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Introduction

Giant cell tumor of bone (GCTB) is an intermediate-grade
primary bone tumor that makes up about 5% of such tumors
and has high potential for local invasion [1]. The usual age
of onset is around 30 years, and the tumor is usually located
at the epiphysis [1], but before epiphyseal closure, tumors
can also occur at the metaphysis [2]. Curettage preserves the
joint, resulting in better limb function in comparison with en
bloc resection, but carries a higher risk of local recurrence [3].
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Abstract — When treating extremities affected by giant cell tumor of bone (GCTB), curettage should be performed to
preserve the joint as much as possible in order to obtain a good functional outcome. The local recurrence risk is high
following curettage, but new techniques are being developed to reduce local recurrence. We present a review of the
literature reporting favorable results of radiofrequency ablation alone in locally recurrent small GCTB. New filling
materials are also being developed to prevent non-oncological complications such as arthrosis and fractures. Routine
measurement of tartrate-resistant acid phosphatase 5b in serum may be helpful in detecting early instances of local
recurrence. For unresectable or metastatic GCTB, there is an urgent need for a new drug that is as effective as deno-
sumab, avoids side effects, and can be administered to pregnant women.

Key words: Giant cell tumor of bone, Denosumab, RFA, TRACP 5b, Curettage, Recurrence.

Denosumab received approval in 2013 from the US Food
and Drug Administration because it was reported to be safe
and effective [4]. Denosumab was reportedly also effective in
allowing down-staging, making less invasive surgery an option
[5]. However, administering denosumab preoperatively results
in bone sclerosis, rendering curettage difficult and further com-
plicating identification of the range of the tumor, which may
result in residual tumor. After discontinuation of denosumab,
there is the potential of giant cell tumor cells remaining in
the sclerotic bone lesions to reactivate [6-9]. Consequently,
administering denosumab prior to curettage increases the recur-
rence rate [6, 7, 10—14]. Therefore, preoperative denosumab is
not recommended for GCTB of the extremities where joint
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preservation is possible. However, in cases where joint preser-
vation is difficult, preoperative denosumab therapy followed by
curettage (joint-preserving surgery) may be considered, as re-
curettage of recurrent lesions is possible [15]. At present, deno-
sumab is indicated in cases of GCTB that are unresectable or
where significant functional impairment is likely after tumor
resection [4]. Here, we discuss recent advances in the treatment
of GCTB over the past 2-3 years (Table 1).

Local treatment

For tumors of Campanacci stage 1 or 2, the recommended
treatment is curettage, in order to preserve the joints and thus
ensure a good functional outcome of surgery [22]. As well as
simple curettage with a sharp curet, aggressive curettage with
a high-speed burr is also recommended [23]. Local adjuvant
therapy is also recommended, including administration of etha-
nol, phenol, an argon beam coagulator, and liquid nitrogen [23].
Recently, good results with microwave ablation have been
reported [16]. Jiang et al. conducted a single-center retrospec-
tive observational study in which they performed microwave
ablation before curettage on 30 patients with GCTB and fol-
lowed them for an average of 5 years, reporting a 0% local
recurrence rate [16]. Microwave ablation has advantages over
other techniques, of achieving a larger ablation volume while
requiring a shorter procedure time by rapidly inducing coagula-
tion necrosis [24]. Bombardier et al. have performed a variety
of local adjuvant therapies followed by histological evaluation
in porcine humeri and femoral bone defect models and reported
that the mean depth of necrosis was only 0.3 mm in the phenol
group, and 0.8 mm in the cement group, while it was 2.5 mm in
the argon beam coagulator group, the liquid nitrogen spray
group, and the bipolar group [25].

The important thing in curettage is to avoid leaving any
undetected tumor. Thus, it is critical to reduce blind spots by
enlarging the open window first [22]. There have also been
reports describing combining open surgery with scopy in order
to find tumors hidden in the blind spots and to prevent tumors
from being left behind [26]. Furuta et al. attempted to find resid-
ual tumors and prevent tumors from being left behind by
employing MRI during curettage [27]. They reported a 100%
detection rate of residual tumor by intraoperative MRI [27].
Analysis of recurrence after curettage, in the treatment of
GCTB around the knee, found a significant association with a
distance of <2 mm between the tumor edge and the articular
surface, patient age, and destruction of the posterior cortical
bone [28].

