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Abstract

:

Tenosynovial giant cell tumor (TGCT) is a rare and locally aggressive benign tumor arising from the synovium of joints, bursae, and tendon sheaths. It is classified into localized (L-TGCT) and diffuse (D-TGCT) forms based on the extent of involvement. Surgical resection is the primary treatment, though achieving a definitive cure remains challenging due to the high recurrence rates, especially in D-TGCT. Systemic therapies targeting the CSF1-CSF1R axis have emerged as promising treatment options. CSF1R tyrosine kinase inhibitors (TKIs) such as imatinib, nilotinib, pexidartinib, and vimseltinib, alongside anti-CSF1R antibodies like emactuzumab, cabiralizumab, and lacnotuzumab, have shown encouraging results in managing TGCT, particularly when surgery is not feasible or poses significant morbidity. Other potential therapies, including local treatments and anti-inflammatory drugs, are being explored for TGCT management. This review provides an overview of systemic treatment options for D-TGCT, highlighting emerging therapeutic modalities and their potential implications. Effective management is crucial due to TGCT’s significant morbidity despite its non-life-threatening nature, necessitating novel approaches to improve patient prognosis and quality of life.
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1. Introduction


Tenosynovial giant cell tumor (TGCT), also known as pigmented villonodular synovitis (PVNS), is a rare, locally aggressive, benign neoplasm originating in the synovium of joints, bursae and tendon sheaths, exhibiting synovial differentiation. The World Health Organization (WHO) 2013 classifies TGCT into localized (L-TGCT) and diffuse (D-TGCT) forms. L-TGCT encompasses the previous entities giant cell tumor of the tendon sheath (GCTTS) and nodular tenosynovitis, affecting a part of the synovium and commonly localized in the digits as a well-circumscribed nodule. D-TGCT is a locally aggressive tumor that affects the entire synovium of large joints, most commonly the knee, often extending into extra-articular structures [1,2,3].



Annual incidence falls between 1.8 per million for diffuse and 50 per million for localized forms and the affected people’s ages range mainly between 20 and 50 years old. Prevalence in 2012 was 44.3% for L-TGCT and 11.5% for L-TGCT according to a Danish cohort study [1]. TGCTs typically manifest as monoarticular conditions, and their clinical presentation is non-specific and varies depending on the localization of occurrence. Extra-articular and tendon sheath forms usually present as slow-growing painless nodules, while intra-articular and diffuse forms present with symptoms including pain, stiffness and edema of the affected joint, hemorrhagic joint effusions, and erosions of the cartilage potentially leading to secondary osteoarthritis [4,5].



Magnetic resonance imaging (MRI) is the gold-standard imaging modality to establish diagnosis as well as for preoperative evaluation of TGCT. L-TGCT appears as well-demarcated lesions of the tendon, whereas D-TGCT typically presents as a soft tissue intra-articular mass with irregular margins, often associated with joint effusion and eventually extra-articular extension. D-TGCT appears more multinodular on MRI than L-TGCT. Bone and cartilage involvement is more common in D-TGCT while peripheral hypointensity is more common in L-TGCT [4,6,7,8].



Biopsy is not mandatory for the diagnosis of TGCT when clinical and MRI findings are typical but should be performed in unusual presentations. Histologically, TGCT is characterized by an hypervascular and hyperplastic synovium containing multinucleated osteoclast-like giant cells, macrophages, and hemosiderin [4,9,10].



When feasible, surgical resection is the mainstay of treatment for treatment-naïve TGCT, although surgery can be debilitating and achieving a definitive cure is difficult [11]. The risk of recurrence for D-TGCT after surgery is high, with a 10-year estimated recurrence rate of around 19.1% in one Danish cohort study [1] and up to 44% according to Mastboom, M.J.L., et al. (2019) [3], whereas the risk of recurrence for L-TGCT after surgery is comparatively lower, approximately 10% [1]. Adjuvant or perioperative radiotherapy is generally not recommended due to potential toxicity such as joint stiffness, necrosis, or malignant transformation to sarcoma [12].



