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Giant Cell Tumor of Bone, current treatments, and potential 
therapeutic alternatives

Giant cell tumor of bone (GCTB) is a primary bone tumor, locally 
aggressive. For many, a GCTB is considered a tumor with an un-
predictable behavior, particularly regarding recurrences, pulmo-
nary implants, and the possibility of primary malignancy. In terms 
of risk of recurrence, it is known that it is associated with the type 
of treatment used initially for the GCTB. The greater the number 
or recurrences, the greater the risk of pulmonary implants, and 
the greater the risk of malignant degeneration. Therefore, much 
of the prognosis of this tumor could be related to the type of ini-
tial treatment. Hence the importance of the treatment theme. 
This review includes a comparison between the various modal-
ities for treatment in GCTB, considering the advantages and 
disadvantages of each one. Existing GCTB treatments are not 
100% safe and effective at the same time. and this is the reason 
why the search for other treatment modalities should continue to 
offer a better oncologic and functional outcome to patients. In the 
end of this review, based on research work, we also mention oth-
er possible therapeutic options that could be explored and used 
in the future for GCT treatment.
Keywords: Bone tumors, Giant cell tumor of bone, treatment, 
Denosumab, Bisphosphonates.
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INTRODUCTION  

A giant cell tumor of bone [GCTB], first described 

in 1818 by Sir Astley Cooper[1], is a primary bone 

tumor that is classified as an intermediate, lo-

cally aggressive but rarely metastasizing tu-

mor[2,3]. The frequency of GCTB varies in differ-

ent countries, being 5% in the United States of 

America[4], 20% in China and India[5, 6], and 17% 

in Mexico.[7] Approximately 80% of the patients 

are between 20 and 50 years old, who constitute 

an economically active population[8]. 

 

 

Fig. 1  Clinical presentation of the Giant Cell Tumor of Bone: 1]it can be only in the bone, 2] it can 

present wide spread to adjacent soft tissues, 3] one or multiple recurrences, 4] single or multiple 

lung implants  or 5] malignant transformation. 

 

GCTB are considered tumors with an unpredict-

able and varied behavior[9], which can range 

from being just confined and  limited to the bone, 

to extensive bone destruction, cortical expan-

sion, invasion into soft tissues, one or multiple 

recurrences[10], lung implants  or even malignant 

transformation[Fig. 1][11]. In terms of risk of re-

currence, it is known to be associated with the 

type of treatment used initially for the GCTB[12], 

and Campanacci’s grade[13, 14]. The surgery 

methods and soft tissue extension are potential 

risk factors for local recurrence .Recurrences 

lead to more aggressive surgical interventions 

and more complications. Hence the relevance of 

treatment topic, and the reason for our literature 

review on various modalities of treatment in 

GCTB.  

It is not possible to apply the same treatment for 

all the GCTB. In order to choose between the 

different treatment modalities, orthopedic oncol-

ogist must consider, principally, the location and 

the size of the tumor. Although, the initial clinical 

presentation [lung metastases or presence of re-

currence], histology, the functional and onco-

logic outcome after the treatment choosen, sec-

ondary effects, and the patient’s desire, are also 

taken into account in the treatment decision. 
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The purpose of this article is to provide an over-

view of the existing treatments for GCTB, with its 

advantages, disadvantages, and points where a 

consensus in missing. We also mention possible 

therapeutic options that have been underuti-

lized. 

TREATMENTS FOR GCTB 

Studies have shown that treatments for GCTB 

were classified into three groups: 1] Surgical 

treatment, 2] Complementary therapies and, 3] 

Underexplored and novel  therapies. 

1) Surgical Treatment 

Surgical treatment is considered the major treat-

ment modality for GCTB. The goal of surgical 

treatment is the complete removal of the tumor, 

to preserve the function of the affected zone, and 

to avoid local recurrences that may lead to more 

surgeries. The surgical treatment of GCTB con-

sists of two main procedures: en bloc resection 

and curettage. 

 

Fig. 2 Giant cell tumor of bone located in the proximal tibia [2A]. A representation of an en block 

resection of proximal tibia performed for the treatment of GCTB [2B]. 

