
CASE REPORT

A High-grade Sarcoma Arising in a Patient With Recurrent
Benign Giant Cell Tumor of the Proximal Tibia While Receiving
Treatment With Denosumab

Luis A. Aponte-Tinao MD, Nicolas S. Piuzzi MD,

Pablo Roitman MD, German L. Farfalli MD

Received: 8 October 2014 / Accepted: 3 March 2015 / Published online: 11 March 2015

� The Association of Bone and Joint Surgeons1 2015

Abstract

Background A giant cell tumor of bone is a primary be-

nign but locally aggressive neoplasm. Malignant

transformation in a histologically typical giant cell tumor

of bone, without radiotherapy exposure, is an uncommon

event, occurring in less than 1% of giant cell tumors of

bone. Although surgery is the standard initial treatment,

denosumab, a monoclonal antibody drug that inhibits re-

ceptor activator of nuclear factor-jB ligand (RANKL), has

shown considerable activity regarding disease and control

of symptoms in patients with recurrence, unresectable, and

metastatic giant cell tumors of bone.

Case Description We report the case of a 20-year-old

woman with a recurrent benign, giant cell tumor of bone,

who had a bone sarcoma develop while receiving deno-

sumab treatment.

Literature Review To our knowledge, there have been no

reports of infection ormalignancywith low-dose denosumab

administration for osteoporosis. However, while there are

relatively few reported side effects, the safety of denosumab

and adverse events seen with higher doses, as used in treat-

ment of giant cell tumors of bone are not well defined.

Clinical Relevance Denosumab has become a valuable

adjunct for treatment of recurrent or unresectable giant cell

tumor of bone. It is not clear if our patient’s malignant

transformation of a giant cell tumor of bone while receiv-

ing denosumab treatment was caused by denosumab, but it

is important to be aware of the possibility if more cases

occur. Future studies should focus on the safety of high-

dose denosumab administration in patients with a benign

unresectable giant cell tumor of bone.

Introduction

A giant cell tumor of bone is a primary benign but locally

aggressive neoplasm [14]. The tumor has characteristic

large multinucleated osteoclast-like giant cells expressing

receptor activator of nuclear factor-jB (RANK) and mes-

enchymal spindle-like stromal cells expressing RANK

ligand (RANKL); this cell interaction leads to bone re-

sorption [17, 23]. Although surgery is the standard primary

treatment, denosumab, a monoclonal antibody drug that

inhibits RANKL, has shown considerable activity regard-

ing disease and symptoms in cases of recurrent and

metastatic giant cell tumor of bone [4].

It has been well recognized that malignant transforma-

tion of giant cell tumor of bone may occur. However with
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an incidence ranging from 1.4% to 6.6%, most cases follow

radiation therapy or multiple local recurrences [1, 3, 9, 12,

18]. In histologically typical giant cell tumor of bone,

without former radiotherapy, sarcomatous change has been

reported in less than 1% of patients [24].

We describe the case of a patient with a benign recurrent

giant cell tumor of bone who had a secondary malignant

giant cell tumor of bone develop during treatment with

denosumab.

Case Report

A 15-year-old female presented to another institution with

right knee pain in July 2009. Radiographs (Fig. 1A), MRI

(Fig. 1B), and CT were performed. After CT, a guided

biopsy showed a benign giant cell tumor of bone. Intrale-

sional resection and reconstruction were performed at

another institution in September 2009 (Fig. 1C, D).

Evaluation of the entire specimen from the curettage con-

firmed the histologic diagnosis giant cell tumor of bone

(Fig. 1E, F).

One year after the first procedure, the patient presented

at our center with right knee pain. Radiographic and CT

studies revealed an osteolytic lesion that destroyed the

posterior cortex of the allograft and the tibia (Fig. 2A, B).

A CT-guided biopsy showed recurrent giant cell tumor of

bone; therefore, a proximal tibal en bloc resection was

performed in August 2010 (Fig. 2C, D). The histologic

features of the specimen were consistent with a benign

giant cell tumor of bone (Fig. 2E). The patient’s postop-

erative course was uneventful until January 2013, when a

followup radiograph and CT showed a new local soft tissue

recurrence in the popliteal fossae (Fig. 3A). An intrale-

sional resection was performed in February 2013. The

histologic features of the recurrence corresponded to a

benign giant cell tumor of bone, just as had the previous

specimens (Fig. 3B).

Fig. 1A–F The preoperative (A) AP radiograph and (B) T1-weighted
MR image show a lytic mass. Rodilla derecha = right knee. The

patient underwent tumor resection and allograft reconstruction at

another center, as shown in (C) AP and (D) lateral radiographs. The
surgical resection specimen from September 2009 shows a population

of mononuclear plump stromal cells with round, ovoid, or spindle

nuclei and evenly distributed multinucleated giant cells. (E) The low-
power (Stain, hematoxylin & eosin; original magnification, 910) and

(F) high-power views (Stain, hematoxylin & eosin; original magni-

fication, 940) show sheets of mononuclear cells interspersed with

multinucleated giant cells.
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Owing to the local aggressiveness of the tumor and the

belief that a radical resection was not feasible, in May 2013

we decided to initiate treatment with denosumab as an

adjuvant to avoid future recurrences. The administration

began with a 360 mg subcutaneous dose, then 120 mg

subcutaneously monthly (every 28 days) according to

current FDA-approved protocol [22]. By October 2013, we

observed clearly demarcated osteosclerosis of the recurrent

mass located in the popliteal region (Fig. 4). Pain around

the patient’s right knee diminished but another tumor re-

section was recommended as it recently was reported that

although denosumab almost completely eliminates the

expression of RANKL and histologic evaluation shows the

absence of giant cells, the neoplastic stromal cells com-

ponent may persist and regrow [10].

