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Abstract. Giant cell tumor of bone (GCTB) is an osteolytic, 
locally aggressive tumor that rarely metastasizes and typically 
occurs in the bones. At present, the primary treatment for GCTB 
is curettage with local adjuvants. Giant cells express receptor 
activator of nuclear factor-κB ligand (RANKL). Denosumab, a 
RANKL inhibitor appears to present an effective therapeutic 
option in advanced cases of GCTB. The aim of the present 
study was to confirm the efficacy of denosumab in large group 
of patients with locally advanced GCTB. A total of 35 patients 
with histologically confirmed GCTB that were treated with 
denosumab with no participation in  clinical trials between May 
2013 and September 2015 were included in the present study. 
Denosumab treatment was administered until complete tumor 
resection was feasible or tumor progression or unacceptable 
toxicity had occurred. The mean denosumab treatment dura-
tion was 7.4 months. A total of 17 patients received surgery 
following denosumab treatment: 11 patients underwent wide 
en bloc resection with prosthesis implantation in 10 cases and 
6 patients were treated with intralesional curettage. Tumor 
progression was observed in 2 patients that underwent intral-
esional curettage without prosthesis implantation. In addition, 
tumor progression was observed during denosumab treatment 
in 2 patients that had previously undergone radiotherapy. 
The overall 1-year progression-free survival rate was 92.8%. 
Thus, for patients with advanced, unresectable, progressive or 
symptomatic pretreated GCTB, denosumab provides a thera-
peutic option not previously available, which has become the 
standard therapy in multidisciplinary management of GCTB.

Introduction

Giant cell tumor of bone (GCTB) is a relatively rare, locally 
aggressive benign osteolytic tumor that most commonly 
affects young adults. GCTB accounts for 4-10% of all 
biopsy-analyzed primary bone tumors (1-3).

The majority of lesions (85%) develop at the epiphyses of 
long bones, but may also occur in the sacrum, vertebral body 
and occasionally in the small bones of the hands and feet (4). 
In a small number of cases (1-4%), pulmonary metastasis has 
been reported (5,6). Spontaneous transformation to an overt 
malignancy occurs in <10% of cases (2,3).

The most common symptoms of GCTB include pain, 
swelling, impaired mobility of the joints, pathological frac-
tures of involved bones and deformation of the bone (2-4). 
On radiography, GCTB most commonly presents as a 
nonsclerotic, osteolytic lesion with clearly defined margins. 
In addition, pathological fractures located in the metaphysis 
of long bones that extend to the epiphysis in the subarticular 
region are common (3,7).

Core needle biopsy, open biopsy or intra-operative frozen 
section analysis are performed to establish the final diagnosis 
prior to or during surgery, due to the aggressive nature of the 
tumor and its tendency for malignant transformation (8-10). 
Microscopically, GCTB is composed of neoplastic and 
reactive cell populations. The cell population is composed 
of osteoclast-like multinucleated giant cells, rounded mono-
nuclear histiocytic cells and round/ovoid mononuclear stromal 
cells, which represent the proliferative neoplastic compo-
nent (8,11-13). The stromal cells grow in a syncytium, exhibit 
ill-defined cell borders with little eosinophilic cytoplasm 
and variable degrees of mitotic activity. Foci of necrosis and 
vascular invasion may also be present. Tumors may demon-
strate benign fibrous histiocytoma-like areas, hemosiderin 
deposits, secondary aneurysmal bone cyst changes (10-15% of 
tumors) and reactive bone formation (6,9,11,14).

