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Background: A tenosynovial giant cell tumor (TGCT) is a locally aggressive
benign neoplasm arising from intra- or extra-articular tissue, categorized as
localized (L-TGCT, solitary lesion) and diffuse (D-TGCT, multiple lesions) TGCT.
Surgical excision is the mainstay of the treatment, and a high local recurrence
rate of approximately 50% has been reported. We focused on zaltoprofen, a
nonsteroidal anti-inflammatory drug that can activate peroxisome proliferator-
activated receptor gamma (PPARY) and inhibit the proliferation of TGCT stromal
cells. Therefore, we conducted a randomized trial to evaluate the safety and
effectiveness of zaltoprofen in patients with D-TGCTs or unresectable L-
TGCTs.
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Methods: This randomized, placebo-controlled, double-blind, multicenter trial
evaluated the safety and efficacy of zaltoprofen. In the treatment group,
zaltoprofen (480 mg/day) was administered for 48 weeks; the placebo group
received similar dosages without zaltoprofen. The primary outcome was
progression-free rate (PFR) 48 weeks after treatment administration. Disease
progression was defined as the following conditions requiring surgical
intervention: 1) repetitive joint swelling due to hemorrhage, 2) joint range of
motion limitation, 3) invasion of the adjacent cartilage or bone, 4) severe joint
space narrowing, and 5) increased tumor size (target lesion).

Results: Forty-one patients were allocated to the zaltoprofen (n=21) or
placebo (n=20) groups. The PFR was not significant between the zaltoprofen
group and the placebo group at 48 weeks (84.0% and 90.0%, respectively;
p=0.619). The mean Japanese Orthopedic Association knee score significantly
improved from baseline to week 48 in the zaltoprofen group (85.38 versus
93.75, p=0.027). There was a significant difference between the values at 48
weeks of placebo and zaltoprofen group (p=0.014). One severe adverse event
(grade 3 hypertension) was observed in the zaltoprofen group.

Discussion: This is the first study to evaluate the efficacy and safety of
zaltoprofen in patients with TGCT. No significant differences in PFR were
observed between the groups at 48 weeks. Physical function significantly
improved after zaltoprofen treatment. The safety profile of zaltoprofen was
acceptable. This less invasive and safer treatment with zaltoprofen, compared
to surgical removal, could be justified as a novel approach to treating TGCT.
Further analysis of long-term administration of zaltoprofen should be
considered in future studies.

Clinical Trial Registration: University Hospital Medical Information Network
Clinical Trials Registry, identifier (UMINO00025901).

KEYWORDS

tenosynovial giant cell tumor (TGCT), zaltoprofen, nonsteroid anti-flammatory drugs,
randomizad controlled trial, clinical trial

1 Introduction

A tenosynovial giant cell tumor (TGCT) is a locally
aggressive benign soft tissue tumor arising from various joints.
A localized TGCT (L-TGCT), previously called a giant cell
tumor of the tendon sheath, usually arises from small joints,
including the hand and foot. It is slightly more predominant in
women than in men (1) and its annual incidence has been
reported as approximately 1 in 50,000 (2). A diffuse TGCT (D-
TGCT) is synonymous with pigmented villonodular synovitis
that develops in large joints, including the knee, hip, ankle,
elbow, and shoulder. An annual incidence of approximately 2
cases per 1 million has been reported in individuals aged <40
years with a slight female predominance (3).
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Surgical excision (open or arthroscopic synovectomy) is the
standard treatment for TGCTs, but the local recurrence rate has
been reported to be 16-47% (4, 5). Additionally, the
pathogenesis of TGCT has been attributed to the
overexpression of colony-stimulating factor-1 (CSF-1) due to
fusion of the CSFI gene to the collagen type VI a3 promoter in
the t (1, 2) translocation (6). Therefore, systemic therapies
targeting the CSF-1/colony-stimulating factor-1 receptor (CSF-
IR) axis have been developed (7). Pexidartinib is the first
approved systemic therapy for patients with TGCT in the
United States (8). It was reported that the favorable response
rate, however it also needs the risk assessment including the
hepatotoxicity (9). In contrast, other therapeutic agents have also
been proposed that have shown promise in the treatment of
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TGCTs. Specifically, we previously analyzed the anti-tumor
effect of zaltoprofen, a nonsteroidal anti-inflammatory drug
(NSAID), via peroxisome proliferator-activated receptor
gamma (PPARY) in some musculoskeletal tumors, including
TGCT (10), giant cell tumor of bone (11) and chondrosarcoma
(12). Zaltoprofen is traditionally used and indicated for joint
disorders, rheumatoid arthritis (13), and neuropathic pain (14).
PPARy is a key transcriptional factor that stimulates adipocyte
differentiation (15). It also exhibits antitumor activity by
inhibiting tumor proliferation and invasion and through the
induction of differentiation and apoptosis. PPARYy ligands,
including synthetic ligands, such as thiazolidinedione (16) and
15-deoxy-delta-12,14-prostaglandin J2 (17) have been
investigated. Certain NSAIDs, including indomethacin, act as
direct ligands for PPARy (18). Zaltoprofen has been reported to
induce apoptosis in rheumatoid synovial cells via PPARYy
activation (19). Clinical trials of targeted therapies for PPARy
have been reported in some types of cancer, including
liposarcoma (20), breast cancer (21), prostate cancer (22), and
colon cancer (23).

The long-term safety of zaltoprofen in patients with
rheumatoid arthritis has been previously reported (13). We
also performed a pilot study of zaltoprofen treatment in 10
patients (6 knees and 4 ankles) for diffuse-type TGCTs. Eight of
these patients (80%) maintained stable disease (SD) at 48 weeks,
while one patient (10%) showed progressive disease (PD) at 72
weeks. These results suggest that zaltoprofen could be expected
to maintain a stable disease and alternative treatment option for
TGCT (24). However, there was no clinical trial with this drug
for TGCT. Therefore, we conducted a randomized clinical trial
to evaluate the efficacy and safety of zaltoprofen in patients with
D-TGCTs or unresectable L-TGCTs (the REALIZE study) (25).

2 Materials and methods
2.1 Ethics statements

This trial was designed by the investigators to evaluate the
safety and efficacy of zaltoprofen in patients with D-TGCT's or L-
TGCTs and was approved by the Pharmaceuticals and Medical
Devices Agency (PMDA). The Center for Clinical Trials, Japan
Medical Association (JMACCT), and Japan Agency for Medical
Research and Development (AMED) funded this trial (JMA-
IIA00284 and 211k0201120h0002). The trial network consisted
of a lead site at the Innovative Clinical Research Center, Kanazawa
University (iCREK) (Kanazawa, Japan), and 10 additional
sites (Asahikawa Medical University Hospital; National Cancer
Center Hospital; Fukui University Hospital; Nagoya City
University Hospital; Nagoya University Hospital; Mie University
Hospital; University Hospital, Kyoto Prefectural University
of Medicine; Osaka City University Hospital; Okayama
University Hospital; and Kyusyu University Hospital) in Japan.
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The study was conducted in compliance with the
Declaration of Helsinki, International Conference on
Harmonisation (ICH)-Good Clinical Practice, and all other
laws and guidelines applicable to Japan. The protocol was
approved by the institutional review boards (IRBs) of
Kanazawa University Hospital and each participating hospital.
This study was registered with the University Hospital Medical
Information Network (UMIN) Clinical Trials Registry
(UMINO000025901). Written informed consent was obtained
from all trial participants. The consent forms were approved
by the IRB of each center.

