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Evolving Management of Fibrodysplasia Ossificans Progressiva
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Current Strategies for Fibrodysplasia Ossificans Progressiva (FOP) Management

t present, there are no approved treatments for FOP that can reverse the condition or prevent heterotopic ossification,

the abnormal growth of bone in soft tissues and muscles.' Current goals of FOP management are supportive and focus

on prevention and management of disease flare-ups, delay of heterotopic ossification, and improvement of the quality
of life for people with FOP. Gentle physical activities—especially activities that promote respiratory health, like singing or hy-
drotherapy—are encouraged for all people with FOP. However, activities with a risk of physical contact or injury must be
avoided. Likewise, people affected by FOP should avoid activities that promote overstretching of soft tissues. There is a temp-
tation to engage in physical therapy to regain lost joint range of motion through stretching or passive range-of-motion exer-
cises. Unfortunately, these practices may cause new tissue injury, resulting in further heterotopic ossification, and are thus
discouraged. latrogenic injuries—specifically the trauma associated with a biopsy, the surgical removal of heterotopic bone,
and all nonemergent surgical procedures—are also to be avoided, because these procedures can initiate the precipitous, painful
growth of new bone.

The International Clinical Council on FOP, a body of clinicians with expertise in the management of FOP, issued updated
guidelines in March of 2019 for the medical management of FOP; an addendum was published in June of 2019." These guide-
lines address a range of therapeutic issues in FOP, including prevention and management of localized flare-ups and pain, reha-
bilitative care, administration of immunizations, use of anesthesia, and pathophysiologic-based treatments for FOP.

Assessing FOP Severity

In an effort to quantify disease severity and disability in FOP, Kaplan et al developed the Cumulative Analogue Joint Involve-
ment Scale, or CAJIS.” This scale is a simple, rapidly administered clinical assessment of the range of movement of 12 joints
(shoulders, elbows, wrists, hips, knees, and ankles) and 3 body regions (cervical spine, thoracolumbar spine, and jaw) in
FOP. Individual joint assessments are graded on a scale of 0 (<10% deficit), 1 (10%-90% deficit), or 2 (>90% deficit or func-
tionally ankylosed). The possible total score ranges from 0 to 30, with high scores indicating greater impairment and disability.
Kaplan et al showed that greater total and regional CAJIS scores correlate with older age and provide an overall snapshot of
general debility.”” Higher upper extremity CAJIS scores correlate with a reduced capacity to perform activities of daily living,
and higher lower extremity CAJIS scores correlate with impaired ambulation. Regional scores of upper and lower extremities on
the CAJIS thereby serve as indicators of self-care and mobility, respectively.

Prevention of Injury and Flare-ups
Flare-ups are best managed by their prevention through measures that reduce the risk of physical trauma and injury.' Some
flare-ups in FOP may spontaneously regress, but most lead to the transformation of connective tissue into mature heterotopic
bone. Even minor iatrogenic trauma, such as that occurring from unskilled venipuncture, intramuscular (IM) injections, or
anesthetic blocks for dental work, can produce flare-ups. Likewise, viral illness, overexertion, and blunt trauma from bumps
and falls can precipitate flare-ups and heterotopic ossification. More invasive trauma, such as surgical attempts to remove
heterotopic bone, is followed by dramatic and painful new bone growth.”

Management directed at the prevention of falls and the associated injury is important, while simultaneous care must be taken
to not further compromise the function and independence of people living with FOP."” Measures to reduce the risk of
falls include modification of activities to minimize physical contact. Home

- From the "The Hospital for Sick Children and Peter Gilgan
ACVR1 ACt!V!n A receptor typg 1 Centre for Research and Learning and 2University of
ALK2 Activin receptor-like kinase 2 Alberta, Toronto, Ontario, Canada; and *Center for Arts in
CAJIS Cumulative Analogue Joint Involvement Scale Medicine, College of the Arts, University of Florida,

Gainesville, FL

COXx2 Cyclo-oxygenase 2 This article is published " of | "
: . . is article is published as part of a supplemen
DPT Diphtheria-pertussis—tetanus supported by an educational grant from Ipsen
FOP Fibrodysplasia ossificans progressiva Biopharmaceuticals, Inc.
M Intramuscular Please see the author disclosures at the end of this
article.
\Y) Intravenous
NSAID Non-steroidal anti-inflammatory drug 0022-3476/$ - see front matter. Crown Copyright © 2021 Published by
™J Temporomandibular joint Elsevier Inc. Al rights reserved.