Despite being non-life-threatening and rarely metastatic, disease progression of D-TGCT can cause significant morbidity, such as long-term pain and joint dysfunction, and in some cases, amputation may be considered, thus negatively affecting quality of life (QoL) [13,14]. Systemic therapy targeting the CSF1/CSF1R axis is an option in patients with disease relapse or progression where further surgery would be associated with significant morbidity as well as in patients with advanced primary disease. Current evidence for treatment of TGCT is mostly based on retrospective data and few prospective trials exist. Of note, CS1R inhibitors are considered a standard treatment for D-TGCT but are not approved in all countries, but they can be obtained off-label through participation in clinical trials.



In our review, we provide a comprehensive overview of pharmacotherapy for D-TGCT, showcasing novel treatment approaches aimed at improving patient outcome and quality of life. In the text, we describe the pathogenesis of this disease and summarize systemic treatment options as well as pharmacological treatments administered locally. We analyze mechanisms of action, efficacy, and toxicities of different treatments, with the scope of defining the optimal clinical management for this disease that provokes significant morbidity in young patients. Many data presented in this article are derived from early-phase trials and more phase III trials are necessary.




2. Materials and Methods


We conducted a literature research in PubMed, Google Scholar, and Science Direct using the terms “Tenosynovial Giant Cell Tumor”, Pathogenesis of TGCT, Treatment of TGCT, and Imaging of TGCT, as well as searched for specific research using the treatments listed in this article for keywords. Articles included in the reference list were written in English and were published between 1998 and February 2023. Articles including original research were favored rather than review articles. Furthermore, we performed research in the ClinicalTrials.gov database for ongoing trials.




3. Pathogenesis


TGCT pathogenesis has been long debated. TGCT has been considered of inflammatory origin, as supported by the polyclonal proliferation of tumor cells described by Vogrincic et al. (1997) [15]. Cytogenetic studies have since demonstrated the presence of clonal structural chromosomal aberrations, frequently involving the 1p11-13 region, supporting a neoplastic process [16]. In many cases of TGCT, overexpression of colony stimulating factor 1 (CSF1) is driven by a t(1;2) translocation, fusing the CSF1 gene on chromosome 1p11 with the collagen type VI a3 (COL6A3) promoter on chromosome 2q37 [17,18]. Other fusion partners have also been reported to result in CSF1 overexpression [19]. CSF1 promotes the differentiation of myeloid progenitors into monocytes, macrophages, dendritic cells, and bone-resorbing osteoclasts, and controls cell proliferation [20].



West et al. (2006) [21] showed that in most cases of TGCT harboring the t(1;2) translocation, the translocation is present only in a restricted amount of cells. Thus, only few cells within the tumor express CSF1 and are neoplastic, while most of the tumor cells express CSF1 receptor (CSF1R). CSF1 attracts CSF1R-expressing inflammatory cells such as macrophages, resulting in the formation of osteoclast-like multinucleated giant cells [17]. Consequently, TGCT tumors contain only a small number of neoplastic cells and a large number of reactive cells [21].




4. Systemic Therapies Targeting the CSF1-CSF1R Axis (Figure 1)


Due to its role in TGCT pathogenesis, targeting the CSF1-CSF1R axis is key in TGCT treatment. CSF1R tyrosine kinase inhibitors (TKIs) and antibodies have shown efficacy in tumor control in D-TGCT.
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Figure 1. Mechanism of action of CSF1/CSFR1 inhibitors. 






Figure 1. Mechanism of action of CSF1/CSFR1 inhibitors.
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A retrospective single-center study of 39 patients with advanced and/or inoperable D-TGCT treated with CSF1R TKI or antibodies showed a progression-free rate at 30 months of 56% for 1st-line treatment, 25% for 2nd-line, and 20% for 3rd-line. The median times to progression (TTPs) were 12 months and 9 months for 2nd- and 3rd-line treatments, respectively. Although the median duration of treatment was short, tumor control could be achieved beyond treatment interruption, and 50% of patients required multiple lines of treatment [22].



4.1. CSF1R TKIs


4.1.1. Imatinib (Table 1)


Imatinib is a multi-kinase inhibitor that targets the chronic myeloid leukemia-specific tyrosine kinase, breakpoint cluster region-Abelson proto-oncogene (Bcr-Abl) complex, Abl, c-Kit proto-oncogene (KIT), platelet-derived growth factor receptor (PDGFR), and the abl-related gene (ARG). Activity against CSF1R has also been described and its efficacy in TGCT has been demonstrated in case reports and retrospective case series (Table 1).