2.2 Study design and definitions

The protocol of this randomized, placebo-controlled,
double-blind, multicenter study, which was conducted from
July 2017 to June 2019, as previously reported (25); and
zaltoprofen (480 mg/day) was administered for 48 weeks in
the treatment group.

Disease progression was defined as the following conditions
requiring surgical intervention: 1) the joint circumference was
increased by =2 cm with respect to the baseline (knee, 1 cm
above the patella; ankle joint, determined using the figure-eight
method). If there was fluid accumulation, the presence or
absence of a hematoma was examined. An increase in joint
circumference due to edema was not considered an
exacerbation. 2) The range of motion of the joint (ie., active
motion) was reduced by >20% with respect to the baseline
(calculated by averaging three measurements with a
goniometer). Condition 1 or 2 must be detected in two
consecutive evaluation periods conducted every 4 weeks. 3) An
invasion of >5 mm of bone/cartilage erosion or a new lesion of
bone or cartilage erosion >5 mm, compared with that at baseline,
was detected by computed tomography or magnetic resonance
imaging. 4) X-ray in the standing position shows disappearance
of the joint space. 5) An increase in the target lesion by >20%
was determined by the local investigator and a central committee
radiologist. Condition 3, 4, or 5 must be detected once in any
evaluation period conducted every 12 weeks. 6) Any surgical
intervention for a disease that is performed for a specific reason.

2.3 Study participants

The inclusion criterion was patients aged 20-70 years who
were diagnosed with D-TGCT or unresectable L-TGCT
occurring in the knee joint or ankle based on radiological and
pathological findings, measurable based on Response Evaluation
Criteria in Solid Tumors (RECIST) (version 1.1) (26), and
maintaining joint space on standing X-ray imaging. Patients
were excluded if they had severe heart disease, renal disease,
respiratory disease, blood disease, diabetes, coagulopathy,
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hepatic injury, gastric ulcers, or severe joint disorders due to
tumor progression. Details of the inclusion and exclusion criteria
are shown in Supplementary Tables 1, 2.

2.4 Randomization

The participants were randomly assigned using a computer-
generated random sequence with stratification for the size of
tumor lesion and tumor location (i.e., knee or foot joints) at a 1:1
ratio to receive zaltoprofen or placebo.

2.5 Intervention and placebo

In the treatment (intervention) group (group Z), patients
received two oral tablets of zaltoprofen (80 mg per tablet) three
times daily. In the placebo group (group P), patients received
two oral placebo tablets three times daily.

2.6 Outcomes

The primary outcome of this study was the progression-free
rate (PFR) based on the original criteria 48 weeks after treatment
administration. The secondary endpoints were as follows: 1)
PFR based on the RECIST criteria (24 weeks and 48 weeks), as
assessed by the local investigator and central committee
radiologist; 2) maximum standardized uptake value (SUVmax)
change by '®F-fluorodeoxyglucose-positron emission
tomography (PET); 3) affected limb function (baseline, 24
weeks, and 48 weeks) according to the Japanese Orthopedic
Association (JOA) score and Musculoskeletal Tumor Society
(MSTS) score; 4) percentage of cases in which clinical benefit
(pain, range of joint motion, and joint function) was obtained at
24 and 48 weeks, as judged by investigators or clinical trial
physicians); and 5) adverse events graded using Common
Terminology Criteria for Adverse Events version 4.0.

The JOA score for knee osteoarthritis was established in
Japan to evaluate knee function, and it consists of four factors:
pain on walking (30 points), pain on ascending or descending
stairs (25 points), mobility (35 points), and joint effusion (10
points). Higher scores indicate better function. Meanwhile, the
JOA Foot Rating Scale was established in Japan to evaluate foot
and ankle functions. It comprises three major points: pain (40
points), function (50 points), and alignment (10 points).
Function consists of activity limitation, maximum continuous
walking distance, walking surfaces, gait abnormality, sagittal
motion, hindfoot motion, and ankle-hindfoot stability. The
total score ranges from 0 to 100, with higher scores indicating
better function (27). The MSTS Rating Scale was developed in
1983 and modified by the MSTS in 1993 (28). It comprises six
factors: pain, function, emotional acceptance, use of any external
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support, walking ability, and gait alteration. Each factor is rated
on a scale of 0-5. The total score ranges from 0% to 100%, with
higher scores indicating better function.

2.7 Safety assessment

The investigator at each institution reported any adverse
events according to the ICH guideline-E6 and E2A (https://
www/.ich.org/home.html).

2.8 Sample size

Based on our estimation of the PFRs as 80% and 30% in
groups Z and P, respectively, we used the log-rank test to
determine that 20 participants per group would be required
for 95% confidence interval and power of 90% in the sample
size calculation.

2.9 Statistical analysis

The primary endpoint was analyzed based on the full
analysis set (excluding participants who did not meet the
inclusion criteria or did not take the study drugs) and was
compared between groups Z and P at 48 weeks using the log-
rank test. The secondary endpoints were compared between the
groups at baseline and at 24- and 48-weeks using t-tests, Mann-
Whitney U tests, Fisher’s exact tests or Kruskal-Wallis tests.
Statistical significance was set at p < 0.05. Statistical analyses
were performed using SPSS version 25.0 (IBM Corp., Armonk,
NY, USA).

3 Results
3.1 Demographics

Forty-one patients were enrolled in this study. The patients’
mean age was 45.8 (range, 21-69 years), and there were 17 men
and 24 women. The tumor sites were the knee in 26 patients and
the ankle in 15 patients. Twenty-five patients received a previous
surgery. None of the patients had received systemic therapy or
radiotherapy. Few cases of concomitant spondylarthritis and
TGCT have been reported (29), with no patient having
concurrent rheumatoid arthritis. Twenty-one patients were
randomly allocated to groups Z and P. Patient characteristics
are shown in Table 1. One patient was allocated to group Z but
received a placebo inadvertently. This patient was reviewed for
efficacy in group Z and safety in group P. Two patients in group
7 discontinued treatment because of their own wishes at 24
weeks (Figure 1).
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TABLE 1 Patient characteristics.

Sex men

Age (years)

Previous surgery yes
no

Location knee
Ankle

Mean size (mm)

(assessed by local investigator)

Mean size (mm)

(assessed by central committee radiologist)

Bone invasion yes
no

PET (SUVmax)

JOA score knee
ankle

MSTS score (%)

Zaltoprofen (n=21)

7
14
45.0 (range, 21-66)
13
8
13
8
102.3 (range, 21-243)

134.5 (range, 10-267)

13

8
8.9 (range, 2.4-18.5)
85.4 (range, 60-100)
83.6 (range, 67-100)
83.8 (range, 56.7-100)

10.3389/fonc.2022.900010

Placebo (n=20)

10
10
46.6 (range, 24-69)
12
8
13
7
97.6 (range, 11-268)

131.5 (range, 30-282)

11

9
10.5 (range, 2.4-25.1)
83.4 (range, 70-95)
83.0 (range, 65-100)
82.2 (range, 50-100)

PET, positron emission tomography; SUV, Standardized Uptake Value; JOA, The Japanese Orthopedic Association; MSTS, Musculoskeletal Tumor Society.

