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Abstract

Camurati-Engelmann disease (CED) is an autosomal dominant skel-
etal dysplasia characterized by progressive sclerosis of long bones
due to a mutation in the transforming growth factor beta-1 gene. Pa-
tients experience progressive pain, weakness, and fatigability over
time. There are no consensus guidelines for treatment though the use
of several types of glucocorticoids, angiotensin II receptor blockers,
and other therapies have been described. We present the cases of three
siblings with CED managed with different treatment modalities over
time (prednisone, losartan, and deflazacort). We provide objective
data (pain scores, walk-test results, erythrocyte sedimentation rates)
to demonstrate therapeutic efficacy. Prednisone resulted in the great-
est improvement in pain; however, its use was limited by significant
weight gain. Deflazacort was successful in improving pain and fatiga-
bility without the weight gain. Risks and benefits must be considered
carefully as the cost of deflazacort is significantly higher than pred-
nisone or losartan.
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Introduction

Camurati-Engelmann disease (CED) is a rare form of skeletal
dysplasia characterized by progressive sclerosis of long bones
that was initially described in a trio of papers in the 1920s [1-
3]. CED has an autosomal dominant inheritance pattern and
arises from missense mutations in the transforming growth
factor beta-1 (T7GFBI) gene that produces transforming
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growth factor beta-1 (TGFp-1) protein. Mutations typically
cause a gain-of-function in TGFf-1 that disrupts the regulation
of bone turnover. The increase in TGFp-1 activity is postu-
lated to stimulate bone formation while inhibiting resorption,
leading to the characteristic radiographic findings of progres-
sive hyperostosis and cortical thickening of the long bones and
skull, predominately involving the diaphysis with epiphyseal
sparing [4, 5]. These changes manifest clinically with extrem-
ity pain, muscular weakness, diminished exercise reserve and
decreased fat stores. Patients often have a characteristic wad-
dling gait and may experience various cranial nerve palsies
due to hyperostosis of the skull [4-6].

There are no consensus guidelines for optimal treatment
of CED; however, glucocorticoids and losartan are the most
utilized modalities reported in the literature. Bisphosphonates
and nonsteroidal anti-inflammatory drugs have also been used
with limited efficacy [7-9]. These therapies have demonstrat-
ed varying levels of success in pediatric patients and data are
scarce given the rarity of this condition.

We present three siblings with CED with similar phe-
notypic disease. Each patient experienced varying levels of
symptomatic relief and improvement in functional status with
prednisone, losartan, or deflazacort, with the greatest improve-
ment using prednisone. Unfortunately, a side effect of exces-
sive weight gain limited the duration of prednisone therapy.
Symptomatic relief was achieved to a somewhat lesser extent
with losartan or deflazacort without the untoward side effect of
weight gain. These cases provide further insight into pharma-
cological management of CED.

Case Reports

Case 1

Case 1 is a 17-year-old Syrian man from non-consanguineous
parents, who presented with lower extremity pain, proximal
muscle weakness, and muscular wasting. His symptoms were
attributed initially to a muscular dystrophy of unknown eti-
ology. Physical exam was notable for a very thin man with
short stature (World Health Organization (WHO) -2.27 stand-
ard deviation score (SDS) height, -4.15 SDS Body Mass Index
(BMI)), decreased muscle mass in upper and lower extremi-
ties, lack of subcutaneous fat, and pain to palpation of all ex-
tremities. Lower extremity radiographs demonstrated marked
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Figure 1. Lower extremities/upper extremities: generalized osteopenia with cortical thickening and foci of sclerosis within the

diaphyses of the long bones.