 

En bloc resection: En bloc resection consists of 

removing the entire bone segment that contains 

the tumor, thus leaving a safety margin of 

healthy bone [Fig. 2]. After this treatment, alt-

hough the tumor margins are free from a tumor, 

a bone defect [bone absence] is generated. So 

this procedure is usually followed by a recon-

struction [regularly, a prosthesis][15]. 

This type of treatment is suggested: 1] when the 

tumor extends beyond the cortex and destroys 

it, by extending into the soft tissues; 2] in the 

presence of pathological fracture; 3] when the 

articular surface has collapsed or it is impossible 

to preserve it; 4] after a previous ineffective sur-

gery; or 5] when the GCTB has been diagnosed 

to be malignant after a histological diagnosis[16]. 

Curettage: 

This procedure is also known as intralesional ex-

cision and it is the most widely used surgical 

treatment for GCTB. It involves the creation of a 

bone window through which the intramedullary 

tumor is scraped to be removed [Fig. 3]. When 

the preservation of bone architecture or joint is 
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desired, intralesional excision, or curettage, is 

the most preferred procedure for this kind of tu-

mor[16]. However, tumor margins are unknown 

with this treatment and microscopic tumor can 

be left behind, which may lead to subsequent re-

currences. After the tumor has been removed, 

the cavity can be left unfilled or it can be filled 

with cement or bone grafting. 

 

 

Fig. 3  In bone curettage a cortical hole is made, it is called a bone window. Through this, a curette 

is introduced in order to extract and remove all the visible tumor. 

 

In order to reduce recurrences, curettage can be 

accompanied by adjuvants such as phenol, liq-

uid nitrogen, high-speed burr, hydrogen perox-

ide, or methyl methacrylate. These adjuvants 

can be used individually or in combination[17]. 

2) Complementary Therapies  

Even though surgery remains the treatment of 

choice, carrying it out in certain locations such 

as spine, sacrum or pelvic bones, involves the 

risk of damaging nerve roots or nearby struc-

tures such as the bladder or colon. Due to the 

risk of these complications, non-surgical thera-

pies are carried out, and include denosumab, se-

lective arterial embolization, radiotherapy, 

bisphosphonates, and interferon. Usually, these 

therapies are used as adjuvant treatment. 

Denosumab 

Denosumab, a human monoclonal antibody with 

an affinity for RANKL, blocks bone resorption by 

binding to RANKL, and preventing its interaction 

with RANK, a cell surface receptor on pre-oste-

oclasts and osteoclasts, thus inhibiting osteo-

clastogenesis[18]. After the open-label, Phase 2 

study reported by Thomas et al.,[19] denosumab 

was approved as a therapy for GCTB.  

Denosumab administration can modify the initial 

surgical treatment planned for GCTBs because 

it reduces the tumor size, and decreases the soft 
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tissue component. Patients that receive deno-

sumab preoperatively, may not require an en-

bloc resection of the tumor, and can be treated 

with curettage, which preserves the joint and ar-

ticular surface[20, 21].  Additionally, denosumab 

stops bone lysis, promotes tumor sclerosis, and 

peripheral new bone formation.  

Current indications for the use of denosumab in 

GCTB include lesions in the spine, sacrum, pel-

vis, and challenging lesions in upper and lower-

extremity locations[22]. 

 

 

Fig. 4   This is an example of a GCTB located in the sacrum, in which SAE was the treatment or 

choice. In SAE, the blood supply of the tumor is obstructed embolizing the main arteries that feed 

the tumor.   

 

Selective Arterial Embolization 

For GCTB that are unresectable due to their lo-

cation, such as sacrum, selective arterial embo-

lization [SAE] can be used as the initial treat-

ment. SAE has been used for the treatment of 

giant cell tumors of the sacrum since 1975 with 

positive results[23]. In SAE the main arteries that 

feed the tumor are selectively embolized, after 

identifying and selecting the arteries with the 

help of angiography. The objective of SAE is to 

occlude the blood supply to the tumor, to stop its 

growth and allow, in case it is required or de-

cided, a subsequent surgery with minimal bleed-

ing [Fig. 4]. Generally, Gelfoam or morselized 

polyvinyl alcohol particles are used for periph-

eral occlusion and stainless steel coils for central 

occlusion[24]. Subsequent embolizations are per-

formed until there is no evidence of collateral cir-

culation[25]. 

