
General recommendations

1) The diagnosis of FOP is clinical (malformed great toes
and progressive HO) but requires genetic confirmation
of a pathogenic ACVRI gene variant.!->11,12,26

2) If FOP is suspected, all elective procedures such as surg-
eries, biopsies, and IM immunizations should be deferred
until a definitive diagnosis is confirmed.!

3) Each patient should have a primary physician who is
willing to consult with an FOP expert and help coordi-
nate a local care team.”’

4) Patients and their families should be informed about
the International Clinical Council on FOP (ICC;
www.iccfop.org), the International FOP Association
(IFOPA; www.ifopa.org), and country-specific support
groups at the time of diagnosis.

5) Emergent medical care should be provided (See Emer-
gency Guidelines for First Responders, Physicians &
Dentists in this report).

Physical activities

Activity is encouraged at all ages, but passive range of motion
to restore or improve joint mobility (motion performed by
someone other than the patient—in other words, a movement
of a joint carried out by an operator without aid of the
patient’s muscles) must be avoided. Singing, water exercises,
and activities for respiratory health are strongly encouraged.
Avoid soft tissue injuries, contact sports, overstretching of soft
tissues, and muscle fatigue.!

Anesthesia

An expert anesthesiologist experienced in general anesthesia
for FOP patients must be consulted pre-operatively in all
cases. If general anesthesia is required, an awake intubation
by nasotracheal fiber-optic technique should be performed
because of cervical spine fusions, jaw motion limitations,
sensitive airway, and risk of inducing an obstructing neck
flare-up. Highly skilled FOP-aware anesthesiologists should
be present for all elective intubations.?®

Chronic pain

Chronic pain syndromes are common in FOP and may
be related to neuropathies (eg, entrapment, nerve damage,
allodynia), musculoskeletal origin (eg, back pain, myofascial
pain), inflammation, or mechanical/compressive causes (eg,
from expanding HO, especially late in the course of a flare-
up). General principles of management include identification
of the type of pain (neuropathic versus nociceptive), use
of multiple non-invasive treatment modalities coordinated
by multidisciplinary pain specialists, use of adjuvant non-
pharmacologic modalities, and treatment of depression
(which may provide pain relief independent from correction
of any mood disorder). Suboptimal seating and positioning
(ie, wheelchairs), poorly fitting shoes, or improperly adjusted
ambulatory aids may play a role in persistent pain. Referral
to a rehabilitation specialist may be indicated.?” Please see the
ICC website (www.iccfop.org) for latest updates.

COVID-19

Please see section on COVID-19 as well as ICC and IFOPA
websites (www.iccfop.org and www.ifopa.org) for latest
updates.

Dental emergencies

It is always advisable to obtain a complete dental examination
if a patient has swelling or pain of the oral-facial region, as
it can be difficult to distinguish a swelling of dental origin
from a flare-up of FOP. If the dental radiographs and/or
pulpal testing (vitality of the nerve of the tooth) indicate no
obvious dental origin to the swelling, it is prudent to assume
an FOP flare-up and initiate prednisone flare-up dosing. If
it is not possible to get a dental radiograph or do pulpal
testing, then empirically prescribing an appropriate antibi-
otic together with prednisone is warranted until a definitive
diagnosis can be made. Any dental surgery should be delayed
until 8 wk after flare-ups resolve. Good oral hygiene and rou-
tine dental exams/check-ups are imperative to prevent dental
caries. See the full ICC recommendations at www.iccfop.org.

Falls

Locked upper limbs may accentuate head and neck trauma
from falls. Epidural hematomas are common (surgical emer-
gencies). Consider protective headgear in children who have
upper limb involvement and in adults who remain ambulatory.
All head and neck injuries should be evaluated emergently.3°

Flare-ups: (back/chest)

Consider non-steroidal anti-inflammatory medications
(NSAIDs) or cyclooxygenase-2 (COX-2) inhibitors (oral or
topical) with assiduous gastrointestinal (GI) precautions. Use
analgesics, muscle relaxants, and local applications of ice
packs, as needed. Avoid narcotic analgesia. Corticosteroids
may be used in severe cases, but do not appear to be as
effective for controlling back/chest flare-ups as with other
types of flare-ups.!>1°

Flare-ups: (limbs/throat/submandibular)

Patients can present with inflammatory flare-ups with sig-
nificant swelling and inflammation. These symptoms can be
highly variable between patients and events. Prednisone—
2 mg/kg once daily (up to a total of 100 mg daily) in AM
(per oral) for 4 d (or equivalent corticosteroid); begin as early
as possible after the onset of flare-up signs and symptoms.
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However, early detection can be subtle, especially with flare-
ups in the lower limbs. Keep prednisone on-hand as “pill-in-
pocket” approach for emergencies. Alternatively, pulse intra-
venous (IV) corticosteroids of the equivalent prednisone dose
may be used as directed. Avoid corticosteroids, if possible,
for axial flares. Use oral and/or topical NSAID analgesics
and/or muscle relaxants, as needed, with assiduous GI pre-
cautions. Local application of cool packs may also be helpful.
Avoid narcotic analgesia whenever possible. Fibrodysplasia
ossificans progressiva experts should be consulted with all
submandibular flare-ups, and the detailed guidelines should
be assiduously followed.'¢>31-32

