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ARTICLE INFO ABSTRACT
Keywords: Introduction: Recurrence rates remain high after surgical treatment of diffuse-type Tenosynovial Giant Cell
Tenosynovial giant cell tumour Tumour (TGCT). Imatinib Mesylate (IM) blocks Colony Stimulating Factorl Receptor (CSFI1R), the driver

Imatinib mesylate

mechanism in TGCT. The aim of this study was to determine if IM reduces the tumour metabolic activity
Radiological response

evaluated by PET-CT and to compare this response with the response seen on MR imaging.

Materials and methods: 25 Consecutive patients treated with IM (off label use) for locally advanced (N = 12) or
recurrent (N = 13) diffuse-type TGCT were included, 15 male and median age at diagnosis 39 (IQR 31-47) years.
The knee was most frequently affected (n = 16; 64%). The effect of IM was assessed pre- and post-IM treatment
by comparing MR scans and PET-CT. MR scans were assessed by Tumour Volume Score (TVS), an estimation of
the tumour volume as a percentage of the total synovial cavity. PET-CT scans were evaluated based on maximum
standardized uptake value (SUV-max). Partial response was defined as more than 50% tumour reduction with
TVS and a decrease of at least 30% on SUV-max.

Results: Median duration of IM treatment was 7.0 (IQR 4.2-11.5) months. Twenty patients (80%) discontinued
IM treatment for poor response or intended surgery. Twenty patients experienced an adverse event grade 1-2,
three patients grade 3 (creatinine increment, neutropenic sepsis, liver dysfunction). MR assessment of all joints
showed 32% (6/19) partial response and 63% (12/19) stable disease, with a mean difference of 12% (P = 0.467;
CI -22.4-46.0) TVS between pre- and post-IM and a significant mean difference of 23% (P = 0.021; CI 4.2-21.6)
in all knee lesions. PET-CT, all joints, showed a significantly decreased mean difference of 5.3 (P = 0.004; CI
1.9-8.7) SUV-max between pre- and post-IM treatment (58% (11/19) partial response, 37% (7/19) stable dis-
ease). No correlation between MR imaging and PET-CT could be appreciated in 15 patients with complete
radiological data.

Conclusion: This study confirms the moderate radiological response of IM in diffuse-type TGCT. PET-CT is a
valuable additional diagnostic tool to quantify response to tyrosine kinase inhibitor treatment. Its value should
be assessed further to validate its efficacy in the objective measurement of biological response in targeted sys-
temic treatment of TGCT.

1. Introduction Pigmented Villo-Nodular Synovitis (PVNS), is a rare mono-articular
tumour affecting the synovium, bursae and tendon sheath. TGCT is
Tenosynovial Giant Cell Tumour (TGCT), previously known as characterized by a chromosomal translocation (t (1; 2)), causing an
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overexpression of colony stimulating factor-1 (CSF1). This over-
expression leads to recruitment of macrophages expressing the CSF1
receptor (CSF1R) that make up the majority of the tumour [1]. Histo-
pathologically, villous thickening of the synovial membrane with in-
filtrates of scattered giant cells and haemosiderin containing
macrophages in the subintima and extracellular haemosiderin deposi-
tion as well are seen. Occasionally, lymphocytes and plasma cells are
present [2,3].

TGCT is differentiated into two types: the localized-type and the
diffuse-type. Localized lesions are located in one area of the joint,
sharply demarcated and show a non-aggressive behaviour. The current
study focuses on diffuse-type TGCT. This subtype can affect the entire
joint, extending both intra- and extra-articular, is ill-demarcated and
shows a locally aggressive behaviour. It can invade surrounding struc-
tures, such as cartilage, bone, tendon or muscle [2,3]. This rare disease,
with an estimated worldwide incidence rate of 4 per million
person-years, most often affects the knee joint (64%) [4]. Patients pre-
sent with unspecific symptoms such as joint pain, swelling, stiffness and
limited range of motion. As these symptoms can cause a great quality of
life burden by limitation of employment and sport-activities [5,6],
treatment of this locally aggressive tumour might be required.

Diagnosing and staging the extension of TGCT is assessed on MR
imaging and can be quantified by the Tumour Volume Score (TVS). PET-
CT provides understanding of the metabolic activity of the lesion,
expressed as maximum Standardized Uptake Values (SUV-max). So far,
only little is known on the role of TVS on MR imaging and biological
activity on PET-CT in the evaluation of TGCT with regards to response to
treatment [7].