The observed and reported effects of SAE on 

GCTB are tumor size reduction, relief of symp-

toms [such as pain], and tumor ossification in-

duction[26]. SAE is usually used as a preopera-

tive adjuvant treatment. However, there are case 

reports and case series of GCTB in the sacrum, 

in which SAE was the only therapy used[27]. 

Radiotherapy 

Of all the treatments available for GCTB, radio-

therapy [RT] probably is the most controversial 

modality. This controversy has been existing for 

many years and originated with the publication 



Estrada-Villaseñor E. et al., AJCRR 2020, 4:13 

https://escipub.com/american-journal-of-cancer-research-and-reviews/                            6

of cases with malignant transformation or severe 

osteoradionecrosis, and osteomyelitis after radi-

otherapy[28]. Most of those published cases were 

from the '40s, in which generally orthovoltage of 

unknown intensity was used[29]. As a result, radi-

otherapy was avoided in the past, for the treat-

ment of GCTB. Nowadays megavoltage ma-

chines are used for RT that lead to the possibility 

of applying doses with less toxicity, along with 

sparing of healthy bone and vital structures[30]. 

At present, radiotherapy [RT] has been used ei-

ther postoperatively, or as a sole treatment in 

GCTBs, and is considered an alternative treat-

ment in tumors with difficult surgical access, 

such as the spine[31]. Radiation therapy has also 

proven to be an effective sole treatment espe-

cially for tumors smaller than 4 cm in diameter 

and located in long bones, such as the femur, 

but not in larger tumors[32]. 

Bisphosphonates  

Bisphosphonates [BPs] have an affinity for hi-

droxiapatite crystals [HAP]. During bone resorp-

tion carried out by the osteoclast, the acidic pH 

in the resorption lacuna promotes dissociation of 

BPs from HAP. This is followed by endocytosis 

of BPs. In cytosol, nitrogen-containig BPs [N-

BPs]inhibit the farnesyl pyrophosphate synthase 

[FPPS] and consequently the biosynthesis of 

cholesterol and other sterols. On the other hand, 

non-nitrogen-containing bisphosphonates [non- 

N-BPs] incorporate into analogs of adenosine tri-

phosphate [aATP] affecting mitochondrial per-

meability and initiating caspase activation, caus-

ing apoptosis of osteoclasts [Fig. 5][33]. 

 

 

Fig. 5 Mechanism of action of the bisphosphonates in the osteoclast: endocytosis of the bisphos-

phonates by the osteoclast;  N-BPs nitrogen containing bisphosphonates; Non-N-BPs    non-nitro-

gen containing bisphosphonates; FPPS enzyme farnesyl pyrophosphate synthase; HAP hydroxy-

apatite crystals: ATPa analogs of adenosine triphosphate 

 

Although bisphosphonates are still considered to 

be exploratory in GCTB therapy, their efficacy 

has been demonstrated in vitro[34], in vivo[35], and 

in patients[36-38]. There are several reports re-

garding its use in GCTB, mainly as an adjuvant, 

that demonstrate its effects from the clinical, ra-

diological, and histological point of view. Pre-

operative administration of BPs can reduce tu-

mor size and prevent surgical dissemination. 
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The clinical response with BPs consists of a re-

duction of pain. The radiological changes consist 

of increased radiodensity within the lesion and in 

the periphery. BPs decrease the rate of tumor 

progression, and the rate of local bone destruc-

tion with no changes in tumor volume. Light mi-

croscopic examination performed after bisphos-

phonate therapy, shows an increase in apopto-

sis figures. Ultrastructural observations of spec-

imens following bisphosphonates therapy, report 

pyknosis, nuclear fragmentation, and formation 

of blebs in the nuclear membrane[39]. 