https://doi.org/10.1016/j.jpeds.2021.02.037

S9


https://doi.org/10.1016/j.jpeds.2021.02.037
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpeds.2021.02.037&domain=pdf

THE JOURNAL OF PEDIATRICS . www.jpeds.com

improvements to prevent falls include installing protective
hand railings in hallways and on stairs, improving uneven
flooring, securing carpeting and rugs, and removing
impeding objects and furniture from main household path-
ways. The gait of people with FOP may be stabilized and bal-
ance may be improved by the use of a cane or walker. To
minimize injury when a fall does occur, protective headgear
can reduce the risk of severe head injury. When falls do
happen, medical attention should be sought promptly, and
any head injury should be considered serious until proved
otherwise.

Rehabilitative Care

Although physical therapy with passive range-of-movement
exercise should be avoided in FOP, warm-water aquatic
therapy allows individuals with FOP to perform active
range-of-motion, cardiopulmonary, and resistance exercises
in a low-impact environment."® Warm water can also ease
FOP-associated pain. Occupational therapists are essential
members of the care team for people with FOP, as they can
recommend and implement valuable accommodations to
aid essential activities of daily living, such as dressing, toilet-
ing, bathing and grooming, meal preparation and eating,
mobility and transportation, education or work, sleep, and
sexual activity. Dressing may be enabled by clothing and
footwear that is easy to put on, fasten, and take off. Bathroom
needs are addressed by commode adjustments, widened
doorways, and grab bars. Utensils and devices with modified
handles are often useful for daily grooming, routine dental
care, food preparation, and eating. In addition to the use of
a cane or walker, customized orthotics and shoes can aid
and preserve independent mobility.” For people with severely
limited ambulation, power wheelchairs may be customized
for individual seating needs via personalized height, tilt,
seating, and reclining functions. Mounts for laptops and
other devices on power wheelchairs enable essential partici-
pation in school, work, and creative leisure activities. Safe
sex in FOP is facilitated by thoughtful discussions and phys-
ical accommodations, such as pillows and bolsters. Given the
autosomal-dominant nature of FOP, genetic counseling is
warranted in sexually active individuals with FOP, and con-
traceptive measures and reproductive options should be dis-
cussed. Psychologists, social workers, and other mental
health professionals, vocational and school counselors, crea-
tive arts therapists, and recreational therapists are valuable
team members who can help affected individuals and family
members adjust to the limitations and inconveniences
imposed by FOP and help pave the way to achieving present
and future goals.

Preventive Healthcare

Immunizations are essential for people with FOP because
they are at the same risk of infectious diseases as the general
population." In FOP, immunizations by subcutaneous
administration are recommended for all vaccines that can
be administered by that route, and IM immunizations
should be avoided, as they can precipitate flare-ups. Specif-

§10

Volume 232S

ically, the routine IM administration of the childhood
diphtheria—tetanus—pertussis (DPT) vaccine poses a substan-
tial risk of permanent heterotopic ossification. Lanchoney
et al reported that IM DPT vaccination caused flare-ups
and subsequent heterotopic ossification in 27% of children
with FOP.? In some cases, permanent loss of joint motion
was sustained. It also has been observed that the subcutane-
ous injection of DPT-type vaccines may cause flare-ups, het-
erotopic ossification, and loss of joint mobility in FOP.
Therefore, it is recommended no DPT-type vaccines should
be administered to individuals with FOP. Intranasal influ-
enza immunization with live or attenuated viruses should
also be avoided for the same reason. Notably, there have
been no reported cases of FOP flare-ups after the subcutane-
ous administration of the measles-mumps—rubella) or mea-
sles-mumps-rubella—varicella vaccines, despite the fact that
they contain attenuated viruses. No immunizations should
be given during flare-ups, and immunizations should be
avoided for 6-8 weeks after flare-ups resolve.

