
Denosumab Treatment of Metastatic Giant-Cell
Tumor of Bone in a 10-Year-Old Girl

Introduction

Giant-cell tumor of bone (GCTB) primarily occurs in young
adults between the ages of 20 and 40 years and comprises approxi-
mately 5% of primary bone tumors.1 Pediatric cases of GCT are even
less frequent and are believed to comprise only 1.7% of all cases of
GCTB.2 Although usually a benign tumor, GCTB frequently recurs
locally after surgical resection.1,3,4 Approximately 3% of GCTB metas-
tasize, primarily to the lungs5; metastatic disease at presentation is
uncommon. Histologically, GCTB has two cellular components: neo-
plastic mononuclear cells that are evenly scattered among osteoclast
precursors and osteoclast-like giant cells.3,6 Radiographically, these
tumors usually appear as lytic destructive lesions, often in the proxi-
mal femur or distal tibia.3,6 Clinically, patients present with pain and
often have deformities at the tumor site, without constitutional symp-
toms. About two decades ago, the receptor activator of NF-kappaB
ligand (RANKL) signaling pathway was discovered, and its impor-
tance in the regulation of bone growth and turnover became apparent.
For instance, RANKL knockout mice (with absence of the ligand)
demonstrate osteopetrotic bone changes as a result of impaired oste-
oclast differentiation and subsequent decreased bone resorption. Be-
cause denosumab inhibits RANKL (and therefore osteoclast activity),
it is used in the treatment of postmenopausal osteoporosis, in which
there is a state of increased bone resorption. Furthermore, RANKL is
thought to participate in the growth of the tumor cells, possibly as a
result of production of growth factors by osteoclast-like giant cells
through a paracrine loop.7 Recently, a phase II study in adults with
GCTs has demonstrated significant clinical response to the anti-
RANKL monoclonal antibody denosumab.6 There is also histologic
confirmation of the treatment effects of denosumab on GCTs.8 How-
ever, we are unaware of published data regarding the safety and effi-
cacy of this drug in pediatric patients and the impact it may have on
bone growth and health.

Case Report

A 10-year-old white girl presented to her primary pediatrician
with a chief complaint of right knee pain in January of 2010. She was a
competitive ice skater, and her usual routines had become progres-
sively more difficult. She was diagnosed with “runner’s knee” and
prescribed nonsteroidal anti-inflammatory drugs and rest for her
pain. She did not seek additional medical care, despite progression of
her knee pain to the point that it limited her walking.

In July 2010, she fell on her right knee and was taken to a local
emergency room, where a severely swollen knee was noted. A radio-
graph of her knee showed destruction of the patella. She was referred
to an orthopedic surgeon, who unsuccessfully attempted an arthro-
centesis. A magnetic resonance imaging scan demonstrated a 5.9 �
4.8 � 4.9-cm osseous and soft tissue mass centered in the patella (Fig

1). There was marrow extension and three similar subcutaneous le-
sions were observed around the knee. She was referred to orthopedic
surgery at our tertiary care center, where the patellar tumor was biop-
sied. After use of special stains and review by an expert consultant, a
diagnosis of GCTB was established (Fig 2A, multinucleated osteoclast
giant cells with large numbers of nuclei are evenly scattered among
mononuclear tumor cells; Fig 2B, mononuclear tumor cells dis-
play nuclear reactivity for P63). In addition, a positron emission
tomography–computed tomography scan demonstrated hypermeta-
bolic activity of the patellar mass, the three subcutaneous nodules, and
innumerable (� 30) pulmonary nodules (Fig 3). The patient under-
went resection of a pulmonary nodule that confirmed metastatic
GCTB (Fig 4, metastatic GCTB [lower right] and adjacent lung paren-
chyma [upper left]). She was subsequently started on denosumab with
induction dosing of 120 mg subcutaneously, once per week for 3
weeks, followed by 120 mg denosumab subcutaneously once per
month. She is currently 20 months into treatment.