Flare-ups (prophylaxis)

Flare-ups often result from soft tissue injuries. Prednisone [1-
2 mg/kg (per oral)] once daily (maximum of 100 mg/d) for
3-4 d can be given to help prevent flare-ups after severe soft-
tissue injury. Do not use after minor bumps or bruises. Use
prednisone prophylactically as directed for dental or surgical
procedures. '

Fractures

Fractures can occur in both normotopic and heterotopic bone
and usually heal well without much heterotopic bone if treated
conservatively. A brief course of prednisone is suggested. An
FOP expert in fracture management should be consulted in all

cases.33

Gastrointestinal issues

Many patients with FOP report frequent nausea and vomiting.
The cause and significance of this is unknown. Gastrointesti-
nal complaints should be investigated to rule out more serious
conditions. Significant weight loss or very low body mass
index in the setting of severe scoliosis can be associated with
bowel obstruction and superior mesenteric artery syndrome.
Treatment would include weight gain. See the full ICC recom-
mendations at www.iccfop.org.

Hearing

Conductive hearing impairment is common in FOP through
various mechanisms. Fibrodysplasia ossificans progressiva
patients should be screened in childhood by audiometry
for hearing impairment. Hearing aids may improve severe
conductive hearing loss.>*

Immunizations

Immunization by subcutaneous administration is recom-
mended for all vaccines that can be administered by that
route. Avoid all IM immunizations and intranasal influenza
immunizations with live vaccines as they may precipitate
flare-ups of FOP. There have been no reported cases of
flare-ups following subcutaneous immunization with the
Measles, Mumps, Rebella (MMR) or the Measles, Mumps,
Rubella, and Varicella (MMRYV) vaccines despite the fact
that they contain attenuated viruses.>> Immunizations should
not be given during flare-ups and should be avoided until
8 wk after flare-ups resolve. All household contacts should
be immunized against influenza, pertussis, and COVID-19.
Consult detailed immunization guidelines and updates on the
ICC website (www.iccfop.org).

Influenza

Administer influenza vaccines subcutaneously, but never dur-
ing flare-ups. Wait until 6-8 wk after a flare-up has resolved

JBMR Plus, 2025, Volume 9 Issue 11

before administering influenza vaccine. Avoid live attenuated
influenza vaccine as it may cause flu-like symptoms and pre-
cipitate flare-ups of FOP. Household contacts of FOP patients
should be immunized annually. Consider anti-viral therapy if
flu symptoms occur.>® Consult detailed influenza immuniza-
tion guidelines on the ICC website, as recommendations may
change annually (www.iccfop.org).

Injuries

The prevention of flare-ups and heterotopic bone formation
involves multimodal approaches. This includes the recog-
nition and avoidance of known causes of flare-ups: con-
tact sports, soft tissue injuries, blunt muscle trauma, muscle
fatigue, muscle stretching, IM injections and immunizations,
biopsies, removal of heterotopic bone, all non-emergent sur-
gical procedures, and viral illnesses.!>!°

IVs

Patients with FOP can tolerate peripheral blood collection and
IV access when performed by an experienced phlebotomist.
It is critical that the procedure be performed in as gentle
and minimally-invasive manner as possible. Tourniquet time
should be minimized. Consultation with clinicians who are
familiar with the care of FOP patients is essential. Superfi-
cial IV access and venipuncture are acceptable. Traumatic
IVs must be avoided. Central lines, PICC lines, and arterial
punctures may cause HO and should be avoided unless critical
for the patient’s medical management.!>'°

Kidney stones

There is a 3-fold greater risk of kidney stones in FOP. Encour-
age fluid intake (preferably water) of 1.5-2 L/d, and avoidance
of high protein and high salt diets. Age- and sex-based recom-
mended daily allowances for calcium should be maintained.3”

Limb swelling

Lymphedema and transient neuropathy may occur with flare-
ups of limbs. Elevate legs while sleeping and recumbent,
whenever possible. Take 1 low-dose aspirin daily with food
for deep venous thrombosis (DVT) prophylaxis, if indicated.
Rule out deep vein thrombosis with Doppler ultrasound. Use
fitted support stockings for chronic lymphedema (but avoid
traumatic compression). Lymphedema therapy may be helpful
for chronic lymphedema.3®

Medications

Consult detailed medication guidelines and updates on the
ICC website (www.iccfop.org).

Approved therapies in FOP

Palovarotene, an RAR-y agonist, has been approved in the
United States, Canada, UAE, Australia, and Russia but not
approved in Europe.!$-3?

Corticosteroids

1) Corticosteroid prophylaxis is recommended for signifi-
cant blunt muscle trauma, as prophylaxis for a potential
flare or as treatment of an active flare. The usual rec-
ommended dose is prednisone 2 mg/kg/d per oral x 4 d,
with a maximum dose of 100 mg/d.