Regarding the functional molecular biology of GCTB, 
receptor activator of nuclear factor-κB ligand (RANKL) is 
highly expressed by neoplastic mononuclear mesenchymal 
stromal cells (15-17), whereas RANK is expressed on 
osteoclast-like cells, which are recruited secondarily in 
the tumor, but are responsive to the aggressive osteolytic 
activity (2). RANK-RANKL interactions, which are involved 
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in normal bone formation and function, and macrophage 
colony-stimulating factor exhibit important functions in osteo-
clastogenesis by stimulating the recruitment of osteoclastic 
cells from blood-born mononuclear osteoclast precursor cells 
that differentiate into multinucleated osteoclast-like giant 
cells (12,18-20). This is supported by the observation that giant 
cells in GCTB exhibit an osteoclast-like phenotype. Thus, 
these consistent findings confirm the involvement of imbal-
anced RANKL and RANK expression and dysregulation of 
the RANKL-RANK-osteoprotegerin signaling pathway in the 
pathogenesis of GCTB and induction of bone over-resorption 
at the tumor site.

A recent study identified the driver H3F3A gene mutation 
in 92% of GCTBs, which occurred exclusively in stromal 
cells (21).

Primary malignancy in GCTB is observed at initial 
diagnosis as an area of morphologically distinct malignant 
mesenchymal tumor cells within an otherwise conventional 
GCTB. In secondary malignant GCTB, sarcomas arise 
subsequent to previous radiation or surgical treatment and the 
pre-existing GCTB is not always evident (8,11).

One study hypothesized that the histological features of 
GCTB indicate subsequent behavior and thus may predict 
prognosis while providing valuable guidance in treatment (22). 
GCTB is classified into 3 types: Grade I, tumors exhibit sparse 
stroma and giant cells predominate; Grade II (atypical/border-
line GCTB, identified using H3F3A mutation testing), tumors 
composed of a smaller giant cell population with atypical cells 
or single atypical mitoses in the more pronounced stroma; 
Grade III, tumors represent overt malignant sarcoma (occa-
sionally low-grade) (22). This grading system primarily shows 
continuum between histologically benign and sarcomatous 
tumors, underscoring the presence of borderline lesions, 
which have worrisome features at imaging examinations, but 
provided they have a positive H3F3A mutation status, still 
respond well to denosumab treatment. The majority of GCTB 
cases are classified as grade I, however, ≤20% of cases, even in 
the absence of histological malignant traits, invade the cortex 
and directly extend into adjacent soft tissues. This results in 
major discrepancies between histological tumor grade and 
radiological stage (23). Radiological staging is considered 
more important than histological grading for predicting the 
clinical behavior of GCTB, including recurrence and meta-
static potential (2,5,7).

It is also difficult to differentiate GCTB from other 
mimicking benign bone lesions, such as aneurysmal bone cyst, 
giant cell reparative granuloma, brown tumor of hyperpara-
thyroidism, benign fibrous histiocytoma or chondroblastoma, 
as well as malignant lesions, such as giant cell rich or telean-
giectatic osteosarcoma and undifferentiated pleomorphic 
sarcoma (24).

The primary treatment for GCTB is surgery, however 
local recurrence or metastasis may occur. The type of surgical 
treatment selected depends on the feasibility of curettage 
compared with resection and the risk of local recurrence. The 
most common surgical treatment is local curettage, which 
exhibits varying rates of local recurrence depending on the 
use of local adjuvants such as phenol, liquid nitrogen and poly-
methylmethacrylate cement, described as improved (12-27% 
of local recurrence) compared with local controls. If local 

adjuvants are not utilized, the mean recurrence rate is higher 
(21-65%) (2,7). Furthermore, the risk of local recurrence is 
markedly increased by soft tissue extension (20-25% of all 
GCTBs) (7,25). More aggressive forms of surgical treatment, 
such as en bloc wide resection, may potentially decrease the 
risk of local recurrence (3), however, this procedure may lead 
to reconstruction problems and impaired functional anatomy. 
Prosthesis may be used for local treatment, which results in 
a good quality of life, however, the risk of local recurrence 
following this procedure is unclear, and possible complica-
tions, particularly in relatively young patients affected by 
GCTB, must be considered when planning therapy (26,27). 
En bloc resection should be considered in cases of multiple 
recurrent GCTB, impossible joint salvage, extensive cortex 
destruction (insufficient cortex left to curette) and extensive 
soft tissue involvement (2,7).