People with FOP can tolerate peripheral venipuncture and
the placement of peripheral intravenous (IV) lines, provided
that they are performed by skilled practitioners.' It is critical
that the procedures be performed as gently as possible and
with minimal trauma. Tourniquet time during these proced-
ures should be brief. In cases of IV access, the smallest appro-
priate catheter should be used to avoid the formation of
heterotopic ossification along the IV tract and at the site of
catheter insertion. Unless critical for medical management,
the placement of a central line or peripherally inserted central
catheter and arterial punctures must be avoided because they
may trigger heterotopic ossification.

Preventive oral healthcare is essential in FOP, especially
during childhood.! Dental care in FOP, however, is chal-
lenging, owing to the fact that developmental anomalies
and spontaneous or post-traumatic ankylosis of the tempo-
romandibular joint (TM]) are common in FOP.”"" Recom-
mendations to maintain oral health and prevent dental caries
and periodontal disease include the fluoridation of water and
the use of high-dose fluoride toothpaste, gels, and rinses. The
use of fluoride sealants on primary and permanent teeth is
recommended to avert the development of dental caries.
Brushing and flossing are critical but may be difficult because
of limited jaw opening due to TMJ dysfunction. Accommo-
dations include ultrasonic tooth brushes with small heads,
water picks, and floss wands. When normal mouth opening
is possible, people with FOP can be treated with routine
dental instruments; however, care must be taken to avoid
overstretching of the TMJ. When TM] function is limited,
antimicrobial and fluoride rinses may be the only option to
reach the palate and buccal mucosa. Anecdotal reports sug-
gest that iontophoresis, the dermal application of physiolog-
ically active ions by continuous direct current, may help
restore some lost TMJ range of motion in FOP.!!

Nonsurgical treatment of dental caries is recommended,
when possible, and minor procedures can be performed in
the dental office by using interligamentary anesthesia or la-
sers. Mandibular blocks are expressly prohibited in FOP,
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however. In cases of office procedures, an assessment of
mouth opening should be performed, and a mouth prop
can be judiciously used, provided that the mouth is opened
no more than 3-4 mm less than its maximal opening. Saliva
testing is recommended in adolescents and adults with FOP
to determine volume, flow, and pH; deficiencies can be reme-
died with saliva substitutes, pastes, or xylitol-containing gum
and rinses. Generally, any measure that reduces the risk of
poor oral health should be applied in FOP management.
The International Clinical Council on FOP has provided spe-
cific age-based recommendations for the maintenance of oral
health and dental treatment. Detailed guidelines for main-
taining the oral health of people for FOP also have been pub-
lished by Nussbaum et al."”

General Anesthesia in FOP

General anesthesia is particularly dangerous and has even
been implicated as a cause of death in people with FOP."’
Detailed guidelines exist for its administration.”'®'* In
most cases of general anesthesia in FOP, the procedure is per-
formed for the purposes of dental care. Many routine anes-
thetic procedures, such as IM injections, peripheral nerve
blocks, and the placement of spinal or epidural catheters,
are to be avoided in FOP because they can cause heterotopic
ossification. Even the missed placement of an IV catheter can
result in heterotopic ossification along the IV tract and at the
point of insertion. Airway management is one of the most
demanding challenges when administering general anesthesia
to people with FOP because of limited mouth opening and
restricted neck movement due to TMJ immobility and cervi-
cal spine fusion, respectively. Both impairments make visual-
ization of the airway and standard intubation very difficult.
Likewise, mechanical ventilation in FOP can be compro-
mised because of restricted chest-wall movement and
thoracic insufficiency. In these cases, there may be a need
for high inspiratory pressures. Sedation, pulmonary reserve,
and oxygen saturation must be diligently monitored in anes-
thetized people with FOP. Light sedation helps patients con-
trol their own secretions.

A 10-year retrospective review (2001-2011) from the De-
partments of Anesthesiology and Dentistry at Thomas Jeffer-
son University Hospital and the University of Pennsylvania
in Philadelphia evaluated data from 30 people with FOP
who had undergone general anesthesia for 42 dental rehabil-
itative procedures.'* These patients ranged in age from 5 to
36 years; more than one-half were of pediatric age. In most
of these procedures (35/42 [83%]), general anesthesia was
achieved by means of awake fiberoptic intubation, which is
the preferred modality for airway management in people
with FOP. Awake fiberoptic intubation avoids overstretching
of the jaw that can result from direct laryngoscopy. However,
the process does require some cooperation from the patient,
who is typically under light IV sedation. Therefore, awake fi-
beroptic intubation is generally not used in the pediatric pop-
ulation. In this study, general anesthesia was induced in 4
pediatric patients by means of spontaneous ventilation,
which was then followed by fiberoptic intubation. In most
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cases, intubation was achieved through the nasotracheal
route. In all cases, extubation was performed successfully in
the operating room.