2) Corticosteroid prophylaxis is recommended for dental
and surgical procedures.
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3) Corticosteroid treatment should be considered for the
symptomatic relief of emergent flare-ups of the limbs,
jaw, or submandibular area.

COX-2 inhibitors and NSAIDs

There is no definitive evidence that chronic treatment with
COX-2 inhibitors or NSAIDs prevents or ameliorates flare-
ups in FOP. However, COX-2 inhibitors or oral/topical
NSAIDs may be helpful for symptomatic management of
flare-ups and chronic arthropathy when corticosteroids are
not indicated.

Bisphosphonates

There is no definitive evidence that bisphosphonates prevent
or ameliorate flare-ups in FOP. However, IV bisphospho-
nates may be considered for the prevention of corticosteroid-
associated bone loss. Dentists should be made aware of any
prior bisphosphonate use. Bisphosphonates may be consid-
ered for treating osteoporosis of the native skeleton, as guided
by standard-of-care.

Off-label medications (imatinib, tofacitinib, canakinumab,
anakinra, and so on)

There is no definitive evidence that these medications prevent
or ameliorate HO after flare-ups in FOP. These medica-
tions may be considered for patients with severe, intractable
FOP flare-ups. Importantly, pharmacological testing of orally
available drugs that target MMP-9 has just begun, and it
would be premature to make any recommendations regarding
their use without human data. See the full ICC recommenda-
tions at www.iccfop.org regarding off-label medication use.

Chemotherapy agents and radiation therapy

There is no evidence of efficacy with these agents. The use
of these approaches is contraindicated in the management
of FOP.

Miscellaneous agents in FOP

The chronic use of antiangiogenic agents, calcium binders,
colchicine, fluoroquinolone antibiotics, propranolol, mineral-
ization inhibitors, PPAR-y antagonists, and TNF-« inhibitors
currently has no role in the management of FOP.

Mental health

Patients with any chronic illness are at risk of mental health
complications. If there is suspicion of depression or anxiety,
psychological support is recommended. Family therapy may

be helpful.’

Neurological issues

Patients with FOP have reported a higher incidence of neu-
rological symptoms, including pain both during and after
an FOP flare-up. The sources of pain should be carefully
explored and may be due to poor positioning or subopti-
mal equipment. Some individuals with FOP report chronic
headaches. If headaches persist, patients should be referred to
a neurologist who can make recommendations for treatment.
See the full ICC recommendations at www.iccfop.org.

Nutrition

In cases of ankylosis of the jaw, a dietician should be consulted
to ensure adequate nutrition. See the full ICC recommenda-
tions at www.iccfop.org.

Occupational therapy

Occupational therapy (OT), focused on enhancing activities
of daily living, may be useful to improve the quality of
life of FOP patients. Perform periodic OT evaluations for
assistive devices, as activities of daily living are likely to change
over time. Other health professionals (recreational therapists,
orthotists, speech language pathologists, vocational special-
ists, audiologists, creative arts therapists, psychologists, etc.)
may play a role in maintaining or improving health, function,
and quality of life. See the full ICC recommendations at
www.iccfop.org.

Orthodontics

Routine orthodontic care has not been reported to cause flare-
ups of FOP. However, all FOP patients seeking orthodontic
care should consult with an FOP dental expert. See the full
ICC recommendations at www.iccfop.org.

Physical therapy

Passive range of motion to restore or improve joint range of
motion is strictly prohibited. An assessment of ambulatory

aids may be indicated. Warm water hydrotherapy may be
helpful.!

Pregnancy

Although pregnancy with FOP is possible, FOP poses major
life-threatening risks to mother and child as well as life-
altering consequences to the entire family. Pregnancy in FOP
should never be undertaken without serious consideration and
family planning. Unwanted pregnancies should be assiduously
avoided. Any pregnancy should be avoided during clinical
trials. Independent genetic counseling is available, if desired.
Should a pregnancy occur, guidance and care at a high-risk
pregnancy center are imperative.*?

Pressure ulcers

In patients with limited motion, prevention of pressure ulcers
by appropriate methods or devices is recommended. A wound
care team should be involved in patient care if pressure ulcers
are at risk of developing or exist. A rehabilitation equipment
evaluation may also add value. See the full ICC recommenda-
tions at www.iccfop.org.

Respiratory health

Singing, swimming, and incentive spirometry are strongly
encouraged to maintain lung function. Perform baseline pul-
monary function tests (PFTs), echocardiogram, chest X-ray,
and pulse oximetry after 4 yr of age. Pulmonary consulta-
tion should be instituted by the end of the second decade.
Sleep studies may be helpful in directing specific respiratory
therapies, including noninvasive overnight ventilation with a
soft mask. Supplemental oxygen should not be used in an
unmonitored setting. In patients with respiratory insufficiency,
immunization for influenza and pneumococcal pneumonia

should be considered. Please follow immunization guidelines
above.!0-41
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Scalp flare-ups

Scalp flare-ups are common, especially in young children
with FOP, and represent early flare-ups of the condition.
Flare-ups of the scalp can appear as prominent swellings and
may be initially disfiguring. A conservative approach without
steroid use, if possible, should be taken with scalp flare-ups,
with monitoring and pain control if necessary. Scalp flare-
ups will resolve spontaneously over time and disfigurement
will be minimal as new ossifications are incorporated into
the growing skull. Although they can be alarming in size,
scalp flare-ups often spontaneously regress and are of minimal
clinical significance.*

School

Children with disabilities may be entitled to Individual Edu-
cational Programs (IEPs) to help students succeed in school.
Use school aides to protect and assist children. Preschool eval-
uation is helpful. School nurses, staff, and teachers should be
aware of the limitations of FOP, and protocols for managing
injuries and flare-ups, as well as special adaptive needs. See
the full ICC recommendations at www.iccfop.org.