Moderate-dose radiotherapy (40-55 Gy) has previously 
been demonstrated as an effective primary treatment in unre-
sectable GCTB and in cases of residual or recurrent disease 
whereby surgery would result in unacceptable morbidity, 
however, with the introduction of RANKL inhibitors this must 
be redefined and limited to individualized cases. In addition, 
the risk of malignant transformation after radiotherapy is 
0-5% (3).

Bisphosphonates and interferon-α have also been used in 
GCTB treatment. Bisphosphonates inhibit osteoclast activity 
and promote their apoptosis, which prevents bone resorption. 
A previous case study reported that biphosphonate treat-
ment reduced the local recurrence rate of GCTB from 30% 
in the control group to 4.2% in the bisphosphonates-treated 
group (28).

Recently, the RANKL inhibitor, denosumab, has been 
investigated as a treatment for advanced GCTB (1,29). Deno-
sumab is a human monoclonal antibody that binds to RANKL 
and prevents RANKL activation, thereby inhibiting the matu-
ration of osteoclasts (29,30). The high efficiency of GCTB 
denosumab treatment has been confirmed in two phase II 
studies. An open-label phase II study reported an objective 
response to denosumab therapy in 86% of patients, whereby an 
objective response was defined as >90% elimination of giant 
cells on histopathological evaluation or no radiographical 
progression of the lesion (31). A second, larger study revealed 
that 96% of surgically unsalvageable GCTB patients exhibited 
no disease progression during treatment (median follow-up 
time, 13 months) and acceptable drug toxicity (31-33). Deno-
sumab treatment should be continued until radical resection of 
the tumor is possible or progression or unacceptable toxicity 
has occurred.

The present study is the largest single center analysis 
of denosumab treatment in GCTB patients used in routine 
practice to date.

Materials and methods

Patients and procedures. A total of 35 patients with histologi-
cally confirmed GCTB treated with denosumab in a referral 
center (Maria Skłodowska‑Curie Memorial Cancer Center 
and Institute of Oncology) without participation in clinical 
trials between May 2013 and September 2015 were included 
in the study. All pathological diagnoses were reviewed by a 
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reference pathologist in our center. Seven cases could not be 
diagnosed pathologically and thus, mutational status of the 
H3F3A gene was tested, which revealed that all patients were 
positive for the H3F3A gene mutation.

The lesions were located in the lower limbs in 17 (49%) 
patients (49%), in the upper limbs of 11 patients (31%) and 
the axial skeleton in 7 patients (20%). All cases were evalu-
ated by a multidisciplinary team (MDT) prior to the start of 
therapy with denosumab. A total of 24 (68%) patients exhib-
ited primary tumors after diagnostic biopsy, while 11 (31%) 
patients exhibited recurrent tumors after undergoing previous 
surgical procedures. A total of 10 (29%) cases, which were 
predominantly located in axial locations, were defined as 
unresectable and 24 patients exhibited locally advanced 
tumors with soft tissue involvement [grade III, according to 
radiographic staging systems by Campanacci et al (6)], and the 
majority of these cases exhibited penetration of the joint, were 
not suitable for limb-sparing surgery or exhibited an extremely 
high risk of tumor recurrence.

Patient demographics and clinicopathological character-
istics are shown in Table I. A slight female predominance 
(60%) was observed. The mean age of the patient cohort was 
32 years-old (range, 19-74 years-old).

A total of 4 patients had received radiotherapy prior to 
denosumab treatment. Furthermore, 3 patients had undergone 
total resection and 3 patients had undergone subtotal resection 
prior to denosumab treatment. One patient had been treated 
with surgery and radiotherapy.