Two multicenter retrospective studies evaluated imatinib safety and efficacy based on anonymous data from patients treated for advanced TGCT. Objective response rate (ORR) was 19% in the first trial and 31% in the latter [23,24]. A retrospective study including 25 patients treated for locally advanced or recurrent TGCT of the knee evaluated imaging response to imatinib. The trial compared metabolic response based on PET-CT measured by maximum standardized uptake value (SUV-max) to radiological response by MRI measured by tumor volume score (TVS). Consistently with the above-mentioned reports, the ORR was 32% when assessed as per TVS. Interestingly, there was no correlation between MRI and PET-CT response in 15/25 patients [25].



Case reports have also described an efficacy of imatinib as a second-line treatment in patients who have progressed on nilotinib, despite a similar mechanism of action [26,27].



Regarding toxicity, most patients treated with imatinib experienced grade 1–2 adverse effects (AEs), mostly fatigue and edema. A drop-off rate ranging from 22 to 66% was reported with up to 12% of patients presenting grade 3–4 toxicities [23,24,25].





 





Table 1. Studies assessing imatinib efficacy in TGCT.
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	Phase
	N
	ORR (%)
	PFS
	Symptomatic Improvement (%)
	AEs





	Cassier et al. (2012) [23]
	R
	27
	19

1 CR

4 PR
	20.9 months
	73
	Fatigue, edema, rash

Grade ≥ 3.3%



	Verspoor et al. (2019) [24]
	R
	62
	31

2 CR
	1 year 71%

5 years 48%

(metastatic patients excluded)
	78
	Fatigue, edema, rash

Grade ≥ 3.11%



	Mastboom et al. (2020) [25]
	R
	25
	32
	N/A
	N/A
	Diarrhea, nausea

Grade ≥ 3.12%







TGCT, tenosynovial giant cell tumor; N, number; ORR; objective response rate; PFS, progression-free survival; AEs, adverse events; R, retrospective; CR, complete response; PR, partial response; N/A, not applicable.












4.1.2. Nilotinib (Table 2)


Nilotinib is a TKI targeting ABL, KIT, PDGFR, and CSF1R. In a phase II open-label single-arm trial, 56 patients with advanced inoperable D-TGCT were treated with nilotinib until progression, unacceptable toxicity, or one year of treatment. The primary endpoint was the progression-free rate at 12 weeks, which was estimated to be 92.6%. ORR after one year of treatment was 6% [28]. Long-term analysis of the study showed that, after 8.5 years, half of the patients had experienced progression with a need for additional treatment, while disease control persisted in several patients after nilotinib cessation [29]. Stable disease after nilotinib cessation was also reported in case reports [30].



Toxicity with nilotinib is generally manageable, with grade 3 AEs present in 11% of patients (headache, dizziness, liver toxicity, diarrhea, and toxidermia) and no grade 4 or 5 AEs [28,29,31,32].



Preliminary results of an ongoing phase II study suggest promising efficacy of nilotinib in patients with TGCT (NCT01207492), with a 6-month PFS rate of 82%.





 





Table 2. Studies assessing nilotinib efficacy in TGCT.
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	Phase
	N
	ORR (%)
	PFS
	AEs





	Gelderblom et al. (2018) [28]
	II
	56
	6
	12 weeks 92.6%

4 years 57%
	Headache, nausea, increased ALT

Grade ≥ 3.11%

One treatment-related SAE (skin toxicity)



	Spierenburg et al. (2022) [29]
	II
	48
	N/A
	77 months
	No long-term AEs



	NCT01207492 [32]
	II
	17
	0
	6 months 82%
	Fatigue, nausea, constipation

SAEs 12%







TGCT, tenosynovial giant cell tumor; N, number; ORR; objective response rate; PFS, progression-free survival; AEs, adverse events; N/A, not applicable; SAEs, serious adverse events.












4.1.3. Pexidartinib (Table 3)


Pexidartinib is a selective CSF1R TKI and is the first medication to be approved for the treatment of TGCT by the US Food and Drug Administration (FDA).