Interferon 

Interferon-alpha 2a inhibits angiogenesis[40]. Ini-

tially, it was reported to be effective in the case 

of generalized GCTB with pulmonary metasta-

ses[41]. Later on, Interferon-alpha 2a was also re-

ported as a stand-alone treatment in two cases 

of unresectable, recurrent, and metastatic giant 

cell tumors, originating from the spine[42]. 

In the case of GCTB, interferon treatment is usu-

ally accepted as the last option for GCTB when 

other therapies such as SAE, surgery, and radi-

otherapy fail in treating the tumor[41, 42].  

It is not a standard therapeutic agent for GCTB. 

3) Underexplored and novel therapies 

Navigation guided En Bloc Resection is a 

novel technique. In this procedure, an osteotomy 

is carried out. Before performing the osteotomy, 

CT scans and MRI images are fused and used 

to determine tumor location, extension, and lim-

its between tumor and uncompromised bone. 

With this technique, minimum healthy bone is re-

moved along with the tumor and it is made sure 

that the surgical margins are free from any can-

cer cells[43]. There is one study in which this pro-

cedure was used in GCTB[44]. 

Bisphosphonate-loaded bone cement 

There is a study in which the bone cement that 

was used to fill the osseous defect left by the cu-

rettage in GCTB, was loaded with bisphospho-

nate as adjuvant therapy for GCTB[45]. The fol-

low-up of this study was performed for 1 to 12 

years and only one local recurrence was re-

ported with this therapy. The authors mention in 

their work that BP-loaded polymethylmethacry-

late is a targeted local adjuvant therapy that is 

feasible, safe, and may reduce local recurrences 

while alleviating the risk of systemic side effects 

caused when BPs are administered systemi-

cally. 

WHICH TREATMENT IS SAFEST FOR THE 

PATIENT? 

The purposes of GCTB treatments are: 1] to 

eradicate the tumor, 2] to preserve function, and 

3] to generate the least amount of secondary ef-

fects in the patient. However, these 3 objectives 

cannot be always achieved in the same propor-

tion.  

En bloc resection: Although low recurrence, 

and reoperation rates are associated with en 

bloc  resection[oncologic outcome] as compared 

to intralesional excision[46], this is not the first 

surgical option due to its functional limitations. 

With this type of treatment, depending on the lo-

cation of the tumor, recurrences range from 0% 

to 5%. This treatment is followed by a major re-

construction procedure with complications re-

lated to the implant such as prosthetic subluxa-

tion, prosthetic loosening, necrosis, and infec-

tions associated with the extension of the sur-

gery, which may lead to repeated surgery. Func-

tional limitations with this type of treatment are 

greater as compared to curettage, according to 

studies reported by several authors[47, 48]. 

Curettage: Curettage is the surgery of choice for 

GCTB. However, the recurrence rate with sole 

curettage is higher as compared to that ob-

served in the case of en bloc resection and 

ranges from 40% to 65%[49]. Curettage is the 

preferred surgical option because as compared 

to en bloc resection, it has fewer complications, 

better functional results, and preserves the joint. 

To reduce the recurrence rate, curettage can be 

accompanied by adjuvants such as phenol, liq-

uid nitrogen, high-speed burr, hydrogen perox-

ide, or methyl methacrylate[50]. However, there is 

no consensus about indications for the different 

adjuvants available[51]. The local recurrence rate 

following curettage and high-speed burr is lower 

than that following sole curettage. The use of 
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high speed burring with another adjuvant also 

shows additional effects[52]. Curettage when car-

ried out in combination with phenol, shows a re-

currence rate of 19%, with liquid nitrogen it 

shows a rate of 21%, with hydrogen peroxide the 

rate is evaluated to be 22%, with methyl meth-

acrylate it exhibits a rate varying from 0-29%, 

and with phenol and methyl methacrylate the 

rate varies from 0-33%[53, 54]. The lowest recur-

rence rate of 6% has been reported when liquid 

nitrogen and methyl methacrylate were used to-

gether[55-57].  