The success of general anesthesia in FOP depends on
sound foreknowledge of the patient, an initial interdisci-
plinary plan, careful preoperative positioning, and a backup
plan in cases of failed intubation.'* In addition to the anes-
thesiologist, anesthetic management in FOP typically in-
volves a dental or oral surgeon, a primary care physician
(including a pediatrician), and any number of specialists
(including a cardiologist). Otolaryngologists on standby are
useful when intubation is especially difficult. Most people
with FOP undergoing surgery receive intraoperative and
postoperative glucocorticoids. When age-appropriate, input
from the patient is helpful in preoperative positioning and
the administration of inhaled anesthesia.

Pharmacotherapy for FOP

The medical prevention and treatment of flare-ups is gener-
ally addressed through the use of corticosteroids and nonste-
roidal anti-inflammatory drugs (NSAIDs)."'  Other
medications that have a theoretical mechanistic-based appli-
cation to the management of flare-ups include leukotriene
inhibitors, mast-cell stabilizers, bisphosphonates, and a
tyrosine-kinase inhibitor (Table I).

Steroids

In cases of severe soft-tissue injury, the prophylactic use of
daily oral prednisone, 1-2 mg/kg, for 3-4 days may be consid-
ered. Oral prednisone also is used prophylactically before any
dental and surgical procedures in people with FOP. In cases
of active flare-ups, corticosteroids are used because of their
powerful anti-inflammatory effects. Multiple consistent
anecdotal reports indicate that a 4-day course of high-dose
corticosteroids, begun early during a flare-up, helps to reduce
the soft-tissue swelling and associated inflammation that de-
fines the early stage of heterotopic ossification. However, suc-
cessful results with corticosteroids are not uniform. In a
study of corticosteroid treatment in several hundred people
with FOP flare-ups, a little more than one-half reported an
occasional improvement in symptoms, and approximately
one-third reported universal improvement.'> Only 12% re-
ported complete resolution of a flare-up with corticosteroid
therapy, and 43% experienced rebound symptoms within a
week after treatment was completed. In cases of active
flare-ups, corticosteroid use is restricted to the early (within
24 hours) treatment of flare-ups affecting the major joints,
jaw, and submandibular area.'' Alternatively, high-dose glu-
cocorticoids (eg, IV methylprednisolone, IV prednisolone)
may be considered in these cases (Table I). Early treatment
of flare-ups is facilitated when people with FOP already
have prednisone on hand (ie, a “pill in pocket” approach).
Because flare-ups of the jaw and submandible are
potentially dangerous, a slightly longer course of
corticosteroids may be appropriate in these cases.
Corticosteroids are generally not recommended for neck or
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Consultants, 2019")

Table I. Medications for the treatment of FOP flare-ups (Adapted from the International Clinical Council on FOP and

N

Drugs

Dosing

Major side effects

Class | medications: widely used for FOP flare-ups or
chronic arthropathy with generally minimal side effects
Corticosteroids
Oral prednisone

IV methylprednisolone
IV prednisolone

Oral NSAIDs (nonspecific COX-1 and COX-2 inhibitors)
Ibuprofen

Indomethacin

Celecoxib* (COX-2 inhibitor)

Class Il medications: theoretically applicable to various
aspects of FOP, are approved for other disorders and
have limited and well-described effects; use considered
with caution and at a physician’s discretion

Montelukast (oral leukotriene-receptor antagonist)

Cromolyn (oral mast-cell stabilizer)

Bisphosphonates
IV pamidronate

IV zoledronate*

Imatinib (selective oral tyrosine-kinase inhibitor that
induces mast-cell apoptosis)