After curettage, the tumor is usually washed away, but the
best fluid to use as washing liquid was not established. A recent
study by Moore et al. investigated which liquids were most
effective, by performing in vitro evaluations of the cytotoxic
effect on human GCT cell lines exposed individually to sterile
water, 0.9% saline, 3% hydrogen peroxide, 70% ethanol,
0.05% chlorhexidine gluconate (CHG), or 0.3% povidone-
iodine solution. When the human GCT cell lines were
immersed in 0.05% CHG for 2 min they exhibited higher levels
of cytotoxicity than when treated with the other washing fluids
(p <0.003). As a result, a 0.05% CHG solution may be the best

choice for washing after curettage of GCTB, serving as a poten-
tial chemical adjuvant [17].

When it comes to filling bone defects after removal of a
tumor, the materials of choice are hydroxyapatite, -tricalcium
phosphate (B-TCP), bone cement, and allograft. Bone cement
has advantages, including the anti-tumor effect of heat, the
potential for early weight bearing, and the ease of detecting
recurrence on imaging studies [22]. However there are also dis-
advantages, notably the potential of cement heat to cause carti-
lage damage when used in subchondral bone, with reports of
increased fractures and arthropathy [29, 30] (Figure 1). In addi-
tion, because bone cement is stiffer than cartilage or subchon-
dral bone, it results in the concentration of pressure on these
already thin tissues [31, 32]. Because bone cement is not
biodegradable, it also cannot biologically integrate into the sur-
rounding host bone [33]. In one case, a sclerotic rim was cre-
ated by increased formation of new trabecular bone, which
separated the cement from the surrounding bone and subchon-
dral bone layer [33] (Figure 2), resulting in a reduction in the
shock-absorbing capacity of the subchondral bone [33]. There-
fore, it is recommended that the subchondral bone should be
filled with allograft tip bone and then cemented [29] (Figure 3).

To address this issue of bone cement, a study of 26 GCTB
patients by Takeuchi et al. involved filling post-curettage bone
defects with calcium phosphate cement. The patients were fol-
lowed for an average of 87 months to investigate integration of
the calcium phosphate cement into the surrounding bone and
found that the results were excellent in 22 patients (84.6%),
while the outcome was good in three patients (11.5%), and
acceptable in one patient (3.8%) [34]. There were instances
of local recurrence in three patients (11.5%), while defective
remodeling of the cortical bone was observed in 22 patients
(84.6%). Evaluation using the Musculoskeletal Tumor Society
(MSTS) score gave a mean value of 28.7 (95.7%) [34]. Three
patients (3.8%) developed further problems, with one case each
of osteoarthritis, chronic synovitis, and fracture, and all were
managed conservatively. Thus, it was concluded that calcium
phosphate cement provides a biological interface and results
in long-term stability without the need for internal fixation
[34]. On the other hand, Tan et al. tried an alternative approach
and used a 3D-printed strut-type prosthesis together with an
autograft to repair bone defects in the distal femur after curet-
tage of a GCTB. They followed nine patients for 30.8 months,
on average, after surgery and observed no instances of postop-
erative complications or local recurrence [18]. Bone union was
observed at the graft-host junction in all cases at 3.3 months on
average, while at an average of 4.1 months, excellent osseoin-
tegration of the bone/prosthesis interface was observed. This
approach, employing a 3D-printed strut prosthesis in combina-
tion with autograft reconstruction, exhibited advantages of good
biocompatibility, osseointegration ability, and subchondral
bone protection [18].

When the extremities are affected, better postoperative
function will be achieved if the affected limb is treated by curet-
tage, as far as possible, even for recurrent lesions [35]. Arrigoni
et al. conducted a single-center retrospective observational
study and reported the outcomes of patients who underwent
radiofrequency ablation (RFA) for recurrent lesions after curet-
tage. They found that one of five patients experienced



S. Tsukamoto et al.: SICOT-J 2026, 12, 2

Table 1. Summary of recent advances in the treatment of giant cell tumor of bone.

