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review of literature
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Giant cell tumor of the bone (GCTB) is a locally aggressive neoplasm where

surgery is often curative. However, it can rarely give rise to distant metastases.

Currently, the only available active therapeutic option for unresectable GCTB is

denosumab, an anti-RANKL monoclonal antibody that dampens the aggressive

osteolysis typically seen in this disease. For advanced/metastatic GCTB,

denosumab should be continued lifelong, and although it is usually well

tolerated, important questions may arise about the long-term safety of this

drug. In fact, uncommon but severe toxicities can occur and eventually lead to

denosumab discontinuation, such as atypical fracture of the femur (AFF). The

optimal management of treatment-related AFF is a matter of debate, and to

date, it is unknown whether reintroduction of denosumab at disease

progression is a clinically feasible option, as no reports have been provided

so far. Hereinafter, we present a case of a patient with metastatic GCTB who

suffered from AFF after several years of denosumab; we describe the clinical

features, orthopedic treatment, and oncological outcomes, finally providing

the first evidence that denosumab rechallenge after AFF occurrence may be a

safe and viable option at GCTB progression.
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Introduction

Giant cell tumor of the bone (GTCB) is a rare mesenchymal

neoplasm, accounting for <5% of tumors directly arising from

the bone. It typically affects the long bones, but may also arise

from the axial skeleton, in particular from the sacrum or

vertebrae (1). GTCB is regarded as a “rarely metastasizing”

entity, according to the WHO classification, usually presenting

with locally aggressive features, behaving as a mass progressively

enlarging and destroying the bone and invading surrounding

structures (2, 3). Distant metastases, mainly pulmonary, are

reported in <5% of all GCTB cases. Histologically, GCTB

consists of three different cellular populations: receptor

activator of nuclear factor-kappa beta ligand (RANKL)-

expressing ovoid stromal cells, which are the true neoplastic

cells that actively recruit the other two populations into the

tumor microenvironment, and osteoclastic multinucleated giant

cells expressing RANKL and RANK-expressing myeloid

mononuclear cells. The osteoclast-like giant cells are

responsible for the typical aggressive osteolysis seen in this

disease. This is accomplished via the RANK–RANKL axis, a

process that physiologically serves in bone remodeling and

osteoclastic differentiation and activity, and which is

upregulated in GCTB, ultimately inducing bone resorption

(4–8).

For a localized, resectable disease, surgery is the standard

treatment, with different possible approaches (intralesional

curettage with or without adjuvant therapy and en bloc

excision) depending on tumor primary site, size, and

involvement of surrounding soft tissues, which is the most

relevant risk factor for local recurrence (1, 2). Of note,

compared to local curettage, en bloc resection yields a lower

recurrence rate, which nonetheless remains significant (up to

15%) (9–13).

For many years, patients with locally advanced, unresectable,

or metastatic GCTB had limited, unsatisfactory treatment

options, until the availability of denosumab, a fully humanized

monoclonal antibody (mAb) that binds to and inhibits RANKL,

therefore blocking the RANK–RANKL axis, halting the

formation of osteoclastic giant cells, and finally dampening the

osteolytic process (14–16). The introduction of denosumab

revolutionized the therapeutic landscape of GCTB.

Denosumab ’s safety and efficacy in this setting were

demonstrated in an international phase II trial and confirmed

in the real-world setting, obtaining durable, objective responses

in the vast majority of patients (17–19). It currently represents

the standard treatment for metastatic or technically unresectable

disease, with a well-known, generally acceptable short-term

toxicity profile, with grade 3 adverse events occurring in

approximately 20% patients and rarely reported serious

adverse events. Much less is known about denosumab’s long-

term toxicity profile and safety, which is relevant in this setting
Frontiers in Oncology 02
where denosumab treatment might be required lifelong (13, 16,

20). Uncommon but serious complications from denosumab

treatment are osteonecrosis of the jaw (ONJ) and atypical femur

fracture (AFF). AFF’s incidence reported in trials is low

(approximately 1%), but, as it usually occurs after multiple

years of treatment and data with patients on long-lasting

therapy is limited, its true incidence may be underestimated

(17, 18).

When AFF occurs, current guidelines recommend prompt

discontinuation of denosumab and appropriate orthopedic

treatment (21, 22). Currently, no data are available on the

feasibility of denosumab rechallenge after AFF resolution in

patients with GCTB progression.

We herein reported the case of a patient suffering from a

metastatic GCTB and developing AFF after several years of

denosumab treatment. We described the clinical presentation,

the orthopedic approach, and oncological outcomes, showing

how denosumab could be safely restarted at the time of

disease progression.
Case presentation

An otherwise healthy 20-year-old woman was diagnosed

with GCTB in February 2009, after an accidental fall while

skiing. X-Ray examination showed an osteolytic area in the

proximal tibia. The lesion was resected via curettage, and

histological examination was positive for GCTB. Subsequent

systemic staging highlighted a 5-cm large sacral primary

(Figure 1, left panel), multiple bone (D9-11, L3, L5, right

hemi-sacrum, and right femur) metastases and one single

pulmonary metastasis in the superior lobe of the left lung.

