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Abstract

Purpose of Review—This review summarizes current understanding of the role of denosumab, 

an inhibitor of receptor activator of nuclear kappa-B ligand (RANKL), in the management of 3 

skeletal neoplasms: giant cell tumors, aneurysmal bone cysts, and fibrous dysplasia.

Recent Findings—A growing body of literature supports denosumab use in giant cell tumors, a 

neoplasm in which RANKL plays a clear pathogenic role. Comparatively less data is available in 

aneurysmal bone cysts and fibrous dysplasia; however, the pathogenic similarity of these disorders 

to giant cell tumors, as well as encouraging preliminary data, suggests denosumab may be useful. 

Denosumab’s inhibitory effects on bone turnover are fully reversible after drag discontinuation. 

This raises important unanswered questions for clinical management, including potential risks of 

tumor recurrence and bone turnover rebound.

Summary—Denosumab is a promising potential treatment for skeletal neoplasms. However, 

its clinical use is impacted by ongoing safety concerns related to postdiscontinuation rebound, 

particularly in children. There is a critical need to understand denosumab treatment and 

discontinuation effects on tumor recurrence and to develop strategies for long-term treatment 

in patients who cannot be managed surgically.
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Introduction

Despite recent advances in understanding the pathogenesis of skeletal neoplasms, 

management remains challenging, in part due to a lack of targeted bone-altering therapies. 

Denosumab is a monoclonal antibody to receptor activator of nuclear kappa-B ligand 

(RANKL) that has specific, potent, and reversible effects on bone resorption. These unique 

properties have allowed denosumab to emerge as a potentially useful therapy for skeletal 

disorders that are mediated through the RANKL pathway. This review discusses the current 

state of denosumab use in 3 skeletal neoplasms: giant cell tumors (GCTs), aneurysmal bone 

cysts (ABCs), and fibrous dysplasia (FD). These distinct pathological entities are primarily 

treated surgically; however, they share striking similarities in the approach to adjuvant 

medical management, including the risks and benefits of denosumab.

Role of RANKL and OPG in Skeletal Metabolism

Skeletal homeostasis hinges on the harmonization between bone formation and resorption. 

In bone remodeling, tight coupling of osteoclast and osteoblast activity is necessary to 

maintain homeostasis and repair skeletal microdamage [1]. Bone growth in children occurs 

through bone modeling, where site-specific uncoupling of bone formation and resorption 

broadens and sculpts growing bone [2]. Skeletal neoplasms disrupt these processes, leading 

to discrete areas of local bone destruction. For this reason, targeting the bone remodeling 

cycle with antiresorptive medications is a common therapeutic strategy.

RANKL is a protein expressed by osteogenic cells that induces osteoclast differentiation by 

binding to its receptor RANK on osteoclast precursors [3]. RANKL is present in several 

transmembrane-bound and soluble isoforms, all of which participate in osteoclastogenesis 

[4]. The interaction between RANK and RANKL is inhibited by osteoprotegerin (OPG), 

a soluble, nonsignaling glycoprotein also expressed by osteogenic cells, which acts as 

an endogenous decoy receptor [5]. The balance between RANKL and OPG is critical to 

maintaining skeletal homeostasis, and disruption of this balance has been implicated in 

multiple disease processes, including skeletal neoplasms [6].

Denosumab

Denosumab is a fully human monoclonal antibody to the RANKL IgG2 immunoglobulin 

isotype [7, 8]. It binds RANKL with high affinity and specificity, mimicking OPG and 

leading to rapid and potent inhibition of bone resorption. Like other monoclonal antibodies, 

the pharmacokinetics of denosumab demonstrates dose-dependent, nonlinear elimination, 

which informs the dosing regimens for its two commercially available formulations. In 

adults given 60 mg subcutaneously, serum concentrations decline with a half-life around 

30 days; when 60 mg doses are given at 6-month intervals, minimal drug accumulation 

occurs, and bone turnover markers increase toward baseline between doses [9]. This regimen 

forms the basis of the low-dose Prolia© formulation, approved by both the Food and 

Drug Administration and European Medicines Agency to treat adults with osteoporosis [8]. 