Skin

Careful skin management is critical for individuals with
FOP. Chronic maceration or minor trauma, especially over
a bony prominence, can predispose the skin to fungal or
bacterial infection, while immobility and prominent bony
masses increase the risk of pressure ulcers, lymphedema-
related blistering, and ingrown toenails—all of which may
provide a portal of entry for pathogens and progress to sepsis.

Spinal deformity

Spinal deformity is common in FOP and can occur indepen-
dently of flare-ups. Rapid progression of spinal deformity—
especially in childhood or adolescence—should be evaluated
by an expert in FOP41»43

Surgery
Avoid surgery, except in emergencies. Always avoid surgery to
remove heterotopic bone.!~3

Teeth

Preventive dental care is essential and should begin in early
childhood. Avoid sugary sweets and drinks. Avoid mandibular
blocks, over-stretching of the jaw, and muscle fatigue. Consult
FOP dental experts before any procedure. See the full ICC
recommendations at www.iccfop.org.

Current treatment considerations

At present, there are limited treatments for FOP. The
disorder’s rarity, variable severity, and fluctuating clinical
course pose substantial uncertainties when evaluating
experimental therapies. The ultimate treatment of FOP will
likely be based on integrated knowledge of the cellular and
molecular pathophysiology of the condition.”> A schema of
our current knowledge is presented in Figure 1.

In evaluating each treatment or prospective treatment, we
have focused on the known mechanism of action of the drug
as it relates to the proposed pathogenesis of FOP. Consider-
ation for use of each medication was made based on current
regulatory approval, or if no approval, balancing the clinical
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uncertainty of each agent when used to treat FOP against the
compassionate need to control the disabling symptoms of the
disease adequately and safely, especially during flare-ups.

Each pharmacologic agent was classified into 1 of 4 cate-
gories based on Phase 3 clinical trial results and approved use,
experimental or anecdotal experience with the drug, as well
as knowledge of each drug’s safety profile (Tables 1-4). For
dosing and major side effects of commonly prescribed medi-
cations for other indications, where they are the same in FOP,
refer to our complete online guidelines (www.iccfop.org).

We emphasize that this report reflects the authors’
experience and opinions on the various classes of symptom-
modifying medications and is meant only as a guide to
this controversial area of therapeutics. Although there are
common physical features shared by every person who has
FOP, there are differences among individuals that may alter
the potential benefits or risks of any medication or class of
medications discussed here. We emphasize that the decision
to use or withhold a particular medication must ultimately
rest with an individual patient and his or her physician.

Regulatory-approved medications have been approved by
at least 1 regulatory authority (eg, US Federal Drug Admin-
istration, or FDA). Currently, only chronic and episodic use
of palovarotene (Sohonos) has received limited regulatory
approval.

Class 1 medications can be considered for acute flare-
ups involving the major joints of the appendicular skeleton.
The immediate use of prednisone at a dose of 2 mg/kg/d
(up to 100 mg) can be considered as a single daily dose
for a maximum of 4 d. For maximum beneficial effect, the
prednisone should be started within 24 h of the onset of a
flare-up, which corresponds to the earliest phase of acute
inflammatory infiltration into skeletal muscle. If the flare-up
is more than 2 days old, prednisone is generally less effective.
If the flare-up responds to the medication but recurs when
the prednisone is discontinued, a repeat 4-d course with a
subsequent 10-d taper can be considered. Taper by approx-
imately 10%/day over 10 d, as guided by clinical judgment.
Consult an endocrinologist if there are questions or concerns.
Prednisone should generally not be used for flare-ups on the
chest or trunk, as it is difficult to judge the exact onset of a new
flare-up. Prolonged or chronic use of corticosteroids is of no
benefit, is harmful systemically, and should not be considered.
Furthermore, suppression of the pituitary-adrenal axis is likely
to occur with chronic or long-term use and can have long-
term harmful effects. The use of prednisone is meant only to
suppress or abort the early inflammatory events of an acute
FOP flare-up and potentially suppress the subsequent death
of skeletal muscle in the earliest stages of an FOP flare-up.

When prednisone is discontinued (or if a flare-up existing
for more than 48 h is being considered for treatment), symp-
tomatic treatment may be considered with a non-steroidal
anti-inflammatory agent (NSAID). A COX-2 inhibitor can
be used instead of a traditional NSAID (Table 1). As with
all NSAIDs, GI precautions should prevail. If long-term use
of a COX-2 inhibitor is considered, serum liver and kidney
function tests should be monitored. COX-2 inhibitors should
be used with caution in FOP patients with a history of car-
diovascular disease or in older FOP patients who are severely
immobilized or completely non-ambulatory.