Diagnosis of GCTB was histologically confirmed on the sacral

lesion. Family history was negative for cancer, and patient had

no comorbidities at the time of the event. The patient was

symptomatic for diffuse back and buttock pain, invalidating her

normal daily activities and gradually determining an impairment

in walking, which finally constrained her to the use of a

wheelchair. Given the diagnosis and the disease extent, in

November 2009, she was started with denosumab (120 mg

subcutaneously, once per month, following the loading dose of

120 mg day 1-8-15), obtaining a reduction in tumor size and

resolution of all GCTB-related symptoms (Figure 1, right

panel). The disease response and clinical benefit were

maintained for over 10 years. After 132 months of treatment

(November 2019, at the age of 30), the drug was interrupted due

to a fracture of the left femur diaphysis, after a minor trauma

(low-energy fall while walking). The fracture carried the typical

clinical and radiological features of a complete displaced AFF

(Figure 2, left panel), which was related to denosumab. The

patient was treated with open reduction and intramedullary

nailing, along with calcium and vitamin D daily supplements, to
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accelerate fracture healing (Figure 2, right panel). However,

bony callus fully consolidated only 13 months after the nailing.

GCTB remained stable for 14 months after denosumab

discontinuation, when a new CT scan showed progressive

disease by RECIST, marked by the appearance of two new

lesions in the right iliac wing and in L5 soma (Figure 3, left

panel). After multidisciplinary evaluation and orthopedic

assessment, denosumab was restarted at the previous dosage

(120 mg per month, subcutaneously). At the first re-assessment,

3 months later, a new tumor stabilization was documented and

confirmed at 1 year, with no evidence of AFF relapse or

additional serious adverse events reported (Figure 3,

right panel).
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Discussion and literature review

We reported on a patient presenting with a highly

symptomatic, metastatic GCTB, treated with denosumab, and

achieving a disease response and clinical benefit maintained for

several years, who eventually developed a denosumab-related

AFF, a rare but serious adverse event associated with long-term

treatment with denosumab. Denosumab was interrupted, and

the fracture could be surgically managed and cured, although

with a significantly prolonged healing time. As disease

progression occurred after 14 months from denosumab

discontinuation, the treatment was restarted, achieving a new

response and with no further treatment-related toxicity after 1
FIGURE 1

Response of target lesion (located in the sacrum) to denosumab in a metastatic giant cell tumor of the bone (GCTB). Left panel’s image is a CT
scan showing a sacral lesion at baseline, and, on the right panel, a CT scan after 3 months of denosumab treatment showing a reduction in
tumor size (partial response according to RECIST 1.1).
FIGURE 2

Plain X-ray showing complete, displaced femoral diaphyseal fracture (left panel), reported as an atypical femur fracture (AFF). Patient was treated
with open reduction and intramedullary nailing, but bone healing was delayed (plain X-ray after 5 months from surgery, central image). Bony
callus eventually fully consolidated after 13 months (right panel).
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year. To our knowledge, this is the first report suggesting that

denosumab rechallenge after AFF resolution is a feasible option

in patients with advanced, progressive GCTB.

Treatment of advanced GCTB relies on denosumab, which

drastically improved prognosis and quality of life in these

patients (17, 18). The safety and efficacy of this drug were first

reported by a multicenter phase 2 study (NCT00680992) and

subsequently confirmed (17, 18). These studies showed long-

lasting disease control and prolonged clinical benefit in

unresectable patients. However, the long-term major side

effects and how to handle major toxicity are not well

described. On the other side, there is no consensus about

denosumab discontinuation in advanced/metastatic GCTB.

There is evidence showing that at least nearly one-half of

patients do experience disease progression when the drug is

discontinued, after a median of <1 year (17, 20). On the other

hand, there are only anecdotal reports of effective denosumab

rechallenge at GCTB recurrence/progression so that more data

are needed (13). As long-term treatment with denosumab may

be associated with serious adverse events, like osteonecrosis of

the jaw (ONJ) and AFF, they need to be promptly recognized by

physicians (17). In addition, to our knowledge, there are no data

about denosumab rechallenge after AFF, while there are recent

data in the literature supporting it after ONJ development (23).