Because of the patient’s clinical improvement, however,

she refused surgical resection and continued with deno-

sumab treatment. The clinical improvement persisted until

June 2014, when a rapidly growing, painful, palpable mass

was detected in the popliteal fossa. A CT scan revealed that

the palpable mass involved two different sections with two

levels of density: a low-density component and a high-

density, calcified component (Fig. 5A). An open biopsy

was performed, obtaining samples from both components.

When histologically analyzing the specimens, we observed

that the low-density component, previously identified with

CT scan, corresponded to a high-grade sarcoma (Fig. 5 B,

C), while the high-density component corresponded to

areas of giant cell tumor of bone with changes related to

denosumab treatment (Fig. 5 D-F). Denosumab-related

changes comprise depletion or absence of giant cells, fi-

brosis, and ossification. As no associated regional

lymphadenopathy was detected, and chest CT showed no

evidence of metastases, an above-knee amputation was

performed. The amputation specimen revealed that the

low-density components corresponded to a tan–yellow

mass measuring 15 cm 9 7 cm. Histologic analysis of these

components showed a high-grade pleomorphic sarcoma

Fig. 2A–E The (A) lateral radiograph and (B) CT scan show the

osteolytic lesion destroyed the posterior cortex (yellow arrow) in the

union of the allograft and the native tibia. (C) AP and (D) lateral view
radiographs show en bloc resection and reconstruction with an

alloprothesis, performed in August 2010. (E) The high-power view

(Stain, hematoxylin & eosin; original magnification, 940) of the

surgical resection specimen shows the two typical cell populations;

the nuclei of the mononuclear cells are similar to the nuclei of the

giant cells.
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with 15 mitoses per high-power field and extensive

necrosis (approximately 40% of the tumor). No neoplastic

bone formation was observed. Histologic analysis of the

specimen remainder showed absence of giant cells with

persistence of mononuclear stromal cells, fibrosis, and os-

sification as seen after denosumab treatment.

At last followup, 6 months after the amputation, the

patient was disease-free.

Discussion

Giant cell tumor of bone is classified as a benign tumor,

although recurrence rates range from 0% to 65%,

depending on the type of treatment provided and tumor

location [8]. Secondary malignant transformation in a

previously histologically typical giant cell tumor of bone

without any record of previous radiotherapy is exception-

ally uncommon (occurring in less than 1% of patients)

[24]; therefore, only a few case reports address this event

[6, 7, 11, 13, 16, 19].

Although extremely unusual, sarcomas arising in a benign

giant cell tumor have been reported [15, 24]. They usually

contain areas of benign giant cell tumors and a biopsy may

not initially reveal the existence of a malignant tumor [1].

Because our patient had multiple surgical resections with

complete histologic analysis of the pathologic specimens, it

is improbable that the malignant component would have

been present initially and misdiagnosed.

Sarcoma arising in a giant cell tumor of bone may fol-

low radiation therapy or occur in postsurgical recurrences.

Some patients may have a giant-cell-rich sarcoma or os-

teosarcoma at initial diagnosis. Although the sarcoma

cannot be distinguished on the basis of radiographic and

histologic presentations, it is believed that the etiology

differs [1]. Sakkers et al. [19] suggested a theory con-

cerning malignant transformation of giant cell tumor of

bone treated by curettage and bone grafting; in this context,

reparative proliferative changes that occur at the margins of

an area of dead bone could serve as the departure point for

development of a malignant tumor.

A giant cell tumor of bone is thought to be biphenotypic,

involving osteoclast-like giant cells expressing RANK, and

mesenchymal spindle-like neoplastic stromal cells ex-

pressing RANKL. The interaction between these cells leads

to bone resorption [23]. Denosumab, a monoclonal anti-

body that binds RANKL and directly inhibits

osteoclastogenesis, has shown objective changes in the

tumor along with clinical responses in patients with an

unresectable tumor or large recurrences who have few

Fig. 3A–B (A) The lateral ra-

diograph obtained in January

2013 shows a lytic mass in the

popliteal fossae (red arrow). An

intralesional resection was per-

formed in February 2013. (B) The
surgical specimen shows diffuse

proliferation of mononuclear

stromal cells and osteoclast-like

nultinuclear giant cells, corre-

sponding to typical findings of a

giant cell tumor of bone (Stain,

hematoxylin &eosin; original

magnification, 940).