osteopenia and patchy lucencies scattered along the tibia and
fibula bilaterally, as well as medial bowing of the fibula. Osse-
ous survey revealed generalized osteopenia that was most pro-
nounced in long bones, with sparing of skull (see Figure 1 for
radiographs). Spine radiographs showed 14 degrees of thora-
columbar dextroscoliosis. Dual-energy X-ray absorptiometry
confirmed osteopenia with bone mineral density z-scores of
-3.6 and -3.5 of the lumbar spine and total body less head re-
spectively. He initially received 2,000 IU cholecalciferol and
1,200 mg elemental calcium daily to treat osteopenia and vi-
tamin D insufficiency. His pain and weakness worsened over
time, necessitating a period of wheelchair use. Due to the wors-
ening symptoms and a new concern for occult lower extremity
fracture, his osteopenia was treated with two bisphosphonate
infusions (zoledronic acid, 0.0125 mg/kg/dose) 7 weeks apart.
He did experience short-lived periods of reduced pain follow-
ing the infusions. Genetics consultation was obtained and the
diagnosis of CED was made based on clinical symptoms, ra-
diographic findings, and family history. The diagnosis of CED
was confirmed with genetic testing which revealed a heterozy-
gous mutation in 7TGFBI (c.652C>T, p.Arg218Cys). His father
was subsequently shown to have the same mutation.

He was started on a once daily dose of prednisone 30 mg
(0.95 mg/kg), and his pain was monitored using the analog
Wong-Baker FACES® scale (0 is no pain, 10 is the worst pos-
sible pain). He reported 4 of 10 pain at the initiation of pred-
nisone which decreased to 2 of 10 and ultimately resolved af-
ter 3 months of therapy. Erythrocyte sedimentation rate (ESR)
was initially elevated to 56 mm/h and normalized to 16 mm/h
on therapy. Unfortunately, he experienced significant weight
gain of 8.4 kg (+ 26% from baseline) over 3 months of pred-
nisone use and was subsequently transitioned to once daily
losartan 37.5 mg (0.94 mg/kg). As the prednisone dose was
weaned, he experienced recurrence of leg pain, which he rated
a4 of 10. The same level of pain persisted on losartan therapy
and worsened to 8 of 10 during a brief period of discontinua-
tion of losartan therapy due to a medication safety recall. He
was then transitioned to once daily deflazacort 30 mg (0.70
mg/kg), a newer glucocorticoid with a favorable side effect
profile over prednisone. Treatment with deflazacort improved
pain to a score of 2 of 10 and he reported subjective improve-
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ment in his ability to ambulate. His pain increased over time
but responded well to an increase in deflazacort dosing to 39
mg (1.13 mg/kg). He has not experienced weight gain while on
deflazacort. Table 1 summarizes his clinical course.

Case 2

Case 2 is the 18-year-old male sibling of case 1 who was
referred to Pediatric Endocrinology clinic for evaluation of
metabolic bone disease and vitamin D deficiency. Symptoms
were initially attributed to the same unidentified type of mus-
cular dystrophy that affected his brother and father. His clini-
cal presentation was notable for pain throughout his hips,
thighs, and knees that was most significant in the morning.
He also reported weakness and “tiring easily”. Physical exam
was notable for a very thin man with short stature (WHO
-2.82 SDS height, -6.67 SDS BMI) and diminished muscu-
lature in the upper and lower extremities. He had little sub-
cutaneous fat. He demonstrated a wide-based, waddling gait.
He had decreased strength in the upper and lower extremities
and joint contractures. He had no history of fractures or early
tooth loss, although he did have significant dental decay and
a broken tooth at the time of his presentation. He also had
a history of recurrent nephrolithiasis. A presumed diagnosis
of CED was made following the positive genetic testing in
his sibling with a similar phenotype and characteristic long
bone radiographic appearance. He was subsequently found to
have the same heterozygous mutation in 7TGFBI (c.652C>T,
p-Arg218Cys) as his brother and father. At his presentation
he was taking vitamin D 50,000 IU weekly for a recent diag-
nosis of vitamin D deficiency (vitamin D 8 ng/mL). Using the
Wong-Baker FACES® pain scale, he rated his hip, thigh, and
knee pain as 10 of 10 in the morning with an improvement to
8 of 10 later in the day. He was able to walk 354 m in 6 min.
Initial labs were notable for an elevated ESR of 74 mm/h.
He was started on prednisone 25 mg (1.08 mg/kg) once daily
and reported improvement in pain within days to a score of 2
of 10 with increased ability to ambulate. Three months into
therapy his pain had fully resolved and he was able to re-
sume playing soccer. His ESR had also normalized. He also
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Table 1. Clinical Course on Therapy

