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General discussion 

Although giant cell tumors of bone and tenosynovial tissue are benign 
neoplasms, both have a locally aggressive character [1-3]. Therefore, treatment 
should be locally extended, which typically consists of intralesional excision 
with local adjuvants for giant cell tumor of bone and complete synovectomy 
with removal of all affected tissue for tenosynovial giant cell tumor. Local tumor 
control on the one hand and maintenance of a functional joint and quality of 
life on the other hand are the main pillars of surgical treatment for both disease 
entities. 
Previously, treatment of both giant cell tumor of bone and tenosynovial tissue 
primarily consisted of surgical resection. Current knowledge and development 
in the fields of imaging, functional biology and systemic targeted therapy are 
forcing us into a paradigm shift from a purely surgical towards a multidisciplinary 
approach. 
This thesis outlines the current state of the art concerning treatment of giant 
cell tumor of bone and tenosynovial tissue and the opportunities for further 
optimization of this multidisciplinary approach in the future. This thesis aims 
at improving patient selection for different types of surgery by identifying risk 
factors for recurrences and complications, defining indications for systemic 
targeted therapy and evaluating clinical outcome after treatment for both 
types of disease by providing for a clinical decision analysis based on outcome 
data.

Giant cell tumor of bone

Treatment decisions for giant cell tumor of bone (GCTB) should be made 
by a multidisciplinary team consisting of dedicated experts in the field of 
musculoskeletal oncology. This should include radiography, MR imaging, 
histopathological assessment and planned surgery, supplemented with 
systemic therapy if indicated, to improve oncological outcome especially in 
GCTB with a high risk for local recurrence or in uncurettable GCTB. These high-
risk GCTB include, but are not limited to, cases with soft tissue extension, intra-
articular pathologic fracture or localization in sacrum or spine.
Imaging
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Existing classifications of Campanacci et al. [4] and Enneking et al. [5] are based 
on radiographic aspects of GCTB and became outdated with the advent of MR 
imaging. Hence, a new radiological classification is needed that incorporates 
other imaging modalities providing for a more accurate estimation of disease 
extent, evaluation of response to systemic therapy and detection of local 
recurrence. In addition, this should be integrated into a multidisciplinary 
classification with clinical and histopathological features in order to predict 
clinical behavior of GCTB and allow for optimal patient selection for specific 
treatment modalities based on individual risk profiles [6].
The appearance of GCTB on conventional radiographs is rather characteristic 
and this remains the first step in diagnosing primary and recurrent GCTB. 
Computed tomography (CT) may be used in selected patients to assess cortical 
thinning and pathologic fractures before intralesional surgery. Dynamic 
contrast-enhanced magnetic resonance imaging (DCE-MRI) is required to 
evaluate the extent of GCTB within the bone and surrounding soft tissues 
in order to plan a surgical approach. On DCE-MRI, GCTB shows early and 
rapidly progressive enhancement followed by washout [7-9] and high signal 
intensity on T2-weighted images. On fluorodeoxyglucose-positron emission 
tomography (FDG-PET), GCTB demonstrates high FDG uptake due to high 
metabolic activity of osteoclast-like giant cells [10,11]. 
An important topic that needs to be evaluated in the future is monitoring of 
tumor activity during systemic therapy with use of DCE-MRI and FDG-PET. 
If GCTB responds well to denosumab, DCE-MRI signal-intensity curves are 
expected to change gradually and eventually mimic that of healthy bone. 
A reduction in FDG uptake during systemic therapy was shown to correlate 
with reduced tumor activity, making FDG-PET a second promising sensitive 
instrument to monitor response to systemic targeted therapy for GCTB. 
Differentiation between viable and necrotic tumor cells may be a valuable 
tool in future decision making for GCTB treatment, analogous to other 
musculoskeletal tumors [12].

Histopathology and genetics

To date, histopathological and genetic features of GCTB have not been clearly 
predictive for clinical behavior such as local progression and risk for recurrence 
or metastasis. With advancing fundamental knowledge on GCTB, this could 
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be further evaluated and merged with clinical and radiological features into 
a multidisciplinary classification of GCTB predicting its clinical behavior and 
creating individual risk profiles [6].
The following elements may predict clinical behavior. Macroscopically, GCTB 
associated with lung nodules commonly showed large areas of hemorrhage 
and thrombus formation, that were not seen in GCTB without recurrence 
or metastasis [13]. Microscopically, atypical mitotic figures are suggestive 
of malignancy, but a potential association between cellular atypia and a 
locally more aggressive behavior needs evaluation. Genetically, centrosome 
amplification and aneuploidy were reportedly higher in recurrent and 
metastatic GCTB, suggesting a relation with clinical behavior [14,15]. Expression 
of epidermal growth factor receptor (EGFR), a tyrosine kinase expressed by 
neoplastic stromal cells that promotes osteoclastogenesis in the presence of 
M-CSF, was more frequent in recurrent and metastatic GCTB, also suggesting a 
relation with disease progression [16].
To target tumor cells directly, more fundamental knowledge on the neoplastic 
stromal cells is necessary. An in vitro method involved isolation of neoplastic 
stromal cells to further study its capacities for osteoblastic differentiation 
and osteoclastogenesis [17]. Recently, a driver mutation has been identified 
in H3F3A in GCTB; these alterations were seen exclusively found in neoplastic 
stromal cells and not in precursor or mature osteoclasts [18]. Currently, there is 
a lack of suitable in vivo models for GCTB due to complex interactions between 
the neoplastic and reactive cellular components; therefore little is known 
about tumor growth, invasion, angiogenesis and metastasis. A method of 
grafting and growing GCTB on chick chorio-allantoic membranes (CAM) has 
been presented to further study interactions between all cellular components 
of GCTB [19]. This technique may be further exploited to gain vital insights in 
this disease and to test new therapeutic agents.