Class II Medications can be considered on off-label use with
caution, at the physician’s discretion.
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Figure 1. Targets and potential therapies for fibrodysplasia ossificans progressiva.

Class 111 Agents are compounds under development, being
tested in clinical trials, and are not yet available for gen-
eral use.

Emergency guidelines for first responders,
physicians, and dentists (see ICCFOP.org)

1) Avoid all IM injections unless necessary for survival
of the patient. IM injections may cause flare-ups and
subsequent ossification.

2) Peripheral IV access is permissible. Use smallest nee-
dle possible with brief tourniquet time. Avoid repeated
tourniquet use or over-inflation of blood pressure cuffs.

3) Avoid central venous access unless necessary for survival
of the patient.

4) In case of major trauma, administer corticosteroids
immediately (oral) or IV equivalent of oral Prednisone:
1-2 mg/kg once daily for 4 d.

5) Pad all bony prominences to prevent pressure ulcers and
skin breakdown.

6) The cervical spine is often partially or completely anky-
losed from FOP. Do not manipulate.

7) With head injury, always brace the neck.

8) Flare-ups of the anterior neck beneath the chin (sub-
mandibular) can compromise breathing and swallowing
and should be considered a medical emergency. Sub-
mandibular flare-ups require early identification. Pro-
vide high-dose steroids immediately (Solumedrol 80 mg
intravenously or Dexamethasone 15 mg intravenously).
Avoid additional trauma with lesional manipulation.
Airway monitoring, aspiration precautions, nutritional
support, and immediate use of corticosteroids are
mandatory.

9) Acute and often severe limb swelling can be seen with
flare-ups of FOP, especially of the lower extremities.
Due to intense inflammation, angiogenesis, and capillary
leakage, this swelling may grow to an extraordinary
and alarming size and lead to extravascular compres-
sion of nerves and tissue lymphatics. After excluding
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Table 1. Regulatory-approved medications for fibrodysplasia ossificans progressiva.
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Generic (trade) Class Mechanism of  Dosing Major side-effects

action
Palovarotene (Sohonos)in ~ RAR-y Agonist Inhibits Ectopic  For adults and pediatric patients FDA black-box warning: teratogenicity
the United States, Canada, Chondrogenesis 14 yr and older: and premature epiphyseal closure

and Australia Sohonos
Educational Program and
must be completed by any
healthcare professional
who wants to prescribe
Sohonos. Educational
materials can be found at:
SOH-US-000215-SOHO
NOS-Educational-Progra
m-Materials-for-Prescribe
rs-and-Pharmacists.pdf

5 mg daily. Stop daily dosing when
flare-up dosing begins. Flare-up
dosage for adults and pediatric
patients 14 yr and older is 20 mg
daily for 4 wk, followed by 10 mg
daily for 8 wk (for a total of 12 wk of
flare-up treatment), even if symptoms
resolve earlier. Then return to daily
dosing of 5 mg.

If, during a flare-up treatment, the
patient experiences marked
worsening of the original flare-up site
or another flare-up at a new location,
restart the 12-wk flare-up dosing at
20 mg daily. For flare-up symptoms
that have not resolved at the end of
the 12-wk period, the 10 mg daily
dosage may be extended in 4-wk
intervals and continued until the
flare-up symptoms resolve.

If new flare-up symptoms occur after
the 5 mg daily dosing is resumed,
flare-up dosing may be restarted.

For patients under 14 yr of age

(8-13 yr for females and 10-13 yr for
males): Dosage is weight-based for
both prophylactic and flare-up
dosing.

See prescribing information at:
Microsoft Word - pi-mg-fda-com-
ments-15aug2023-combined-rev
17Aug2023
(d2rkmuse97gwnh.cloudfront.net)

Prescribing information can be found
at: https://www.accessdata.fda.gov/dru
gsatfda_docs/label/2023/215559s000
Ibl.pdf

The medication guide (for patients) can
be found on the IpsenCares website
(ipsencares.com):
https://d2rkmuse97gwnh.cloudfront.ne
t/a88aa6d6-3ca0-4362-a711-d53
c452ae33ff/1e0071ea-de05-46be-8b8
d-90d92765c¢70f/1e0071ea-de05-46
be-8b8d-90d92765¢70f_source__v.pdf
Premature epiphyseal closure:
Premature epiphyseal closure occurred
with SOHONOS. Assess baseline
skeletal maturity before SOHONOS
therapy and monitor linear growth in
growing pediatric patients. Growing
pediatric patients are recommended to
undergo baseline assessment of growth
and skeletal maturity before starting
treatment and continued clinical and
radiographic monitoring every 6-12
mo until patients reach skeletal
maturity or final adult height.
Mucocutaneous adverse reactions:

Dry skin, lip dry, pruritus, rash,
alopecia, erythema, skin exfoliation,
and dry eye occurred with SOHONOS.
Prevent or treat with skin emollients,
sunscreen, artificial tears. Dosage
reduction may be required in some
patients.