All patients received subcutaneous injections of deno-
sumab (120 mg) every 28 days, with additional injections 
on days 8 and 15 of the first month, in addition to calcium 
(1,000 mg/day) and vitamin D (400 IU/day) supplements. 
Treatment was continued until complete tumor resection 
was feasible (as assessed by the MDT) or tumor progres-
sion or unacceptable toxicity had occurred. Adverse events 
were recorded and graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
(version 4.0) (34). Tumor status was assessed every 3 months 
by computed tomography or magnetic resonance imaging. In 
addition, X-rays were performed every 2-3 months. 

Written informed consent was obtained from all patients 
for the publication of this study, and study approval was 
obtained from the Institutional Review Board of Maria 
Sklodowska-Curie Memorial Cancer Center and Institute of 
Oncology (Warsaw, Poland).

Results

Denosumab treatment. The mean denosumab treatment dura-
tion was 7.4 months (median, 7 months) (Table II).

The median treatment time in the patients who under-
went surgery after neoadjuvant therapy, but had not received 
denosumab postoperatively, was 7.2 months (5-12 months). 
In patients who continued monthly denosumab treatment 
who had not yet undergone surgery (or those who were 
considered as definitively unresectable), the median treat-
ment time was 7.8 months (2-16 months) (Table II). A total 
of 17 (49%) patients at the data cut-off date (study end 
date of September 2015) had undergone surgery. A total of 
15 patients continue to receive treatment with denosumab 
(two additionally as a salvage therapy following tumor 
recurrence after surgery). Of the 18 patients who did not 
undergo surgery, 2 patients developed progression and 
started chemotherapy, and 16 remain on denosumab treat-
ment. All patients remain alive.

Table I. Demographic and clinicopathological characteristics 
of 35 GCTB denosumab-treated patients included in the 
present study.

Parameter Value

Gender, n (%)
  Female 21 (60)
  Male  14 (40)
Median age, years (range) 32 (19-74)
GCTB disease type, n (%)
  Unresectable primary tumor   9 (26)
  Resectable high-risk primary tumor 26 (74)
Prior GCTB therapies, n (%)
  Biopsy only 24 (68)
  RT   4 (11)
  Subtotal resection 3 (9)
  Radical resection 3 (9)
  Surgery + adjuvant RT 1 (3)

Tumor localization, n (%)
  Lower limb 17 (49)
    Tibia 10 (29)
    Femur   6 (17)
    Fibula 1 (3)
  Upper limb 11 (31)
    Humerus   4 (11)
    Radius   5 (14)
    Ulna 1 (3)
    Metacarpal bone 1 (3)
  Axial   7 (20)
    Sacrum   5 (14)
    Ilium 1 (3)
    Ischium 1 (3)

GCTB, giant cell tumor of bone; RT, radiotherapy.

Table II. Duration of treatment with denosumab in the present 
study.

  Mean
 treatment time,
Group Patients, n  months (range)

Total 35 7.4 (2-16)
Surgery 17 7.2 (5-12)
No surgery 18 7.8 (2-16)
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Adverse events. In general, treatment was well tolerated and no 
grade IV toxicity was observed. However, 2 patients exhibited 
grade III toxicity: 1 patient experienced hypophosphatemia 
after 10 months of denosumab treatment and 1 patient exhibited 
hypocalcemia after 7 months of treatment with denosumab. A 
total of 11 patients exhibited grade II adverse events (Table III).

Surgery. Of all denosumab-treated patients, 17 (49%) patients 
underwent surgery after denosumab treatment. Wide en bloc 
resection was performed in 11 patients, with prosthesis implan-
tation in 10/11 cases, while 6 patients underwent intralesional 
curettage with high-speed burr and allograft or bone cement 
(Table IV). Patients that underwent prosthetic replacement 
exhibited a longer median preoperative duration of denosumab 
therapy when compared with patients undergoing surgery 
without prosthetic implantation.