Surgical treatment

For GCTB, surgical treatment traditionally consists of either curettage with 
local adjuvants or en bloc resection. Ideally, curettage with local adjuvants 
should be treatment of first choice in all patients with GCT, achieving joint 
salvage and maintaining functionality. Concurrently, recurrence risk should be 
minimized to rates similar to those reported after en bloc resection (0-12%). 
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Overall recurrence rates in our studies varied between 27-31% after curettage 
with an adjuvant, i.e. phenol, liquid nitrogen and/or PMMA, and are therewith 
at the higher end of ranges reported in literature. This can be explained by the 
extended indications for intralesional surgery in participating centers, including 
high-risk GCTB. Contrariwise, lower recurrence rates of 7-18% were reported 
after curettage and local adjuvants for low-risk GCTB. Overall, local control was 
achieved after one or multiple intralesional procedures in 85-100% of patients 
with GCTB, indicating that primary intralesional surgery allows for acceptable 
results, even in patients with high-risk GCTB. Surgical treatment of axial GCTB is 
subject to multiple problems including complex anatomy for surgical resection 
and difficulty in using adequate local adjuvants near neurovascular structures. 
In our series on sacral GCTB, recurrence rate was high after intralesional 
excision (54%), especially after isolated curettage (80%). Therefore, oncological 
outcome after intralesional excision of sacral or spinal GCTB remains doubtful.
An emerging phenomenon in general oncologic surgery is intraoperative 
optical imaging with systemic injection of tumor-specific fluorescence agents, 
which can help determining adequate resection margins [20,21]. Especially 
during intralesional surgery after systemic therapy, it may be valuable to be 
able to identify and remove viable neoplastic stromal cells and reactive giant 
cells, in order to further reduce recurrence risk.
Concerning the optimal combination of local adjuvants in terms of oncological 
outcome, effectiveness of liquid nitrogen and phenol appeared to be 
comparable. Phenol may have a limited effect when used combined with 
PMMA [22,23], as recurrence rates were similar for phenol and PMMA versus 
PMMA alone. Efficacy of PMMA with or without phenol has to be studied in a 
prospective randomized trial. The latter is also true for the role of mechanical 
adjuvants such as the use of a high-speed burr in a uniform and validated 
manner, although designing and executing such a trial will be challenging [24]. 
Soft tissue extension is the only individual parameter to strongly increase 
recurrence risk [25,26]. This can be explained by the locally aggressive character 
of GCT and by technical difficulties in complete tumor excision and application 
of local adjuvants in the presence of exposed neurovascular structures. In 
these cases, feasibility of intralesional surgery depends on the extent of the 
soft tissue component, which is likely to improve with the advent of systemic 
targeted treatment options. 
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The complication rate was higher after en bloc resection compared to curettage 
with adjuvants (16% versus 4%), including aseptic loosening of endoprosthetic 
replacement, allograft failure and non-union. With curettage, complications 
were observed more frequently after cryosurgical treatment (30% versus 
11% with use of phenol), and this risk was especially elevated in combination 
with use of bone grafts for reconstruction. Complications included secondary 
osteoarthritis, infection, postoperative fracture, non-union and neuropraxia. 
Whereas postoperative fractures were the most important concern after 
cryosurgery in the past, current techniques with adequate monitoring of 
freezing temperatures and prophylactic osteosynthesis in selected cases 
have decreased fracture rates dramatically (from 25-50% to 0-7%). Secondary 
osteoarthritis of the knee was seen in 17% of patients after curettage and 
PMMA; risk factors were extensive subchondral bone involvement (>70%) and 
proximity to the articular cartilage (<3 mm). In the future, PMMA substitutes 
with a similar hyperthermic local adjuvant effect but with more favorable 
osteoconductive, osteoinductive and elasticity properties might be used to 
decrease the risk of secondary osteoarthritis [27-29]. When osteoarthritis does 
develop after curettage and PMMA, the bone cement can be replaced by 
bone grafts prior to total knee replacement, which is considered less invasive 
compared to primary en bloc resection. 
Functional ability reported by patients at the latest follow-up was superior 
after curettage with different types of local adjuvants compared to en bloc 
resection. Functional outcome and quality of life were not impaired in patients 
with radiographic osteoarthritis of the knee at mid-term follow-up, but 
clinical relevance may become more important at longer follow-up since our 
patients were relatively young. In an ideal situation, the biggest gain in terms 
of functional outcome and quality of life can be achieved by expanding the 
indication for intralesional surgery to all patients, by means of neoadjuvant 
systemic therapy that creates a curettable situation in uncurettable GCT and 
thereby avoiding more rigorous and mutilating resections—especially for 
sacral and spinal GCT.
Finally, en bloc resection should be reserved for patients in whom intralesional 
surgery and systemic therapy are impossible, contra-indicated or unavailable, 
as it results in more complications and worse functional outcome. Thus, en bloc 
resection would only be indicated in patients with intra-articular pathologic 
fractures requiring immediate stabilization or in which reconstruction of bony 
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remains after curettage is impossible; with soft tissue components adjacent to 
vital structures; with acute myelum compression; and with GCT in “expandable” 
bones such as proximal fibula or distal ulna.