The current standard treatment for diffuse-type TGCT is a surgical
excision, either by an arthroscopic- or open synovectomy. Recurrence
rates remain high, with a recurrence free survival at 5 years of 54% after
arthroscopic- and 66% after open-synovectomy in patients with therapy
naive diffuse-TGCT [8,9]. Radiotherapy is infrequently used in locally
advanced or recurrent cases as an adjuvant therapy after surgical
treatment. Arthroplasty may be indicated in joint destruction or due to
secondary osteoarthritis of the TGCT lesion [10]. These locally aggres-
sive treatments might induce a great quality of life burden, due to
debilitating functional results. Therefore, systemic therapies are
considered a valuable addition to the treatment armamentarium, typi-
cally targeting the CSF1/CSF1R axis [11].

Imatinib Mesylate (IM) blocks the driver mechanism in TGCT: the
CSF1-receptor, also known as a tyrosine kinase inhibitor (TKI) [12,13].
Blay et al. presented a complete response in treatment with IM of a single
case of recurrent TGCT [14]. Cassier et al. confirmed moderate activity
of IM by evaluating MR images in a retrospective study of 29 TGCT
patients of which 19% had a partial response and 74% a stable disease
[15]. Stacchiotti et al. reported two diffuse-type TGCT patients without
significant response after treatment with Nilotinib (another CSF1R in-
hibitor). Subsequently these patients were treated with IM and both
patients had symptomatic improvement including decrease in tumour
size assessed on MR imaging. One patient showed biological response on
IM by PET-CT over 6 weeks [16]. Verspoor et al. evaluated 58 interna-
tional patients with advanced diffuse-TGCT, of which 17 (29%) ach-
ieved complete (N = 2) or partial response (N = 15). One- and five-year
progression-free survival rates were 71% and 48%, respectively [17].
Currently, in the treatment of diffuse-type TGCT, both nilotinib and
imatinib are in off-label use only and no randomised phase 3 trial has
been performed. On the contrary, pexidartinib, a more potent small
molecule tyrosine-kinase inhibitor with strong selective activity against
the CSF1 receptor, has been approved for diffuse-type TGCT by the FDA
in the USA, after a placebo controlled trial [18].

This retrospective study of patients with diffuse-type TGCT aims to
determine if IM reduces the tumour metabolic activity evaluated on
PET-CT and to compare this response to the volumetric response
measured by TVS on MR imaging.
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2. Methods

Twenty-five consecutive diffuse-type TGCT patients treated with IM
at the Nuffield Orthopaedic Centre in Oxford were retrospectively
gathered and included. Patients were treated between June 2010 and
October 2018 in an off-label setting with IM. In order to create a ho-
mogeneous patient group, the inclusion criteria were histopathologi-
cally confirmed diagnosis of diffuse-type TGCT of large joints (excluding
digits) and treatment with IM. Patients without MR scans (N = 5) and
PET-CT scans (N = 6) before and after IM treatment were excluded for
that part.

Baseline-data were collected from medical records consisting of age
at diagnosis, gender, comorbidities, tumour location, clinical status at
the beginning of treatment (locally advanced tumour or recurrent dis-
ease), all tumour treatments (IM, arthroscopic- or open-synovectomy,
prosthesis, radiotherapy or other systemic therapy treatments) and
accompanying pathology reports. Additional data were collected
regarding IM treatment: duration of treatment, dosage, reason for
stopping and adverse events.

2.1. Histopathology

The pre-treatment clinical diagnosis of TGCT was confirmed by sy-
novial biopsy histologically in all patients. Morphological features of
post-treatment synovial specimens from five randomly chosen cases
were analysed and compared with pre-treatment biopsies, with partic-
ular attention given to the extent of macrophage infiltration, presence of
giant cells and other inflammatory elements (lymphocytes, plasma cells
and lymphoid aggregates), haemosiderin deposits, fibrosis and other
matrix changes in synovial tissues.

