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Developing Endpoints for 
Skeletal Manifestations in NF1

Jonathan J Rios

Scottish Rite for Children



• Osteopenia
– Systemic and localized

• Scoliosis
– With and without paraspinal neurofibroma

• Dysplasia and pseudarthrosis

Skeletal Manifestations in NF1



Systemic Osteopenia & DEXA Imaging

Lodish, et al. (2012); Brunetti-Pierri, et al. (2008)

Reduced Lumbar Spine BMD in NF1



• Led by Dave Viskochil (U of Utah) and Betty Schorry
(Cincinnati Children’s)

• Young adults with Vitamin D insufficiency 
– 600 IU vs 4,000 IU (both +400mg Calcium)

• Bone density measured by DEXA

• 32 screened, 25 enrolled – target enrollment is 320
– No safety concerns
– Efficacy not yet evaluated

• Recruitment has been challenging.

Phase 2 Trial of Vitamin D



Localized osteopenia with PN

Lodish, et al. (2012); Ma, et al. (accepted)
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Patient with PN-associated bone loss
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Figure 4

Measuring skeletal impact of MEKi
Potential for skeletal 

improvement with MEKi

Potential for DEXA/X-ray 
as secondary endpoints
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How do we measure 
localized bone density?

Paria, et al. (unpublished);Ma, et al. (accepted)



Scoliosis
Somatic NF1 mutations in scoliosis

Somatic mutation in bone leads
to MEK-dependent hypomineralization
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PN-associated scoliosis

Considerations
1. X-rays for secondary endpoints in ongoing/future trials!!
2. Can we evaluate scoliosis with existing MRIs

Margraf, et al. (2019); de la Crouix Ndong, et al. (2014); Ma, et al. (accepted)



Tibial Dysplasia

No current clinically-meaningful measure:
1. Quality of bone
2. Degree of dysplasia

Need to develop clinical endpoint:
1. Evaluate correction following treatment
2. Predict fracture risk

• 3-5% of children with NF1
• 2/3 progress to fracture



Potential Outcome Measures
Peripheral quantitative computed tomography

Results comparing NF1 vs control
Tibial area
Cortical thickness
Periosteal circumference
Cortical area
Strength strain index

Need to study dysplastic bone!

David Stevenson, Stanford



Quantitative bone ultrasound

David Stevenson, Stanford

Advantages
1. Non-invasive
2. No radiation
3. Contralateral control
4. Age- and gender-matched Z-scores
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Pseudarthrosis After Fracture



Modified RUST Score for NF1

RUST Score = Sum of scores for 
each of four cortices

• RUST developed for use in adults without dysplastic bones
• Limitation in NF1 population

• Not developed for dysplastic tibiae
• Difficult to visualize cortex in young patients
• `

*Union can be defined as at least 2 cortices scoring 3

Modified RUST Score



Figure 1

Dysplasia PseudarthrosisA.

B.

INFUSE Clinical Trial
Test the efficacy of rhBMP INFUSE graft (Medtronic) 

to improve healing of NF1 pseudarthrosis

• Closed due to lack of enrollment

• REiNS recommendations:
• Better engage orthopaedists in NF1 clinics
• Engage focus groups  for patient perspectives
• Consider registry studies
• Recognize PN-associated bone manifestations
• Further develop skeletal endpoints
• Promote basic-translational research
• Establish skeletal biorepository

Rios & Schorry (in revision)



• There are several skeletal manifestations amenable to 
clinical trials

• Important to consider recruitment strategies and 
difficulties

• Potential exists to include skeletal endpoints in future
trials
– Secondary endpoints

• Potential to evaluate skeletal endpoints from completed
trials
– MRI for spine deformity

Summary
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