Systemic targeted therapy

Whereas en bloc resection previously constituted the only treatment option for 
uncurettable GCT, receptor activator of nuclear factor kappa-B ligand (RANKL)-
inhibitor denosumab and bisphosphonate zoledronic acid have recently 
entered the arena of treatment armamentarium and are promising therapies 
for local down-staging of high-risk GCT before surgery. Rather than to divert 
to more mutilating resections for advanced disease adjacent to neurovascular 
structures, neoadjuvant therapy with denosumab may facilitate intralesional 
surgery by creating a calcified rim around the entire tumor including its soft 
tissue component [30,31]. A reduction in tumor size and a calcified rim around 
the tumor and its soft tissue component are already seen after an average of 3 
months and further calcification is seen with longer therapy duration. In axial 
and sacral GCT, locally advanced disease is often seen and local recurrence risk 
is therefore high. Creating an operable situation and achieving immediate local 
control are of the utmost importance. It is, among others, precisely in those 
cases that denosumab may allow for intralesional surgery and in addition to 
that it may render radiotherapy redundant.
RANKL is expressed by neoplastic stromal cells and RANKL-inhibitor 
denosumab blocks osteoclast maturation and bone resorption [32,33]. The 
efficacy of denosumab has been proven in prospective randomized trials and 
it has recently been registered for advanced GCT by the FDA [30,31]. However, 
inhibition of RANKL only indirectly affects GCT, as the tumor cells are not 
directly targeted. Targets for systemic therapy which more specifically address 
neoplastic stromal cells should be identified in order to turn systemic therapy 
into a definite therapy for GCT. Currently, therapy effects of denosumab are 
hypothesized to be temporary—after discontinuation of denosumab, regrowth 
of GCT was seen in some patients—and until more becomes known on the 
subject, surgery is indicated as definite treatment in all patients. In addition, it 
remains unsure whether systemic therapy with denosumab reduces recurrence 
risk when used in an adjuvant postoperative setting. Finally, long-term toxicity 
and optimal therapy duration need to be further explored.  
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Bisphosphonates are assumed to bind to bone mineral, inhibit osteoclast 
formation, migration and osteolytic activity at sites of bone resorption and 
promote apoptosis of osteoclasts [34]. In small retrospective series, stabilization 
of local and metastatic disease was achieved with bisphosphonates [35-37]. A 
prospective randomized trial with adjuvant zoledronic acid is currently ongoing 
in patients with high-risk GCT. The efficacy of zoledronic acid in neoadjuvant 
setting has not yet been validated.
Thus far, there are no randomized trials comparing the clinical effectiveness 
of RANKL-inhibitors and bisphosphonates [38]. Although denosumab seems 
to be more potent compared to zoledronic acid in regulating the RANK/
RANKL-pathway and inhibiting osteolytic properties of multinucleated giant 
cells in GCT, the latter may have a more direct anti-tumor effect by addressing 
neoplastic stromal cells. In a recent in vitro study, reduced cell growth and 
apoptosis were seen in neoplastic stromal cells treated with zoledronic acid, 
but not in those treated with denosumab [34]. Also, zoledronic acid inhibited 
mRNA expression of RANKL by neoplastic stromal cells, whereas denosumab 
did not [34]. These findings reinforce the hypothesis that recurrence may occur 
after discontinuation of denosumab.
Based on new findings in functional biology and genetics of GCT, new targets 
for systemic therapy may be studied in the future. First, Wnt/β-catenin and 
recombinant human bone morphogenetic protein-2 (BMP-2) are pathways 
that regulate osteoclast-inducing activity of neoplastic stromal cells and 
are potential clinical targets for direct anti-tumor targeted therapy [17]. 
Second, DD33+ is a characteristic feature of the osteoclast-like phenotype of 
multinucleated giant cells and may be targeted with gemtuzumab—an anti-
CD33+ antibody—in analogy to the treatment of acute myeloid leukemia [39]. 
Third, there are RANKL-substitutes that demonstrated osteoclastogenesis and 
formation of multinucleated giant cells capable of lacunar bone resorption 
(e.g. TNF-α, IL-6, TGF-β, APRIL, BAFF, NGF, IGF-I and IGF-II). Although these 
mechanisms are less potent than the RANK/RANKL-pathway, they may be 
further investigated as new targets for systemic therapy.

Radiotherapy

Finally, radiotherapy should be restricted for rare cases of unresectable, 
residual or recurrent GCT (e.g. axial localizations) when surgery leads to 
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unacceptable morbidity. After radiotherapy, operability of the irradiated area 
becomes problematic and recurrences complicate further surgical treatment. 
Additionally, lifelong risk for radiation induced sarcoma is noteworthy (3-11%). 
Therefore, its use should absolutely be minimized and the possibilities of 
systemic therapy should be explored before considering radiotherapy.

Giant cell tumor of tenosynovial tissue

Awareness of giant cell tumors arising from synovium (diffuse-type GCT; Dt-
GCT) and tendon sheath (GCT of tendon sheath; GCT-TS) has increased over 
the last decades and with improvements in radiological and histopathological 
techniques, diagnosis and disease extent can be identified more accurately. 
Treatment decisions for tenosynovial giant cell tumor, especially for Dt-GCT, 
should be made by a multidisciplinary team consisting of dedicated experts 
in the field of musculoskeletal oncology and should include MR imaging and 
histopathological assessment before surgery. The latter may be supplemented 
with systemic therapy or adjuvant radiotherapy, as optimal oncological 
outcome may interfere with maintaining a functional joint and quality of life. 