Fig. 4 After 5 months of denosumab treatment, a clear demarked

sclerotic formation appeared in October 2013.
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other treatment options [25]. It recently was reported that

denosumab almost completely eliminates the expression of

RANKL, and histologic evaluation shows the absence of

giant cells but the persistence of neoplastic stromal cells

[10]. We believe that patients treated with denosumab

should have a surgical resection after denosumab admin-

istration whenever possible to avoid regrowth of the tumor.

To our knowledge, there have been no reports of sig-

nificant adverse events, such as malignancy or infections

with lower doses of denosumab administration in patients

with osteoporosis (60 mg subcutaneously every 6 months)

in the 3- or 6-year Fracture Reduction Evaluation of

Denosumab in Osteoporosis Every 6 Months (FREEDOM)

extension trial [2]. However, the safety of denosumab and

adverse events with higher doses (beginning with a 360-mg

dose and then 120-mg monthly every 28 days), as used in

treating patients with giant cell tumor of bone, has not been

well defined. The effectiveness of denosumab regarding

disease and symptom control in patients with an unre-

sectable or recurrent giant cell tumor of bone has been

seen, without severe adverse effects [22]; however, Tho-

mas et al. [22] reported, in a Phase 2 study, that the reason

for two of their four patients discontinuing the denosumab

regimen before completion of planned treatment was be-

cause of disease progression of a malignant giant cell

tumor of bone. Additionally although five patients had

serious adverse events, none were deemed to be treatment-

related. It has been questioned if RANKL inhibitors affect

inflammation and immunity, as RANKL is expressed by

endothelial cells, T lymphocytes, synovial fibroblasts, and

various tumor cells [5]. Nevertheless, no meaningful clin-

ical extraskeletal effects have been reported after

denosumab administration for osteoporosis, and the overall

rate of infections, cancer, and patient mortality have been

similar with denosumab use compared with placebo at

doses used for the treatment of patients with osteoporosis

[5, 20]. High-dose denosumab therapy, similar to that used

in patients with an unresectable giant cell tumor of bone,

was recommended for prevention of skeletal-related events

in patients with bone metastasis from a solid tumor [21]. In

that study, it was difficult to assess long-term side effects

related to denosumab therapy as patients had a limited life

expectancy owing to the oncologic disease [21].

We present the findings of a patient who had a sarcoma

develop in a previously benign, recurrent giant cell tumor

of bone while receiving denosumab therapy. We cannot

Fig. 5A–F In July 2014, (A) a CT scan showed two different levels

of density: a low-density component (yellow arrow) and a high

density, calcified component (red arrow). An open biopsy was

performed. The surgical specimen showed that the areas correspond-

ing to the low-density component revealed (B) a high-grade neoplasm
with extensive necrosis and spindle to pleomorphic cells with

prominent nucleoli and (C) a high mitotic rate (Stain, hematoxylin

& eosin; original magnification, 940). The high density component

showed calcified nodules, (D) fibrous tissue and a partially ossified

giant cell tumor, (E) scattered spindled mononuclear cells between

osteoid and woven bone, and (F) woven bone and fibrous tissue with

no mononuclear or giant cells (Stain, hematoxylin & eosin; original

magnification, 940).
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confirm whether denosumab treatment was causative or

contributed to the development of the sarcoma or whether

this was coincidental. We do believe, however, that this

finding should be reported because denosumab is being

used more frequently in the treatment of patients with a

benign giant cell tumor of bone. Treating physicians should

be aware of the possible association and further prospective

studies should focus on the safety of denosumab therapy

when used in high doses for treatment of patients with a

benign unresectable giant cell tumor of bone.

References

1. Bertoni F, Bacchini P, Staals EL. Malignancy in giant cell tumor

of bone. Cancer. 2003;97:2520–2529.

2. Bone HG, Chapurlat R, Brandi ML, Brown JP, Czerwinski E,

Krieg MA, Mellström D, Radominski SC, Reginster JY, Resch H,

Ivorra JA, Roux C, Vittinghoff E, Daizadeh NS, Wang A,

Bradley MN, Franchimont N, Geller ML, Wagman RB, Cum-

mings SR, Papapoulos S. The effect of three or six years of

denosumab exposure in women with postmenopausal osteo-

porosis: results from the FREEDOM extension. J Clin Endocrinol

Metab. 2013;98:4483–4492.

3. Campanacci M, Baldini N, Boriani S, Sudanese A. Giant-cell

tumor of bone. J Bone Joint Surg Am. 1987;69:106–114.

4. Chawla S,HenshawR, Seeger L, Choy E, Blay JY, Ferrari S, Kroep

J, Grimer R, Reichardt P, Rutkowski P, Schuetze S, Skubitz K,

Staddon A, Thomas D, Qian Y, Jacobs I. Safety and efficacy of

denosumab for adults and skeletally mature adolescents with giant

cell tumour of bone: interim analysis of an open-label, parallel-

group, phase 2 study. Lancet Oncol. 2013;14:901–908.

5. Ferrari-Lacraz S, Ferrari S. Do RANKL inhibitors (denosumab)

affect inflammation and immunity? Osteoporos. Int. 2011;22:

435–446.

6. Grote HJ, Braun M, Kalinski T, Pomjanski N, Back W, Bleyl U,
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