Type Study Subject Key findings Comments

Local adjuvant Jiang [16] Microwave in situ Thirty patients with GCTB were Compared with other techniques,

therapy inactivation in the treated with microwave ablation microwave ablation can achieve
treatment of GCTB before curettage, and the local larger ablation volumes in a shorter

recurrence rate was 0% after an time by rapidly inducing coagulation
average follow-up of 5 years. Necrosis.

Irrigation solution Moore [17] Cytotoxic effects of When a human giant cell tumor cell The use of 0.05% chlorhexidine
common irrigation line was immersed in 0.05% gluconate solution for irrigation after
solutions on GCTB chlorhexidine gluconate for 2 min, it curettage of GCTB may function as

exhibited higher cytotoxicity than a potential chemical adjuvant.
other liquids.

Filler Tan [18] The 3D-printed strut- The bone defect after curettage was  The 3D-printed strut prostheses in
type prosthesis reconstructed using a 3D-printed combination with autograft
combined with strut-type prosthesis, and excellent reconstruction exhibited advantages
autograft osseointegration at the bone- of good biocompatibility,
reconstruction for prosthesis interface was observed at  osseointegration ability, and
GCTB of the distal an average of 4 months. subchondral bone protection.
femur

RFA Arrigoni [19] CT-Guided RFA for One of five patients who underwent One of the main advantages of RFA
Management of RFA for recurrent lesions after is that it provides effective local
Surgical Relapses of curettage experienced local control with minimal invasion,
GCTB recurrence, but no complications making it particularly suitable for

were observed. small, locally recurrent GCTB.

Biomarker Toda [20] The diagnostic and The mean TRACPSb change in the  Regular measurement of TRACP5b
prognostic value of group with local recurrence (n = 4) may make it possible to detect local
tartrate-resistant acid was significantly higher than that in  recurrence early.
phosphatase isoform the non-recurrence group (n = 43)

(TRACP) 5b for (8.53 and 0.24, respectively, p <
GCTB 0.0001).
Systemic therapy Xu [21] Efficacy and safety of At 3 months post-treatment, the JMT103 represents a potential

JMT103 in patients
with unresectable or
surgically-challenging
GCTB

objective tumor response rate was
93%, with hypophosphatemia and
hypocalcemia occurring in 65% of
patients.

therapeutic option for GCTB.

GCTB, giant cell tumor of bone; RFA, radiofrequency ablation; TRACP, tartrate-resistant acid phosphatase.

recurrence 4 months after RFA, and subsequently underwent en
bloc resection followed by reconstruction with a prosthesis. No
complications were recorded [19]. Lépez-Vidaur Franco et al.
conducted a single-center retrospective observational study in
which they performed RFA on three cases of recurrent GCTB
around the knee, and reported that no recurrences were
observed after 3-5 years of follow-up [36]. Percutaneous
RFA can relieve pain, achieve local control of the lesion, and
preserve the function of the joint [19]. One of the main advan-
tages of percutaneous RFA is effective local control with min-
imal invasion. It is particularly suited for small locally recurrent
GCTBs. Furthermore, percutaneous RFA reduces the need for
hospitalization because it is performed on an outpatient basis.
In the case of small recurrent lesions that are discovered during
follow-up after initial curettage, minimally-invasive RFA may
be considered first before re-curettage [19] (Figure 4).

Serum tartrate-resistant acid phosphatase (TRACP) 5b has
been reported to be a useful marker for detecting recurrence
of GCTB [37]. TRACPS5b is an osteoclast-derived enzyme
and is well known to be an excellent serum marker of bone
resorption, reflecting osteoclast count and activity [37]. In one
study, patients were classified into groups according to whether
or not they experienced local recurrence. The mean value of

