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Background: The natural history and pathogenesis of the skeletal abnormalities found in 

neurofibromatosis type 1 (NF1) are poorly understood, and the therapeutic options for these 

manifestations remain limited. This report first describes the clinical outcomes of denosumab 

treatment for a patient with NF1 suffering from osteoporosis.

Methods: We enrolled a patient with NF1 under denosumab treatment for osteoporosis, prior 

fractures, and no improvement in bone mineral density (BMD) over 3 years of alendronate 

therapy. BMD was monitored by dual-energy X-ray absorptiometry. Tested laboratory data 

included bone-specific alkaline phosphatase, urinary type I collagen amino-terminal telopep-

tide, tartrate-resistant acid phosphatase 5b, 1-alpha, 25-dihydroxyvitamin D
3
, and parathyroid 

hormone. BMD and laboratory data were evaluated before, between 2 and 4 months, and at 

6, 12, 18, and 24 months of treatment.

Case presentation: During 2 years of denosumab therapy for osteoporosis in a 58-year-old 

female NF1 patient with prior fractures, BMD increased by 6.5% in the lumbar spine and 10.6% 

in the total hips, and bone turnover markers were notably improved. No fractures occurred 

during the latter half of treatment.

Conclusion: Denosumab represents an effective treatment option for osteoporosis in NF1 

patients.
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Introduction
With an incidence of 1 in 3,000–4,000 individuals, neurofibromatosis type 1 (NF1) 

is a haploinsufficient and multisystemic disease caused by inherited or sporadic 

mutations in the NF1 gene. The pathoetiology of the multiple manifestations found 

in this disease across different organ systems is complex.1 NF1 has an autosomal 

dominant pattern of inheritance, high clinical variability, complete penetrance, and 

age-dependent complications.2 In addition to neurofibromas, there are numerous other 

clinical manifestations in NF1, such as gliomas, peripheral nerve sheath tumors, and 

other malignant tumors as well as nontumor effects that include skeletal dysplasia 

and learning disabilities. The diagnosis of NF1 has been established on the basis of 

clinical criteria and genetic testing.3 However, the natural history and pathogenesis 

of the skeletal abnormalities in this disorder are poorly understood, and therapeutic 

options currently remain limited. Some manifestations, such as low bone mass, short 

stature, macrocephaly, long bone dysplasia, and vertebral defects, can lead to clini-

cally significant consequences.4
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High parathyroid hormone and low 25-hydroxyvitamin D  

values are generally observed in patients with NF1 and 

may adversely affect bone mass and fracture risk.5–7 In vitro 

studies have revealed increased C-terminal telopeptide of 

type 1 collagen (CTX) and type I procollagen N-terminal 

propeptide (PINP) in NF1 patients as well.8 To date, reports 

on the treatment of patients with NF1 and accompanying 

osteoporosis are scarce. Heervä et al9 described that weekly 

oral alendronate (ALN) with daily vitamin D substantially, 

but not significantly, increased bone mineral density (BMD) 

levels. They also showed that values of CTX and PINP 

became reduced but that of serum tartrate-resistant acid 

phosphatase 5b (TRACP-5b) was unchanged, whereas 

previous in vitro studies demonstrated that NF1 osteoclasts 

displayed insensitivity to the apoptotic signals caused by 

bisphosphonates (BPs). On the other hand, Benlidayi et al10 

recently found that weekly oral doses of the BP risedronate 

(RIS) significantly increased both lumbar and hip bone 

mass during the first year of therapy and proposed RIS as a 

potential therapy for osteoporosis complicating NF1. How-

ever, it remains controversial which osteoporotic treatment 

is optimal for osteoporotic NF1 patients.

Denosumab is an anti-receptor activator of nuclear factor_κB 

ligand (RANKL) monoclonal antibody approved for the treat-

ment of osteoporosis and prevention of skeletal metastatic 

complications.11 To date, there are no published accounts of deno-

sumab treatment for NF1 complicated with osteoporosis.

In this report, we describe the clinical results of a 

58-year-old woman with NF1 accompanied by osteoporosis 

and a history of fractures. Improvements in BMD and bone 

metabolic markers were observed over 2 years of denosumab 

treatment.

Case presentation
A 58-year-old woman with NF1 was referred to our depart-

ment for treatment. Her BMD and laboratory data are pre-

sented in Tables 1 and 2, respectively. She had not exhibited 

any clinical disease signs at birth, but dermatological examina-

tion of a café au lait spot during the upper grades of elementary 

school disclosed NF1. Genetic testing confirmed a deletion 

mutation in NF1 (c.6525delT) causing an amino acid substitu-

tion at position 2175 (p.2175fs). She later required resection 

of neurofibromas around her back and breast in her 40s. Foot 

pain appeared at age 55, at which time a fatigue fracture was 

discovered during a visit to an orthopedic clinic. She was 

referred to the Endocrinology and Metabolism Department 

of our institution under suspicion of osteoporosis and began 

conservative treatment for hyperparathyroidism. Osteoporotic 

treatment was commenced for the patient’s diminished lumbar 

and proximal femur BMD values due to past fragility fractures. 