Pexidartinib was first evaluated in a two-part phase I trial including patients with inoperable TGCT and other advanced solid tumors. The dose escalation part resulted in dose selection of 1000 mg/day. In the extension part, six cohorts of solid tumors were included, of which one cohort contained 39 patients with inoperable TGCT. The patients in the TGCT cohort had a response rate of 62% as well as improvement of pain and QoL, with a median duration of treatment of 511 days. Toxicity was acceptable. Of note, patients with tumors other than TGCT did not benefit from significant tumor regression or pain improvement and had lower median duration of treatment. The majority of tissue biopsies in TGCT patients showed abnormal CSF1 transcripts [33]. In the phase II expansion part, 23 patients with inoperable TGCT were enrolled. Half of patients experienced tumor reduction as measured by response evaluation criteria in solid tumors (RECIST) v1.1 and TVS [34].



Efficacy and safety of pexidartinib was further evaluated versus placebo in the two-part randomized phase III trial ENLIVEN as first-line systemic therapy in TGCT, mainly in unresectable cases. Patients assigned to pexidartinib showed an ORR of 39%, as well as improved QoL [14]. In the second part, patients on the placebo were allowed to cross over. In this cohort of 30 patients, the response rate was of 53% at the data cutoff. An analysis of patient-reported outcome data in ENLIVEN showed an improvement in stiffness and physical function, sustained after 50 weeks of treatment [35]. Median duration of response (DoR) was not reached [14]. The rate of serious adverse effects (SAEs) in the ENLIVEN trial was 13% in the pexidartinib versus 2% in the placebo group, with hair discoloration and fatigue being the most common [18] and with mixed or cholestatic hepatoxicity being the most serious [14]. Hepatotoxicity has also been observed in patients treated with pexidartinib for non-TGCT indications and a boxed warning exists about potentially fatal liver toxicity [36]. This is attributed to pexidartinib’s effect on Kupffer cells. Two types of liver toxicity provoked by pexidartinib exist: a most common, usually reversible, low-grade, predictable, and dose-dependent transaminase elevation; and a rarer, unpredictable, idiopathic, mixed or cholestatic hepatotoxicity, which can be more severe and irreversible. Toxic liver effects are more frequent and more serious in women [37,38].



A pooled analysis of three pexidartinib-treated TGCT cohorts (phase I extension study, ENLIVEN patients randomized to pexidartinib, and ENLIVEN crossover patients), showed an ORR of 60% [39].



An exposure–response analysis of efficacy and safety of pexidartinib in patients with TGCT showed a maximum efficacy at dose of 800 mg per day, while higher doses increased the risk of toxicity without increasing efficacy [40]. Based on the benefit/risk balance for patients with inoperable TGCT, the FDA granted its approval of pexidartinib for this indication in June 2019. On the other hand, the European Medicines Agency’s Committee for Medicinal Products for Human Use refused approval of pexidartinib based on judging the risk of hepatotoxicity unacceptable for a non-metastatic disease [38,39].



An ongoing Japanese phase II, multicenter, two-part, open-label, single-arm study (NCT04703322) is recruiting and will assess the safety, tolerability, pharmacokinetics, and efficacy of pexidartinib in enrolled subjects with symptomatic TGCT that cannot be surgically treated.
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	Phase
	N
	ORR RECIST 1.1 (%)
	ORR

TVS (%)
	mDoR (months)
	AEs





	Tap et al. (2015) [34]
	II

(expansion)
	23
	52
	78
	8 (at data cutoff)
	Fatigue, hair color changes, nausea, dysgeusia, periorbital edema, ALT elevation



	Tap et al. (2022) [33]
	I

(extension)
	39
	65
	71
	51
	Fatigue, hair color changes, nausea, periorbital edema,

dysgeusia and pruritus

Grade ≥ 3: hypophosphatemia, ALT

increase, AST increase



	Tap et al. (2019) [14]
	III

ENLIVEN
	120 a

30 b
	39 a

53 b
	56 a

67 b
	Not reached at data cutoff
	Any grade 98% vs. 93%

Grade ≥ 3.44% vs. 2% (increases in liver enzymes)

SAEs 13% vs. 2%



	Gelderblom et al. (2021) [39]
	Pooled analysis
	39 c

61 d

30 e
	60
	65
	46.8 (TVS)
	Hair color changes, fatigue, and nausea

SAEs 18% (hepatic)







TGCT, tenosynovial giant cell tumor; N, number; ORR; objective response rate; RECIST, response evaluation criteria in solid tumor; TVS, tumor volume score; DoR, duration of response; AEs, adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SAEs, serious adverse events. a part one; b part two (crossover); c phase 1 extension study; d ENLIVEN; e ENLIVEN crossover.