TRACP 5b in the three patients in the local recurrence group
(753 mU/dL) was significantly higher than in the five patients
in the non-recurrence group (340.6 mU/dL) [37]. In another
study, the mean TRACP5b change in the group with local
recurrence (n = 4) was significantly higher than that in
the non-recurrence group (n = 43) (8.53 and 0.24, respectively,
p <0.0001) [20]. If local recurrence can be detected early and at
a small size by regular measurement of TRACPSb, it may be
possible to treat it with RFA alone, resulting in a good func-
tional outcome. If local recurrence is suspected on routine
radiographic examinations, additional CT or MRI may be con-
sidered [38]. However, CT has the problem of radiation expo-
sure, and MRI is relatively expensive. The prognostic value of
alkaline phosphatase (ALP) has been demonstrated in patients
with various solid malignancies with bone metastases and
osteosarcoma [39-42]. When cancer begins to metastasize to
the bone, ALP reflects bone turnover, osteoblast activity, and
osteoid formation in the adjacent bone tissue [42]. However,
in GCTB, ALP is not elevated (median, 106 U/L (IQR,
63-200)) and cannot be used as a biomarker [43]. TRACP
5b is an inexpensive blood test that does not involve radiation
exposure and is therefore considered a particularly useful
marker.
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Figure 1. A, Radiography of a new fracture. The arrow indicates the fracture line. B, Radiography 2 years after removal of bone cement,

filling of allografts, and osteosynthesis using a plate.

A comparison of curettage versus en bloc resection in
51 patients with proximal humeral GCTB was performed by
Zhou et al. [44]. A significantly higher recurrence rate was
observed in the curettage group (n = 23) compared to the en bloc
resection group (n = 28) (34.8% vs. 3.6%, p = 0.007) [44].
Patients were evaluated by MSTS scores, and the values were
26.0 for the group that underwent curettage, 26.0 for the group
treated by reverse total shoulder arthroplasty, 20.3 for hemi-
arthroplasty, and 22.5 for arthrodesis [44]. A lower recurrence
rate was achieved by en bloc resection and subsequent reverse
shoulder arthroplasty compared to curettage, and the functional
outcome scores showed no significant difference compared to
curettage for GCTB affecting the proximal humerus [44]. This
suggests that reverse total shoulder arthroplasty would be an
appropriate initial treatment for GCTB of the proximal humerus
[44]. In most cases, GCTBs are marginally resected together

with the epiphysis where they are located; as a result, the
resected bone is shorter in comparison with the length of bone
removed during resection of other primary malignant tumors
affecting bone (average tumor size: 6.4 cm) [44]. As a conse-
quence, reverse total shoulder arthroplasty followed by recon-
struction is especially suitable in most cases, meaning that the
deltoid attachment site and axillary nerve can be preserved.

Systemic therapy

As an alternative to surgery, denosumab monotherapy may
be administered when the high invasiveness associated with en
bloc resection is intolerable or when adequate margins would
result in unacceptable loss of function [4]. In a Phase 2 study,
532 GCTB patients were treated with denosumab (120 mg
once per month) and followed up for a median period of
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Figure 2. An area with sclerotic rim is seen between the filled bone
cement and the bone/subchondral bone (arrow).

58.1 months. The study found various side effects of deno-
sumab monotherapy: hypophosphatemia (5%), osteonecrosis
of the jaw (3%), anemia (2%), atypical femur fracture (1%),
and hypercalcemia (1%) [45]. A retrospective study of progres-
sion-free survival, carried out by Jiang et al., reported no
statistically-significant difference between dosing intervals of
1 month (rn = 26) or 3 months (n = 14) (p = 0.22) [46]. Analysis
of tumor control found that longer dosing intervals resulted in
similar outcomes compared to the standard dose [46]. On the
other hand, Nakata et al. reported that two of three patients
who received denosumab every 6 months experienced tumor
recurrence during treatment [47]. Therefore, it is recommended
that the dosing period be extended to 3 months to reduce the
risk of tumor progression.

Denosumab therapy is absolutely contraindicated during
pregnancy, and there are no data on the long-term effects of
denosumab on the childbearing potential of patients [48].
GCTB is typically diagnosed in women of childbearing age.
A systematic review of the literature on GCTB occurring during
pregnancy found no clear evidence that pregnancy promotes the
growth and aggressiveness of GCTB [49].