Metabolic bone disorders:

Decreased vertebral bone mineral
content and bone density may occur.
Assess for vertebral fracture
periodically using radiologic method.
Psychiatric Disorders: Depression,
anxiety, mood alterations and suicidal
thoughts and behaviors occurred with
SOHONOS. Contact healthcare
provider if new or worsening
symptoms develop in patients treated
with SOHONOS.

Night Blindness: May occur and make
driving at night hazardous

Pregnancy: May cause fetal harm.

10)

a possible deep vein thrombosis, the swelling should
be treated conservatively with adequate pain control,
elevation, and ultimately with safe lymphedema manip-
ulations. Although signs and symptoms of compartment
syndrome may prompt consideration of emergent surgi-
cal release of pressure (eg, fasciotomy), this will exac-
erbate the flare-up and MUST be avoided. If clinical
suspicion of compartment syndrome is high, consider the
use of mannitol.

In the case of limb swelling that prompts concern for
deep vein thrombosis, Doppler ultrasound evaluation of
the venous system may be indicated. In the rare situation

11)

12

—

13)

that deep vein thrombosis is detected, appropriate ther-
apy should be instituted and monitored.

Head and neck injuries are common from falls, as the
arms are rigid from ankylosis of the shoulders early in
life and cannot be used to protect the head in case of
falls.

With any head injury, even without loss of conscious-
ness, a head CT is mandatory to rule out intracranial
bleeding due to the high likelihood of an unprotected
impact.

The jaw is likely limited in movement or functionally
ankylosed. Even if it is mobile, it is extremely susceptible
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Table 2. Class | medications: generally accepted for use in fibrodysplasia ossificans progressiva.

Generic (trade)

Class

Mechanism of action

Prednisone, tablet form®—#

Corticosteroid

Prednisolone, liquid form
(deltasone)?~8

Ibuprofen (advil/motrin)

Indomethacin (indocin)

Celecoxib (Celebrex)

Non-steroidal

anti-inflammatory medication

(non-specific COX-1 and
COX-2 inhibitor)

Non-steroidal

anti-inflammatory medication

(non-specific COX-1 and
COX-2 inhibitor)
COX-2 inhibitor

Decreases lymphocyte and macrophage
recruitment and tissue infiltration; potent
anti-inflammatory drug: Decreases
inflammation, swelling, and edema, especially
when involving jaw, throat, and major joints

Anti-inflammatory and anti-angiogenic;
symptomatic relief during a flare-up; Potential
use in prevention by inhibiting production of
inflammatory prostaglandins

Anti-inflammatory and anti-angiogenic;
symptomatic relief during a flare-up; Potential
use in prevention by inhibiting production of
inflammatory prostaglandins

Anti-inflammatory and anti-angiogenic;
symptomatic relief during a flare-up; Potential
use in prevention by inhibiting production of
inflammatory prostaglandins

2Do not use after minor bumps or bruises. Do not use for flare-ups involving chest or back (see text). Use prednisone prophylactically as directed for dental
or surgical procedures. (Medication should be taken with food). The protocol for IV corticosteroid therapy is as follows: 7-15 mg/kg of methylprednisolone
or 20-30 mg/kg of prednisolone sodium IV daily on 3 consecutive days. Some prefer to administer it on alternate days as some patients tolerate it better.
2 mg/kg once daily in AM by oral administration (PO) x 4 d for acute flare-ups involving major joints (maximum of 100 mg/d). Flare-ups often result from
over-use and soft tissue injuries. Prednisone—1-2 mgs/kg (per oral) once daily for 3-4 d to prevent flare-up after severe soft-tissue injury.? May repeat for
4 d and then taper for as long as 2 wk. bMay also use longer treatment with taper for flare-ups in the submandibular region, especially those that affect
breathing or swallowing. “Prednisone or prednisolone should be started within 24 h of the onset of a flare-up for maximal effectiveness. d For patients with
frequent flare-ups requiring prolonged steroid treatments, consider a bisphosphonate to prevent steroid-induced osteoporosis (see text). “For patients in
endemic regions, anti-parasitic precautions may be needed. fAlternatively, high dose intravenous corticosteroid (methylprednisolone or prednisolone sodium)
therapy may be considered but must be performed during an inpatient hospitalization to monitor for potential side effects of hypertension. & Total daily dose
of methylprednisolone or prednisolone sodium should not exceed 1000 mg.

14

15

16

17

18

19

to trauma. Do not passively manipulate. Over-stretching
of the jaw and mandibular blocks is forbidden as they
will cause flare-ups.