Imaging

Although currently lacking, a multidisciplinary classification that combines 
clinical, radiological and histopathological features in order to predict clinical 
behavior of tenosynovial GCT is desirable as this would enhance patient 
selection for individually tailored treatment.
Conventional radiographs are often not diagnostic for tenosynovial GCT but 
can be performed to rule out other diagnoses, including malignancies. Only 
in case of advanced disease, there may be evidence of soft tissue swelling, 
diminished joint space width and periarticular bone erosion on radiographs. 
MR imaging of tenosynovial GCT has a highly characteristic appearance 
with low signal intensity on T1- and T2-weighted spin echo sequences and a 
“blooming effect” owing to the presence of haemosiderin; this is therefore the 
most important step in radiological evaluation of the lesion [40]. A distinction 
is easily made between localized and diffuse types of disease based on the 
dimensions and extent of the lesion. On DCE-MRI, tenosynovial GCT shows 
marked enhancement on T1-weighted images with a delayed wash-out. To 
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date, there is no evidence that DCE-MRI is helpful in differentiating tenosynovial 
GCT from other hemorrhagic joint effusions [41]. On FDG-PET, tenosynovial 
GCT shows high FDG uptake due to the high metabolic activity of osteoclast-
like giant cells [42-45]. 
In the future, both DCE-MRI and FDG-PET should be evaluated as potentially 
sensitive instruments to monitor response of tumor activity to systemic 
targeted therapy in more advanced cases of tenosynovial GCT. 

Histopathology and genetics

To date, no evident histopathological or genetic features have been identified 
that are associated with a more aggressive clinical behavior of tenosynovial 
GCT and its tendency for local recurrence, impeding the design of a 
histopathological classification. With advancing fundamental knowledge on 
tenosynovial GCT, this would need further evaluation, in order to combine 
histopathological with clinical and radiological features into a multidisciplinary 
classification of tenosynovial GCT to predict its clinical behavior based on 
individual risk profiles.
The following parameters may be related with more aggressive forms of 
tenosynovial GCT. Macroscopically, a distinction is made between localized and 
diffuse types of tenosynovial GCT, which show different clinical features and 
biological behavior, but share similar histopathological features and etiology. 
While the localized type is non-destructive and non-invasive, the diffuse type 
is locally aggressive and capable of bone resorption in the periarticular bone. 
Furthermore, Dt-GCT may recur as a secondary malignant neoplasm, but 
primary malignant tenosynovial GCT has also been reported. Malignant lesions 
show increased mitotic rates compared to benign lesions (>20 instead of >5 
mitosis per 10 high power fields) [3]. In addition, areas of necrosis, presence of 
abundant eosinophilic cytoplasm and stromal myxoid changes are also seen, 
but none of those form solitary criteria for malignancy [3].
To target tumor cells directly, more fundamental knowledge on the neoplastic 
cell component of tenosynovial GCT should be gained in the future. Genetically, 
only a small subset of tenosynovial GCT has a t(1;2) translocation which fuses 
the M-CSF gene on chromosome 1 to the collagen 6A3 (COL6A3) gene on 
chromosome 2, resulting in high levels of M-CSF expression by neoplastic 
cells [46,47]. This overexpression of M-CSF and its receptor M-CSFR promotes 
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formation of a tumor mass, and forms a pathway for systemic targeted therapy 
[46]. Other pathways that are present in all patients with Dt-GCT still need to 
be identified. 