One reported case concerned a 31-year-old woman with
GCTB of the distal tibia. She was treated with 12 doses of

Figure 3. Radiography after curettage followed by filling with bone
cement after allograft chip bone filling in the subchondral region.
The arrow indicates the allograft chip bone.

denosumab 120 mg (9 months) followed by zoledronic acid
4 mg for 6 doses (3 years), and the tumor shrank, with no seri-
ous adverse events. At 41 months after discontinuation of deno-
sumab, and 10 months after the final infusion of zoledronic
acid, the patient remained in stable clinical remission with no
serious adverse events. It is speculated that the high uptake of
zoledronic acid into the lesion after ossification of the tumor
by denosumab resulted in a high antitumor effect [50].

A multicenter, single-arm, open-label, phase Ib/II study was
carried out to evaluate the safety and efficacy of IMT103, an
antibody targeting receptor-activator of nuclear factor-kappa
ligand, in patients with unresectable or surgically-treated



6 S. Tsukamoto et al.: SICOT-J 2026, 12, 2

Figure 4. A, Radiography at presentation. B, Radiography after curettage and hydroxyapatite filling. C, CT showed the third local recurrence.
After RFA (D), bone cement injection was performed (arrow) (E). F, CT 1 year after RFA showed no local recurrence.

GCTB [21]. A total of 135 patients were treated with JMT103
(2 mg/kg) administered subcutaneously every 4 weeks with
loading doses on days 8 and 15. At 3 months post-treatment,
the objective tumor response rate was 93.3%, with hypophos-
phatemia and hypocalcemia occurring in 65% of patients. Thus,
JMT103 represents a potential therapeutic option for GCTB
[21]. IMT103 is a fully humanized monoclonal antibody and
has the same Fab arm as denosumab, while the Fc-terminal is

changed from IgG2 to IgG4 [21]. Previous studies have
revealed that human IgG2 monoclonal antibodies undergo
disulfide scrambling [51, 52] and this may play a part in the
heterogeneity of therapeutic monoclonal antibodies produced
[53]. IgG4, a “blocking antibody,” may have a better safety pro-
file than IgG2 because it does not form large complexes that
may induce effector function [54]. A phase I study of
JMT103 in patients with metastatic bone lesions also found that
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it resulted in rapid, significant, and sustained suppression of
bone resorption biomarkers [55].

Conclusion

New techniques and the latest findings have been reported
to reduce local recurrence after curettage of GCTB. New filling
materials that prevent non-oncological complications such as
arthrosis and fractures due to bone cement have also been
reported. Favorable results have been reported with RFA
monotherapy for small locally recurrent GCTB. Routine mea-
surement of serum TRACPS5b may be useful for early detection
of local recurrence. There is a need to develop a drug that is as
effective as denosumab, avoiding side effects, and can be
administered to pregnant women. Multicenter prospective stud-
ies and integration of molecular and imaging biomarkers are
needed to define the next generation of personalized GCTB
management.

Funding

This research did not receive any specific funding.

Conflicts of interest

The authors declare that they have no relevant financial or non-
financial interests to report.

Data availability statement

Data is not available for this article.

Author contribution statement

Conceptualization, Author 1 and 14; methodology, Author 1 and
14; data curation, Author 1; writing — original draft preparation, Author
1; writing — review and editing, Author 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
and 13; supervision, Author 14; funding acquisition, Author 1. All
authors read and agreed to the published version of the manuscript.

Ethics approval

The study was conducted according to the guidelines of the Dec-
laration of Helsinki and approved by the Institutional Review Board of
Nara Medical University (protocol code 2833).

Informed consent

The requirement for written consent from the patients at Nara
Medical University was waived because an opt-out process was used
and the study was retrospective in nature.

References

1. Flanagan AM, Larousserie F, O’Donnell PG, Yoshida A (2020)
Giant cell tumour of bone. In WHO classification of tumours,
5th edn., soft tissue and bone, Lyon, International Arctic
Research Center.

2. Tabarestani TQ, Levine N, Sachs E, et al. (2023) Giant cell
tumor of bone in the pediatric population: a retrospective study
highlighting cases of metaphyseal only location and increased
local recurrence rates in skeletally immature patients. Skeletal
Radiol 52, 2399-2408.

3. Tsukamoto S, Mavrogenis AF, Tanzi P, et al. (2019) Similar
local recurrence but better function with curettage versus
resection for bone giant cell tumor and pathological fracture at
presentation. J Surg Oncol 119, 864-872.