AFF is a term given to low-energy fractures along the

diaphysis of the femur, from distal to lesser trochanter to

proximal to the supracondylar flare, occurring in patients

undertaking antiresorptive drugs (like denosumab and

bisphosphonates) (22). Minimal traumas, like a fall from a

standing height, may be sufficient to provoke them. It is

estimated that AFF occurs in 3–50 cases per 100,000 person-

years in patients undergoing antiresorptive therapy, but its true

incidence remains elusive, and it appears to increase for long-

term use (more than 5 years) (24). Incidence of AFF in patients

receiving denosumab appears to be similar to the one observed
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for other antiresorptive drugs. A phase III randomized

FREEDOM trial evaluated 2,626 women treated with

denosumab for osteoporosis over a 10-year time span, finding

a very favorable risk–benefit profile and an AFFs’ incidence,

which was almost negligible. One should recall that dosage in

this setting (60 mg every 6 months) is very different than with

GCTB treatment (120 mg/month) (25). Dosing schedules

similar to GCTB are instead adopted for metastatic cancer

patients: in this setting, reported AFF incidence is extremely

low (3–50 cases per 100,000 persons per year), but if denosumab

therapy is protracted over several years, the risk may be

substantially higher (100 per 100,000 persons per year) (21,

25). Accordingly, a recent systematic review by Takahashi et al.

found that incidence rate in patients undertaking denosumab

therapy due to oncological reasons (therefore, at 120 mg

monthly) is approximately 2% (26). In addition, there are

compelling data on the association between AFFs and

glucocorticoids (22, 27–31). Other risk factors appear to be

Asian ethnicity, obesity, and vitamin D deficiency, which were

lacking in the case reported herein, but genetic factors could play

a role as well (24, 32). Exaggerated suppression of bone turnover

by denosumab is the likely cause of fracture formation (26). AFF

can be classified as complete if it extends through both cortices,

as in our case, or, alternatively, incomplete, when involving

lateral cortex only. From a clinical point of view, it is often

bilateral, typically preceded by prodromal symptoms such as

dull pain in the groin or thigh area and may be associated with

delayed fracture healing (a phenomenon termed “delayed

union”). AFFs are also characterized by peculiar radiographic

signs, such as periosteal callus formation (referred as “beaking”

or “flaring”), transverse or short oblique fracture line, and,

usually, lack of comminution (22). Early diagnosis can be

made with single-energy X-ray absorptiometry (SXA, different

from the better-known dual-energy X-ray absorptiometry, or

DXA) scan technology, as it could better detect “beaking” sign
FIGURE 3

After 14 months from denosumab discontinuation due to AFF, progressive disease was documented (new lesions in right iliac wing and L5
soma, left panel) and denosumab restarted. On the right panel, a CT scan obtained 3 months later shows stabilization of disease (stable disease
according to RECIST 1.1).
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and early signs of impending fracture and may be periodically

offered to patients requiring long-term antiresorptive therapy

(33, 34).

Preventive strategy may consist of drug holidays, as AFF risk

substantially decreases after antiresorptive drug cessation; although

this approach could be an option in the osteoporotic setting, it may

not be a solution for patients with GCTB following disease

progression. Upon AFF identification, current clinical practice

guidelines generally recommend denosumab discontinuation.

Internal fixation with intramedullary nailing is the treatment

usually adopted for complete AFF management, along with

adequate calcium and vitamin D supplementation. In our case, a

complete AFF occurred, so that we adopted the forementioned

approach. On the other hand, the best management for incomplete

AFF is still unclear. The non-operative treatment consists of partial

weight bearing, discontinuation of the bisphosphonates, and

prescription of supplements (calcium and vitamin D). However,

Koh et al. previously reported that the non-operative treatment fails

in nearly half of the cases requiring further surgery (35). By contrast,

Wang et al. reported that prophylactic surgery results in 97% rate of

healing and very few complications (36). The prophylactic surgery

is aimed to alleviate pain and to prevent the secondary displacement

and/or complications associated with a complete fracture, including

delayed union, non-union and implant failure. For these reasons,

prophylactic surgery for an incomplete fracture may be justified in

selected patients, such as patients with bilateral disease, persistent

pain, and/or a previous fracture on the opposite side (36). In this

respect, Jiang et al. performed a cost-effective analysis to investigate

the role of contralateral prophylactic femur fracture fixation after a

bisphosphonate-associated AFF (37). The model suggested that the

procedure is cost effective in patients between 60 and 89 years of age

with more than one risk factor, such as Asian ethnicity, prodromal

pain, varus proximal femur geometry, femoral bowing, or

radiographic changes such as periosteal beaking and a transverse

radiolucent line. Bony callus formation and healing will likely be

slower, and there is weak evidence supporting the prescription of

teriparatide (a PTH-recombinant agent promoting bone formation)

to accelerate this process, such that its routine employment is

controversial (22, 38, 39). Of note, studies indicate that possible

rebound vertebral fractures may occur as a result of denosumab

discontinuation. European Society for Medical Oncology (ESMO)

clinical practice guidelines recommend extreme caution when

considering discontinuation of denosumab in metastatic cancer

patients (21).