3.2 Efficacy

3.2.1 Primary endpoints

1. An increase in joint circumference was observed in three
patients: in two patients in group Z at 48 weeks and in one
patient in group P at 12 weeks.

2. The range of motion of joint restriction was not observed.

3. An invasion of 25 mm of bone or cartilage erosion or a
new lesion of bone or cartilage erosion of =5 mm was
not observed.

41 randomly assigned

21 randomly assigned to
zaltoprofen (Z)

20 received Z (480mg/day)
1 received P

5 Discontinued Z due to 2
withdrawal by patient, and
3 disease progression

(1 increase in size, 1 joint
circumference increase and
1 patient both)

15 completed zaltoprofen
1 completed placebo
FIGURE 1

Flowchart of the selection process.
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20 randomly assigned
to placebo (P)

4. The disappearance of joint space was not observed.

5. An increase in the target lesion by 220% was determined
based on RECIST. An increase in the target lesion judged by
the local investigator was observed in two patients in group Z at
24 and 48 weeks and in one patient in group P at 36 weeks
(Figure 2A). However, those judged by the central committee
radiologist were observed in one patient in group Z at 24 weeks
and in one patient in group P at 24 weeks (Figure 2B). The
mean reduction rates of the target lesion were -8.03% in group
Z and -2.53 in group P (p=0.271), as judged by the local

20 received P

2 Discontinued P due to 2 disease
progression (1 increase in size
and 1 joint circumference
increase)

18 completed P
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investigators (Figure 2C); these rates were -0.53 in group Z and
3.38 in group P (p=0.292), as determined by the central
committee radiologist (Figure 2D).

6. PFRs were 84.0% in group Z and 90.0% in group P at 48
weeks (p=0.619) based on any serious event requiring surgical
intervention, as judged by local investigators (Figure 3A). These
rates were 84.0% in group Z and 90.0% in group P (p=0.609), as
judged by the central committee radiologist (Figure 3B).

3.2.2 Secondary endpoints

1. PFRs determined by the local investigator were 95% and
94.1% in group Z and 100% and 100% in group P at 24 and 48
weeks, respectively, whereas those judged by the central
committee radiologist were 95% and 100% in group Z and
94.7% and 83.3% in group P at 24 and 48 weeks, respectively.
No significant differences were observed between groups Z and P
(Table 2; Figure 4A). The comprehensive PFRs based on RECIST
at 48 weeks determined by the local investigator were 89.6% in
group Z and 94.7% in group P (p=0.536), and those assessed by
the central committee radiologist were 95.2% in group Z and
78.9% in group P (p=0.166) (Figure 5).

2. PET was performed in 21 patients in group Z) and 18
patients in group P. Two patients were excluded from the
analysis due to protocol deviations. The mean SUVmax values
at baseline were 8.88 (range, 2.4-18.5) in group Z and 10.46
(range, 2.4-25.1) in group P, 8.72 (range, 3.1-17.8) in group Z
and 9.94 (range, 2.4-15.9) in group P at 24 weeks; and 8.42

Maximum change based on baseline (%)

Maximum change based on baseline (%)

10.3389/fonc.2022.900010

(range, 3.7-20.5) in group Z and 11.07 (range, 2.5-19.2) in
group P at 48 weeks (Figure 6A). The mean change ratios of
SUVmax were 1.92 (range, -61.19-61.82) in group Z and 0.08
(range, -45.45-33.3%) in group P (p=0.81) at 24 weeks
(p=0.818) and 6.35% (range, -72.39-86.4%) in group Z and
5.36% (range, -43.18-50.0%) in group P (p=0.94) at 48 weeks
(Figure 6B). The metabolic response was graded, as shown in
Table 3 (Figure 4B).

3. The mean JOA scores of the knee were 85.38 in group Z
(n=13) and 83.38 in group P (n=13) at baseline. The mean JOA
scores of the knees in group Z were 91.15 at 24 weeks and 93.75
at 48 weeks. There was a significant difference between the values
at baseline and 48 weeks (p=0.027). The mean JOA scores of the
knees in group P were 85.75 at 24 weeks and 85.0 at 48 weeks.
There was significant difference between the values at 48 weeks
of group P and Z (p=0.014) (Figure 7A).

4. The mean JOA scores of the ankle were 83.63 in group Z
(n=8) and 83.00 in group P (n=7) at baseline. The scores were
85.88 (at 24 weeks) and 91.67 (at 48 weeks) in group Z, and 88.43
(at 24 weeks) and 88.71 (at 48 weeks) in group P, respectively.
There was no significant difference between each
value (Figure 7B).

5. The mean MSTS scores were 83.81% in group Z (n=21)
and 82.17% in group P (n=20) at baseline. The scores were
88.57% (at 24 weeks) and 92.96% (at 48 weeks) in group Z, and
86.84% (at 24 weeks) and 86.49% (at 48 weeks), respectively.
There was no significant difference between each
value (Figure 8).

Group Z

T

Group P

° @
8 8

|

GroupZ Group P

]

Mean maximum change based on baseline (%)

Group Z Group P

FIGURE 2

Mean maximum change based on baseline (%)

Group Z Group P

The best tumor shrinkage. Change from the baseline in the target tumor size assessed by the local investigator (A). Change from the baseline in
the target tumor size assessed by the central committee radiologist (B). The mean reduction rate of the target lesion assessed by the local
investigator (C). The mean reduction rate of the target lesion assessed by the central committee radiologist (D). The mean reduction rates of the
target lesion were -8.03% + 3.93 (mean + SE) in group Z and -2.53% + 2.92 (mean + SE) in group P (p=0.271), as judged by the local
investigator (C), and -0.53% + 2.49 (mean + SE) in group Z and 3.38% + 2.68 (mean + SE) in group P (p=0.292), as judged by the central
committee radiologist (D). Group Z, zaltoprofen group; group P, placebo group; SE, standard error.
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Progression-free rate based on the original criteria assessed by the local investigator (A) and central committee radiologist (B). The progression-
free survival rates were 84.0% in group Z and 90.0% in group P at 48 weeks (p=0.619) (A) and 84.0% in group Z and 90.0% in group P (p=0.609)

(B). Group Z, zaltoprofen group; group P, placebo group

6. The proportions of patients with improved clinical benefit
in pain, mobility, and function at 24 and 48 weeks of study drug
administration compared to that at baseline were nine of 21
cases (42.9%) in group Z (95% confidence interval: 21.8-66.0%)
and eight of 20 cases (40.0%) (95% confidence interval: 19.1-
63.9%) in group P (p=1.00), and this was only statistically
significant when compared between the groups using Fisher’s
exact test (Table 4).

7. The incidences of adverse events were 63.6% (14/22) and
73.7% (14/19) in groups Z and P, respectively, and the incidences
of adverse reactions were 22.7% (5/22) and 15.8% (3/19),
respectively. Adverse events that occurred in two or more
cases in either group were infections and viruses (groups Z
and P, respectively: 9.1% [2/22 cases], 5.3% [1/19 cases]),
stomatitis (9.1% [2/22 cases], 0% [0/19 cases]), viral upper

TABLE 2 Progression-free rate (24 weeks and 48 weeks).