Pathological changes. Following therapy with the RANKL 
inhibitor denosumab, in GCTB en bloc resection specimens, 
giant cells disappeared, the number of mononuclear tumor 
cells decreased and bone formation increased (Figs. 1 and 2).

Treatment outcomes. Tumor progression after surgical treat-
ment was observed in 2 patients (9 and 11 months after surgery) 
that underwent intralesional curettage without prosthesis 
implantation. Both patients were subsequently administered 
salvage denosumab treatment (Table V).

In addition, tumor progression was observed in 2 patients 
during denosumab treatment. One patient exhibited progression 
to osteosarcoma 3 months after initiation of denosumab treat-
ment and thus, chemotherapy with doxorubicin and cisplatin 
was initiated. The second patient exhibited tumor progression 
7 months after the initiation of denosumab therapy, which was 
confirmed by magnetic resonance imaging and subsequently, 
pathologically malignant GCTB was diagnosed. This patient 
underwent amputation and chemotherapy was administered. 
Both patients had undergone radiotherapy prior to denosumab 
treatment.

Figure 1. Biopsy specimens obtained from a 32-year-old female with a 
giant cell tumor of the bone located on the distal meta- and epiphysis of 
the left femur. (A) Prior to denosumab treatment, evenly dispersed giant 
cells were observed with little stroma containing small, ovoid stromal cells. 
After 6 months of denosumab treatment, (B) newly formed, woven bone was 
deposited at the periphery of the tumor, (C) the centre of the tumor consisted 
of fibrous connective tissue with small fibroblast‑like cells without atypia, 
and there was a vague storiform pattern to the tissue. (D) Scattered foamy 
macrophages were observed focally in the lesion.

Table IV. Treatment types administered to patients that under-
went surgery following denosumab treatment (n=17).

Treatment type Patients, n (%)

Prosthesis replacement 10 (59)
No prosthesis replacement 7 (41)

  A

  B

  C

  D

Table III. Adverse effects exhibited in giant cell tumor of bone 
patients following treatment with denosumab.

 Grade II toxicity, Grade III toxicity,
Adverse effect n (%) n (%)

Hypophosphatemia 8 (23) 1 (3)
Hypocalcemia  3 (9) 1 (3)

No grade IV toxicity was observed.
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The overall 1-year progression-free survival rate was 
92.8% (95% confidence interval, 83.2‑100) (Fig. 3).

Discussion

The present study summarized the results of denosumab 
treatment in 35 locally advanced GCTB patients without 
participation in clinical trials. The results revealed that deno-
sumab exhibits high efficacy with long term responses. This 
study comprises the largest study of locally advanced GCTB 
patients without metastasis to receive denosumab in routine 
practice, and in ≥50% of patients denosumab was administered 
as a preoperative modality combined with radical local surgery. 
No patients received denosumab as adjuvant therapy. The 
primary treatment for GCTB is surgery and the most important 
challenge in surgical management is the relatively high recur-
rence rate after curettage (21-65%) (2,7). Two patients exhibited 
disease recurrence after curettage, which raises significant 
concerns regarding curettage after denosumab treatment as 
the recurrence rate was high (6.33%). This indicates that if 
intralesional surgery is planned after neoadjuvant denosumab, 
denosumab therapy should be administered for a relatively 
short period of time (~3 months) as the calcified rim of the 
tumor may be too thick following 3 months of denosumab 

Table V. Patient outcomes following surgery with or without prosthesis replacement (n=17).

Outcome Patients with prosthesis replacement, n (%) Patients without prosthesis replacement, n (%)

Disease progression 0 (0)  5 (71)a

No progression 10 (100) 2 (29)

a1 patient exhibited histopathological progression to osteosarcoma during denosumab treatment.