\,

Within 24 h: 2 mg/kg qd x 4 days; maximum daily dosage,
100 mg

May repeat 4-d course with longer taper

May use longer treatment with taper for flare-ups in
submandibular region

7-15mg/kg qd x 3d

20-30 mg/kg qd x 3 d, either consecutive or alternate

Children: 4-10 mg/kg q 6 h, as needed

Adults: 200-800 mg q 6 h, as needed

Children: 2-4 mg/kg/d or 150-200 mg/d, whichever is less,
divided tid

Adults: 50 mg tid; sustained-released, 75 mg bid

For acute and chronic flare-ups: <250 mg/m? bid or 6 mg/kg
bid, whichever is lower (rounded to the closest multiple of
100 mg); not to exceed 600 mg/d for more than 16 months
For maintenance in children and adults: 100-200 mg bid, at
discretion of prescriber

2-5y of age: 4 mg ghs
6-14 y of age: 5 mg ghs
Adults: 10 mg ghs

0-2 y of age: 20 mg/kg/d, divided qid
2-12 y of age: 100 mg qid
Adults: 200 mg qid

Children 2-3 y of age: 0.75 mg/kg/d by slow infusion x 3 d
Children >3 y of age, adolescents, and adults: 1.0 mg/kg/
dx3d

Half-dose given on first cycle of treatment

In case of fever, give standard acetaminophen therapy

3-d cycle of treatment should be repeated no more than 4
times annually

Adults: 5 mg by slow infusion over 30 min

Children and adolescents: 340 mg/m?/d qd; maximum daily
dosage, 600 mg

Adults: 400 mg qd; may be increased to 600 mg qd (800 mg
qd has been used)

Dose adjustments for renal and hepatic impairments,
hematologic toxicity, and nonhematologic toxicities

Avascular necrosis of hip
Diabetes

Cataracts

Osteoporosis

Cushing disease

Chronic dependency
Immune suppression
Adrenal suppression
Growth retardation

Acne

Peptic ulcers
Hypertension

Glaucoma

Weight gain

Skin bruising

Sleep and mood disturbance

Gastrointestinal bleeding

o Impaired renal function
Cardiovascular and cerebrovascular
risks

Gastrointestinal bleeding

Impaired renal function

e Cardiovascular and cerebrovascular
risks

Not to be taken by patients with
known allergies to sulfonamides or
by patients with aspirin-sensitive
asthma

Possible behavior/mood changes,
suicidal thinking and behavior

Rare: angioedema, headache, flu-like
syndrome, fatigue, abdominal pain

Rare: throat irritation, dry throat,
cough, bitter taste

Contraindicated in renal dysfunction,
hypocalcemia

Short-term acute phase reaction
characterized by fever, malaise, and
myalgia

Osteopetrosis and possibly
low-energy femoral fractures in
children

o Osteonecrosis of jaw

Data anecdotal with very limited case
reports

qa, daily; ghs, nightly, before bedtime; gid, 4 times per day; tid, 3 times per day.

*Not approved for pediatric use.
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trunk flare-ups because of their typically vague onset, lengthy
duration, and recurrent nature. Corticosteroids should not
be used long-term owing to the risk of adrenal suppression
and other steroid-associated side-effects such as
osteoporosis and iatrogenic Cushing disease.

Nonsteroidal Anti-Inflammatory Drugs

Oral or topical NSAIDs, cyclo-oxygenase-2 (COX-2) inhibi-
tors, mast-cell stabilizers, leukotriene inhibitors, and IV
bisphosphonates all have been reported to reduce the pain
and other symptoms of FOP."'®"” When corticosteroids
are discontinued, an NSAID or a COX-2 inhibitor (in
conjunction with a leukotriene inhibitor) may be used for
continued symptomatic relief of a flare-up. NSAIDs or
COX-2 inhibitors may also provide symptomatic relief of
flare-ups and chronic arthropathy, when corticosteroids are
not indicated. These drugs inhibit inflammatory prostaglan-
dins, which are known to stimulate the induction of both
normal and heterotopic bone. However, there is no evidence
that these medications prevent flare-ups. All NSAIDs in-
crease the risk of gastrointestinal bleeding, myocardial infarc-
tion, and stroke. Selective COX-2 inhibitors are more likely
to cause cardiovascular events, whereas less selective NSAIDs
are more likely to cause gastrointestinalbleeds.'® Topical
NSAIDs avert the risk of systemic side effects and may be
considered as alternatives to oral medication. In addition
to the use of other inflammatory or mast-cell mediators
(Table I), pain-management measures in FOP include
muscle relaxants and the application of local ice packs.
Opioids, however, are generally avoided in the
management of FOP because of their multiple risks
including respiratory suppression, particularly in people
with more advanced disease.