Judged by the local investigators

respiratory tract infection (13.6% [3/22 cases], 15.8% [3/19
cases]), and muscle pain (9.1% [2/22 cases], 0% [0/19 cases]).
There was no significant difference in the incidence of adverse
events between the groups. No adverse events leading to death,
serious adverse events, or discontinuation or withdrawal of the
study drug were observed. No grade 5 or grade 4 adverse events
were observed. The only grade 3 adverse event was hypertension
in group Z, and a causal relationship with the study drug was not
ruled out (Supplementary Table 3).

4 Discussion

To our knowledge, this is the first study to evaluate the
efficacy of zaltoprofen in patients with TGCT. No significant

Group Term (weeks) n Response Progression free rate p
CR PR SD PD n (%) 95%CI
zZ 24 20 0 1 18 1 19 (95%) 75.1- 99.9 1.000 (Z24 vs P24)
48 17 0 1 15 1 16 (94.1%) 71.3-99.9 0.486 (Z48 vs P48)
P 24 19 0 0 19 0 19 (100%) 82.4-100.0
48 18 0 1 17 0 18 (100%) 81.5-100.0
Judged by the central committee radiologist
Group Term (weeks) n Response Progression free rate p
CR PR SD PD n (%) 95%CI
zZ 24 20 0 1 18 1 19 (95%) 75.1-99.9 1.000 (Z24 vs P24)
48 17 0 1 16 0 17 (100%) 80.5- 100.0 0.229 (Z48 vs P48)
P 24 19 0 0 18 1 18 (94.7%) 74.0 - 99.9
48 18 0 0 15 3 15 (83.3%) 58.6 - 96.4

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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Response of the target tumor size on MRI in patient ZLT-01-08 (A). The longest dimensions judged by the local investigator were 41.5 mm and
40.2 mm at baseline, 30.5 mm and 31.6 mm at 24 weeks, and 25.6 mm and 33.9 mm at 48 weeks. The reduction rates were 15.4% at 24 weeks
and 10% at 48 weeks, as judged by the local investigator, and 31.4% at 24 weeks and 30.5% at 48 weeks, as judged by the central committee
radiologist. Metabolic response of the target tumor size on FDG-PET in patient ZLT-01-08 (B). Reduction rates were 59.2% at 24 weeks and
70.4% at 48 weeks. MRI, magnetic resonance imaging; FDG-PET, 18F-fluorodeoxyglucose-positron emission tomography.

differences in PFR were observed between the groups at 48
weeks. Group P also tended to maintain SD during this period.
Zaltoprofen moderately improved the physical function of the
affected limb, especially knee function. This appears to be a novel
approach for managing TGCT. Zaltoprofen was also safely
tolerated by the patients.

Based on a previous pilot study (24), we estimated that 80%
of patients treated with zaltoprofen would maintain SD (25). It is
difficult to speculate on the progression rate of untreated TGCT.
Therefore, we defined the original criteria to reflect tumor
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FIGURE 5

progression. Finally, we expected the PFRs to be 80% and 30%
in groups Z and P, respectively. However, both groups presented
with an SD course for 48 weeks. There were only three events
(one patient with increase in lesion size, one with increase in
joint circumference, and one with both) in group Z and two
events (one patient with increase in lesion size and one with
increase in joint circumference) in group P. There was no
significant difference in PFR between the groups. According to
the original criteria, only the size of the target lesion was
evaluated; however, the mean size at the baseline showed a
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Comprehensive progression-free survival rate based on RECIST (version 1.1), as assessed by the local investigator (A) and central committee
radiologist (B). The comprehensive progression-free rate at 48 weeks were 89.6% in group Z and 94.7% in group P (p=0.536), as determined by
the local investigator (A), and 95.2% in group Z and 78.9% in group P, assessed by the central committee radiologist (p=0.166) (B). Group Z,
zaltoprofen group; group P, placebo group; RECIST, Response Evaluation Criteria in Solid Tumors.
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24 weeks 48 weeks
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The mean SUVmax on FDG-PET (A). The mean change ratio of SUVmax (B). The mean SUVmax values were 8.88 + 0.83 (mean + SE) in group Z
and 10.46 + 1.29 (mean + SE) in group P at baseline, 8.72 + 0.95 (mean + SE) in group Z and 9.94 + 1.19 (mean + SE) in group P at 24 weeks,
and 8.42 + 1.06 (mean + SE) in group Z and 11.07 + 1.30 (mean + SE) in group P at 48 weeks (A). The mean change ratios of SUVmax were
1.92% + 5.75 (mean + SE) in group Z and 0.08% + 5.17 (mean + SE) in group P (p=0.81) at 24 weeks (p=0.818), and 6.35% + 10.35 (mean + SE)
in group Z and 5.36% + 6.01 (mean + SE) in group P (p=0.94) at 48 weeks (B). Group Z, zaltoprofen group; group P, placebo group; FDG-PET,
18F-fluorodeoxyglucose-positron emission tomography; SE, standard error.

discrepancy between the investigator and the central reviewer.
Regarding the change in tumor size in group P, the mean change
at 48 weeks decreased, as judged by the investigator, whereas it
increased, as judged by the central reviewer. This reflects the
difficulty in evaluating the exact tumor size and changes in
TGCT. Some studies on TGCT evaluated the tumor volume
score (TVS) and mentioned the possibility of precise tumor
volume evaluation compared with RECIST (8, 30). Overall, PFR
in group Z was similar to that expected, whereas that in group P
was extremely high. The natural progression rate, as reported in
another study, showed that the mean best shrinkage was 3.4%
(Figure 2), with three cases of PD (15%) based on RECIST
(Table 1), as judged by the central reviewer. In another study on
pexidartinib (the ENLIVEN study), the progression rates in the
placebo group were 2% (one of 59 cases) based on RECIST and
3% (2 of 59 patients) based on TVS at 25 weeks (8). Recently, a
prospective cohort study of TGCT was registered, which is
expected to reveal the natural course of TGCT (13).

We evaluated the following secondary endpoints: PFR based
on RECIST, PET findings, limb function, and the clinical benefit.

TABLE 3 Metabolic response of PET.

z %

24weeks PR 3 14.3
SD 16 76.2
PD 2 9.5
total 21

48weeks PR 3 18.8
SD 10 62.5
PD 3 18.8
total 16

90.5%

81.3%

PFR was evaluated based on RECIST, which included non-target
and new lesions. The central committee radiologist judged three
cases of PD in group P and none in group Z at 48 weeks. PFR
based on RECIST at 48 weeks was 95.2% in group Z and 78.9%
in group P (p=0.166). Although there was no significant
difference between the groups, the survival curve in group P
declined slightly in a time-dependent manner. Therefore, a more
long-term evaluation appears to be the next step with other
criteria, such as total tumor volume.