Cumulative months Therapy FACES pain score ESR (mm/h) 6-min walk (m)
of therapy Casel Case2 Case3 Casel Case2 Case3 Casel Case2 Case3
0 Start 4 10 6 56 74 42 354 422
1 Prednisone 0-2 2 2

3 Prednisone 0 0 2 16 23 11

4 Prednisone + losartan 0 0 0

6 Losartan 4 2 2 15 18 10

7 Losartan 4 2 2

8 No therapy 8 4 6

9 Deflazacort 2 2 2

12 Deflazacort 8 4 2 54 26 33

15 Deflazacort 6 2 2 17 35 24

19 Deflazacort 2 0-2 2 280 415 503
23 Deflazacort 3 0 0

ESR: erythrocyte sedimentation rate.

experienced a significant weight gain of 4.2 kg (+ 18% from
baseline) over 3 months of therapy. His prednisone was de-
creased to 15 mg (0.55 mg/kg) and losartan was initiated at a
once daily dose of 25 mg (0.91 mg/kg). He continued to have
good pain control on this regimen but experienced additional
weight gain, so he was weaned from prednisone. Discontinu-
ation of prednisone resulted in return of leg pain so deflaza-
cort was recommended. Unfortunately, a losartan recall and
difficulty in obtaining authorization for deflazacort resulted
in a gap in therapy, during which he experienced worsening
pain. Initiation of once daily deflazacort 18 mg (0.65 mg/kg)
resulted in a modest improvement in pain. A repeat 6-min
walk test showed a 15% increase in distance traveled. Table
1 summarizes his clinical course.

Case 3

Case 3 is the 7-year-old female sibling of cases 1 and 2. She
presented to Pediatric Endocrinology clinic with the presumed
diagnosis CED based on symptoms and family history. Prior
to that presentation her symptoms of leg muscle weakness and
pain were attributed to the same unidentified type of muscular
dystrophy that affected her brothers and father. Her phenotype
was similar to that of her siblings with characteristic long bone
changes on radiographs, osteopenia and poor linear growth.
She was subsequently found to have the same heterozygous
mutation in 7GFBI (c.652C>T, p.Arg218Cys) as her broth-
ers and father. She had no history of fractures. Her exam was
significant for a thin woman with short stature (WHO -1.70
SDS height, -2.97 SDS BMI), as well as decreased muscle
mass and strength. At her presentations she was currently tak-
ing vitamin D 1,000 IU daily and acetaminophen as needed
for leg pain. Using the Wong-Baker FACES® pain scale, she
initially reported 6 of 10 extremity pain. Laboratory evalua-
tion demonstrated vitamin D deficiency and elevated ESR of
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42 mm/h. She traveled 422 m on her initial 6-min walk test.
She was started on prednisone 15 mg (1.11 mg/kg) once daily
and her pain and ability to walk both improved. Her ESR nor-
malized to 11 mm/h. She also experienced a significant weight
gain of 2.5 kg (+ 18% from baseline) over 3 months of pred-
nisone therapy, prompting a 50% decrease in her prednisone
dose and the addition of losartan 12.5 mg (0.78 mg/kg). She
had continued good control of her pain on this regimen. Pred-
nisone taper resulted in slowing of her weight gain, but she
experienced increasing pain while on losartan monotherapy.
During the transient discontinuation of losartan therapy due
to a medication safety recall, she experienced an increase in
pain, which she rated a 6 of 10. She was then started on once
daily deflazacort 9 mg (0.66 mg/kg) with improvement in her
pain score to 2 of 10 after 1 month of therapy. Her distance
travelled in a 6-min walk test improved by 16%. Table 1 sum-
marizes her clinical course.

Discussion

CED is a rare progressive skeletal dysplasia with variable
presentation even within families who share a common ge-
netic mutation. Clinical presentation may range from patients
with debilitating pain and weakness with increased intracranial
pressure and paresis from hyperostosis of the skull to asympto-
matic adults diagnosed incidentally via radiographs [6]. While
there are no standard guidelines for therapy of CED, the use
of nonsteroidal anti-inflammatory drugs, acetaminophen, bis-
phosphonates, glucocorticoids and losartan has been described
[7-10]. There is also a report of improvement in pain in a pa-
tient with CED undergoing anti-tumor necrosis factor alpha
therapy for uncreative colitis [11]. The current literature favors
glucocorticoids and losartan as the most successful therapies
to date [10].