Surgical treatment 

For tenosynovial GCT, surgical treatment traditionally exists of either arthroscopic 
or open synovectomy, and differs for localized and diffuse types of disease. 
Surgical removal of localized type tenosynovial GCT is relatively easy, either 
through open excision of solitary lesions in the digits or arthroscopic or open 
partial synovectomy of intra-articular lesions in the knee. Although comparable 
recurrence rates are published for arthroscopic and open synovectomy 
confined to the lesion (6% and 4% respectively) [48-51], there is a significant 
risk of inadequate excision with arthroscopic synovectomy particularly in the 
posterior knee compartment. To minimize recurrence risk, open excision would 
be recommended in most cases of GCT-TS and arthroscopic synovectomy 
should be reserved for small and well-accessible lesions in the anterior knee 
compartment. Generally, GCT-TS is a non-invasive and non-destructive 
lesion, and recurrences may be treated with repeated surgical excision. 
Surgical removal of diffuse type tenosynovial GCT can be performed through 
arthroscopic or open complete synovectomy. As arthroscopic techniques 
have improved over the last decades and are continuously evolving, this is 
preferred by numerous knee surgeons. However, the arthroscopic endpoint, 
i.e. when the procedure is terminated, is often more dependent on maximum 
operating time than on macroscopically remaining Dt-GCT and suboptimal 
tumor removal is sometimes taken for granted. Unfortunately, oncological 
results have been disappointing due to the significant risk of incomplete 
tumor removal and high recurrence rates (~40%). Therefore, one or two-stage 
open complete synovectomy is recommended for Dt-GCT to prevent tumor 
spill, allow for complete resection and reduce risk of recurrence (~14%). There 
exists a wide variation in what is meant by open synovectomy in the literature. 
Open synovectomy may consist of only debulking or curetting macroscopically 
visible Dt-GCT, in addition it may involve dissection of the joint capsule, and 
even performing a true capsulectomy with removal of the entire synovium. This 
variation is logically directly associated with variable recurrence rates, with the 
latter leading to the best results. For extra-articular disease, attention should 
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be paid to the complete excision of all affected soft tissue. For diffuse disease 
in joints with a tight capsule such as the hip or ankle, joint destruction and 
secondary osteoarthritis may occur, which may necessitate joint arthroplasty. 
All recurrences, especially after primary arthroscopic synovectomy, would 
better be treated with open synovectomy. 
With increasing knowledge regarding efficacy of systemic therapy for Dt-GCT, 
it would be interesting to compare oncological results after arthroscopic and 
open synovectomy combined with systemic therapy; less invasive forms of 
surgery may become standard treatment. As already performed in general 
oncological surgery and as previously proposed in this thesis for the surgical 
treatment of giant cell tumor of bone, there may be a place for optical surgery 
with tumor-specific fluorescent targeting agents to facilitate complete 
resection of advanced tenosynovial GCT, especially after systemic targeted 
treatment [20,21]. 
Recurrence rate is dependent on site, volume of disease, intra- or extra-articular 
extent, type of surgery and previous surgery. Besides, with arthroscopic 
synovectomy there is always a risk of seeding the disease into the soft tissues 
around the portals. In our series, patients with more severe Dt-GCT, defined as 
involvement of both anterior and posterior knee compartments or with extra-
articular extension presented a higher risk for recurrence compared to patients 
with mild Dt-GCT, defined as a solitary pedunculated lesion (conform GCT-TS) 
or involvement of the anterior or posterior knee compartment. Furthermore, 
in our series half of the patients were referred to our center with recurrent or 
residual disease after one or multiple attempts of arthroscopic tumor removal. 
Subsequently, multiple open re-synovectomies were required with the intent 
to cure. The patients that initially underwent open synovectomy at our center 
developed fewer recurrences during follow-up. 
The most commonly reported complication after open synovectomy is joint 
stiffness (24%) [52]. This is one of the arguments in favor of arthroscopic 
synovectomy, which hypothetically results in a shorter recovery time and a 
superior function without joint stiffness. Additionally, taking into account the 
high risk for reoperation after arthroscopy and the subsequent higher risk for 
complications including infection, deep venous thrombosis and joint stiffness, 
initial open synovectomy and the accompanying chance of immediate local 
tumor control may result in fewer complications in the end. A higher failure 
rate (22-25%) is reported after complete synovectomy and joint replacement 
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compared to joint replacement surgery for conventional osteoarthritis [53,54].
Regarding functional outcome, arthroscopic synovectomy may provide 
better results compared to open synovectomy. In our series, many patients 
underwent primary arthroscopy in a peripheral hospital with the intent of 
maintaining preoperative function and quality of life after surgery for Dt-GCT. 
Eventually, these patients were referred to our tertiary center with recurrent or 
residual disease after one or multiple attempts of arthroscopic tumor removal. 
Multiple open re-synovectomies were required with the intent to cure. At 
final follow-up, these patients reported worse functional outcomes and 
quality of life, compared to their counterparts that initially underwent open 
synovectomy at our center and who developed fewer recurrences and needed 
fewer reoperations during follow-up. This indicates that open synovectomy 
does not inevitably result in the hypothesized impaired function or quality of 
life compared to (repetitive) arthroscopy.
Finally, many patients with tenosynovial GCT still undergo primary surgical 
treatment in peripheral hospitals without multidisciplinary expertise in 
the field of musculoskeletal oncology, but as a severe course of disease is 
common, we recommend referral to a tertiary center. In concordance with 
recent suggestions, better care and cure would be achieved by centralization, 
especially with the advent of systemic targeted therapy [55].

Systemic targeted therapy

Patients with unresectable diffuse disease are particularly suitable for 
neoadjuvant systemic targeted therapy with imatinib or related tyrosine 
kinase inhibitors which block M-CSFR, as this could down-stage the disease 
and facilitate complete synovectomy on the long term in analogy to systemic 
therapy for giant cell tumor of bone. Imatinib has shown tumor regression 
in patients with advanced Dt-GCT in preliminary studies, and together with 
related tyrosine kinase inhibitors (e.g. nilotinib and sunitinib) it is currently 
studied in prospective randomized trials. 
Based on new findings in functional biology and genetics of tenosynovial GCT, 
new targets for systemic therapy can be identified. First, there may be a role for 
blockade of M-CSFR through other cytokines than tyrosine kinase inhibitors that 
are currently under study and that interact with the same receptor, for example 
IL-34 [56]. Second, as the formation of multinucleated giant cells in Dt-GCT 
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is RANKL-dependent, there may be a place for therapy with RANKL-inhibitor 
denosumab, conform systemic targeted therapy in giant cell tumor of bone 
[57]. However, in Dt-GCT multinucleated giant cells are often less numerous 
or even absent and it remains unsure what the effect of therapy will be. With 
the introduction of systemic therapy for Dt-GCT, treatment optimization will 
require further review and validation, including optimal agent, toxicity profile, 
mechanism of resistance, therapy duration and timing of surgery. 

Radiotherapy 

Whereas radiotherapy is restricted to exceptional cases of unresectable, residual 
or recurrent giant cell tumor of bone, it is more commonly applied in the 
multidisciplinary treatment of tenosynovial GCT. For recurrent or refractory Dt-
GCT with extra-articular extension, moderate dose external beam radiotherapy 
(30-50Gy) may be considered several weeks after surgical removal; the optimal 
dose should be investigated. Radiotherapy may kill residual tumor cells in 
case of incomplete resection and in this way it can prevent reoperation with 
its accompanying risk for complications and impaired functional outcome. 
However, if reoperation is indicated, the risk of complications is increased 
especially in the extremities. Another option for locally delivered radiotherapy 
in intra-articular Dt-GCT is instillation in radioactive colloids in the affected 
joint (i.e. synoviorthesis with 90Yttrium). Although this treatment is most often 
used as adjuvant therapy with Dt-GCT, there is little evidence to support its 
universal application and one should be critical about its use.