5. Vimseltinib (Table 4)


Vimseltinib (DCC-3014) is an oral, highly selective switch control kinase inhibitor of CSF1R. Preliminary results of phase I (dose escalation) of a phase I/II study (NCT03069469) were presented at the ESMO 2021 Congress and showed an ORR of 33–50% [41]. Updated results from the phase II expansion part, for patients treated with the recommended phase II dose (30 mg twice weekly), showed an ORR of 49% in patients not previously treated with anti-CSF1/CSF1R therapy except imatinib and/or nilotinib (cohort 2A), and 44% in patients pretreated with anti-CSF1/CSF1R therapy (cohort 2B). Pain improvement was observed in >50% of patients [42].



Toxicity was generally manageable and comparable between the two study phases. AEs were usually low-grade, but grade 3–4 AEs occurred in more than 5% of patients and consisted of asymptomatic increases in blood creatine phosphokinase, as well as increases in transaminases lipase, amylase, and hypertension. Two patients presented treatment-related grade 3 SAEs metabolic encephalopathy and vaginal hemorrhage in phase I [41,42].



An ongoing phase III, randomized, placebo-controlled, double-blinded study (MOTION Trial, NCT05059262) is assessing the efficacy and safety of vimseltinib in patients with inoperable TGCT. Eligible patients for this trial should not have received previous CSF1R treatment with the exception of imatinib and nilotinib. In the first part of this trial, participants will receive either vimseltinib at 30 mg twice a week (optimal dose according to phase II trial) or the placebo for 24 weeks. The primary outcome measure is ORR at 25 weeks, assessed using RECIST v1.1, while the secondary outcome measures are ORR per tumor volume score, range of motion, and patient-reported outcomes. In the second part of the trial, participants assigned to the placebo in part 1 can opt to cross over to open-label vimseltinib in a long-term treatment phase [43].
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	Phase
	N
	ORR (%)
	AEs





	Gelderblom et al. (2021) [41]
	I/II
	32
	33–50
	Mostly grade ≤ 2

2 SAEs



	Blay et al. (2022) [42]
	II
	46 a

11 b
	49 a

44 b
	Mostly grade ≤ 2

Grade ≥ 3 > 5% (elevated CK)







TGCT, tenosynovial giant cell tumor; N, number; ORR; objective response rate; AEs, adverse events; CK, creatine phosphokinase; a no prior anti-CSF1/CSF1R therapy; b prior anti-CSF1/CSF1R therapy.











5.1. Anti-CSFR1 Antibodies (Table 5)


5.1.1. Emactuzumab


Emactuzumab (RG7155) is a humanized monoclonal antibody (mAb) that blocks the activation of the CSF1R expressed on the surface of macrophages, monocytes, and other cells. Emactuzumab specifically inhibits tumor-associated macrophages (M2 polarized) that promote tumor growth while sparing granulocyte-macrophage colony-stimulating factor-dependent tumor-killing M1 macrophages [44].



Emactuzumab was evaluated in a phase I trial to assess the safety, tolerability, and optimal dosage in patients treated for D-TGCT. Emactuzumab was administered at 900 mg, 1350 mg, or 2000 mg every two weeks in the dose-escalation phase and at the optimal biological dose (1000 mg) in a dose-expansion phase [45]. A median number of four cycles were administered and the ORRs were 70% after one year and 64% after two years. Moreover, biopsy samples taken from 36 patients showed a decrease in CSF1R-positive and CD68/CD163-positive macrophages. An improvement in symptoms and QoL was observed. The most frequent AEs were facial edema asthenia, and pruritus [46,47]. Five patients experienced an SAE (periorbital edema, lupus, erythema, and dermohypodermitis), of which periorbital edema, lupus erythematosus, and dermohypodermitis were evaluated as grade 3 [45].



An upcoming phase III, randomized, double-blind, placebo-controlled study (TANGENT, NCT05417789) will further assess the efficacy and safety of emactuzumab for the treatment of patients with inoperable TGCT.




