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Abstract

Background: Fibrous dysplasia/McCune-Albright syndrome (FD/MAS) is a rare mosaic
disorder of Gag activation. Fibroblast Growth Factor 23 (FGF23)-mediated hypophosphatemia is a
feature of FD/MAS that has been associated with poor skeletal outcomes. Standard therapy
includes oral phosphorus and vitamin D analogs; however, treatment is limited by potential
adverse renal and gastrointestinal effects. Burosumab is a monoclonal antibody to FGF23
approved to treat patients with X-linked hypophosphatemia and tumor-induced osteomalacia.
There is currently no safety or efficacy data to support burosumab use in patients with FD/MAS.

Case Description: An 8-year-old boy with severe FD/MAS presented with persistent
hypophosphatemia and skeletal complications despite conventional treatment with oral phosphate
and calcitriol. He was started on burosumab and achieved sustained normalization of serum
phosphorus and marked improvement in alkaline phosphatase levels. This was accompanied by an
encouraging clinical response, including decreased bone pain, improved muscle strength, and
improved ambulation. No adverse effects of burosumab therapy were observed.

Conclusions: This is the first reported case of burosumab treatment in a patient with FD/MAS.
The encouraging biochemical and clinical response in this patient highlights the need for future
studies to explore the safety and efficacy of burosumab in the FD/MAS pediatric population.
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1. INTRODUCTION

Fibrous dysplasia/McCune-Albright syndrome (FD/MAS) is a rare, mosaic disorder of Ga
activation presenting with a variable combination of typical skin hyperpigmentation,
hyperfunctioning endocrinopathies, and fibrous dysplasia (FD) of bone [1]. FD lesions arise
from impaired differentiation of multipotent skeletal stem cells, resulting in abnormal bone
prone to fractures, deformities, and pain [2]. Inappropriate FGF23 production from
pathogenic variant-bearing bone cells results in renal phosphate wasting [3 4]. The
mechanism of Fibroblast Growth Factor-23 (FGF23) production in FD/MAS is poorly
understood, but appears to be related to effects of Gag in abnormally differentiated
osteoprogenitor cells [5]. While most patients with FD/MAS have elevated circulating
FGF23 levels, increased cleavage of intact FGF23 to its inactive fragments frequently
protects against the development of frank hypophosphatemia [4 5]. However, because
FGF23 levels are correlated with overall FD tissue burden, frank hypophosphatemia may
occur in patients with extensive skeletal involvement [6].

Similar to other disorders of FGF23 excess, management of hypophosphatemia in FD/MAS
has traditionally focused on repletion with oral phosphate and vitamin D analogs [5]. While
this regimen is effective and well-tolerated in many patients, some may experience
potentially dose-limiting side effects, including gastrointestinal intolerance, hypercalciuria
and adverse renal effects [7]. Burosumab, a human recombinant monoclonal antibody to
FGF23, represents a new, targeted treatment approach. Multiple clinical trials have
demonstrated safe, efficacious use of burosumab in X-linked hypophosphatemia and tumor-
induced osteomalacia, leading to improved serum phosphorus levels and skeletal outcomes
without adverse gastrointestinal or renal effects [8-11]. Based on these studies, burosumab
recently received approval from the Food and Drug Administration and European Medicines
Agency for treatment of X-linked hypophosphatemia and tumor-induced osteomalacia [12].
While the underlying pathophysiology of FGF23 excess is shared between these conditions,
there is no literature regarding the use of burosumab in FD/MAS.

2. CASE PRESENTATION

A 7-year-2 month old boy with FD/MAS presented for consideration of burosumab therapy
due to FGF23-mediated hypophosphatemia and skeletal complications, which were not
controlled with conventional therapy. The patient was diagnosed with FD/MAS at 1 month
of age, after hyperpigmented macules were noted on his face, chest, abdomen, back and
buttocks, with typical features including irregular borders and location respecting the
midline of the body (Fig 1C). He was born small for gestational age and had early feeding
difficulties with severe gastroesophageal reflux, and laboratory evaluation revealed non-
autoimmune hyperthyroidism, confirming a clinical diagnosis of MAS [6 13]. At age 14
months his parents reported signs of bone pain, including crying and reluctance to bear
weight on his lower extremities. Radiographic evaluation revealed diffuse FD involving most
of his skeleton and rachitic changes (Fig 1A, D&E). Laboratory workup confirmed a low
serum phosphorus of 2.0 mg/dL (normal age-related range 4.5-6.5) and elevated alkaline
phosphatase of 2,367 U/L (normal age-related range 100-350)[14]. He was subsequently
found to have an inappropriately high-normal serum FGF23 level of 230 RU/mL (normal
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<290), confirming the diagnosis of FGF23-mediated hypophosphatemia. The patient was
initiated on oral phosphorus and calcitriol supplements with improvement in serum
phosphorus levels (Fig 2), however treatment was complicated by gastrointestinal
intolerance and malabsorption. Ongoing feeding difficulties necessitated placement of a
gastrostomy-jejunostomy tube at age 6 months. Abdominal ultrasound and endoscopy
revealed no obvious abnormalities. He received intensive feeding therapy and was able to
transition to an oral diet by age 4 years, but continued to have intermittent vomiting and
loose stools, which were exacerbated by phosphorus supplements. The patient was
maintained on calcitriol therapy and monitored with PTH and urine calcium levels, however
he developed intermittent hypercalciuria and bilateral nephrocalcinosis. Over the next
several years phosphorus levels ranged 3.1-3.8 mg/dL, while on treatment with up to 55
mg/kg of phosphorus and 80 ng/kg of calcitriol daily.