Bisphosphonates

The newer bisphosphonates pamidronate and zoledronate
have been used empirically in the management of FOP
flare-ups, particularly when flare-ups do not respond to cor-
ticosteroids.'" Anecdotal reports suggest rapid improvement
in three-quarters of cases. The mechanism of action of bi-
sphosphonates in FOP is unclear, but the compounds are
known to have profound effects on bone remodeling, macro-
phage activity, and angiogenesis. Of note, the inhibition of
osteoclasts by bisphosphonates does not appear to have an ef-
fect on heterotopic ossification in genetic animal models of
FOP." During the past 15 years, many people within FOP
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have used the bisphosphonate pamidronate empirically for
the symptomatic relief of flare-ups that are prolonged or
fail to respond to corticosteroids.'' Bisphosphonates also
protect against the osteopenic effects of the long-term, inter-
mittent use of high-dose corticosteroids. People receiving bi-
sphosphonates should undergo the following blood tests
before receiving treatment: serum calcium, phosphate, albu-
min, alkaline phosphatase, 25-hydroxyvitamin D, blood urea
nitrogen, creatinine, and complete blood count. Daily dietary
calcium and vitamin D supplements are also mandatory dur-
ing and after treatment for an indefinite period of time. Pho-
tographs and clinical measurements of flare-ups before
treatment and daily thereafter for 14 days help to document
baseline clinical status and any treatment response. Plain ra-
diographs of the affected area(s) also should be obtained
before treatment and for 6 weeks thereafter to document
possible heterotopic ossification. Zoledronate should not be
used in children. Important rare, but serious, complications
of bisphosphonate treatment include low-energy femoral
fractures and osteonecrosis of the jaw.

Emerging Targeted Therapies

The discovery of mutations in the activin A receptor type-1/
activin receptor-like kinase 2 (ACVRI/ALK2) gene as the
cause of FOP provides a rational and potentially disease-
modifying target for therapy."'® There are several plausible
therapeutic approaches that might be used to inhibit the
errant bone morphogenetic protein signaling that is caused
by the mutated ACVRI/ALK2 gene in FOP: inhibitory RNA
technology, monoclonal antibodies directed at ligands of
the aberrant ACVR1/ALK2 receptor, and small-molecule in-
hibitors of the ACVR1/ALK2 receptor. A number of such
compounds are in development (Table IT)."*

A selective retinoic acid receptor v agonist, palovarotene,
was assessed in a mouse model of heterotopic ossification
on the premise that retinoid signaling is a strong inhibitor
of an activated bone morphogenic protein pathway.”"*
The compound, along with other retinoic acid receptor vy ag-
onists, was observed to inhibit heterotopic ossification in
treated mice. Pooled data from two phase 2 interventional
studies and one natural history study were used to evaluate
whether palovarotene could reduce heterotopic ossification,
as measured by computed tomography, after an FOP flare-
up.”’ Palovarotene regimens were prescribed for flare-ups
or as a continuous (“chronic”) daily dosage plus a flare-up
dosage (Table III).”* In all treatment groups, heterotopic

4 N
Table II. Investigational agents in development for FOP."*’
Compounds Proposed mechanism of action in FOP Phase of development
Palovarotene Small-molecule RARy agonist; inhibits BMP signaling 3
Garetosmab (REN2477) Monoclonal antibody that binds ACVR1/ALK2 receptor ligand (activin A) 2
Rapamycin Immunosuppressant 2
Saracatinib Kinase inhibitor of ACVR1 receptor 2
BLU-782 Kinase inhibitor of ACVR1 receptor 1
INCB000928 Kinase inhibitor of ACVR1 receptor 1
. J
BMP, bone morphogenic protein; RARy, retinoic acid receptor v.
Evolving Management of Fibrodysplasia Ossificans Progressiva S13
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Table III. Changes in heterotopic ossification at 12 weeks during palovarotene therapy””