With the use of adjuvants, there is a significant 

decrease from 65% to 6% in the recurrence rate, 

as compared to when sole curettage was per-

formed. Some adjuvants seem to be more effi-

cient than others.  

Denosumab:   

There is controversy about the use of deno-

sumab in GCTB because earlier studies re-

ported an excellent clinical effect of denosumab 

on GCTB. However, a recent study shows that 

denosumab may increase the risk of local recur-

rence in patients treated with curettage, and in 

the histopathological evaluation of the samples 

viable tumor was observed[58]. On the other 

hand, a systematic review that evaluated local 

recurrence rate, and development of lung me-

tastasis in patients treated with denosumab, re-

ported a neutral effect of denosumab on the met-

astatic rate of GCTB, and a recurrence rate sim-

ilar to that observed after using extended curet-

tage[59]. Also, researchers have reported that 

40% of patients discontinuing denosumab for 

GCTB have tumor progression after a median of 

8 months[60]. In adittion, it is necessary to have a 

consensus regarding 1] the number of doses, 

and the treatment length, which may vary from 4 

months to 55 months, and  2] the criteria for con-

tinuation or discontinuation of denosumab treat-

ment. Furthermore, it is added the fact that there 

is a risk of malignant transformation[61]. 

Selective arterial embolization 

The complications reported after SAE are neu-

rological such as unilateral weakness of ankle 

dorsiflexion and transient numbness in the great 

toe.   

A small amount of data has been published to 

date on the long-term follow-up of GCTB pa-

tients who have undergone selective arterial em-

bolization. In the study conducted by Lin PP. et 

al., 65% of the patients did not show any evi-

dence of progressive disease in the sacrum after 

5 years of the treatment. After 10, 15, and 20 

years, 57% of patients did not have any disease 

progression[62].  

For some authors, the number of embolizations 

sessions is based on clinical cymptoms, radio-

graphic response, and the vascularity of the tu-

mor, therefore five embolizations are performed 

on an average. However, the SAE interval men-

tioned in related articles is not consistent and 

ranges from three to eight weeks. Standard 

guidelines are necessary for SAE in the case of 

GCTB regarding the number of embolizations, 

the interval between the sessions, and the 

proper time of stopping the treatment[25]. 

Radiotherapy:   

Malignant transformation continues to be a 

feared secondary effect, although recent studies 

do not report this complication[63]. 

There are two studies that analyze patient co-

horts undergoing treatment with RT for GCTB. 

The first study, reports that the cases undergo-

ing irradiation for recurrent GCTB had worse 

prognosis than the primary GCTB cases[64]. In 

the second report, it was found that the axial lo-

cation showed a negative influence on local pro-

gression-free survival when compared with the 

GCTB cases of appendicular location[31].  

In the systematic review of Ma Y. et al, radiother-

apy was evaluated in GCTB located in the spine. 

In this study, all patients received megavoltage 

and, exhibited a response to RT. In those pa-

tients who presented local failure within the two 

years after radiotherapy, the overall survival was 

97.6 %, and the overall local control was 79%. In 

this systematic review, post-RT neurological 

complications were present in 9% of the pa-

tients. There were no cases with malignant 
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transformation. The difference between the ef-

fects of orthovoltage and megavoltage with re-

spect to the local failure, as reported in previous 

studies was also discussed in this article, which 

varies from 7% to 30% with megavoltage and as 

high as 63% with orthovoltage[65]. 

Bisphosphonates:  

The secondary effects reported with BPs in pa-

tients with GCTB were a decrease in calcium 

levels, jaw osteonecrosis, fever and digestive 

upset.[65] Apparently, the type of bisphosphonate 

and previous dental procedures, may act as pre-

cipitating factors for jaw osteonecrosis[66]. 

BPs reduce the recurrence rate when adminis-

tered after and before the surgery. The benefit 

reported when using BPs before surgical proce-

dures [such as curettage] in extremities, is a de-

crease in recurrence rate as compared to the 

rate when sole surgical treatment is carried out, 

being 4.2% with BPs and 30% without BPs.[37, 38]  

Apparently, there is no prognosis difference in 

patients who receive BPs before or after a surgi-

cal procedure, since both types of patients show 

positive outcomes to the treatment. 