The SUVmax of TGCT on PET has been reported as high
(31). The mean SUVmax in our study was high at 9.6 (range,
2.4-25.1) at baseline, and there was no significant difference
between the groups. The mean change in SUVmax gradually
increased, and the metabolic response showed that the incidence
of PD gradually increased in both groups. Other parameters,
such as total lesion glycolysis and peak standardized uptake
normalized to lean body mass, have been reported as useful
predictors of clinical outcomes in certain cancers (32, 33).
Further analyses including various parameters are necessary.
TGCT can develop in uncommon sites and is incidentally

P %

2 12.5 93.80% P=0.72
13 81.3

1 6.25

16

1 59 76.50% P=0.61
12 70.6

4 235

17

PET, positron emission tomography; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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FIGURE 7

The mean JOA scores of the knee (A) and ankle (B). The mean JOA scores of the knee were 85.38 + 3.12 (mean + SE) in group Z (n=13) and
83.38 + 2.33 (mean + SE) in group P (n=13) at base line. The mean JOA scores of the knee in group Z were 91.15 + 2.78 (mean + SE) at 24
weeks and 93.75 + 2.23 (mean + SE) at 48 weeks. There was a significant difference between the values at baseline and 48 weeks (p=0.027).
The mean JOA scores of the knee in group P were 85.75 + 2.21 (mean + SE) at 24 weeks and 85.0 + 2.38 (mean + SE) at 48 weeks. There was
significant difference between the values at 48 weeks of group P and Z (p=0.014) (A). The mean JOA scores of the ankle were 83.63 + 4.29
(mean + SE) in group Z (n=8) and 83.00 + 5.40 (mean + SE) in group P (n=7) at baseline. The mean JOA scores of the ankle in group Z were
85.88 + 3.51 (mean + SE) at 24 weeks and 91.67 + 3.35 (mean + SE) at 48 weeks. The mean JOA scores of the ankle in group P were 88.43 +
3.70 (mean + SE) at 24 weeks and 88.71 + 3.64 (mean + SE) at 48 weeks. There was no significant difference between each values (B). JOA,

detected via PET scan (34, 35). TGCT have a high SUVmax,
even when the tumor is benign, which can be used to prevent
misdiagnosis of malignancy.

We evaluated the physical limb function using the JOA and
MSTS scores. The JOA score has also been reported to correlate
with patient-reported outcomes (Japanese Knee Osteoarthritis
Measure and 36-Item Short Form Health Survey [SF-36]) (36).
This study revealed a significantly higher score at 48 weeks than
at baseline in group Z, while no significant difference between
the JOA Foot Rating Scale values and MSTS score at baseline and
after 48 weeks was observed. However, the score gradually
increased in a time-dependent manner. Palmerini et al.

Japanese Orthopedic Association; SE, standard error; group Z, zaltoprofen group; group P, placebo group.

reported a median MSTS score of 90% (range, 20-100%) after
surgical tumor resection (37). Griffin et al. reported a mean score
of 91.7% (range, 63-100%) after radiotherapy and surgery (38).
Our results are comparable with those of such invasive
treatments. Kask reported that the MSTS score correlated with
the Toronto Extremity Salvage Score of patient-reported
outcomes in lower extremity soft-tissue sarcomas (39).
Patients with TGCT usually have pain, joint swelling,
stiffness, reduced range of motion, and joint instability, which
diminish the joint function (40), therefore, the amelioration of
physical function is beneficial for such patients with TGCT.
Sande et al. also reported that physical function improved after
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FIGURE 8

The MSTS scores. The mean MSTS scores were 83.81 + 2.94% (mean + SE) in group Z (n=21) and 82.17 + 2.68% (mean + SE) in group P (n=20)
at baseline. The mean MSTS scores in group Z were 88.57 + 2.87% (mean + SE) at 24 weeks and 92.96 + 2.15% (mean + SE) at 48 weeks. The
mean MSTS scores in group P were 86.84 + 1.90% (mean + SE) at 24 weeks and 86.49 + 2.00% (mean + SE) at 48 weeks. There was no
significant difference between each value. MSTS, Musculoskeletal Tumor Society; SE, standard error; group Z, zaltoprofen group; group P,

placebo group.
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TABLE 4 Percentage of cases in which clinical benefit regarding pain, range of joint motion, and joint function compared with that of baseline is
observed at 24 weeks and 48 weeks.

Group N Clinical benefit P
Yes No 95%CI

Zaltoprofen 21 9 (42.9%) 12 (57.1%) [21.8 - 66.0] 1
Placebo 20 8 (40.0%) 12 (60.0%) [19.1 - 63.9]

pexidartinib treatment (41). Several reports have also described course for 48 weeks; therefore, the long-term clinical course of
favorable limb function after surgery (42, 43). However, surgery TGCT should be clarified. This less invasive and safer treatment,
is not a definitive treatment for every patient since it is associated which improved physical function in patients with SD with
with high risk of local recurrent disease due to diffuse lesions and zaltoprofen, is a potential novel approach against TGCT. Further
a relatively high risk of postoperative complications (44). analysis of long-term administration of zaltoprofen should be

Our results also suggest that the zaltoprofen is safe. Several considered in future studies.

drugs targeting the CSF-1 and CSF-1R axis have shown some

severe side effects (8, 45-47). For instance, emactuzumab was

tested in a phase 1 study that enrolled 29 patients. The authors Data availa blllty statement

reported three cases of serious adverse events (10.3%) (one case

of periorbital edema, one case of subacute cutaneous lupus The data that support the findings of this study are available
erythematosus, and one case of subcutaneous tissue from HT, tsuchi@med.kanazawa-u.ac.jp, upon reasonable request
inflammation) (45). A single-arm phase 2 study of nilotinib, a

small-molecule inhibitor, was conducted in 56 patients, and

serious adverse reactions were reported, including pruritus, Ethics statement

diarrhea, anorexia, dizziness, toxic skin rash, and liver enzyme

abnormalities in nine patients (16.7%) each (46). In a phase 1 This study was reviewed and approved by the Ethics
study of pexidartinib, fatigue, diarrhea, anemia, and neutropenia Committees of Kanazawa University Hospital (9013), Asahikawa
were observed in one case each and hyponatremia and aspartate Medical University Hospital (29024), National Cancer Center

aminotransferase (AST)/alanine transaminase (ALT) elevation Hospital (T4456), University of Fukui Hospital (2017008), Nagoya
were observed in two cases each (47). In a phase 3 study of City University Hospital (31-17-0003), Nagoya University Hospital
pexidartinib, 61 patients in the placebo group and 59 in the (29005), Mie University Hospital (F2913012), Kyoto Prefectural
pexidartinib group were enrolled. Serious adverse events were University Hospital (2017- 011), Osaka City University Hospital
observed in 32 patients in the pexidartinib group (52.5%) (one (101952), Okayama University Hospital (290801) and Kyushu
case each of erythema, vomiting, lactate dehydrogenase University Hospital (2017301). The patients/participants provided
elevation, dizziness, periorbital edema, anemia, and their written informed consent to participate in this study.
neutropenia; two cases each of arthralgia, hyponatremia, and

AST/ALT elevation; three cases of hypertension; four cases of

alkaline phosphatase elevation; and six cases of AST and ALT Author contributions

elevation) (8).