Doses above 60 mg lead to dose-dependent drug accumulation, and in adults given 120 

mg monthly, denosumab serum concentration reaches steady state after 4–5 doses [10]. 
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This results in continuous suppression of bone turnover, with no expected increase between 

doses. This regimen forms the basis of the high-dose Xgeva© formulation, approved for the 

treatment of adults with bone metastases and adults and skeletally mature adolescents with 

GCTs [7].

Denosumab received regulatory approval for the treatment of osteoporosis and bone 

metastases based on several phase 3 randomized controlled studies. The seminal FREEDOM 

trial included 3933 women with postmenopausal osteoporosis treated with the low-dose 

formulation and was the first to show decreased fractures compared to placebo [11•]. 

An open-label extension arm demonstrated continued gains in BMD and a low fracture 

incidence with up to 10 years of treatment [12]. This beneficial effect on fracture rate was 

replicated in phase 3 studies of patients receiving sex steroid deprivation therapy [13, 14]. 

Phase 3 studies of high-dose denosumab in patients with prostate (n=950) and breast cancer 

(n=1026) showed delayed time to first skeletal-related events compared to zoledronate [15].

Postdiscontinuation Effects

The relatively short half-fife of denosumab leads to a reversal of therapeutic effects 

after drag discontinuation. This represents a key difference from bisphosphonates, which 

unlike denosumab, incorporate into hydroxyapatite leading to long terminal half-lives 

and sustained therapeutic effects [16]. Studies of low-dose denosumab in postmenopausal 

women demonstrated a postdiscontinuation increase in bone turnover markers to 60% above 

baseline, which returned to pretreatment levels over 2 years along with a reversal in BMD 

gains [17]. The mechanism of rebound bone turnover is not fully understood but likely 

relates to upregulation of osteoclast-promoting factors and/or changes in RANKL and OPG 

production. The rebound effect thus appears to be more prominent in patients who have 

relatively more suppressed bone turnover during treatment, which may be associated with 1) 

higher-dose therapy, 2) longer duration of treatment, and/or 3) higher baseline bone turnover 

[18].

Potential complications of postdiscontinuation rebound include hypercalcemia, which 

appears to be more common in children [18], and vertebral compression fractures, 

which have thus far been reported only in adults [19, 20]. Some evidence suggests that 

bisphosphonate treatment given around the time of denosumab discontinuation may partially 

mitigate this rebound effect [21]. However, there are no standardized clinical practices, and 

there is a critical need for studies investigating the safety of denosumab discontinuation.

The reversibility of denosumab’s therapeutic effects is an especially important consideration 

in skeletal neoplasms. First-line management for most neoplasms is surgical resection, and 

adjuvant bone-altering therapies can potentially improve surgical outcomes by decreasing 

tumor size or growth. However, the possibility of tumor “reactivation” during the rebound 

period raises questions about the risk of postoperative recurrence. Lesions that are large 

or located in potentially morbid locations may not be amenable to resection, necessitating 

long-term medical management.
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Other Adverse Effects

Additional adverse effects of denosumab relate to inhibition of bone turnover. Osteonecrosis 

of the jaw (ONJ) is an uncommon but potentially serious complication of antiresorptive 

medications involving progressive bony destruction in the maxillofacial bones, often 

following invasive dental procedures. High-dose denosumab treatment is associated with 

a 1–5% risk of ONJ, which has been confirmed in studies of GCT [15, 22••, 23, 24]. 

Clinicians should be aware that the prevalence of ONJ may vary across disease states; for 

example, ONJ has been reported in 5% of one large cohort of FD patients treated with 

bisphosphonates, suggesting this population may be at higher risk [25].

Hypocalcemia may arise during antiresorptive therapy due to inhibition of osteoclast-

mediated skeletal calcium release. In high-dose oncology studies, hypocalcemia was more 

frequent in patients receiving denosumab compared to zoledronate (12.5% versus 5.3%) 

[26], and there have been rare reports of fatal hypocalcemia postmarketing [7]. This risk 

appears to be increased in patients with renal failure and in those with higher baseline bone 

turnover [18].

Suppression of bone turnover also has the potential to affect bone growth in children, 

which relies on osteoclast activity to sculpt and widen bones [2]. Preclinical studies in 

juvenile animals given high-dose denosumab showed negative effects on growth and tooth 

eruption [7, 27]. However, case reports and small series in children have not demonstrated 

detrimental effects on dentition or bone shape with short-term denosumab treatment [28, 

29].