She had been receiving ALN for the previous 3 years at a 

nearby clinic. Despite the ALN administration, the bone turn-

over marker values remained high values. As BMD values had 

remained substantially low, we opted for denosumab owing 

to its reported effectiveness following BP therapy.12

Denosumab was injected subcutaneously every 6 months 

(ie, at 0, 6, 12, 18, and 24 months) and bone metabolism 

marker and BMD values were examined before, between 

2 and 4 months, and at 6, 12, 18, and 24 months of treatment. 

Serum TRACP-5b and urinary type I collagen amino-terminal 

telopeptide (NTX) greatly decreased after the first administra-

tion. Despite the denosumab administration, bone turnover 

markers were remarkably increased to the 18 months after the 

therapy. At the study end point, the bone turnover markers 

were greatly inhibited.

At 1 year of denosumab treatment, her lumbar BMD had 

not increased and she had experienced a vertebral fracture. 

Around that time, her activity had started to decline and 

she required the use of a wheelchair. BMD began to fall. 

At 2 years of denosumab treatment, however, her lumbar 

BMD T-score was improved from −2.8 to −2.4 and her total 

hip BMD T-score was ameliorated from −3.9 to −3.5. The 

percent increases in BMD were 6.5% for the lumbar spine 

and 10.6% for total hips at the study end point.

This study was approved by the institutional ethical 

review board of Shinshu University School of Medicine 

(approval number: 2365) prior to its start and was conducted 

in accordance with the ethical standards set forth in the 

Table 1 Patient characteristics and lumbar and total hip BMD before and at 6, 12, 18, and 24 months of denosumab therapy

Parameters −22 months −14 months −3 months 0 month 6 months 12 months 18 months 24 months

Medication ALN ALN ALN Denosumab Denosumab Denosumab Denosumab Denosumab
Lumbar BMD (g/cm²) 0.77 0.69 0.79 0.77 0.78 0.70 0.76 0.82
Lumbar T-score −2.8 −2.9 −2.6 −2.8 −2.7 −3.4 −2.9 −2.4

Total hip BMD (g/cm²) 0.52 0.48 0.53 0.47 0.52 0.53 0.54 0.52
Total hip T-score −3.5 −3.5 −3.4 −3.9 −3.5 −3.3 −3.3 −3.5

Abbreviations: ALN, alendronate; BMD, bone mineral density.
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1964 Declaration of Helsinki for research involving human 

subjects. Written informed consent was obtained from the 

patient for publication prior to this study.

Discussion
This report evaluates the clinical outcomes of a patient with 

NF1 receiving denosumab for complicating osteoporosis. 

At 2 years of treatment, lumbar and total hip BMD values 

had increased by 6.5% and 10.6%, respectively. No frac-

tures occurred during the second half of therapy, and her 

bone metabolism markers were notably improved. To our 

knowledge, this study is the first of its kind describing the 

successful osteoporotic treatment of a BP-unresponsive NF1 

patient with a history of fractures.

Several BPs and other antiresorptive agents have been 

employed to reduce the increased bone turnover contribut-

ing to osteoporosis in NF1.9,10 For primary osteoporosis, 

5 years is considered by many as a suitable time point to 

evaluate the effect and merit of continuing a BP preparation 

for fracture suppression.13 Despite a lack of consensus on 

the treatment of osteoporosis in NF1, BPs may currently 

be a good choice.9,10 Also inhibiting bone resorption, deno-

sumab is a strong candidate for BMD improvement in BP-

unresponsive cases,12 although there have been no reports on 

denosumab for NF1 and osteoporosis. In our patient, BMD 

values did not substantially change and she broke her foot 

during 3 years of ALN treatment. As a result, we switched 

to denosumab to prevent ensuing fractures and improve 

BMD after careful discussion with her and her family. In 

this case, bone turnover markers were increased prior to the 

denosumab therapy regardless of BP administration. Also, 

the decreased bone turnover markers were greatly increased 

after the denosumab therapy. It is considered that these 

findings could be caused by fragility fractures.

At 1 year of denosumab treatment, her lumbar BMD had 

not increased and she had suffered a vertebral fracture due to 

a decline in activity. However, due to the strong inhibition 

of the increase of bone turnover markers caused by fractures 

during BP and denosumab therapy, both lumbar and total 

hip BMD values became increased at 2 years of treatment, 

with no additional fractures in the latter half of the study. At 

2 years of treatment, lumbar and total hip BMD values had 

increased by 6.5% and 10.6%, respectively.

Bone resorption markers, such as urinary NTX and 

TRACP-5b, and bone formation markers, including PINP 

and BAP, are often used to monitor the effects of osteo-

porosis treatment.14 Despite the administration of antire-

sorption drugs, the increased bone turnover markers were 

greatly inhibited at 24 months of therapy. Also, the 2-year-

denosumab treatment substantially increased BMD. These 

results indicated that denosumab strongly suppressed bone 

resorption in NF1 patient’s accompanying osteoporosis and 

presumably produced her gains in bone density.

Conclusion
Two years of denosumab treatment improved BMD values 

and bone turnover markers in an NF1 patient with osteopo-

rosis. The drug therefore represents an effective treatment 

option in such cases and warrants further study.
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