The studies that report atypical fractures are in 

patients receiving long-term [10 years] bisphos-

phonate therapy[67]. BPs are not administered for 

so long in GCTB patients. In the case of jaw os-

teonecrosis, the length of exposure seems to be 

the most important risk factor for this complica-

tion[68, 69], which has an average exposure time 

of 39 months. 

If further research is conducted, routine use of 

bisphosphonates may become a standard for 

the adjuvant treatment of GCTB. 

Navigation guided En Bloc Resection: 

The use of this surgical alternative has not been 

proved accurately in GCTB. This technique re-

sults in more precise resections in order to ob-

tain free margins, which are necessary to avoid 

local recurrences. In the bone tumor cases, 

treated with this modality, no recurrences have 

been reported[44]. When compared with curet-

tage, no differences are found in postoperative 

complications and functional scores, in the case 

of both procedures. Patients undergoing this 

treatment might attain the benefit of a lower risk 

of recurrence without compromising the func-

tion. However, this procedure has been reported 

to increase surgical time and is expensive. Fur-

ther studies are required to compare the cost-

benefit of navigation-guided en bloc resection 

against repeated curettages or more extensive 

surgeries secondary to recurrences. 

Bisphosphonate-loaded bone cement 

This modality is novel and may be promising be-

cause bisphosphonates are administered only 

locally, in a lesser amount than when adminis-

tered systemically, avoiding in this way the sec-

ondary  and systemic effects[45]. However, the in-

dications for its application would be very spe-

cific, since it can only be used after curettage. 

Further studies are required as there is too little 

literature on the subject to discuss.  

SUMMARY  

The objectives of this review were to provide an 

overview of the existing treatments for GCTB, 

with its advantages, disadvantages, and indica-

tions,  and also to mention possible therapeutic 

options that have been underutilized.  During the 

conduct of this study, we found certain aspects 

of some treatments in which consensus is 

needed, and decided to mention them. At the 

end of this investigation, we can mention that alt-

hough all the treatments have advantages, and 

disadvantages at the same time [Table 1], there 

is always a possibility of improving them. Thus, 

we conclude that we have not reached the end-

point of the process of exploring GCTB therapy.  

Key Points 

• GCTB is considered a tumor with an unpre-

dictable behavior, with recurrences, pulmo-

nary implants, and the possibility of primary 

malignancy. 

• The treatments for GCTB were classified into 

three groups: 1] Surgical treatment, 2] Com-

plementary therapies and, 3] Underexplored 

and novel  therapies. 



Estrada-Villaseñor E. et al., AJCRR 2020, 4:13 

https://escipub.com/american-journal-of-cancer-research-and-reviews/                          10

• All the GCTB treatments have advantages, 

and disadvantages at the same time, but it ex-

ists the possibility of improving them and de-

velop new therapeutic strategies.  
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Table 1   Treatment Modalities for Giant Cell Tumor of bone. Advantages and disadvantages 

TREATMENT ADVANTAGES DISADVANTAGES REFERENCES 

En bloc resection Surgical margins free 0-
5% recurrences 

Functional limitations Jamshidi et al. 
[2018] 

Curettage Preserves the joint and 
good functional outcome 

Tumor margins unknown and 
recurrence rate 40-60% 

Wysocki et al. [2015] 

Selective Arterial Embolization An option for GCT difficult 
to access 

Tissue necrosis of the affected 
region 

Emori et al [2012] 

Radiotherapy An alternative for unre-
sectable GCT 

Neurological complications in 
9% of the cases 

Ma et al. [2015] 

Biphosphonates Reduce recurrence rate 
to 4.2% 

Secondary effects: fever and 
digestive upset 

Xu et al [2017] 

Denosumab Useful in unresectable 
GCT 

Tumor progression in 40% of 
the cases after discontinuation 

Palmerini et al [2017] 

Interferon An option for GCT in 
which other therapies 
have failed 

No data reported 
Wei et al [2010] 
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