4. Chawla S, Henshaw R, Seeger L, et al. (2013) Safety and
efficacy of denosumab for adults and skeletally mature adoles-
cents with giant cell tumour of bone: interim analysis of an
open-label, parallel-group, phase 2 study. Lancet Oncol 14,
901-908.

5. Rutkowski P, Ferrari S, Grimer RJ, et al. (2015) Surgical
downstaging in an open-label phase II trial of denosumab in
patients with giant cell tumor of bone. Ann Surg Oncol 22,
2860-2868.

6. Errani C, Tsukamoto S, Leone G, et al. (2018) Denosumab may
increase the risk of local recurrence in patients with giant-cell
tumor of bone treated with curettage. J Bone Joint Surg Am 100,
496-504.

7. Tsukamoto S, Tanaka Y, Mavrogenis AF, et al. (2020) Is
treatment with denosumab associated with local recurrence in
patients with giant cell tumor of bone treated with curettage? A
systematic review. Clin Orthop Relat Res 478, 1076-1085.

8. Mak IWY, Evaniew N, Popovic S, et al. (2014) A translational
study of the neoplastic cells of giant cell tumor of bone
following neoadjuvant denosumab. J Bone Joint Surg Am 96,
el27.

9. Traub F, Singh J, Dickson BC, et al. (2016) Efficacy of
denosumab in joint preservation for patients with giant cell
tumour of the bone. Eur J Cancer 59, 1-12.

10. Agarwal MG, Gundavda MK, Gupta R, Reddy R (2018) Does
denosumab change the giant cell tumor treatment strategy?
Lessons learned from early experience. Clin Orthop Relat Res
476, 1773-1782.

11. Scoccianti G, Totti F, Scorianz M, et al. (2018) Preoperative
denosumab with curettage and cryotherapy in giant cell tumor
of bone: Is there an increased risk of local recurrence? Clin
Orthop Relat Res 476, 1783-1790.

12. Yang Y, LiY, Liu W, et al. (2018) A nonrandomized controlled
study of sacral giant cell tumors with preoperative treatment of
denosumab. Med (Baltimore) 97, e13139.

13. Medellin MR, Fujiwara T, Tillman RM, et al. (2018) Prognostic
factors for local recurrence in extremity-located giant cell
tumours of bone with pathological fracture. Bone Joint J 100-B,
1626-1632.

14. Asano N, Saito M, Kobayashi E, et al. (2022) Preoperative
denosumab therapy against giant cell tumor of bone is
associated with an increased risk of local recurrence after
curettage surgery. Ann Surg Oncol 29, 3992-4000.

15. Tsukamoto S, Hindiskere S, Honoki K, et al. (2023) Outcome of
re-operation for local recurrence following pre-operative deno-
sumab administration and curettage for giant cell tumour of
bone with difficult joint preservation. Int Orthop 47, 265-273.

16. Jiang X, Chen J, Zhou W, et al. (2023) Microwave in situ
inactivation in the treatment of bone giant cell tumor: a mid-
term descriptive study. J Cancer Res Clin Oncol 149, 4653—
4661.

17. Moore C, Fernandes RJ, Manrique J, et al. (2022) Cytotoxic
effects of common irrigation solutions on chondrosarcoma and



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

S. Tsukamoto et al.: SICOT-J 2026, 12, 2

giant cell tumors of bone. J Bone Joint Surg Am 104, 2153—
2159.

Tan L, Li Y, Hu X, et al. (2023) Clinical evaluation of the three-
dimensional printed strut-type prosthesis combined with auto-
graft reconstruction for giant cell tumor of the distal femur.
Front Oncol 13, 1206765.

Arrigoni F, Zoccali C, Evangelista L, et al. (2023) CT-guided
RFA for management of surgical relapses of giant cell tumour of
bone. Cardiovasc Intervent Radiol 46, 508-511.

Toda Y, Ogura K, Iwata S, et al. (2024) The diagnostic and
prognostic value of tartrate-resistant acid phosphatase isoform
5b for giant cell tumor of bone. Int J Clin Oncol 29, 1391-1397.
Xu H, Zhou Y, Liang L, et al. (2024) Efficacy and safety of
JMT103 in patients with unresectable or surgically-challenging
giant cell tumor of bone: a multicenter, phase Ib/Il study. Nat
Commun 15, 9541.