Methodological considerations

Published case series on surgical treatment of giant cell tumor of bone and 
tenosynovial tissue are generally small and often provide only levels III-IV 
evidence. Also, most studies are retrospective and histopathology was not 
revised with respect to recent criteria for diagnosis of bone and soft tissue 
tumors. Hence, even systematic reviews of recurrence rates, complications and 
functional outcome after surgery and adjuvant treatment for different types of 
disease provide little evidence and meta-analysis of gathered data is often not 
warranted.
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Randomized controlled trials (RCT) are preferred when comparing safety 
and efficacy of different interventions, but this design may be inappropriate 
for many musculoskeletal tumors due to rareness and heterogeneity of 
disease, required long-term follow-up, ethical objections and surgical 
expertise. However, several improvements of methodological approaches 
are imaginable. First, the role for alternative research methodologies that 
approximate RCTs, including stepped wedge cluster designs, expertise-
based designs and instrumental variable analyses, all comparing treatment in 
different centers, should be further explored [58-64]. Second, a higher quality 
of non-randomized studies can be obtained by standardized data collection 
with use of (inter)national prospective databases and registries including 
technical, clinical and patient reported outcome measures (PROMs) [58,65]. 
Data from larger study populations and prolonged follow-up are required 
to that aim. In addition, studies should apply standard reporting protocols 
similar to CONSORT and STROBE requirements for randomized controlled trials 
and observational studies, respectively [66,67]. Third, with quickly advancing 
knowledge on genetics and molecular biology of musculoskeletal tumors, 
revision of histopathological diagnoses is recommended in future multicenter 
and international studies of retrospective nature. Finally, the IDEAL consortium 
proposed a five-stage model for the regulation of innovation of surgical 
techniques based on the principles of evidence-based medicine, analogous to 
the phased approach for drug development [68]. To achieve these objectives 
and to improve clinical decision making for the multidisciplinary treatment 
of giant cell tumors of bone and tenosynovial tissue, a high degree of (inter)
national cooperation is key.

27935_Heijden.indd   299 25-06-14   11:32



Chapter 13

300

References

 1.  Athanasou NA, Bansal M, Forsyth R, et al.: Giant cell tumour of bone. In Fletcher CDM, Bridge JA, 
Hogendoorn PCW, Mertens F (eds): “WHO Classification of Tumours of Soft Tissue and Bone.” Lyon: 
International Agency for Research on Cancer (IARC), 2013: 321-324.

 2.  de St.Aubain Somerhausen N, van de Rijn M: Tenosynovial giant cell tumour, localized type. In 
Fletcher CD, Bridge JA, Hogendoorn PC, Mertens F (eds): “WHO Classification of Tumours of Soft 
Tissue and Bone.” Lyon: IARC Press, 2013: 100-101.

 3.  de St.Aubain Somerhausen N, van de Rijn M: Tenosynovial giant cell tumour, diffuse type. In 
Fletcher CD, Bridge JA, Hogendoorn PC, Mertens F (eds): “WHO Classification of Tumours of Soft 
Tissue and Bone.” Lyon: IARC Press, 2013: 102-103.

 4.  Campanacci M, Baldini N, Boriani S, Sudanese A: Giant-cell tumor of bone. J Bone Joint Surg Am 
1987; 69:106-114.

 5.  Enneking WF, Spanier SS, Goodman MA: A system for the surgical staging of musculoskeletal 
sarcoma. Clin Orthop Relat Res 1980;106-120.

 6.  Wang H, Wan N, Hu Y: Giant cell tumour of bone: a new evaluating system is necessary. Int Orthop 
2012; 36:2521-2527.

 7.  van der Woude HJ, Verstraete KL, Hogendoorn PC, et al.: Musculoskeletal tumors: does fast dynamic 
contrast-enhanced subtraction MR imaging contribute to the characterization? Radiology 1998; 
208:821-828.

 8.  Verstraete KL, Lang P: Bone and soft tissue tumors: the role of contrast agents for MR imaging. Eur 
J Radiol 2000; 34:229-246.

 9.  Verstraete KL, van der Woude HJ, Hogendoorn PC, et al.: Dynamic contrast-enhanced MR imaging 
of musculoskeletal tumors: basic principles and clinical applications. J Magn Reson Imaging 1996; 
6:311-321.

 10.  McKinney AM, Reichert P, Short J, et al.: Metachronous, multicentric giant cell tumor of the sphenoid 
bone with histologic, CT, MR imaging, and positron-emission tomography/CT correlation. AJNR 
Am J Neuroradiol 2006; 27:2199-2201.

 11.  Aoki J, Watanabe H, Shinozaki T, et al.: FDG PET of primary benign and malignant bone tumors: 
standardized uptake value in 52 lesions. Radiology 2001; 219:774-777.

 12.  Kajihara M, Sugawara Y, Sakayama K, et al.: Evaluation of tumor blood flow in musculoskeletal 
lesions: dynamic contrast-enhanced MR imaging and its possibility when monitoring the response 
to preoperative chemotherapy-work in progress. Radiat Med 2007; 25:94-105.

 13.  Alberghini M, Kliskey K, Krenacs T, et al.: Morphological and immunophenotypic features of 
primary and metastatic giant cell tumour of bone. Virchows Arch 2010; 456:97-103.

 14.  Moskovszky L, Szuhai K, Krenacs T, et al.: Genomic instability in giant cell tumor of bone. A study 
of 52 cases using DNA ploidy, relocalization FISH, and array-CGH analysis. Genes Chromosomes 
Cancer 2009; 48:468-479.

 15.  Antal I, Sapi Z, Szendroi M: The prognostic significance of DNA cytophotometry and proliferation 
index (Ki-67) in giant cell tumors of bone. Int Orthop 1999; 23:315-319.