This study has some limitations. The number of patients was AT and HT conceived of the study and drafted the
small, with a heterogeneous background. Patient status (primary manuscript. AT, AN, TM, and HT participated in the study
or recurrent) and the number of previous surgeries were not design, and KY was responsible for the design of the statistics.
considered in the randomization. Patient-reported outcomes HT was the principal investigator of this study. AT, ME, AK,
were not evaluated. The SF-36, Western Ontario and YN, RT, AM, HA, TN, ST, TO, and MH contributed with the
McMaster Universities Arthritis Index, and patient-reported local investigator. MO reviewed all magnetic resonance imaging
outcome measures (42) might be suitable for evaluating the and computed tomography scans as part of the central
improvement in patient quality of life and physical function. committee. DK reviewed all '®F-fluorodeoxyglucose- positron

In conclusion, our study reported no significant differences emission tomography scans as part of the central committee. AT
in PFR between the groups. Physical function significantly performed the statistical analyses and KY reviewed the analyses.
improved following zaltoprofen treatment. The safety profile AT, AN, and TM wrote the manuscript. NY, KH, KI, and SM
of zaltoprofen was acceptable. Both groups presented with an SD provided critical comments on the study protocol design and

Frontiers in Oncology 11 frontiersin.org


mailto:tsuchi@med.kanazawa-u.ac.jp
https://doi.org/10.3389/fonc.2022.900010
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Takeuchi et al.

helped draft the manuscript. All authors contributed to the
article and approved the submitted version.

Funding

This research was partially supported by the Project
Promoting Clinical Trials for Development of New Drugs
and Medical Devices (Japan Medical Association)
(JMAIIA00284) and the Japan Agency for Medical Research
and Development (211k0201120h0002). This funding body did
not support the design of the study; collection, analysis, and
interpretation of data; or writing of the manuscript.

Acknowledgments

We gratefully acknowledge the help of the study
coordinators and physicians at each institution and the central
committee: Hiroaki Shibata, Shintaro Iwata, Yuya Izubuchi,
Tsuyoshi Miyazaki, Yasuro Kokubo, Takehiro Ota, Toshiyuki
Kunisada, Joe Hasei, Toshiharu Shirai, Akihiko Iida, Hiroaki
Kimura, Naoto Oebisu, Kunihiro Asanuma, Yoshihiro
Matsumoto, Masako Yamazaki, Mitsuyo Kusajima, Kazuto
Kosaka, Takashi Higuchi, Kensaku Abe, Yuta Taniguchi,
Hirotaka Yonezawa, Sei Morinaga, Yohei Asano, Takafumi
Ueda, Junichi Taki, and Satoshi Teramukai. Nippon

References

1. Jones FE, Soule EH, Coventry MB. Fibrous xanthoma of synovium (giant-cell
tumor of tendon sheath, pigmented nodular synovitis). A study One hundred
eighteen cases. ] Bone Joint Surg Am (1969) 51:76-86. doi: 10.2106/00004623-
196951010-00005

2. Monaghan H, Salter DM, Al-Nafussi A. Giant cell tumour of tendon sheath
(localised nodular tenosynovitis): Clinicopathological features of 71 cases. J Clin
Pathol (2001) 54:404-7. doi: 10.1136/jcp.54.5.404

3. de Saint Aubain Somerhausen N, van de Rijn M. Tenosynovial giant cell
tumour. 5th ed. B WCoTE, editor. Lyon: IARC Press France (2020).

4. Ma X, Shi G, Xia C, Liu H, He J, Jin W. Pigmented villonodular synovitis: a
retrospective study of seventy five cases (eighty one joints). Int Orthop (2013)
37:1165-70. doi: 10.1007/s00264-013-1858-9

5. Sharma V, Cheng EY. Outcomes after excision of pigmented villonodular
synovitis of the knee. Clin Orthop Relat Res (2009) 467:2852-8. doi: 10.1007/
$11999-009-0922-7

6. West RB, Rubin BP, Miller MA, Subramanian S, Kaygusuz G, Montgomery
K, 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) 103:690-5. doi: 10.1073/pnas.0507321103

7. Brahmi M, Vinceneux A, Cassier PA. Current systemic treatment options for
tenosynovial giant cell Tumor/Pigmented villonodular synovitis: Targeting the CSF1/
CSFIR axis. Curr Treat Options Oncol (2016) 17:10. doi: 10.1007/s11864-015-0385-x

8. Tap WD, Gelderblom H, Palmerini E, Desai J, Bauer S, Blay J-Y, et al.
Pexidartinib versus placebo for advanced tenosynovial giant cell tumour
(ENLIVEN): A randomised phase 3 trial. Lancet (London England) (2019)
394:478-87. doi: 10.1016/S0140-6736(19)30764-0

9. Lewis JH, Gelderblom H, van de Sande M, Stacchiotti S, Healey JH, Tap WD,
et al. Pexidartinib long-term hepatic safety profile in patients with tenosynovial
giant cell tumors. Oncologist (2021) 26:¢863-73. doi: 10.1002/0nc0.13629

Frontiers in Oncology

12

10.3389/fonc.2022.900010

Chemiphar provided the study medication, zaltoprofen, and
the placebo

Conflict of interest

HT received research funding from Nippon Chemiphar.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.900010/full#supplementary-material

10. Takeuchi A, Yamamoto N, Shirai T, Nihida H, Hayashi K, Kimura H, et al.
Effect of zaltoprofen for pigmented villonodular synovitis cells with PPARY
activation. In: Proceedings of AAOS meeting (2015) Las Vegas, NV. p. 144.

11. Takeuchi A, Yamamoto N, Nishida H, Kimura H, Ikeda H, Tsuchiya H.
Complete necrosis of a giant cell tumor with high expression of PPARY: A case
report. Anticancer Res (2013) 33:2169-74.

12. Higuchi T, Takeuchi A, Munesue S, Yamamoto N, Hayashi K, Kimura H,
et al. Anti-tumor effects of a nonsteroidal anti-inflammatory drug zaltoprofen on
chondrosarcoma via activating peroxisome proliferator-activated receptor gamma
and suppressing matrix metalloproteinase-2 expression. Cancer Med (2018)
7:1944-54. doi: 10.1002/cam4.1438

13. Bernthal NM, Spierenburg G, Healey JH, Palmerini E, Bauer S, Group
TOPPS, et al. The diffuse-type tenosynovial giant cell tumor (dt-TGCT) patient
journey: A prospective multicenter study. Orphanet ] Rare Dis (2021) 16:191.
doi: 10.1186/s13023-021-01820-6

14. Hirate K, Uchida A, Ogawa Y, Arai T, Yoda K. Zaltoprofen, a non-steroidal
anti-inflammatory drug, inhibits bradykinin-induced pain responses without
blocking bradykinin receptors. Neurosci Res (2006) 54:288-94. doi: 10.1016/
jneures.2005.12.016

15. Rosen ED, Hsu C-H, Wang X, Sakai S, Freeman MW, Gonzalez FJ, et al. C/
EBPalpha induces adipogenesis through PPARgamma: A unified pathway. Genes
Dev (2002) 16:22-6. doi: 10.1101/gad.948702