5.1.2. Cabiralizumab


Cabiralizumab is a mAb that impedes the interaction of the CSF1 and IL-34 ligands with CSF1R. Preliminary results of a phase I/II study (NCT02471716) assessing the safety, tolerability, and pharmakokinetics of cabiralizumab administered intravenously every two weeks for six months at different doses in patients with inoperable D-TGCT have been presented. Data from the first 22 patients showed an improvement in functional status in objective responders, as indicated by the Ogilvie–Harris score. The most common ≥ grade 2 AEs were CK elevation, fatigue, skin disorders, and facial edema, and four drug-related SAEs were reported. Preliminary results of the dose escalation part showed a PR in 5 out of 11 patients in the 4 mg/kg cohort. Updated data are awaited [48].




5.1.3. Lacnotuzumab (MCS110)


Lacnotuzumab is humanized anti-CSF1 mAb. Preliminary data of a single-dose, randomized, placebo-controlled phase II study (NCT01643850) evaluating the safety, tolerability, and efficacy of MCS110 in patients with inoperable D-TGCT showed an ORR of 100% in four patients as assessed by the reduction in TVS, using MRI, with a mean TVS decrease from the baseline of 40%, versus only 2% in the placebo control patient. QoL was also improved. Updated results are awaited (Cheng E, Kudlidjian A, Block J. eds. MCS110, an Anti-CSF-1 Antibody, for the Treatment of Pigmented Villonodular Synovitis (PVNS). In: ISOLS/MSTS 2015 Annual Meeting, Abstract. Orlando: ISOLS/MSTS). Lacnotuzumab was well-tolerated in this trial with few low-grade AEs and no drug-related AEs. In contrast, ≥grade 3 AEs (most commonly asthenia, hyponatremia, and aminotransferase elevation) and drug-related AEs (aminotransferase elevation, creatine kinase elevation, and periorbital edema) were described in a phase Ib/II study (NCT02807844) associating lacnotuzumab with spartalizumab in advanced solid tumors other than TGCT [49].
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	Phase
	Drug
	N
	ORR (%)
	AEs





	Cassier et al. (2015)

(2020) [45]
	I
	Emactuzumab
	12 a

51 b
	71
	Pruritus, asthenia, edema

Five SAEs (periorbital edema, lupus erythematosus, erythema, and dermohypodermitis)



	Sankhala et al. (2017) [48]
	I/II
	Cabiralizumab
	66
	45 (5/11)
	CK elevation, rash, fatigue, edema

Four SAEs (hypertension, fever, CRP elevation, and myocarditis)



	Cheng et al. (2015)
	II
	Lacnotuzumab (MCS110)
	36
	100% (4/4)
	No drug-related adverse events







TGCT, tenosynovial giant cell tumor; N, number; ORR; objective response rate; AEs, adverse events; CK, creatine phosphokinase; a dose escalation cohort; b dose expansion cohort.














6. Local Treatments


AMB-05X (Table 6)


AMB-05X is a mAb targeting CSF1R. A multicenter phase II trial studying safety, tolerability, efficacy, and pharmacokinetics of intra-articular injections of AMB-05X in patients with TGCT of the knee is ongoing (NCT04731675). Exclusion criteria are prior exposure to CSF1, CSF1R, or oral TKIs. Patients receive six injections of AMB-05X once every two weeks for 12 weeks. Interim data after three doses show a clinical benefit, with 5/5 patients presenting tumor reduction as per RECIST v1.1 and improvements in patient-reported function. Pharmacokinetic data were presented at the ESMO 2022 congress and confirmed high local concentrations and activity at the tumor site, which was maintained post treatment, as well as low systemic exposure and fewer AEs in the TGCT patients treated [50]. Based on these results, AMB-05X was granted fast-track designation by the FDA in 2022. An ongoing phase II trial (NCT04938180) is investigating intravenous AMB-05X in patients with TGCT.



AMB-051-07 (NCT05349643) is a future phase II open-label, adaptive, dose-ranging study with long-term extension, which will include 48 patients treated with intra-articular injection doses over 24 weeks (Part 1). Part 2 will include six treatment and/or observational cycles of 12 weeks and then 12 weeks of follow-up.