While denosumab may have desirable therapeutic effects on pathologic bone, in patients 

with skeletal neoplasms, this is necessarily accompanied by reduced turnover and increased 

density in nonpathologic bone. Children and adolescents are at higher risk for the 

development of high bone mass due to vigorous modeling and remodeling rates during 

skeletal growth [30, 31].

Giant Cell Tumors

GCT is a primary bone neoplasm that largely affects patients in the third and fourth decades 

of life with a slight female predominance [32]. Histologically, GCTs are composed of 

neoplastic mesenchymal stromal cells and reactive osteoclast-like giant cells [33] (Fig. 1A 

& B). Proliferating primitive stromal cells of preosteoblast lineage highly express RANKL 

and thereby induce osteoclast formation and bone resorption via a RANKL-dependent 

mechanism [34]. GCT are characterized genetically by recurrent mutations (>90%) at the 

G34 position of H3F3A. These mutations occur exclusively in the stromal cells and are 

highly specific to GCT [35, 36].

Although GCTs are typically benign, they are often locally aggressive causing significant 

bone destruction [37]. Radiographically, GCTs exhibit a classic “soap bubble appearance,” 

characterized by well-circumscribed, lobulated osteolytic lesions; the radiographic 

appearance is often assessed using Campanacci grade (I–III), which is based on the integrity 

of the tumor margins [38]. Rarely, a primary malignancy may arise in GCT, or lesions may 
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undergo spontaneous or postradiation malignant transformation. Pulmonary metastases have 

also been reported [32].

The standard treatment of GCT is surgical resection. The most definitive treatment, with 

the lowest recurrence rate, is en bloc removal with wide margins [38-40]. However, since 

most GCTs affect the metaepiphyseal region of long bones, such extensive resections often 

require endoprosthetic joint replacement or amputation. Limb salvage operations, such as 

intralesional excision and curettage, have better functional outcomes but are associated with 

high recurrence rates (27–65%), even with the addition of local adjuvants (12–27%) [38-43]. 

Still, some GCTs are deemed inoperable due to multiple foci or unfavorable location.

Denosumab is currently the only approved medical therapy for surgically unsalvageable 

GCTs. Approval was largely based on an open-label phase 2 trial of high-dose denosumab in 

adults and skeletally mature adolescents (n=526, median duration 32.3 months), where 80% 

of patients demonstrated clinical benefit, defined as pain reduction and improved function 

[22••]. Most patients also demonstrated radiographic improvement or stabilization. In 

patients with unresectable tumors, denosumab was effective for long-term control, with only 

11% (28/262) experiencing disease progression. However, after treatment discontinuation, 

the risk of relapse increased, with disease progression in 26% (34/132) of patients. 

Therefore, studies are ongoing to evaluate a reduced dose (120 mg every 3 months) for 

long-term maintenance therapy (NCT03620149). Of note, in vitro studies demonstrate that 

denosumab effectively wipes out osteoclast-like giant cells from GCT tissue; however, 

stromal cells continue to proliferate, indicating that additional strategies are likely required 

to address these neoplastic cells [44].

Denosumab is also approved for surgically salvageable GCTs where resection is likely to 

result in severe morbidity. In the phase 2 study, a second cohort of patients with surgically 

salvageable tumors received a median 20.5 doses (IQR 15–43), including 6 adjuvant 

doses in patients who had surgery [22••]. In this cohort, 37% (90/248) did not end up 

requiring surgery, and of those who did, 44% (69/157) underwent a less morbid procedure 

than originally planned. However, 27% (42/157) of patients had disease recurrence 

postoperatively, which was much higher than the two previous interim analyses [45, 46]. 

Among patients who underwent curettage procedures, the recurrence rate was even higher 

at 34%. While there is a clear benefit of neoadjuvant denosumab for avoiding mutilating 

surgery, using it preoperatively for tumor downstaging remains highly controversial due to 

this potential increased risk of local recurrence.