2.2. MR imaging

Pre- and post-IM treatment MR scans were reviewed by two experi-
enced musculoskeletal radiologists (KL, CLMC). Scoring of the most
senior radiologist (CLMC) was leading in non-numerical scorings. MR
scans were assessed for articular, ligamentous, muscular and tendinous
tissue involvement. Of note, for the knee cases, tumour within a Baker’s
cyst was not considered as encasement of a tendon (as there is a synovial
connection between the joint space and the cyst). Based on the TGCT
severity classification the tumours were categorized as either moderate
or severe diffuse. The TGCT severity classification informs physicians
and patients on disease extent and risk for recurrence after surgical
treatment. Moderate diffuse is defined as diffuse-type with intra- and/or
extraarticular disease without involvement of muscular/tendinous tis-
sue/ligaments, with a recurrence free survival at 4 years of 59%. Severe
diffuse includes intra- and extra-articular involvement and involvement
of at least one of the three structures: muscular/tendinous tissue/liga-
ments) and a recurrence free survival at 4 years of 36% [19].

The extent of the tumour lesion was quantified by the Tumour Vol-
ume Score (TVS), an estimation of the tumour volume as a percentage of
the total synovial cavity [20]. TVS of each MR scan was estimated as
10% increments of the estimated volume of the maximally distended
synovial cavity involved. To illustrate, a score of 6 was defined as 60%
increment of the volume of the maximally distended synovial cavity and
a score of 20 described a tumour volume twice the proportion of the
maximally distended synovial cavity. In this study, the average TVS
scoring of both radiologists was presented. A partial response was
defined as a decrease of 50% or more in TVS. An increase of 30% or more
described a progressive disease. Thus, all differences between the
aforementioned thresholds represented a stable disease [20].

2.3. PET-CT

The response of TGCT on IM was assessed by 18F FDG-PET-CT. The
response was quantitatively evaluated by comparing the tumour
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metabolic activity before and after IM treatment, measured by the
maximum standardized uptake value (SUV-max) [21]. SUV-max was
calculated based on the drawn region of interest in the tumour. PET-CT
scan evaluations were performed by experienced nuclear medicine
doctors of the Nuffield Orthopaedic Centre and collected from patient
files. A decrease of SUV-max of 30% was regarded as partial PET
response [22].

2.4. Statistical analysis

Analyses of all data were performed at the Leiden University Medical
Centre. Descriptive data were analysed as counts and percentages for
qualitative variables and medians with ranges for continuous variables.
Differences between pre- and post-treatment were tested with a paired t-
test. As the MR assessment was performed by two radiologists, the mean
value of continuous variables was used for the analyses. Analyses were
performed using Statistical Package for Social Statistics (SPSS) version
23.

2.5. Ethics

This study was approved by the institutional review board from the
Leiden University Medical Center (medical ethical approved protocol
P13.029), along with an approved addendum on October 1st, 2018.

3. Results

25 Diffuse-TGCT patients were included in this study (Table 1).
Median age at diagnosis was 39.0 (IQR 31.1-47.2) years. 15 patients
(60%) were male and in 16 patients (64%) TGCT was located in the
knee. Nine patients suffered from comorbidities, including sarcoid,
hepatitis B, tubulocystic carcinoma, hypothyroidism, paraproteinemia,
polycystic kidney, renal dysfunction and migraine. Arthroscopic partial
synovectomy was most often performed as treatment before start IM

Table 1
Demographics.
Characteristics N (%) Median IQR
Total 25 (100)
Age at diagnosis (years) 39.0 31.1-47.2
Gender
Male 15 (60)
Female 10 (40)
Comorbidities
No comorbidities 16 (64)
Comorbidity” 9 (36)
Tumour location
Knee 16 (64)
Ankle 4 (16)
Hip 3(12)
Wrist 14
Elbow 14
Clinical status tumour before IM treatment
Locally advanced 12 (48)
Recurrent disease 13 (52)

Number of previous tumour treatments

No previous treatments 6 (24)
1 11 (44)
2 6 (24)
>3 2(8)

Type of previous tumour treatments

Arthroscopic synovectomy 16
Open synovectomy 10
(Tumour)Prosthesis 2
Radiotherapy 1
Other” 1

@ Two patients suffered from sarcoid. Other comorbidities were hepatitis B,
tubulocystic carcinoma, hypothyroidism, paraproteinemia, polycystic kidney,
renal dysfunction and migraine.

b Exploration of ankle, methotrexate (psoriatic arthropathy).
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treatment (n = 16; 64%) and six patients did not have any previous
treatments.