Throughout childhood he developed complications of severe FD. His first fracture occurred
at age 2, and by presentation at age 7 years 2 months he had suffered 17 fractures, including
bilateral femurs, tibias, ulnas, and radii, requiring surgical intervention and intermittent use
of assistive ambulation devices. Additional sequelae included bowing deformities of his
lower extremities (Fig 1A) and severe thoracolumbar scoliosis treated with bracing (Fig 1B).
He continued to experience chronic bone pain, which impacted his daily activities.
Zoledronate was initiated at age 4 years, however after his first infusion he developed
electrolyte abnormalities including hyperchloremic acidosis, hypokalemia, and proteinuria,
concerning for potential bisphosphonate-induced Fanconi syndrome [15]. His renal tubular
function resolved over the following weeks, and additional bisphosphonate treatment was
not attempted.

Additional MAS endocrinopathies included hyperthyroidism diagnosed at age 4 months,
initially managed with methimazole followed by thyroidectomy at age 4 years. Post-surgical
hypothyroidism was well-controlled with thyroid hormone replacement. Growth hormone
excess was diagnosed at age 3 years and was well-controlled with monthly octreotide
injections. Precocious puberty was diagnosed at age 5 years and well-controlled with
letrozole and bicalutamide.

Because of concerns about the potential contribution of persistent hypophosphatemia to
skeletal morbidity and pain, the patient was initiated on burosumab at age 7 years 2 months.
Oral phosphorus and calcitriol were stopped and a serum phosphorus level one week later
was confirmed low at 3.1 mg/dL (normal age-related range 3.6-5.8) (Fig 2). He received two
1.1 mg/kg subcutaneous injections dosed 2 weeks apart, and labs performed 4 weeks after
his second injection showed a mid-normal phosphorus level of 4.9 mg/dL. Treatment was
initiated off-label as a clinically indicated intervention. Of note, the burosumab dose chosen
based on the recommended 0.8 mg/kg rounded up to the nearest 10 mg, which resulted in a
starting dose of 20 mg (1.1 mg/kg) in this 19 kg child. He was subsequently maintained on
biweekly burosumab with sustained normalization of serum phosphate and improvement in
alkaline phosphatase (Fig 2). A bone age exam obtained after 17 months of therapy revealed
no rachitic changes (Fig 1F). After several months of burosumab the patient reported clinical
improvement in bone pain, strength, and stamina. He has had no fractures in the 17 months
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since starting burosumab, has had no additional surgeries, and has not required use of
assistive ambulation devices. No adverse effects of burosumab were observed.

3. DISCUSSION

FGF23-mediated hypophosphatemia is an important contributor to skeletal morbidity in
patients with FD/MAS. In addition to typical pain and rachitic complications, studies have
demonstrated an association between hypophosphatemia and FD-related fractures [16],
progressive scoliosis [17], and skull-based deformities [18]. Because FD tissue is inherently
poorly mineralized and structurally unsound, this may reflect an increased vulnerability to
the deleterious effects of hypophosphatemia compared to typical bone. This has important
potential clinical implications, because it is conceivable that FD-related complications may
arise in patients with mild hypophosphatemia even in the absence of active metaphyseal
changes [1].

Conventional therapy for hypophosphatemia has limitations which can create particular
difficulties in patients with FD/MAS. Because FGF23 impairs 1a-hydroxylase activity,
administration of active vitamin D analogs is necessary to maintain mineral metabolism and
prevent secondary hyperparathyroidism. However, because these analogs increase calcium
absorption, they carry a dose-related risk of hypercalciuria and renal complications [7 19].
Normalization of serum phosphorus is therefore not a practical goal with conventional
treatment, which may place patients with FD/MAS at continued risk of skeletal
complications from persistent hypophosphatemia. Oral phosphate supplements are well-
known gastrointestinal irritants [7 19], which can be problematic in patients with FD/MAS
who are at increased risk for gastrointestinal disease [20 21]. In this patient, chronic
malabsorption with symptoms of vomiting and diarrhea limited his tolerability to
phosphorus supplements. Treatment with calcitriol was also limited by the development of
nephrocalcinosis, which was associated with intermittent hypercalciuria and decreased PTH
levels. The patient reported in this case thus experienced both renal and gastrointestinal
complications with conventional therapy, with persistent hypophosphatemia despite maximal
conventional management.