A recent systematic review of patients who received neoadjuvant denosumab by Luengo-

Alonso et al. reported a cumulative postoperative tumor recurrence rate of 9%, thereby 

dismissing the notion that neoadjuvant treatment resulted in an increased recurrence risk 

[47]. However, there were several crucial issues with methodology in this review. First, 

the follow-up times among the studies varied greatly and was not considered for inclusion; 

for example, the median follow-up time in the study by Goldschlager et al. was only 5 

months which is inadequate since local recurrence commonly occurs up to 2 years after 

resection [48]. Second, there were discrepancies in the numbers of subjects per study, 

calling into question the accuracy of the recurrence rates. For example, the review reported 
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a recurrence rate of 4% (2/25) in the study by Muller et al.; however, only 18 of the 25 

patients received neoadjuvant denosumab, resulting in an actual recurrence rate of 11% 

[49]. Similarly, the review’s reported recurrence rate in the study by Borkowska et al. was 

6% (2/35); however, only 17 of the 35 subjects in the study ultimately underwent surgery, 

resulting in an actual postoperative recurrence rate of 12% (2/17) total and 33% (2/6) among 

curettage procedures. Importantly, Luengo-Alonso et al.’s systematic review did not account 

for operation type, which is historically the most important factor for recurrence risk. Since 

the purpose of neoadjuvant denosumab is for tumor downsizing to allow for less morbid 

procedures, outcomes of en bloc resections, which already have a low recurrence rate 

without the addition of neoadjuvants, are not particularly relevant. This is reflected in a more 

recent study, which was not included in Luengo-Alonso et al.’s review, in which Rutkowski 

et al. evaluated postsurgical outcomes in 89 subjects who received neoadjuvant denosumab 

[50]. The overall recurrence rate was 21% (19/89), but among curettage procedures, the 

recurrence rate increased to 32% (16/50). These findings are similar to the recurrence rates 

reported in the initial phase 2 study [22••]. Both studies assert that their recurrence rates are 

similar to historical studies of isolated curettage, which range from 27 to 65%. However, a 

major limitation is the lack of control groups to directly compare outcomes.

Although there are no randomized control trials, a few studies have evaluated recurrence 

rates after intralesional resection between patients who received neoadjuvant denosumab and 

those who had surgery alone in large case–control studies. In a study by Chinder et al., 

patients underwent extensive curettage resection plus local phenol adjuvant treatment with 

or without neoadjuvant denosumab [51]. The inclusion criteria were more stringent than 

previous analyses: patients who had previous recurrence, prior surgery, radiotherapy, other 

medical therapy, adjuvant denosumab, or insufficient follow-up (<1 year) were excluded. 

The incidence of local recurrence was 43% (18/42) in patients who received neoadjuvant 

denosumab compared to only 19% (15/81) in patients who did not receive preoperative 

treatment over a mean 35-month follow-up. Multivariate analysis revealed that neoadjuvant 

denosumab was the only independent risk factor for recurrence. However, the group who 

received denosumab had higher Campanacci grade than the control group, which is an 

important limitation. Despite this, Chinder et al. provided the most homogenous group of 

patients reported to date, all of whom received the same surgical and adjuvant treatments 

performed by the same surgeon. An additional retrospective review by Agarwal et al. 

evaluated recurrence in a very heterogenous group of patients who underwent curettage 

with or without neoadjuvant denosumab [52]. This study attempted to match the groups for 

several factors including site, size, and previous recurrence. They also reported an increased 

incidence of recurrence in the denosumab group (44%, 11/25; median follow-up 27 months), 

compared to controls (21%, 7/34; median follow-up 60 months); however, the association 

between denosumab and recurrence was not statistically significant. Errani et al. reviewed 25 

patients with GCT treated with curettage and denosumab with a median 42 month follow-up, 

reporting 60% (15/25) recurrence in patients treated with denosumab, compared to 16% 

(36/222) in patients treated with curettage alone [53]. Of note, patients in the denosumab 

group tended to have higher radiographic scores and were less likely to receive adjuvant 

phenol.
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Overall, there is sufficient evidence to support that neoadjuvant denosumab prior to limb-

salvage intralesional resection may be associated with increased risk of local recurrence. 

However, a large randomized clinical trial is still needed to confirm these findings; currently, 

there is at least one ongoing phase III trial of denosumab before curettage for giant cell 

tumor of bone [54]. Additional studies are also needed to determine the optimal treatment 

regimen prior to surgery.

Another concern regarding denosumab use in GCT is the potential risk of malignant 

transformation. In the initial phase 2 trial, malignant transformation occurred in 1% (5/526) 

of cases, which is lower that the historical incidence of 2% reported in the literature [22••]. 