3.1. Treatment

The majority of patients (N = 21; 84%)) were treated with 400 mg IM
daily. Median treatment duration was 7.0 months (IQR 4.2-11.5). 20
patients discontinued IM treatment of whom 16 had additional surgery
(64%). Although only three patients discontinued as a result of treat-
ment toxicity, 20 patients (80%) suffered from adverse events, mostly
from grade 1 diarrhoea (N = 9; 36%) and grade 1 nausea (N = 9; 36%). 3
patients had grade 3 adverse events, consisting of creatinine increment,
neutropenic sepsis and liver dysfunction (Fig. 4: patient 9, 13 and 19).
17 patients (68%) underwent subsequent treatment, of which 7 patients
(28%) had multiple subsequent treatments (Table 2, Fig. 4).

3.2. Histopathology

The major difference noted between pre-treatment and post-
treatment synovial specimens was a more pronounced lymphoid infil-
trate in the subintima. There were scattered lymphocytes, occasional
plasma cells and prominent lymphoid aggregates in most cases. Marked

Table 2
Imatinib Mesylate specifics.

Specifics N (%) Median IQR

Dose (mg daily)
400° 21 (84)
200 2(8)
300 1(4)
100 14

Duration IM treatment (months) 7.0 4.2-11.5

Reason for stopping IM treatment "
Did not stop IM treatment 5 (20)
Surgery 16 (64)
No improvement 3(12)
Physicians decision 3(12)
Toxicity 3(12)
Progression of symptoms 14

Adverse events
No adverse events 5 (20)
Diarrhoea 9 (36)
Nausea 9 (36)
Headache 5 (20)
Fatigue 5 (20)
Periorbital oedema 4 (16)
Fluid retention 4 (16)
Creatinine increment® 3(12)
Other®* 7 (28)

Number of subsequent surgeries/treatments per patient

No subsequent surgery/treatment 8(32)
1 10 (40)
2 5 (20)
3 2(8)

First type of subsequent surgery/treatment

Open synovectomy 4 (16)
Arthroscopic synovectomy 4 (16)
(Tumour)Prosthesis 4 (16)
Other anti-CSF1 receptor antibody 14)
Unspecified surgical resection’ 12 (48)

# In 3 patients the dose was changed from 400 mg daily to 200 mg daily after 1
month, 6 months, and 7 years. In the table, these patients are included in 400 mg
daily.

b 5 patients had multiple reasons for stopping treatment.

¢ 1 Patient had adverse event grade 3 creatinine increment.

4 Other adverse event grade 1-2 were widespread depigmentation, neu-
tropenia, mild peripheral paraesthesia in fingers and toes, and cramping in
calves.

¢ 2 Patients experienced adverse event grade 3: neutropenic sepsis and liver
dysfunction.

f Type of surgery, arthroscopic or open resection, was not specified.
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degenerative change within subintimal connective tissue was noted in
three cases and prominent areas of fibrosis seen in two cases; in these
cases the peripheral extent of the lesion was more evident, facilitating
surgical resection. There was no marked difference in the extent of the
macrophage infiltrate, the number of giant cells or the extent of hemo-
siderin deposition pre-versus post-IM treatment.

3.3. MR imaging

20 patients were eligible for MR assessment. Four patients were
excluded as no pre- or post-treatment MR scan was available and one
patient was excluded because the post-treatment MR scan was not of
diagnostic quality due to severe metal artefacts of a total knee
replacement.

Before IM-treatment, 19 patients (95%), of which 12 knee lesions
(60%), suffered from severe diffuse TGCT and 1 patient (5%) from
moderate diffuse TGCT with an ankle lesion, according to the TGCT
severity classification (Supplementary Material Table 1). In the knee
lesions, most involved muscle, tendon and ligament were popliteus
muscle (N = 10; 83%), lateral head of gastrocnemius tendon (N = 12;
100%) and PCL (N = 11; 92%). Mean time between pre- and post-
treatment imaging was 431 days and median time was 287 days. 19
patients were eligible for TVS assessment, as one patient was not
assessable due to only extra-articular TGCT involvement.

TVS assessment showed a mean difference between pre- and post-IM
of 11.8% (P = 0.467; CI -22.4 - 46.0) for all joints and a significant mean
difference of 22.9% (P = 0.021; CI 4.2-21.6) for knee lesions (Table 3,
Fig. 1). 12 of 19 patients with severe diffuse-type TGCT, all joints, had
stable disease (63%), 6 patients (32%) partial response and one patient
(5%) progressive disease.