Given these limitations, burosumab is an intuitive choice for management of
hypophosphatemia in FD/MAS. In the patient reported in this case, serum phosphorus was
maintained in the middle of the normal range, which may potentially explain his favorable
clinical response. However, additional research into the safety and efficacy of burosumab is
needed before it can be used routinely in patients with FD/MAS. The potential for FD tissue
effects is an important consideration; it is unknown whether burosumab may impact skeletal
stem cell proliferation or other drivers of FD lesion growth and activity. In addition, studies
are needed to determine if burosumab may have beneficial effects on lesional mineralization,
an inherent feature of FD even in the absence of frank hypophosphatemia [2]. The high
financial cost of burosumab should also be considered. At present, use of burosumab in FD
should be limited to clinical trials, and as compassionate use for patients with significant
skeletal complications who cannot be managed with conventional therapy.
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Monitoring the efficacy of hypophosphatemia treatment in FD/MAS also presents unique
challenges. Lower extremity bowing deformities are an established complication of X-linked
hypophosphatemia, and prevention of these deformities is a primary treatment goal [7 19].
Studies similarly support that hypophosphatemia is a contributor to skeletal deformities in
FD/MAS, and optimal metabolic management is likely to decrease their severity and
progression. However, deformities in FD are likely driven primarily by structural instability
and can occur even in the absence of hypophosphatemia. Linear growth velocity is
complicated by these deformities and other MAS endocrinopathies, making it another
unreliable measure of control. In patients with X-linked hypophosphatemia and tumor-
induced osteomalacia, serum bone turnover markers correlate with osteomalacia and are
useful in monitoring treatment efficacy [7 19 22]. However, FD lesions demonstrate inherent
high bone turnover, resulting in elevated formation and resorption markers that correlate
with overall disease burden [2 23]. As seen in the patient reported here, a relative decrease in
turnover markers may potentially occur with improved hypophosphatemia management,
however they cannot be used as consistent indicators of efficacy. Monitoring
hypophosphatemia treatment in patients with FD/MAS is therefore complex and must
include multiple domains, including serum and urine markers, radiographic metaphyseal
appearance, and assessment of bone pain, functional parameters, and skeletal outcomes.

Muscle weakness is common in patients with FD/MAS and may impact mobility [24]; it is
possible that hypophosphatemia may exacerbate weakness and ambulation issues. The
reported subjective improvements in strength and ambulation suggest that burosumab may
have had functional benefits this patient. However additional studies in patients with
FD/MAS including formal musculoskeletal assessment are needed.

4. CONCLUSION

Funding:

This case demonstrates the beneficial effect of burosumab in a child with severe FD/MAS
who was not controlled with conventional therapy. Given the pathophysiologic role of
FGF23 excess in FD, these findings are likely to be replicated in other patients and support
the need for further investigation of burosumab in the FD/MAS population.
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Figure 1.
Representative clinical images. A) Radiograph at the time of hypophosphatemia diagnosis

shows severe anterolateral femoral bowing and widened, frayed metaphyses at the distal
femur and proximal tibia (white arrows), consistent with active rickets. The bones are
diffusely involved with fibrous dysplasia, as evidenced by homogeneous “ground glass”
lucency and severe cortical thinning. B) Spinal radiograph shows moderate-severe
thoracolumbar scoliosis with a Cobb angle of approximately 40 degrees. Note the presence
of bilateral femoral implants (red arrowheads), placed for correction of fractures and
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deformities. C) Photograph shows large areas of skin hyperpigmentation with features
typical of McCune-Albright syndrome, including irregular borders and distribution
reflecting along the midline of the body. D) hand radiograph at the time of
hypophosphatemia diagnosis shows metaphyseal flaring and widening at the distal radial
and ulnar metaphyses (white arrows). Note the presence of diffuse fibrous dysplasia
involving all bones of the hand, leading to “ground glass” lucency and widening of the
metacarpals and phalanges (white stars). E) Radiograph taken six months after starting
conventional treatment demonstrates improvement in rachitic change, however there is
evidence of persistent metaphyseal cupping in both the radius and ulna. F) Hand radiograph
after 5 months of burosumab shows no evidence of rachitic changes at the distal radius and
ulna..
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Figure 2.

Biochemical response. A graph shows changes in serum phosphorus (hormal range age 5-13
years: 3.7-5.4 U/L), alkaline phosphatase (normal range age 1-10 years: 142-335 U/L), and
parathyroid hormone (normal range 12 months-10 years: 11-59 pg/mL) levels during

conventional therapy and treatment with burosumab.
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