 16.  Balla P, Moskovszky L, Sapi Z, et al.: Epidermal growth factor receptor signalling contributes to 
osteoblastic stromal cell proliferation, osteoclastogenesis and disease progression in giant cell 
tumour of bone. Histopathology 2011; 59:376-389.

 17.  Steensma MR, Tyler WK, Shaber AG, et al.: Targeting the giant cell tumor stromal cell: functional 
characterization and a novel therapeutic strategy. PLoS One 2013; 8:e69101.

 18.  Behjati S, Tarpey PS, Presneau N, et al.: Distinct H3F3A and H3F3B driver mutations define 
chondroblastoma and giant cell tumor of bone. Nat Genet 2013; 45:1479-1482.

 19.  Balke M, Neumann A, Szuhai K, et al.: A short-term in vivo model for giant cell tumor of bone. BMC 
Cancer 2011; 11:241.

 20.  Keereweer S, Van Driel PB, Robinson DJ, Lowik CW: Shifting Focus in Optical Image-Guided Cancer 
Therapy. Mol Imaging Biol 2013.

27935_Heijden.indd   300 25-06-14   11:32



13

General discussion

301

 21.  Keereweer S, Van Driel PB, Snoeks TJ, et al.: Optical image-guided cancer surgery: challenges and 
limitations. Clin Cancer Res 2013; 19:3745-3754.

 22.  Kivioja AH, Blomqvist C, Hietaniemi K, et al.: Cement is recommended in intralesional surgery of 
giant cell tumors: a Scandinavian Sarcoma Group study of 294 patients followed for a median time 
of 5 years. Acta Orthop 2008; 79:86-93.

 23.  Klenke FM, Wenger DE, Inwards CY, et al.: Giant Cell Tumor of Bone: Risk Factors for Recurrence. Clin 
Orthop Relat Res 2011; 469:591-599.

 24.  Algawahmed H, Turcotte R, Farrokhyar F, Ghert M: High-Speed Burring with and without the Use 
of Surgical Adjuvants in the Intralesional Management of Giant Cell Tumor of Bone: A Systematic 
Review and Meta-Analysis. Sarcoma 2010; 2010.

 25.  Becker WT, Dohle J, Bernd L, et al.: Local recurrence of giant cell tumor of bone after intralesional 
treatment with and without adjuvant therapy. J Bone Joint Surg Am 2008; 90:1060-1067.

 26.  Balke M, Schremper L, Gebert C, et al.: Giant cell tumor of bone: treatment and outcome of 214 
cases. J Cancer Res Clin Oncol 2008; 134:969-978.

 27.  Theler JM: Bone tissue substitutes and replacements. Curr Opin Otolaryngol Head Neck Surg 2011; 
19:317-322.

 28.  Harms C, Helms K, Taschner T, et al.: Osteogenic capacity of nanocrystalline bone cement in a 
weight-bearing defect at the ovine tibial metaphysis. Int J Nanomedicine 2012; 7:2883-2889.

 29.  Schindler OS, Cannon SR, Briggs TW, Blunn GW: Use of a novel bone graft substitute in peri-articular 
bone tumours of the knee. Knee 2007; 14:458-464.

 30.  Thomas D, Henshaw R, Skubitz K, et al.: Denosumab in patients with giant-cell tumour of bone: an 
open-label, phase 2 study. Lancet Oncol 2010; 11:275-280.

 31.  Chawla S, Henshaw R, Seeger L, et al.: 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.

 32.  Xu W, Li X, Huang W, et al.: Factors affecting prognosis of patients with giant cell tumors of the 
mobile spine: retrospective analysis of 102 patients in a single center. Ann Surg Oncol 2013; 
20:804-810.

 33.  Branstetter DG, Nelson SD, Manivel JC, et al.: Denosumab induces tumor reduction and bone 
formation in patients with giant-cell tumor of bone. Clin Cancer Res 2012; 18:4415-4424.

 34.  Lau CP, Huang L, Wong KC, Kumta SM: Comparison of the anti-tumor effects of denosumab and 
zoledronic acid on the neoplastic stromal cells of giant cell tumor of bone. Connect Tissue Res 
2013; 54:439-449.

 35.  Balke M, Campanacci L, Gebert C, et al.: Bisphosphonate treatment of aggressive primary, recurrent 
and metastatic Giant Cell Tumour of Bone. BMC Cancer 2010; 10:462.

 36.  Tse LF, Wong KC, Kumta SM, et al.: Bisphosphonates reduce local recurrence in extremity giant cell 
tumor of bone: a case-control study. Bone 2008; 42:68-73.

 37.  Yu X, Xu M, Xu S, Su Q: Clinical outcomes of giant cell tumor of bone treated with bone cement 
filling and internal fixation, and oral bisphosphonates. Oncol Lett 2013; 5:447-451.

 38.  Balke M: Denosumab treatment of giant cell tumour of bone. Lancet Oncol 2013; 14:801-802.
 39.  Forsyth RG, De BG, Baelde JJ, et al.: CD33+ CD14- phenotype is characteristic of multinuclear 

osteoclast-like cells in giant cell tumor of bone. J Bone Miner Res 2009; 24:70-77.
 40.  Murphey MD, Rhee JH, Lewis RB, et al.: Pigmented villonodular synovitis: radiologic-pathologic 

correlation. Radiographics 2008; 28:1493-1518.
 41.  Barile A, Sabatini M, Iannessi F, et al.: Pigmented villonodular synovitis (PVNS) of the knee joint: 

magnetic resonance imaging (MRI) using standard and dynamic paramagnetic contrast media. 
Report of 52 cases surgically and histologically controlled. Radiol Med 2004; 107:356-366.