Regarding TGCT lesions in the knee, 10 (83%) and 8 (67%) lesions
were located anterior and posterior from the posterior cruciate ligament
(PCL) pre-treatment, respectively (supplementary material, Table 2).
Craniocaudal direction (CC) and anteroposterior direction (AP) mea-
surements (mm) of lesions located in the knee in the suprapatellar
recess, posterior Hoffa’s fat pad and posterior joint space presented
mean differences between pre- and post-treatment of 11.3 (P = 0.11; CI
-2.9-25.5), 6.4 (P = 0.014; CI 1.6, 11.2), and 8.5 (P < 0.001; CI 5.4,
11.6), respectively (Supplementary Material Table 3).

3.4. PET-CT

19 patients were eligible for evaluation by PET-CT. 6 patients were
excluded for PET-CT evaluation, because of missing PET-scans pre- or
post-IM treatment. Mean time between pre- and post-treatment imaging
was 164 days and median time 124 days. A significant difference was
found in all joints, (P = 0.004; CI 1.9-8.7) between mean SUV-max
before IM-treatment (14.0) and mean SUV-max after treatment (8.7).
11 Patients (58%) had partial response, 7 patients (37%) had stable
disease and 1 patient had progressive disease (Table 4, Fig. 2, Fig. 3,
Fig. 4).

3.5. MR imaging versus PET-CT

MR scans were performed earlier on in the diagnostic process,
compared to PET-CT. The mean time difference between pre-treatment

Table 3
TVS of pre- and post-IM treatment of knee lesions, other joints and all joints.
N Pre-treatment Post-treatment p Df
Mean SD Mean SD
TVS knee 12 5.9 4.5 3.6 3.4 0.021 2.3
TVS other joints 7 50.7 14.0 51.4 16.3 0.87 0.7
TVS all joints 19 22.4 23.9 21.2 25.6 0.476 1.2

Df Degrees of freedom.
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MR scan and pre-treatment PET-CT was 126 days and the median time
difference was 72 days. The mean time difference between post-
treatment MR scan and post-treatment PET-CT was 271 days and the
median time difference was 134 days. 15 Patients (nine knee lesions)
had complete radiological data (4 scans in total): pre-IM and post-IM
treatment MR scans and PET-CT scans. One patient showed progres-
sive disease on both post-treatment MR imaging and PET-CT, two pa-
tients revealed stable disease on both images and four patients partial
response. On the contrary, two patients were assessed with stable dis-
ease on PET-CT, but partial response on MR imaging and six patients
were evaluated as stable disease on MR imaging, but partial response on
PET-CT (Tables 5 and 6).

4. Discussion

This is the first study to use PET-CT in the assessment of biological
response in systemic therapy in diffuse-type Tenosynovial Giant Cell
Tumour (TGCT). PET-CT is a reliable diagnostic tool to quantify TGCT.
This retrospective cohort study confirms the efficacy of Imatinib Mesy-
late (IM) with a significant difference in SUV-max on PET-CT between
pre- and post-IM treatment. MR assessment of TVS between pre- and
post-IM also showed a significant mean difference for all knee lesions.
The majority of patients discontinued treatment for intended surgery or
poor response and three patients experienced grade 3 adverse events.

The moderate activity of IM, a tyrosine kinase inhibitor (TKI), in
TGCT has been confirmed in the retrospective study of Cassier et al. This
study, based on 29 diffuse-TGCT patients and estimated median time on
IM of 4-7 months, presented 19% with a partial response and 74% with
stable disease, according to Response Evaluation Criteria In Solid Tu-
mours (RECIST) evaluated on MR imaging, after median follow-up of 11
months'®. Subsequently, Verspoor et al. also confirmed efficacy of IM in
diffuse-TGCT in 29% of 58 evaluable patients with complete or partial
response, after median follow-up of 52 months. This study also showed a
high percentage of discontinuation of treatment (66%) and a high grade
of adverse events: 5 patients experiencing grade 3-4 toxicities [17]. The
current study confirms that the use of (neo)adjuvant tyrosine kinase
inhibitor may present an additional treatment option in TGCT. (Plan-
ned) surgery was performed after IM treatment due to remaining
symptoms (with or without effect of IM) or extensive disease, even with
a positive response to IM. Histologically, prominent degenerative
change and fibrosis in the subintima was noted in several cases, facili-
tating surgical excision of the lesion. It is of interest that our results show
that IM treatment did not appear to decrease markedly the macrophage
infiltrate but did promote the lymphoid response in TGCT; IM has
similarly been shown to influence the extent and nature of the T
lymphocyte infiltrate in GIST [23].