In a recent literature review, Alagalili et al. reported 11 cases of sarcomatous transformation 

postdenosumab therapy in patients with GCT and no previous history of radiation [55]. 

However, the mechanism by which sarcomatous transformation of GCT occurs has not been 

elucidated, and there is currently no biological evidence to establish a causal relationship 

with denosumab.

Aneurysmal Bone Cysts

ABCs are benign, locally destructive skeletal neoplasms consisting of multiloculated cystic 

spaces filled with blood [56]. Histologically, the cystic spaces are separated by fibrous septa 

composed of dense fibroblast-like spindle cells, scattered osteoclast-like giant cells, and 

woven bone rimmed by osteoblasts [57]. Radiographically, lesions present as unilocular or 

multilocular cysts with thin, “eggshell” borders, with disruption of surrounding bony and 

soft tissue structures due to cyst expansion (Fig. 2). MRI may reveal fluid levels within the 

cyst, reflecting variably aged blood.

ABCs can affect any bone, but most frequently arise within the metaphyses of long bones 

and the posterior elements of vertebral bodies. Patients typically present with a combination 

of pain, swelling, and/or pathologic fracture, which may develop over a period of weeks to 

months. The majority of ABCs represent primary lesions; however, secondary ABCs may 

form within preexisting benign or malignant bone tumors, including GCT and FD [58-60]. 

Traditionally, ABCs were thought to develop as a reactive process due to local hemodynamic 

disturbances within the bone (such as arteriovenous fistula or venous thrombosis), leading 

to increased venous pressure, formation of dilated vascular spaces, and ultimately bony 

destruction [57]. However, more recent studies have identified chromosomal translocations 

involving USP6 gene on chromosome 17p.3 in up to 75% of primary ABCs, suggesting a 

true neoplastic etiology [61-64]. This finding is important for differentiating primary ABCs 

from secondary ABCs, which harbor different genetic aberrations, such as GNAS SNV in 

FD or H3F3 SNV in GCT.

The current standard of care for ABCs is curettage with local adjuvants (i.e., high-speed 

burr, argon beam, phenol, etc.), which has significantly decreased recurrence rates (7–

12.5%) compared to curettage alone (59%) [65]. Although intralesional procedures have 

decreased morbidity compared to historic en bloc resections, vertebral ABCs and lesions 

in other critical locations remain a challenge. Like GCT and FD, RANK–RANKL signal 

activation is essential for ABC development and progression; neoplastic spindle cells in 
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ABCs express high levels of RANKL resulting in osteoclast-like giant cell activation and 

osteolysis [66]. Due to the histopathological similarities between GCT and ABC, off-label 

denosumab therapy has been attempted.

There are a limited number of studies investigating denosumab in ABCs. Alhumaid et 

al. recently published a comprehensive review of 12 studies including a total 30 cases 

[67•]. The patient population was quite heterogenous, varying in terms of ABC location; 

primary, neoadjuvant, or adjuvant denosumab administration; surgical history; previous 

recurrence; and age. Most patients exhibited radiographic response (28/30), defined as 

ABC ossification and size stabilization, and clinical improvement (27/28). Of patients who 

completed or stopped denosumab, recurrence was reported in 21 % (5/24) of cases [68-70]. 

Two recurrences occurred in patients who received neoadjuvant denosumab followed by 

surgical resection, and in 3 denosumab was the primary treatment. Time until recurrence 

ranged from 15 to 24 months; however, the overall posttreatment follow-up period was 

highly variable and often unclear among the studies. For example, the average follow-up 

time in the Lange et al. series was only 3 months (range 2–4) [71], and in at least 16 of 

the reportedly stable cases, it was less than 2 years [67•]. Therefore, the true recurrence rate 

after denosumab treatment remains unclear and is likely higher than reported in this review. 

In an additional series by Durr et al. featuring 6 heterogeneous patients, recurrence occurred 

in 3 (50%) who received denosumab as adjuvant therapy after either curettage (N=2) or 

embolization (N=1) [72]. The remaining 3 patients exhibited clinical and radiographic 

resolution over a median 3-year follow-up; one received denosumab alone as primary 

treatment, and 2 received adjuvant denosumab after curettage.