16. Lehmann JM, Moore LB, Smith-Oliver TA, Wilkison WO, Willson TM,
Kliewer SA. An antidiabetic thiazolidinedione is a high affinity ligand for
peroxisome proliferator-activated receptor gamma (PPAR gamma). ] Biol Chem
(1995) 270:12953-6. doi: 10.1074/jbc.270.22.12953

17. Forman BM, Tontonoz P, Chen J, Brun RP, Spiegelman BM, Evans RM. 15-
deoxy-delta 12, 14-prostaglandin J2 is a ligand for the adipocyte determination
factor PPAR gamma. Cell (1995) 83:803-12. doi: 10.1016/0092-8674(95)90193-0

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.900010/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.900010/full#supplementary-material
https://doi.org/10.2106/00004623-196951010-00005
https://doi.org/10.2106/00004623-196951010-00005
https://doi.org/10.1136/jcp.54.5.404
https://doi.org/10.1007/s00264-013-1858-9
https://doi.org/10.1007/s11999-009-0922-7
https://doi.org/10.1007/s11999-009-0922-7
https://doi.org/10.1073/pnas.0507321103
https://doi.org/10.1007/s11864-015-0385-x
https://doi.org/10.1016/S0140-6736(19)30764-0
https://doi.org/10.1002/onco.13629
https://doi.org/10.1002/cam4.1438
https://doi.org/10.1186/s13023-021-01820-6
https://doi.org/10.1016/j.neures.2005.12.016
https://doi.org/10.1016/j.neures.2005.12.016
https://doi.org/10.1101/gad.948702
https://doi.org/10.1074/jbc.270.22.12953
https://doi.org/10.1016/0092-8674(95)90193-0
https://doi.org/10.3389/fonc.2022.900010
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Takeuchi et al.

18. Lehmann JM, Lenhard JM, Oliver BB, Ringold GM, Kliewer SA. Peroxisome
proliferator-activated receptors alpha and gamma are activated by indomethacin
and other non-steroidal anti-inflammatory drugs. J Biol Chem (1997) 272:3406-10.
doi: 10.1074/jbc.272.6.3406

19. Yamazaki R, Kusunoki N, Matsuzaki T, Hashimoto S, Kawai S. Nonsteroidal
anti-inflammatory drugs induce apoptosis in association with activation of
peroxisome proliferator-activated receptor gamma in rheumatoid synovial cells. J
Pharmacol Exp Ther (2002) 302:18-25. doi: 10.1124/jpet.302.1.18

20. Demetri GD, Fletcher CDM, Mueller E, Sarraf P, Naujoks R, Campbell N,
et al. Induction of solid tumor differentiation by the peroxisome proliferator-
activated receptor-gamma ligand troglitazone in patients with liposarcoma. Proc
Natl Acad Sci U.S.A. (1999) 96:3951-6. doi: 10.1073/pnas.96.7.3951

21. Burstein HJ, Demetri GD, Mueller E, Sarraf P, Spiegelman BM, Winer EP.
Use of the peroxisome proliferator-activated receptor (PPAR) gamma ligand
troglitazone as treatment for refractory breast cancer: A phase II study. Breast
Cancer Res Treat (2003) 79:391-7. doi: 10.1023/a:1024038127156

22. Hisatake J-II, Ikezoe T, Carey M, Holden S, Tomoyasu S, Koeffler HPP. Down-
regulation of prostate-specific antigen expression by ligands for peroxisome proliferator-
activated receptor gamma in human prostate cancer. Cancer Res (2000) 60:5494-8.

23. Kulke MH, Demetri GD, Sharpless NE, Ryan DP, Shivdasani R, Clark JS,
et al. A phase II study of troglitazone, an activator of the PPARgamma receptor, in
patients with chemotherapy-resistant metastatic colorectal cancer. Cancer J (2002)
8:395-9. doi: 10.1097/00130404-200209000-00010

24. Takeuchi A, Yamamoto N, Hayashi K, Miwa S, Inatani H, Aoki Y, et al. Feasibility
as novel treatment of zaltoprofen for diffuse-type tenosynovial giant cell tumor arising in
knee and ankle joint: A pilot study. In: ISOLS meeting (2017) Kanazawa, Japan. p. 50.

25. Takeuchi A, Nomura A, Yamamoto N, Hayashi K, Igarashi K, Tandai S, et al.
Randomized placebo-controlled double-blind phase II study of zaltoprofen for patients
with diffuse-type and unresectable localized tenosynovial giant cell tumors: a study
protocol. BMC Musculoskelet Disord (2019) 20:68. doi: 10.1186/s12891-019-2453-z

26. Schwartz LH, Litiére S, De Vries E, Ford R, Gwyther S, Mandrekar S, et al.
RECIST 1.1 - update and clarification: From the RECIST committee. Eur ] Cancer
(2016) 62:132-7. doi: 10.1016/j.ejca.2016.03.081

27. Niki H, Aoki H, Inokuchi S, Ozeki S, Kinoshita M, Kura H, et al.
Development and reliability of a standard rating system for outcome
measurement of foot and ankle disorders I: Development of standard rating
system. ] Orthop Sci (2005) 10:457-65. doi: 10.1007/s00776-005-0936-2

28. Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard DJ. A system
for the functional evaluation of reconstructive procedures after surgical treatment of
tumors of the musculoskeletal system. Clin Orthop Relat Res (1993) 286:241-6.

29. Manetti M, Mondanelli N, Rosa I, Ibba-Manneschi L, Benucci M, Bandinelli
F. Concomitant spondyloarthritis and tenosynovial giant cell tumor in pigmented
villonodular synovitis challenging cases. J Clin Rheumatol (2020) 26:115-7.
doi: 10.1097/RHU.0000000000000985

30. Gelderblom H, Wagner AJ, Tap WD, Palmerini E, Wainberg ZA, Desai J,
et al. Long-term outcomes of pexidartinib in tenosynovial giant cell tumors. Cancer
(2021) 127:884-93. doi: 10.1002/cncr.33312

31. Broski SM, Murdoch NM, Skinner JA, Wenger DE. Pigmented villonodular
synovitis: Potential pitfall on oncologic 18F-FDG PET/CT. Clin Nucl Med (2016)
41:e24-31. doi: 10.1097/RLU.0000000000000893

32. Farnebo J, Grybick P, Harmenberg U, Laurell A, Wersill P, Blomgvist LK,
et al. Volumetric FDG-PET predicts overall and progression- free survival after 14
days of targeted therapy in metastatic renal cell carcinoma. BMC Cancer (2014)
14:408. doi: 10.1186/1471-2407-14-408

33. Fledelius J, Winther-Larsen A, Khalil AA, Bylov CM, Hjorthaug K, Bertelsen A,
et al. 18F-FDG PET/CT for very early response evaluation predicts CT response in
erlotinib-treated non-small cell lung cancer patients: A comparison of assessment
methods. ] Nucl Med (2017) 58:1931-7. doi: 10.2967/jnumed.117.193003

Frontiers in Oncology

13

10.3389/fonc.2022.900010

34. Takeuchi A, Yamamoto N, Hayashi K, Miwa S, Takahira M, Fukui K,
et al. Tenosynovial giant cell tumors in unusual locations detected by positron
emission tomography imaging confused with malignant tumors: Report of two
cases. BMC Musculoskelet Disord (2016) 17:180. doi: 10.1186/s12891-016-
1050-7