Figure 2. Biopsy specimens obtained from a 39-year old male with giant cell tumor of bone located in distal meta- and epiphysis of the right femur. (A and 
B) Prior to treatment abundant hemorrhagic areas, with suspected secondary aneurysmal bone cysts, and foci of fibrosis were evident. Diagnosis was subse-
quently confirmed by H3F3A mutation testing. (C and D) After 12 months of denosumab therapy, fibrosis and prominent, peripheral ossification of the tumor 
was identified, indicating a good response to denosumab treatment.

  A   B

  C

  D

Figure 3. Progression-free survival of giant cell tumor of bone patients 
treated with denosumab.
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treatment, which would prevent radical curettage of the tumor 
cells. However, a different situation arises in cases whereby 
wide radical surgery is planned after denosumab therapy. In the 
present study, prosthetic replacement was performed in 10/17 
cases that underwent surgery as the patients exhibited locally 
advanced tumors, penetration to the joint or pathological frac-
tures. In such situations calcification of tumors that initially 
penetrate the soft tissues after denosumab therapy may facili-
tate or enable radical tumor resection with a low risk of tumor 
recurrence. Therefore, we postulate that in cases where en bloc 
resection is planned neoadjuvant therapy should be adminis-
tered for a longer duration to allow maximal calcification of the 
tumor (Figs. 4 and 5) and response plateau observed on control 
imaging. Whether denosumab maintenance is required after 
radical surgery remains unclear, however, in the present study, 
no disease recurrence was observed.

A phase II clinical trial assessed 222 patients for possible 
downstaging with denosumab for planned surgery (35). 
The majority of patients received adjuvant denosumab for 
6 months after surgery. Of the 116 patients who underwent 
surgery (median postsurgical follow-up time, 13 months), local 
recurrence occurred in 17 (15%) patients, however, by contrast 
to the present study, the majority of these patients underwent 
intralesional curettage.

Furthermore, a number of patients present with 
inoperable GCTB and thus require life-long denosumab treat-
ment. Although good tolerance of treatment has been reported 
previously (33,31), data regarding long-term use of denosumab 
for metastatic/inoperable GCTB is limited. It may be possible 
to reduce the dose frequency (e.g., to once every 3 months) 
in patients who have achieved long-term stable disease on 
monthly denosumab (36).

Figure 5.  (A) Locally advanced giant cell tumor of the humerus bone on anterior-posterior X-ray view prior to denosumab treatment. (B) The same tumor on 
lateral X-ray view prior to denosumab treatment. (C) Response on X-ray to denosumab therapy after 7 months of treatment. (D)  X-ray after en bloc resection 
and prosthetic replacement reconstruction following denosumab therapy.

Figure 4. Computed tomography images (A) prior to and (B) following 6 months of denosumab treatment in a case of locally advanced, unresectable giant cell 
tumor of bone of the pelvis revealing significant calcification of the tumor.

  A   B

  A   B   C   D
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In conclusion, denosumab therapy in GCTB is associ-
ated with a high rate of tumor response with a good toxicity 
profile. The results of the present study confirmed that deno-
sumab exhibits excellent efficacy and short‑term tolerability. 
For patients with advanced, unresectable, progressive, or 
symptomatic heavily pretreated GCTB, denosumab provides 
a therapeutic option not previously available and thus, has 
become the standard therapy for multidisciplinary management 
of advanced/high-risk or unresectable GCTB. Furthermore, 
the results of the study data suggest that neoadjuvant therapy 
with denosumab may present a therapeutic option for patients 
with locally advanced, high-risk tumors to facilitate complete 
surgical resection or avoid damaging surgery, however, the risk 
of recurrence after curettage of GCTB following denosumab 
therapy raises questions regarding the optimal preoperative 
duration of treatment. This study confirmed the efficacy 
of denosumab in 35 patients with locally advanced GCTB 
treated without participation in clinical trials. Complete tumor 
resection was feasible in 50% of patients. Therefore, deno-
sumab became the standard therapy for the multidisciplinary 
management of GCTB.
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