Initially, our patient was relying on a wheelchair at school and
was unable to perform any physical activities because of pain and
immobility of her knee. Within 4 months of beginning the treatment
with denosumab, her pain dramatically improved, and she did not
require regular pain medications. Approximately 6 to 7 months into
treatment she was back to her regular activities, including ice skating
(with a protective knee guard). In light of the excellent clinical re-
sponse, we opted for local control of her patellar tumor and subcuta-
neous nodules to debulk the tumor and to improve local function,
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given that her patella was greatly enlarged and restricted knee flexion.
As a secondary goal, this procedure would also provide material to
evaluate histologic response. The patella and subcutaneous nodules
were removed a year after diagnosis. The patient is currently able to ice
skate, run, and bike. Pathologic examination of the tumor after treat-
ment with denosumab demonstrated significant response, as evi-
denced by the paucity or disappearance of giant cells and the
production of bone and fibrous tissue (Figs 5A and 5B, GCT after
denosumab treatment; Fig 5A shows extensive bone deposition and
rare apoptotic osteoclast giant cells; Fig 5B shows fibrosis and residual
multinucleated giant cells with sparse nuclei. Numerous fields were
completely devoid of giant cells). She has no pulmonary symptoms;
subsequent chest computed tomography scans have demonstrated
significant response in the size of the nodules; however, they are
still present.

The patient has required 4,000 IU per day of oral vitamin D
supplementation to achieve a low normal vitamin D level; her most
recent 25-hydroxy vitamin D level was 34 �g/L. She is also receiving
calcium and phosphorus supplementation because of the develop-
ment of hypocalcemia and hypophosphatemia from decreased bone
turnover during her treatment with denosumab; her most recent
serum calcium level was 9.1 mg/dL, and her phosphorus level was 3.6

mg/dL. Serum markers of bone resorption and bone formation were
suppressed with treatment (C-telopeptide, 268 pg/mL [normal, 503-
2,077 pg/mL] and bone-specific alkaline phosphatase, 24.6 ng/mL
[normal, 44 to 163 ng/mL]). The patient has had no evidence of
necrosis of her jaw. Furthermore, her growth velocity since starting
denosumab treatment is 6 cm per year, and her height is at the 54th
percentile for her age and gender. Interestingly, as a result of the
denosumab therapy, she has developed dense metaphyseal bands in
her long bones on radiographs, as well as increased total body and
lumbar spine bone mineral density by dual-energy x-ray absorptiom-
etry (Z-scores, 2.7 and 4, respectively). This is believed to be an adverse
effect of the denosumab treatment and raises potential concerns for
worsening osteopetrotic bone disease and increased risk of fracture as
treatment continues.

Discussion

GCTB is rare in children; historically, surgery was the only ther-
apy available. However, only 80% of tumors are amenable to surgery,
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and of those that are surgically resected, recurrence rates vary between
10% and 75%.9 Thomas et al6 completed an open-label, phase II study
with single-agent denosumab in patients who were older than age
18 years with recurrent GCTB or unresectable tumors. Of the 35
patients who were evaluable for efficacy, 86% met tumor response
criteria at 25 weeks of treatment. A similar percentage reported
clinical benefits, including decreased pain and improvement in
functional status. Denosumab works by binding to RANKL and
thus blocking binding to RANK on osteoclasts and osteoclast pre-
cursors, therefore inhibiting differentiation of osteoclasts and
osteoclast-mediated bone reabsorption. Because the giant cells in
GCTB also express RANK, denosumab is an attractive target-
specific therapy for this tumor.1,6,10 Denosumab has also been used
to treat bone metastases, such as in prostate cancer.11

A number of factors make our patient informative and unique,
most notably her young age and metastatic disease at presentation. We
have successfully shown that denosumab is tolerable and effective in a
peripubertal female. Furthermore, despite our initial concerns that
therapy with denosumab might stunt her growth, she continues to

have a normal growth velocity for her age and gender. She has had
minimal adverse effects, mostly related to her bone health, that have
affected her daily life. However, she has developed dense metaphyseal
bands, generalized increased bone mineral density, and suppressed
biomarkers of bone remodeling; these changes are concerning for a
negative alteration in bone quality and potential increased risk of
fracture, as has been described in osteopetrotic rickets.12,13 Interest-
ingly, a case has been reported in which osteopetrosis was induced by
treatment of a peripubertal child with bisphosphonates.14

Because of her innumerable lung nodules, the consensus plan is
to continue treating her with denosumab monthly for the near future.
It is probable that she will require long-term treatment with deno-
sumab to prevent osteoclast and giant cells from reactivating and thus
to prevent progression of her pulmonary disease. Whether intermit-
tent or continuous denosumab is preferable in metastatic GCTB is
unknown and can only be determined by a randomized trial. The
possibility of removing her pulmonary nodules with the intent of
complete cure has been proposed; at this time, the patient’s family is
considering this option.
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