It is always advisable to obtain a complete dental exami-
nation for swelling or pain of the oral-facial region, as it
can be difficult to distinguish a swelling of dental origin
from a flare-up of FOP. If the dental radiographs and/or
pulpal testing (vitality of the nerve of the tooth) indicate
no obvious dental origin to the swelling, it is prudent to
assume an FOP flare-up and initiate prednisone flare-up
dosing. If it is not possible to get a dental radiograph
or do pulpal testing, then prescribing an appropriate
antibiotic together with prednisone is warranted until
a definitive diagnosis can be made. Any dental surgery
should be delayed until 8 wk after flare-ups resolve.
Dental pain is a common issue in FOP patients and
must be evaluated and treated promptly, but only after
thorough consultation with an FOP dental expert. Over-
stretching of the jaw and mandibular blocks is forbidden.
Facial swelling due to scalp flare-ups in FOP is uncom-
mon but may occur. Other etiologies for facial swelling
should be considered, such as drug reactions and cav-
ernous sinus thrombosis. A brief course of an antihis-
tamine should be considered to exclude allergies in FOP
patients who present with facial swelling.

For “dirty” or contaminated wounds, use tetanus hyper-
immune globulin. Avoid tetanus immunization as IM or
subcutaneous immunization unless necessary, as this has
a high likelihood of inciting a flare-up.

Hearing impairment is common in FOP. Speak loudly
and clearly when appropriate.

Although stable hearing loss is a common feature of
FOP in children, acute hearing loss and ear pain are not

20)

21

—

22)

23)

24)

25)

26)

27)

28)

29)

common and should be evaluated and treated as in any
child.

Kidney stones are very common in adults with FOP but
may occur at any age. Keep well hydrated.

Fractures are common in normotopic as well as hetero-
topic bone. Closed immobilization with splinting and
bracing is recommended. Open reduction is contraindi-
cated unless thoroughly discussed with an FOP specialist.
With nausea and vomiting in individuals with an anky-
losed jaw, cover empirically with antibiotics for aspira-
tion pneumonia.

Ask if patient is enrolled in any FOP Clinical Trials and
communicate with principal investigator and regional
FOP specialist.

In the case of choking and failure to clear throat man-
ually, perform Heimlich maneuver if there is no evi-
dence for abdominal heterotopic bone that would pre-
vent attempts.

Chest compressions will likely be futile. The chest wall
is rigid and immobile in adults with advanced stages of
classic FOP.

Intubation must be through an awake, fiberoptic naso-
tracheal approach by an experienced anesthesiologist.
If an emergency tracheotomy is necessary in an individ-
ual with anterior neck ossifications, a dental or other drill
may be necessary to create an airway.

In emergency situations where patients have difficulty
clearing secretions, use bronchodilators, mucolytics,
and guaifenesin, with a low threshold for mechanical
insufflation-exsufflation devices. Hydration should be
optimized with IV fluids.

Avoid unmonitored use of supplemental oxygen to min-
imize the chance of respiratory failure and death.
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Table 3. Class Il medications: off-label use for fibrodysplasia ossificans progressiva.

Generic Trade

Class

Proposed mechanism of action as it relates to fibrodysplasia ossificans progressiva

Montelukast Singulair

Cromolyn Gastrocrom

Pamidronate?® Aredia

Zoledronate Zometa

Imatinib Gleevec

bTofacitinib Xeljanz

¢Canakinumab Ilaris

Leukotriene receptor
antagonist
Mast cell stabilizer

Aminobisphosphonate

Aminobisphosphonate

Selective Tyrosine
Kinase inhibitor

Janus kinase inhibitor

IL-1B inhibitor

Blocks inflammatory mediators; complementary action to cyclo-oxygenase
inhibitors.

Reduces mast cell degranulation but poorly absorbed from GI tract. May be more
effective if used chronically

Anti-angiogenic; possibly anti-inflammatory; potential inhibition of early
angiogenic fibroproliferative lesion; well-established effects on decreasing bone
remodeling in normotopic skeleton and in protecting normotopic skeleton from
profound osteopenic effects of chronic intermittent high dose glucocorticoids.

Anti-angiogenic; possibly anti-inflammatory; potential inhibition of early
angiogenic fibroproliferative lesion; well-established effects on decreasing bone
remodeling in normotopic skeleton and in protecting normotopic skeleton from
profound osteopenic effects of chronic intermittent high dose glucocorticoids.

Off-target effects of blocking c-Kit, HIF-1a, PDGFRa, and multiple
MAP kinases***5

Janus kinase inhibitor, representing a new class of disease-modifying
antirheumatic drugs (DMARDs),

with anti-inflammatory properties and FDA approved for juvenile idiopathic
arthritis, as well as other rheumatologic conditions and ulcerative colitis.

In an FOP case series by Nikishina et al. 2023, levels of IL-1RA decreased in 4/5
individuals (80%) and increased in 1/5 (20%), suggesting that at least part of the
mechanism of action in FOP is related to suppression of inflammatory cytokines.

Antibody that blocks the IL-18 pro-inflammatory cytokine. This is FDA approved
in children > = 4 yr of age for treatment of CAPS, Muckel-Well’s syndrome, and
FCAS. In an FOP uncontrolled case series of 4 patients by Haviv et al. 2024, flare
activity was reduced by 61%-89%.