35. Pallas A, Hagge R, Borys D, Hunter J. Intense FDG uptake in an intra-
articular localized giant-cell tumor of the tendon sheath (pigmented villonodular
synovitis) mimics metastatic melanoma. Radiol Case Rep (2009) 4:343.
doi: 10.2484/rcr.v4i4.343

36. Okuda M, Omokawa S, Okahashi K, Akahane M, Tanaka Y. Validity and
reliability of the Japanese orthopaedic association score for osteoarthritic knees. J
Orthop Sci (2012) 17:750-6. doi: 10.1007/s00776-012-0274-0

37. Palmerini E, Staals EL, Maki RG, Pengo S, Cioffi A, Gambarotti M, et al.
Tenosynovial giant cell tumour/pigmented villonodular synovitis: Outcome of 294
patients before the era of kinase inhibitors. Eur ] Cancer (2015) 51:210-7.
doi: 10.1016/j.ejca.2014.11.001

38. Griffin AM, Ferguson PC, Catton CN, Chung PWM, White LM, Wunder JS,
et al. Long-term outcome of the treatment of high-risk tenosynovial giant cell
tumor/pigmented villonodular synovitis with radiotherapy and surgery. Cancer
(2012) 118:4901-9. doi: 10.1002/cncr.26529

39. Kask G, Barner-Rasmussen I, Repo JP, Kjildman M, Kilk K, Blomgyvist C,
et al. Functional outcome measurement in patients with lower-extremity soft tissue
sarcoma: A systematic literature review. Ann Surg Oncol (2019) 26:4707-22.
doi: 10.1245/510434-019-07698-w

40. Gelhorn HL, Tong S, McQuarrie K, Vernon C, Hanlon J, MacLaine G, et al.
Patient-reported symptoms of tenosynovial giant cell tumors. Clin Ther (2016)
38:778-93. doi: 10.1016/j.clinthera.2016.03.008

41. Van De Sande M, Tap WD, Gelhorn HL, Ye X, Speck RM, Palmerini E,
et al. Pexidartinib improves physical functioning and stiffness in patients
with tenosynovial giant cell tumor: Results from the ENLIVEN randomized
clinical trial. Acta Orthop (2021) 92:493-9. doi: 10.1080/17453674.
2021.1922161

42. Verspoor FGM, Mastboom MJL, Hannink G, van der Graaf WTA, van de
Sande MA]J, Schreuder HWB. The effect of surgery in tenosynovial giant cell
tumours as measured by patient-reported outcomes on quality of life and joint
function. Bone Joint ] (2019), 101-B:272-280. doi: 10.1302/0301-620X.101B3.BJ]J-
2018-0804.R1

43. van der Heijden L, Gibbons CLMH, Dijkstra PDS, Kroep JR, van Rijswijk
CSP, Nout RA, et al. The management of diffuse-type giant cell tumour (pigmented
villonodular synovitis) and giant cell tumour of tendon sheath (nodular
tenosynovitis). J Bone Joint Surg Br (2012) 94:882-8. doi: 10.1302/0301-
620X.94B7.28927

44. Mastboom MJL, Palmerini E, Verspoor FGM, Rueten-Budde AJ, Stacchiotti
S, Staals EL, et al. Surgical outcomes of patients with diffuse-type tenosynovial
giant-cell tumours: An international, retrospective, cohort study. Lancet Oncol
(2019) 20:877-86. doi: 10.1016/51470-2045(19)30100-7

45. Cassier PA, Italiano A, Gomez-Roca CA, Le Tourneau C, Toulmonde M,
Cannarile MA, et al. CSFIR inhibition with emactuzumab in locally advanced
diffuse-type tenosynovial giant cell tumours of the soft tissue: A dose-escalation
and dose-expansion phase 1 study. Lancet Oncol (2015) 16:949-56. doi: 10.1016/
$1470-2045(15)00132-1

46. Gelderblom H, Cropet C, Chevreau C, Boyle R, Tattersall M, Stacchiotti S,
et al. Nilotinib in locally advanced pigmented villonodular synovitis: A multicentre,
open-label, single-arm, phase 2 trial. Lancet Oncol (2018) 19:639-48. doi: 10.1016/
S1470-2045(18)30143-8

47. Tap WD, Wainberg ZA, Anthony SP, Ibrahim PN, Zhang C, Healey JH,
et al. Structure-guided blockade of CSFIR kinase in tenosynovial giant-cell tumor.
N Engl ] Med (2015) 373:428-37. doi: 10.1056/NEJMoal411366

frontiersin.org


https://doi.org/10.1074/jbc.272.6.3406
https://doi.org/10.1124/jpet.302.1.18
https://doi.org/10.1073/pnas.96.7.3951
https://doi.org/10.1023/a:1024038127156
https://doi.org/10.1097/00130404-200209000-00010
https://doi.org/10.1186/s12891-019-2453-z
https://doi.org/10.1016/j.ejca.2016.03.081
https://doi.org/10.1007/s00776-005-0936-2
https://doi.org/10.1097/RHU.0000000000000985
https://doi.org/10.1002/cncr.33312
https://doi.org/10.1097/RLU.0000000000000893
https://doi.org/10.1186/1471-2407-14-408
https://doi.org/10.2967/jnumed.117.193003
https://doi.org/10.1186/s12891-016-1050-7
https://doi.org/10.1186/s12891-016-1050-7
https://doi.org/10.2484/rcr.v4i4.343
https://doi.org/10.1007/s00776-012-0274-0
https://doi.org/10.1016/j.ejca.2014.11.001
https://doi.org/10.1002/cncr.26529
https://doi.org/10.1245/s10434-019-07698-w
https://doi.org/10.1016/j.clinthera.2016.03.008
https://doi.org/10.1080/17453674.2021.1922161
https://doi.org/10.1080/17453674.2021.1922161
https://doi.org/10.1302/0301-620X.101B3.BJJ-2018-0804.R1
https://doi.org/10.1302/0301-620X.101B3.BJJ-2018-0804.R1
https://doi.org/10.1302/0301-620X.94B7.28927
https://doi.org/10.1302/0301-620X.94B7.28927
https://doi.org/10.1016/S1470-2045(19)30100-7
https://doi.org/10.1016/S1470-2045(15)00132-1
https://doi.org/10.1016/S1470-2045(15)00132-1
https://doi.org/10.1016/S1470-2045(18)30143-8
https://doi.org/10.1016/S1470-2045(18)30143-8
https://doi.org/10.1056/NEJMoa1411366
https://doi.org/10.3389/fonc.2022.900010
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Randomized placebo-controlled double-blind phase II study of zaltoprofen for patients with diffuse-type and unresectable localized tenosynovial giant cell tumors: The REALIZE study
	1 Introduction
	2 Materials and methods
	2.1 Ethics statements
	2.2 Study design and definitions
	2.3 Study participants
	2.4 Randomization
	2.5 Intervention and placebo
	2.6 Outcomes
	2.7 Safety assessment
	2.8 Sample size
	2.9 Statistical analysis

	3 Results
	3.1 Demographics
	3.2 Efficacy
	3.2.1 Primary endpoints
	3.2.2 Secondary endpoints


	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