Based on this limited literature, the utility of denosumab in ABC management is promising, 

especially in the setting of inoperable lesions; however many important questions remain, 

including the optimal treatment regimen, utility of neoadjuvant use for tumor downsizing, 

and long-term outcomes. The recurrence risk after denosumab treatment remains unclear. Of 

cumulative reported cases in the literature, recurrence occurred in 27% (8/30); however, this 

includes primary, neoadjuvant and adjuvant denosumab use of varying treatment regimens, 

ABCs in different locations, and patients with diverse surgical histories. Importantly, since 

ABCs predominantly affect young people, more research on the safety profile and long-term 

effects of denosumab in skeletally immature patients is also necessary [69, 71, 72].

Fibrous Dysplasia

FD is a rare disorder in which normal bone and marrow are replaced by fibro-osseous tissue, 

resulting in fractures, deformities, and disability [73]. Disease may affect one or multiple 

bones and may occur in association with extraskeletal features, including hyperpigmented 

macules and hyperfunctioning endocrinopathies (precocious puberty, hyperthyroidism, 

growth hormone excess, neonatal h y p e r c o r t i s o l i s m , F G F 2 3 - m e 

d i a t e d hypophosphatemia)(Fig. 3A & D). The combination of FD and extraskeletal 

features is termed McCune–Albright syndrome (MAS) [73]. FD/MAS arises due to somatic 

gain-of-function mutations in GNAS, which encodes the α-subunit of the Gs G-coupled 

protein receptor [74]. Constitutive receptor signaling impairs differentiation of skeletal stem 

cells, leading to the formation of discrete, expansile lesions. Histologically, FD presents 
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quite similarly to GCT, with marrow fibrosis and prominent osteoclastogenesis, particularly 

in active lesions with high turnover and increased RANKL expression [75, 76](Fig. 1C 

& D). Radiographically, lesions have a typical “ground glass” appearance on computed 

tomography scans and X-rays [77]. Craniofacial lesions may lead to facial asymmetry and 

rarely functional deficits such as vision and hearing loss [78]. In the long bones, FD lesions 

are structurally unsound, leading to fractures, bowing deformities, and impaired ambulation 

[73]. Patients may also develop bone pain in a variety of locations [79, 80].

The mainstay of treatment in FD is surgery to repair and prevent fractures and deformities. 

Lesions are typically too extensive for complete resection, and techniques commonly used 

in other skeletal disorders (such as curettage and grafting) are frequently ineffective, leading 

to suboptimal outcomes [78, 81]. There are currently no effective, well-established medical 

treatments. Antiresorptive therapy with bisphosphonates has been advocated due to the 

increased bone turnover and osteoclastogenesis present in FD tissue. Some reports indicate 

that intravenous bisphosphonates may be helpful for bone pain; however, there is no 

evidence that bisphosphonates have direct effects on FD lesion progression or activity [30, 

82-84]. It has been speculated that bisphosphonates may lack efficacy because their action 

requires incorporation into mineralizing matrix, which is greatly diminished in FD tissue 

[85]. Denosumab is therefore an intuitive potential treatment because it does not require 

matrix incorporation and, like in GCT, it can directly target ectopic osteoclasts. In a mouse 

model of FD, treatment with an anti-RANKL antibody prevented the formation of new 

lesions and promoted skeletal stem cell differentiation into functional osteoblasts, resulting 

in mineralized lamellar bone formation [86]. Similarly, the first FD patient treated with 

denosumab was a child with an aggressive femoral lesion, who demonstrated a dramatic 

decrease in lesion expansion and resolution of bone pain with a high-dose regimen [87]. 

A case series of 12 adults given various low-dose regimens (60 mg every 3–6 months 

over 13–30 months) reported improvement in pain and serum bone turnover markers [88]. 

Postdiscontinuation data was not included in this series; however, drug discontinuation in 

both the pediatric case and the mouse study led to bone turnover rebound above pretreatment 

levels, which in the child was associated with life-threatening hypercalcemia [87].

These data provide early but promising evidence that blocking the RANK/RANKL 

interaction in FD may have beneficial clinical effects and promote FD lesion mineralization. 