Glucocorticoids have been shown to reduce pain and
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markers of inflammation most consistently in patients with
CED [10]; however, the rationale for their efficacy remains un-
known. Glucocorticoids are known to inhibit osteoblast prolif-
eration, but histological studies following steroid therapy have
also demonstrated increased bone resorption and osteoblast ac-
tivity due to secondary remodeling. Glucocorticoids may also
inhibit factors responsible for TGFB-1 stimulated muscle fi-
brosis [12]. Prednisone has typically been used in many cases,
but its untoward side effects (growth impairment in children,
worsening osteopenia, and weight gain) may limit its duration
of therapy. Newer glucocorticoid formulations like deflazacort
are now being used more widely. Deflazacort, a derivative of
prednisone with a more favorable side-effect profile, has been
used successfully in other disorders requiring chronic steroid
therapy such as muscular dystrophy. Deflazacort is signifi-
cantly costlier than prednisone, so risks and benefits must be
weighed.

Losartan, an angiotensin II receptor blocker, downregu-
lates the expression of TGFB-1 receptors, and has been em-
ployed in the treatment of CED due to its anti-TGFf-1 prop-
erties [8]. There are existing reports which show not only
resolution of pain but also improvement in bone mineral den-
sity and fat mass accrual [8, 13, 14]. Other reports show no
improvement with losartan [12].

Bisphosphonate therapy has been attempted due to the
presence of increased markers of bone turnover (osteocalcin,
procollagen type 1 N-terminal propeptide, and cross-linked
carboxyterminal telopeptide of type 1 collagen) found in pa-
tients with CED. Zoledronic acid has been shown to normalize
these markers of bone turnover and result in pain improvement
in some patients [15]. Nevertheless, its use is disputed as there
are reports of worsening pain in other patients [12].

In our cases, prednisone resulted in the most profound im-
provement in symptoms, leading to complete resolution of ex-
tremity pain in two of three cases within 3 months of initiation
of therapy. In the third patient, there was complete resolution
of pain with the addition of losartan to prednisone therapy after
4 months. All three patients have demonstrated a reduction in
ESR as a marker of inflammation and an improvement in func-
tional status as measured by a 6-min walk test. Improvement
in ambulation was most notable in case 1, where in response
to initiation of prednisone the patient regained the ability to
ambulate independently after requiring the use of a wheelchair.
Other published cases also report complete resolution of pain
after 1 - 3 months of deflazacort therapy [7]. While prednisone
was most successful in ameliorating symptoms, side effects of
significant weight gain limited the duration of its use. Fortu-
nately, our patients did not experience hypertension or Cushin-
goid features.

Losartan therapy was used alone and in combination with
corticosteroids in our cases. Unfortunately, our patients expe-
rienced recurrence of pain on losartan monotherapy. Losartan
was discontinued ultimately in all of our patients due to an
untimely safety recall of that medication.

All of our patients experienced improved pain with the ini-
tiation of deflazacort, as well as reduction in ESR. It is worth
noting that pain reduction was slightly less than with pred-
nisone. Nevertheless, quality of life and functional status were
improved and they did not experience excessive weight gain.
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Conclusions

We present this series of three related patients with variable
responses to three therapeutic interventions in order to provide
objective insight into the pharmacological management of
CED. Though our patients’ clinical presentations were similar
and their genotypes were identical, their responses to the vari-
ous treatment modalities slightly differed. It is possible that
response to therapy may relate in some way to the variable
penetrance of symptoms demonstrated within families with
CED, although this remains unknown [6].

There are no consensus guidelines for the management
of CED with glucocorticoids and losartan having been shown
to be effective in many cases [4-10, 14], although patient re-
sponse is variable. Our experience supports dramatic improve-
ment in pain and mobility with glucocorticoid therapy, to a
slightly lesser extent with losartan, and provides objective data
supporting this clinical improvement.
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