 





Table 6. Ongoing AMB-05X trials.
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	Phase
	Administration
	N
	ORR (%)
	AEs





	NCT04731675 [50]
	II
	Intra-articular injections
	11
	100 (5/5)
	Few low-grade AEs



	NCT04938180
	II
	Intravenous

injections
	4
	N/A
	N/A



	NCT05349643
	II
	Intra-articular injections
	48
	N/A
	N/A







N, number; ORR; objective response rate; AEs, adverse events.













7. Potential Therapies


7.1. TNFa Blockade


High expression levels of tumor necrosis factor (TNF)-α, a pro-inflammatory cytokine, have been described in TGCT. Promising results of intra-articular anti-TNFα injections have been observed in seven patients with knee TGCT (infliximab in one patient and etanercept in six). Symptomatic improvement was noted as well as a decrease in synovial stromal fibrosis and vasculogenesis [51,52,53,54].




7.2. Immunotherapy


Immune checkpoint inhibitors have revolutionized the management of many cancer types and represent a promising strategy in tumor treatment. To our knowledge, no clinical trials are investigating checkpoint inhibitors in TGCT and no cases reports have been published in this sense. Two case series investigated the expression of programmed cell death ligand 1 (PD-L1) in TGCT cases, with a cut-off value for immunopositivity at 5% when conducting immunohistochemistry. The expression was found, respectively, in 52.5% (21 of the total 40, with a statistically significant relationship between PD-L1 expression and larger tumor size) and 70% (14 of the total 20) of all patients.



Based on these results, treatment with anti-PD-L1 agents may be a valuable therapeutic option and further investigation is warranted [55].




7.3. Intra-Articular Application of Bevacizumab


Bevacizumab, an antivascular endothelial growth factor (VEGF) antibody, has been administered through intra-articular injection as an adjuvant treatment post arthroscopic synovectomy in a patient with dTGCT of the knee. Injections were initiated three weeks after surgery and bevacizumab was administered monthly for 12 months. The patient presented a complete response and no adverse events at follow-up 2 months after the last injection [56].




7.4. Zaltoprofen


The REALIZE trial, a phase II randomized, placebo-controlled, double-blind, multicenter trial, suggests that zaltoprofen 480 mg/day is safe for patients with L-TGCT or D-TGCT. In this study, the treatment was administered for 48 weeks. The primary outcome was the progression-free rate (PFR) at week 48 after treatment administration. The number of patients was small, at forty-one patients, who were divided between zaltoprofen (n = 21; Z) and the placebo (n = 20; P), including both primary and recurrent disease. The primary outcome of PFR for group Z was not higher than that for the group P at week 48 (84.0% vs. 90.0%; p = 0.619). Zaltoprofen appeared to improve the limb function. Given the limitation of the study, further analysis with long-term administration of zaltoprofen needs to be investigated [57].





8. Conclusions


D-TGCT is a rare disease mainly affecting young adults. Although not life-threatening, D-TGCT is responsible for significant morbidity. Surgical excision is the standard of care when feasible. Unfortunately, limited effective options regarding systemic therapy are available. Targeting the CSF1/CSF1R axis is an option in patients with disease relapse or progression and/or inoperable disease. Currently, pexidartinib is the only FDA-approved systemic treatment for D-TGCT, although not approved by the EMA due to its risk of hepatotoxicity, which is considered unacceptably high for a non-fatal disease. Inhibiting this pathway with several other agents is a potentially effective and less toxic treatment option that needs prospective studies. It should be highlighted that clinical trials assessing the efficacy of emactuzumab and vimseltinib are pending. Although D-TGCT is a sarcoma with a well-described molecular alteration, the molecular pathogenesis and the downstream targets of the CSF1/CSF1R axis are still unknown. New molecules targeting them could be the answer to the therapeutic challenge that currently exists, as well as exploring targeting other pathways such as immune checkpoint inhibitors. Our review describes the lack of approved effective treatment options for D-TGCT and summarizes the data of the current off-label regimen that is used. Furthermore, we highlight the lack of optimal primary endpoints such as quality of life, impact on mobility, and PFS, which would be more appropriate for this disease. To date, the prospective Tenosynovial Giant Cell Tumor Observational Platform Project (TOPP) registry, aiming to generate high-quality outcome-focused data to better understand the outcomes for these patients, is ongoing. Still, translational research is needed to fully understand the molecular pathways involved in the oncogenesis of this disease and identify potential targets.
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