However, important questions remain regarding both safety and regimen particularly 

because effective management requires long-term treatment. Continuous denosumab 

therapy carries risks associated with bone-turnover suppression (particularly in growing 

children), while intermittent treatment carries the risk of rebound bone turnover and 

loss of therapeutic effects. Bisphosphonates have been proposed as a potential adjuvant 

treatment that may be used in conjunction with denosumab to maintain mineralization and 

prevent postdiscontinuation rebound in FD tissue [85]. However, there is no clinical data 

investigating the efficacy of this approach, which would lead to additional bone-turnover 

suppression and associated safety risks. An ongoing study (NCT03571191) will hopefully 

shed light on the clinical efficacy and histologic effects of denosumab treatment in FD, 

including postdiscontinuation rebound.
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Conclusions and Future Directions

A growing body of literature supports a potential role for denosumab in the management 

of GCTs, ABCs, and FD; however, important questions remain regarding long-term 

safety and efficacy. In the absence of high-quality studies, it is imperative that clinicians 

think critically about treatment goals for each patient because individual factors weigh 

heavily in determining denosumab’s risks and benefits. These factors include potential 

surgical approaches, morbidity fiom recurrence, and risks of postdiscontinuation rebound, 

which may vary greatly between patients. It is essential to consider plans for chug 

discontinuation prior to starting denosumab and to discuss these options with the patient and 

multidisciplinary care team. Safety monitoring, such as regular dental exams and periodic 

bone density assessment, should be performed to mitigate risks and inform decision-making, 

particularly in children.

There is a critical need to develop strategies for long-term denosumab treatment in patients 

with inoperable skeletal neoplasms. While the high-dose formulation appears likely to have 

beneficial effects on tumor activity, this dose is not appropriate for long-term use due to 

potential skeletal toxicity. It is possible that long-term treatment with lower and/or less 

Sequent “maintenance” doses may balance the need for continued efficacy with the risks 

of bone-turnover suppression. Another possibility is repeated short courses of high-dose 

denosumab, with monitoring for rebound and increased tumor growth in between. Clinical 

studies investigating these alternate regimens are needed, including the potential role for 

adjuvant long-acting medications such as bisphosphonates. Given the preponderance of 

pediatric patients affected by skeletal neoplasms, it is essential that these future studies 

include children.
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Fig. 1. 
Representative histologic images. Upper panels show sections from a giant cell tumor. a 
Hematoxylin and eosin staining shows characteristic areas of fibrous tissue (FT) interspersed 

with osteoclast-like giant cells (white arrows). b RANKL immunostaining shows positivity 

in neoplastic stromal cells. Prominent giant cells are again visualized (black arrows). Lower 

panels show sections from a fibrous dysplasia lesion. c Hematoxylin and eosin staining 

shows characteristic areas of fibrous tissue (FT) interspersed with discontinuous trabeculae 

of abnormal woven bone (WB). d High-power view shows giant cells (white arrows) amidst 

a background of fibrous tissue (FT) comprised of neoplastic stromal cells
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Fig. 2. 
Representative radiographic images of secondary aneurysmal bone cysts (ABCs). Panels a 
and b show images from a patient with craniofacial fibrous dysplasia who developed a slow-

growing, painless mass over several months. a MRI T2 sequence shows a large unilocular 

cyst with a visible fluid level (red arrow) and compression of surrounding brain tissue. b 
Corresponding CT scan reveals a thin “eggshell” border (red arrow), with no visible fluid 

levels. Note the presence of cranial fibrous dysplasia showing an expanded, “ground glass” 

homogeneity (red asterisk). Panels c and d show images from a patient with craniofacial 

fibrous dysplasia who presented with progressive unilateral proptosis over several months. 

MRI T2 sequence shows a multiloculated fluid-filled cyst in the left frontal area visible in 

axial (c) and sagittal (d) views
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Fig. 3. 
Representative clinical and radiographic images in fibrous dysplasia. a Photograph of a 

child shows typical skin hyperpigmentation (black arrowhead) and bowing of the lower 

extremities (red arrow). b Technetium-99 scintigraphy scan from the child in panel a 
shows diffuse tracer uptake in areas of fibrous dysplasia involving the skull, spine, and 

bilateral extremities (red arrows). c Axial computed tomography scan of the skull shows 

expansile maxillary lesions (red arrows) leading to compression of the nasal canal. Note 

the homogeneous, “ground glass” appearance of the bone. d Radiograph of the bilateral 

femurs shows extensive fibrous dysplasia involvement, with characteristic “ground glass” 

homogeneity and thin cortices. A surgical implant is visible in the right proximal femur. 

Note the rachitic growth plate reflecting FGF23-mediated hypophosphatemia (red arrow)
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