3Peds (2-3 yr): 0.75 mg/kg/d by slow IV infusion for 3 days; For children older than 3 yr and for adolescents and adults: 1.0 mg/kg/d for 3 days. Medication
should be infused slowly each day over 4-5 h. On the first day of the first cycle of treatment, the patient must receive half the dose. In case of fever, give standard
acetaminophen treatment. The 3-d cycle of treatment should be repeated no more than 4 times annually. For dilution instructions, see complete guidelines at
icconfop.org. Patients should have the following blood tests checked prior to pamidronate treatment: serum calcium, phosphate albumin, alkaline phosphatase,
25-hydroxyvitamin D, BUN, creatinine, CBC. All patients should receive adequate supplemental dietary calcium and vitamin D daily during and indefinitely
following pamidronate treatment. b Smg twice daily (oral dosing) was found to be beneficial in an FOP case series by Nikishina, et al., Pediatric Rheumatology
21:1-9,2023. https://doi.org/10.1186/s12969-023-00856-1. Also available as an extended release formulation (XR) at 11 mg once daily and higher induction
doses of 10 mg twice daily or 22 mg once daily (XR) for 8 wk. An oral solution is also available at 1 mg/mL. “Follow Familial Mediterranean fever (FMF)
dosing regimen: At <40 kg weight, start at 2 mg/kg every 4 wk. Can increase to 4 mg/kg. For >40 kg, start at 150 mg every 4 wk. Maximum dose 300 mg

sq every 4 wk (maximum dose used for FMF).

Conclusions

We hope that these guidelines are useful to patients with
FOP and their caretakers. The physician caring for a patient
with FOP must constantly review evolving scientific infor-
mation and chart the safest, most compassionate, and most
responsible course for the patient. In the absence of clear
evidence-based research from controlled clinical trials, it is
difficult to advocate a particular therapy with enthusiasm.
Carefully designed and well-controlled clinical trials are the
safest bridge across the troubled waters of FOP. Such an
approach is ongoing and will require the patience of the entire
FOP community.

A detailed and updated exploration of the topics outlined in
this brief review can be found in “The Medical Management
of Fibrodysplasia Ossificans Progressiva: Current Treatment
Considerations.” The full guidelines and references can be
found on the International Clinical Council for FOP (ICC)
website (www.iccfop.org).
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Table 4. Class Il agents: compounds for investigational use in fibrodysplasia ossificans progressiva.

"

Dosing (research
phase)

Major side effects

Generic [sponsor; trial] Class Proposed mechanism of
action as it relates to FOP

ACVR1/ALK2 Signal Signal Blocks ACVR1/ALK2

Transduction Inhibitor, STI Transduction signal transduction

(Saracatinib) [Astra Zeneca; Inhibitor

STOPFOP]

ACVRI1/ALK2 Signal Signal Blocks ACVR1/ALK2

Transduction Inhibitor, STI Transduction signal transduction

(Fidrisertib; IPN60130) [Ipsen; Inhibitor

FALKON]

ACVRI1/ALK2 Signal Signal Blocks ACVR1/ALK2

Transduction Inhibitor, STI Transduction signal transduction

(Zilurgisertib; INCB000928) Inhibitor

[Incyte; PROGRESS]

mTOR Inhibitors (eg, Sirolimus) mTOR Inhibits ACVR1/ALK2

[Kyoto University] Inhibitor signal transduction

Monoclonal Antibody Against Activin A Blocks Activin A signaling

Activin A (Garetosmab) Antibody through mutant

[Regeneron; Lumina/Optima] ACVR1/ALK2

Monoclonal Antibody Against MMP-9 Reduces Activin-A release

MMP-9 (Andecaliximab) Antibody from macrophages and

[ashibio; ANDECAL]

matrix stores; likely
multimodal actions on all

Not applicable at
present time;
Ongoing Phase IT
clinical trial

Not applicable at
present time;
Ongoing Phase II
clinical trial

Not applicable at
present time;
Ongoing Phase II
clinical trial

Not applicable at
present time;
Ongoing Phase II
clinical trial

Not applicable at
Present time;
Ongoing Phase I1I
clinical trial

Not applicable at
Present time;
Phase II/III
clinical trial

See: www.clinicaltrials.gov; www.ifo
pa.org/ongoing_clinical_trials_in_fop

See: www.clinicaltrials.gov; www.ifo
pa.org/ongoing_clinical_trials_in_fop

See: www.clinicaltrials.gov; www.ifo
pa.org/ongoing_clinical_trials_in_fop

Common side effects include rash,
stomatitis, metabolic abnormalities like
hyperlipidemia and hyperglycemia,
anemia, leukopenia, thrombocytopenia,
fatigue, increased risk of infections and
pneumonitis See, for example: Arena,
C, et al. Internat ] Oncol 59: 54, 2021.
https://doi.org/10.3892/ij0.2021.5234

See: www.clinicaltrials.gov; www.ifo
pa.org/ongoing_clinical_trials_in_fop

See: Sandborn WJ, et al. Aliment
Pharmacol Ther. 2016; 44(2): 157-69;
Gossage DL, et al. Clin Ther. 2018;
40(1): 156-65; Sanborn W], et al. J

HO factors

Crohn’s Colitis. 2018; 12(9): 1021-9
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