 42.  Yoshida T, Sakamoto A, Tanaka K, et al.: Intramuscular diffuse-type giant cell tumor within the 
hamstring muscle. Skeletal Radiol 2007; 36:331-333.

 43.  Simon SL, Inneh IA, Lee MS, et al.: Tenosynovial giant cell tumor of the thigh: positron emission 
tomography findings. Am J Orthop (Belle Mead NJ) 2011; 40:E115-E117.

27935_Heijden.indd   301 25-06-14   11:32



Chapter 13

302

 44.  Paul JC, Unnanuntana A, Goldsmith SJ, Lane JM: Extra-articular knee lesion with high fluorodeoxy-
glucose-uptake on positron emission tomography. Bull Hosp Jt Dis (2013 ) 2013; 71:170-174.

 45.  Stacchiotti S, Crippa F, Messina A, et al.: Response to imatinib in villonodular pigmented synovitis 
(PVNS) resistant to nilotinib. Clin Sarcoma Res 2013; 3:8.

 46.  West RB, Rubin BP, Miller MA, et al.: A landscape effect in tenosynovial giant-cell tumor from 
activation of CSF1 expression by a translocation in a minority of tumor cells. Proc Natl Acad Sci U S 
A 2006; 103:690-695.

 47.  Cupp JS, Miller MA, Montgomery KD, et al.: Translocation and expression of CSF1 in pigmented 
villonodular synovitis, tenosynovial giant cell tumor, rheumatoid arthritis and other reactive 
synovitides. Am J Surg Pathol 2007; 31:970-976.

 48.  Ogilvie-Harris DJ, McLean J, Zarnett ME: Pigmented villonodular synovitis of the knee. The results 
of total arthroscopic synovectomy, partial, arthroscopic synovectomy, and arthroscopic local 
excision. J Bone Joint Surg Am 1992; 74:119-123.

 49.  Zvijac JE, Lau AC, Hechtman KS, et al.: Arthroscopic treatment of pigmented villonodular synovitis 
of the knee. Arthroscopy 1999; 15:613-617.

 50.  Sharma V, Cheng EY: Outcomes after excision of pigmented villonodular synovitis of the knee. Clin 
Orthop Relat Res 2009; 467:2852-2858.

 51.  Salomao DR, Nascimento AG: Giant cell tumor of tendon sheath. In Bulstrode C, Buckwalter J, Carr 
J (eds): “Oxford Textbook of Orthopaedics and Trauma.” Oxford: Oxford University Press, 2002: 211-
212.

 52.  Flandry F, Hughston JC, McCann SB, Kurtz DM: Diagnostic features of diffuse pigmented villonodular 
synovitis of the knee. Clin Orthop Relat Res 1994;212-220.

 53.  Hamlin BR, Duffy GP, Trousdale RT, Morrey BF: Total knee arthroplasty in patients who have 
pigmented villonodular synovitis. J Bone Joint Surg Am 1998; 80:76-82.

 54.  Vastel L, Lambert P, De PG, et al.: Surgical treatment of pigmented villonodular synovitis of the hip. 
J Bone Joint Surg Am 2005; 87:1019-1024.

 55.  Ogura K, Yasunaga H, Horiguchi H, et al.: Impact of hospital volume on postoperative complications 
and in-hospital mortality after musculoskeletal tumor surgery: analysis of a national administrative 
database. J Bone Joint Surg Am 2013; 95:1684-1691.

 56.  Lin H, Lee E, Hestir K, et al.: Discovery of a cytokine and its receptor by functional screening of the 
extracellular proteome. Science 2008; 320:807-811.

 57.  Taylor R, Kashima TG, Knowles H, et al.: Osteoclast formation and function in pigmented villonodular 
synovitis. J Pathol 2011; 225:151-156.

 58.  Ergina PL, Cook JA, Blazeby JM, et al.: Challenges in evaluating surgical innovation. Lancet 2009; 
374:1097-1104.

 59.  Boef AG, le CS, Dekkers OM: [Instrumental variable analysis]. Ned Tijdschr Geneeskd 2013; 
157:A5481.

 60.  Martens EP, Pestman WR, de BA, et al.: Instrumental variables: application and limitations. 
Epidemiology 2006; 17:260-267.

 61.  Brookhart MA, Rassen JA, Schneeweiss S: Instrumental variable methods in comparative safety and 
effectiveness research. Pharmacoepidemiol Drug Saf 2010; 19:537-554.

 62.  Dekkers OM: [The stepped wedge design]. Ned Tijdschr Geneeskd 2012; 156:A4069.
 63.  Brown CA, Lilford RJ: The stepped wedge trial design: a systematic review. BMC Med Res Methodol 

2006; 6:54.
 64.  Mdege ND, Man MS, Taylor Nee Brown CA, Torgerson DJ: Systematic review of stepped wedge 

cluster randomized trials shows that design is particularly used to evaluate interventions during 
routine implementation. J Clin Epidemiol 2011; 64:936-948.

 65.  McCulloch P, Altman DG, Campbell WB, et al.: No surgical innovation without evaluation: the IDEAL 
recommendations. Lancet 2009; 374:1105-1112.

 66.  Altman DG: Better reporting of randomised controlled trials: the CONSORT statement. BMJ 1996; 
313:570-571.

27935_Heijden.indd   302 25-06-14   11:32



13

General discussion

303

 67.  von EE, Altman DG, Egger M, et al.: Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) statement: guidelines for reporting observational studies. BMJ 2007; 335:806-
808.

 68.  Barkun JS, Aronson JK, Feldman LS, et al.: Evaluation and stages of surgical innovations. Lancet 
2009; 374:1089-1096.

27935_Heijden.indd   303 25-06-14   11:32