Currently, there are limited data on denosumab rechallenge at

disease progression in advanced GCTB, since in common practice,

denosumab is mainly administered for clinical conditions such as

osteoporosis and metastatic solid tumors in which it is not a life-

saving agent, as it is for advanced GCTB. One may well be hesitant

with denosumab rechallenge, and, in addition to that, common

sense might suggest that denosumab may slow bone healing.

Although this may be partially true, it was reported that this

mAb is also associated with increased deposition of woven and
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mature bone (19). In addition, it represents the only potentially

active systemic treatment for GCTB. Our group already reported on

a case series where denosumab was safely re-introduced after

osteonecrosis of the jaw, achieving good disease control, but we

could not find reports on denosumab rechallenge after AFF (23). In

the case presented herein, as disease progression was documented

14 months from its discontinuation due to AFF, in consideration of

the sustained benefit from denosumab before the complication

occurred, and because bone healing was complete, we re-introduced

denosumab with a new disease stabilization still enduring after

1 year.

As a serious adverse event requiring treatment interruption,

it would be worth understanding whether different dosing

schedules may reduce the risk for AFFs, whose risk increases

over time. Current clinical practice guidelines for GCTB

recommend three 120-mg subcutaneous injections during the

first cycle (at days 1, 8, and 15), followed by 120-mg injections

once monthly. In the lack of prospective data, for unresectable

and especially metastatic GCTB, current guidelines suggest that

the treatment needs to be continued until evidence of disease

progression or toxicity. The balance between maintaining a

prolonged disease control and the risks of adverse events due

to a chronic treatment is a major unsolved question that brings

the attention towards “drug holidays,” as it was explored for

other settings to prevent ONJ or AFF. In GCTB, this would need

to be answered prospectively, as denosumab is the only agent

with proven antitumor activity in the disease, and it is not

known if treatment holidays could induce secondary resistance

(20, 40–43). Unfortunately, a multicenter, open-label, phase II

randomized trial (the “REDUCE” trial, NCT0360149) by the

European Organization for Research and Treatment of Cancer

(EORTC) designed to answer this question in GCTB was

prematurely terminated due to poor accrual. It is therefore

unlikely that the question will formally be answered soon.

In Figure 4, we propose a brief clinical algorithm for the

management of denosumab-related AFF. Of course, identification

of risk factors and their mitigation/elimination would be useful,

and on-treatment surveillance for patients at a higher risk is

warranted; to this end, if available, SXA could be regularly (once

every 6–12 months) offered to patients who have been treated with

denosumab for more than 5 years. If diagnosed, a complete AFF

should be treated according to current clinical practice guidelines,

that is, internal fixation with intramedullary nailing, and

denosumab should be discontinued. Prophylactic surgery for an

incomplete fracture may be considered in selected patients. If a

patient is asymptomatic, this may not be justified. After

recovering, which will likely be slower than normal, patients

should be carefully monitored for potential disease progression,

which variably occurs in almost one half of cases. If there is

evidence of GCTB progression, providing the complete resolution

of the fracture, we believe that denosumab rechallenge might be a

reasonable and safe choice, to be individualized and shared with

the patient, balancing the possibility of an AFF recurrence with the
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need for disease control. Accordingly, strict monitoring for any

signs and symptoms indicative of AFF relapse should be

undertaken, as the risk may be higher in patients who have

already experienced an AFF (25, 44). In case of AFF

reoccurrence, the same pathway could be followed, even though

no such cases have been reported so far.

In conclusion, AFF can occur in patients on denosumab for

long. Our case recalls that it is manageable with denosumab

discontinuation and local treatment, even though the healing of

the fracture can take longer than expected in patients not treated

with this compound. As well known, GCTB tends to progress

after a while from treatment stop, but can be safely restarted,

achieving new disease control. Thus, an option of denosumab

rechallenge even in patients who experienced ONJ or AFF may

be clinically attractive. While our case suggests that it is feasible

also in AFF, joining efforts for the creation of a global registry for

GCTB would provide those real-world data about long-term

outcomes and toxicity, which would be definitely needed to

allow reliable standard recommendations.
Frontiers in Oncology 06
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding author.
Ethics statement

Written informed consent was obtained from the individual

(s) for the publication of any potentially identifiable images or

data included in this article.
Author contributions

SS and VN designed the study. AF, CM, CB, SS, and VN

collected and analyzed the data. AF, ML, SS, and VN drafted the

manuscript. All the authors critically reviewed the manuscript.

SS, PC, and ML supervised the final work. All listed authors read

and approved the final version of the manuscript.
Conflict of interest

AF, PC and SS perceived funds for institutional research and

grants from Advenchen Laboratories, Amgen Dompé, AROG
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