Errani C, Ruggieri P, Asenzio MAN, et al. (2010) Giant cell
tumor of the extremity: A review of 349 cases from a single
institution. Cancer Treat Rev 36, 1-7.

Machak GN, Snetkov Al (2021) The impact of curettage
technique on local control in giant cell tumour of bone. Int
Orthop 45, 779-789.

Zheng K, Yu X, Hu Y, et al. (2020) Clinical guideline for
microwave ablation of bone tumors in extremities. Orthop Surg
12, 1036-1044.

Bombardier B, Haase D, Sweeney K, et al. (2021) A comparison
of depth of necrosis among adjuvant therapies used for the
treatment of benign bone tumors. J Surg Oncol 123, 1299-1303.
Wang Y, Shao P, Tian Q, et al. (2023) “Triple clear”: a
systematic and comprehensive surgical process for Campanacci
grades II and III giant cell tumors of the bone, with or without
pathological fracture and slight joint invasion. World J Surg
Oncol 21, 114.

Furuta T, Kubo T, Sakuda T, et al. (2022) Utility of
intraoperative magnetic resonance imaging for giant cell tumor
of bone after denosumab treatment: a pilot study. Acta Radiol
63, 176-181.

Zhou L, Zhu H, Lin S, et al. (2022) Computerised tomography
features of giant cell tumour of the knee are associated with
local recurrence after extended curettage. Int Orthop 46, 381—
390.

Benevenia J, Rivero SM, Moore J, et al. (2017) Supplemental bone
grafting in giant cell tumor of the extremity reduces nononcologic
complications. Clin Orthop Relat Res 475, 776-783.

Teng W, Lin P, Li Y, et al. (2018) Bone combined cement
grafting in giant cell tumor around the knee reduces mechanical
failure. Int Orthop 43(2), 475-482.

Hisatome T, Yasunaga Y, Ikuta Y, Fujimoto Y (2002) Effects
on articular cartilage of subchondral replacement with poly-
methylmethacrylate and calcium phosphate cement. J Biomed
Mater Res 59, 490-498.

Murray PJ, Damron TA, Green JK, et al. (2004) Contained
femoral defects: biomechanical analysis of pin augmentation in
cement. Clin Orthop Relat Res 420, 251-256.

Welch RD, Berry BH, Crawford K, et al. (2002) Subchondral
defects in caprine femora augmented with in situ setting
hydroxyapatite cement, polymethylmethacrylate, or autogenous
bone graft: biomechanical and histomorphological analysis after
two-years. J Orthop Res 20, 464—472.

Takeuchi A, Suwanpramote P, Yamamoto N, et al. (2018) Mid-
to long-term clinical outcome of giant cell tumor of bone treated

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

with calcium phosphate cement following thorough curettage
and phenolization. J Surg Oncol 117, 1232-1238.

Errani C, Tsukamoto S, Ciani G, Donati DM (2019) Present day
controversies and consensus in curettage for giant cell tumor of
bone. J Clin Orthop Trauma 10, 1015-1020.

Lépez-Vidaur Franco I, Bueno Horcajadas A, Martel Villagran
J, Ortiz Cruz E (2024) Percutaneous radiofrecuency thermal
ablation for management of recurrent bone giant cell tumour.
Quant Imaging Med Surg 14, 8050-8057.

Shinozaki T, Saito K, Kobayashi T, et al. (2012) Tartrate-
resistant acid phosphatase 5b is a useful serum marker for
diagnosis and recurrence detection of giant cell tumor of bone.
Open Orthop J 6, 392-399.

Costelloe CM, Kumar R, Yasko AW, et al. (2007) Imaging
characteristics of locally recurrent tumors of bone. AJR Am J
Roentgenol 188, 855-863.

Liu F, Zhao J, Xie J, et al. (2016) Prognostic risk factors in
patients with bone metastasis from colorectal cancer. Tumour
Biol 37, 16127-16134.