10 mg/d x 8+ weeks

\

No. Treatment Heterotopic ossification Reduction (%) in heterotopic

Treatment groups flare-ups regimen volume (mm°) at 12 wk ossification volume at 12 wk P value*
Placebo/untreated (n = 41) 49 - 11014 - -
Palovarotene flare-up (n = 27) 48 10 mg/d x 2 wk 2731 75.2 .05

5 mg/d x 4 wk
Palovarotene flare-up (n = 12) 18 20 mg/d x 2 wk 3045 72.3 .02

10 mg/d x 8+ wk
Palovarotene “chronic”/flare-up 33 5 mg/d (“chronic”) 3018 72.6 .16

(n=23) 20 mg/d x 2 weeks

*Versus placebo/untreated patients.

ossification was considerably reduced at 12 weeks when
compared with placebo-treated or untreated patients. The
heterotopic ossification difference from baseline was
statistically significantly different in the group receiving a
flare-up regimen of 20 mg daily for 2 weeks and then
10 mg daily for 8 or more weeks. The proportion of flare-
ups with baseline edema that formed new heterotopic
ossification was substantially lower in the group receiving
daily palovarotene along with a flare-up regimen. Adverse
events associated with palovarotene were primarily
mucocutaneous and dose-related.

On the basis of these data, a global, multicenter, open-label
phase 3 trial of palovarotene (MOVE) was initiated in chil-
dren (=4 years of age) and adults with the classic FOP muta-
tion.”"** The primary efficacy outcome of this study is to
measure the annualized change in new heterotopic ossifica-
tion volume (via low-dose whole-body computed tomogra-
phy) with a daily maintenance regimen of palovarotene
5 mg daily for 24 months and a flare-up regimen of palovar-
otene 20 mg daily for 4 weeks followed by 10 mg daily for
8 weeks. The comparator group consists of untreated people
with FOP from a natural history study. In December 2019,
trials of palovarotene were placed on partial clinical hold
due to reports of early growth plate closure in pediatric pa-
tients receiving palovarotene. Currently dosing of palovaro-
tene in the MOVE trial has been reinitiated in patients over
the age of 14, while a phase 2 pediatric trial has been
terminated.”

Garetosmab (REGN2477) is a fully human monoclonal
antibody that binds to activin A, a stimulating ligand of the
genetically altered ACVRI1 receptor in FOP.””” Like palovar-
otene, garetosmab has been shown to prevent the develop-
ment and progression of heterotopic ossification in mouse
models of FOP. A global, multicenter, placebo-controlled
phase 2 study of garetosmab (LUMINA-1) is currently un-
derway in adults with classic FOP.*® Primary end points
include safety, tolerability, and changes in heterotopic ossifi-
cation from baseline. In January 2020, the trial sponsor
released initial favorable results of the study, including an
approximate 90% reduction in the formation of new hetero-
topic bone with garetosmab. The majority of adverse events
associated with garetosmab were mild to moderate in
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severity. However, more patients treated with garetosmab
than placebo experienced epistaxis and skin events including
loss of eyebrows, acne, and skin infections, and two patients
developed serious abscesses requiring hospitalization.” In
October 2020, the trial was put on clinical hold due to fatal
serious adverse events in the garetosmab arm of the trial. In-
vestigators are currently evaluating the risk/benefit profile of
garetosmab to better understand how to proceed.™

Other agents in early-phase investigation include rapamy-
cin, a well-known immunosuppressant drug used in trans-
plantation, and several kinase inhibitors that block activity
of the ACVRI1 receptor (Table II).

Conclusions

At present, care for people with FOP is currently supportive
and rehabilitative, designed to avert trauma, treat inflamma-
tory flare-ups, and prevent heterotopic ossification. Anti-
inflammatory medications with longtime experiential
support in FOP management include corticosteroids and
NSAIDs. Bisphosphonates also have been used to great extent
in FOP on the basis of repeated anecdotal success. Particular
management challenges in FOP include diligent attention to
dental and oral healthcare and the careful administration of
general anesthesia, typically to provide dental care. Thought-
ful customized rehabilitative methods, including specific
occupational-therapy recommendations and mobility and
transportation accommodations, are essential to maintaining
self-care and independence in people with FOP. Because of
the specific identified pathogenic variant in classic FOP,
several targeted therapies hold great promise for disease
modification in the near future. ll
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