Lim SM, Kim YN, Park KH, et al. (2016) Bone alkaline
phosphatase as a surrogate marker of bone metastasis in gastric
cancer patients. BMC Cancer 16, 385.

Huang P, Lan M, Peng AF, et al. (2017) Serum calcium,
alkaline phosphotase and hemoglobin as risk factors for bone
metastases in bladder cancer. PLoS One 12, e0183835.

Ren HY, Sun LL, Li HY, Ye ZM (2015) Prognostic significance
of serum alkaline phosphatase level in osteosarcoma: A meta-
analysis of published data. Biomed Res Int 2015, 160835.
Tsukamoto S, Mavrogenis AF, Alvarado RA, et al. (2023)
Association between inflammatory markers and local recurrence
in patients with giant cell tumor of bone: A preliminary result.
Curr Oncol 30, 1116-1131.

Zhou L, Zuo D, Wen J, et al. Reduced recurrence rate and
comparable functionality after wide resection and reverse total
shoulder arthroplasty with allograft-prosthetic composite versus
curettage for proximal humeral giant cell tumor: a multicenter
retrospective study. J Shoulder Elbow Surg 33, 1040-1049.
Chawla S, Blay J-Y, Rutkowski P, et al. (2019) Denosumab in
patients with giant-cell tumour of bone: a multicentre, open-
label, phase 2 study. Lancet Oncol 20, 1719-1729.

Jiang CY, Zhao L, Schuetze SM, Chugh R (2022) Giant cell
tumor of bone: Effect of longer dosing intervals of denosumab
on tumor control and bone-related complications. Oncologist
27, 595-599.

Nakata E, Kunisada T, Fujiwara T, et al. (2024) Efficacy and
safety of denosumab dellescalation in giant cell tumor of bone.
Oncol Lett 28, 387.

Thornley P, Habib A, Bozzo A, et al. (2017) The role of
denosumab in the modern treatment of giant cell tumor of bone.
JBIJS Rev 5, e4.

Formica VM, Bruno V, Uccio ASD, et al. (2023) The giant cell
tumor during pregnancy: a review of literature. Orthop Trau-
matol Surg Res 109, 103396.

Machak GN, Bruland @S, Romanova TN, Kovalev AV (2024)
Denosumab induction and Zoledronic acid maintenance therapy
for recurrent unresectable giant cell tumour of the distal tibia: A
case report with sustained tumour control after drug withdrawal.
J Bone Oncol 45, 100596.

Dillon TM, Ricci MS, Vezina C, et al. (2008) Structural and
functional characterization of disulfide isoforms of the human
IgG2 subclass. J Biol Chem 283, 16206-16215.



S. Tsukamoto et al

52. Wypych J, Li M, Guo A, et al. (2008) Human IgG2 antibodies
display disulfide-mediated structural isoforms. J Biol Chem 283,
16194-16205.

53. Wang X, Kumar S, Singh SK (2011) Disulfide scrambling in
1gG2 monoclonal antibodies: insights from molecular dynamics
simulations. Pharm Res 28, 3128-3144.

.. SICOT-J 2026, 12, 2 9

54. YuJ, Song Y, Tian W (2020) How to select IgG subclasses in

55.

developing anti-tumor therapeutic antibodies. J Hematol Oncol
13, 45.

Liang X, Xue J, Ge X, et al. (2022) Safety, tolerability, and
pharmacokinetics/pharmacodynamics of JMT103 in patients with
bone metastases from solid tumors. Front Oncol 12, 971594.

10.1051/sicotj/2025063.

Cite this article as: Tsukamoto S, Errani C, Balach T, Zamora T, Ortiz-Cruz E, Rajasekaran RB, Yau R, Ji T, Pérez-Mufioz I, Linares F,
Angelini A, Ruggieri P, Benevenia J & Mavrogenis AF (2026) What’s new on giant cell tumor of bone. SICOT-J 12, 2. https://doi.org/



https://doi.org/10.1051/sicotj/2025063
https://doi.org/10.1051/sicotj/2025063

	Introduction
	Local treatment
	Systemic therapy
	Conclusion
	Funding
	Conflicts of interest
	Data availability statement
	Author contribution statement
	Ethics approval
	Informed consent
	References