The orally administered, systemic treatment with IM is not without
unwanted side effects. 80% of the included patients in our study expe-
rienced one or more adverse event(s), as diarrhoea, nausea, headache,
fatigue, periorbital oedema, fluid retention or creatinine increment.
Three patients experienced grade 3 adverse events: creatinine incre-
ment, neutropenic sepsis and liver dysfunction. This might explain the
relatively high rate of cessation of IM. The Data Monitoring Committee
of the multinational, randomised, phase 3 trial (ENLIVEN), evaluating
pexidartinib in patients with symptomatic TGCT, stopped patient
enrolment before reaching the targeted sample size, due to the emer-
gence of mixed and cholestatic hepatotoxicity [18]. Since TGCT is
considered a benign disease, adverse events might be less accepted. In
the optimisation of systemic treatment in diffuse-TGCT, understanding,
monitoring and managing adverse effects is of utmost importance.

An MR scan is the current standard in diagnosing and staging diffuse-
TGCT. However, the use of targeted TKI therapies is fairly new in the
treatment of diffuse-TGCT. Therein, the question arises if performing an
additional PET-CT scan is of additional value, especially given the young
age of patients with TGCT and the associated radiation dose. MR eval-
uation with TVS assessment is based on estimations of the tumour
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Table 4
SUV-max in knee lesions, other joints and all joints of pre- and post-IM
treatment.

N Pre-treatment Post-treatment p Df

Mean SD Mean SD

SUV-max knee 12 11.7 8.3 6.6 4.3 0.023 5.1
SUV-max other joints 7 17.8 3.9 12.2 8.3 0.11 5.6
SUV-max all joints 19 14.0 7.5 8.7 6.5 0.004 5.3

Df Degrees of freedom.

volume as a percentage of the total synovial cavity. Exact calculations of
volume measures of the lesions are not common practice (3D volume MR
scans of the whole joint are not routinely performed). In addition, if the
tumour location is only extra-articular, TVS calculation is not possible.
Measurements of tumour metabolic activity with SUV-max on PET-CT is
a non-invasive and quantitative measure for biological activity. By
keeping possible pitfalls in mind such as metastases or other hyper-
metabolic processes that may confound results and despite the slightly
higher costs and radiation dose, assessment of PET-CT in systemic
treatment of extensive diffuse-TGCT should be considered for patients
receiving targeted therapy with TKI.

In the current study, no correlation between PET-CT and MR imaging
could be shown. This is probably due to time difference between per-
forming the MR imaging and PET-CT scan, incomplete radiological data
and limited patient numbers. Only 15 patients (9 knee lesions) had
complete pre- and post-IM treatment MR scans and PET-CT scans. In
addition, all upper (n = 2) and lower limb (n = 23) joints were analysed

A
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Fig. 1. Sagittal T1-weighted MR images of a pa-
tient with diffuse-TGCT of the right knee, corre-
sponding with patient 11 in Fig. 4. The dashed red
line outlines the posterior knee joint synovial cav-
ity, only a part of this volume is tumour (the hypo-
intense component). A) Pre-treatment MR scan
showing diffuse low signal intensity tumour pos-
terior of the posterior cruciate ligament and
extending along the distal femoral metaphysis
posteriorly and inside the Baker’s cyst. B) MR scan
after 18 months of IM-treatment with decreased
tumour bulk. In addition, the amount of fluid in the
popliteal cyst has decreased.

Note that the tumou

r volume score (TVS) is based on all the slices
through the entire synovial cavity and not just the
areas depicted in the single mid-sagittal slices [20].
(For interpretation of the references to colour in
this figure legend, the reader is referred to the Web
version of this article.)

together. The TVS method has been developed for the knee joint and
specific criteria were published targeting the knee [20]. MR scan planes
of the knee were fairly consistent, however standardized MR protocols
for other joints were lacking. Therefore, a uniform measurement for
tumour volume in non-knee joints was challenging in our preliminary
study. For future studies, an evaluation of diffuse-TGCT affecting only
knee lesions is preferred, since TGCT mostly affects the knee (64%) [4].
Due to the challenge of gathering an acceptable number of patients to
evaluate in a rare disease like TGCT, we evaluated all joints together. In
the current study, the mean difference between pre- and post IM con-
verted to significant mean difference when TVS was assessed for the
knee-subgroup.

Few limitations of this study should be considered, due to the
retrospective nature. First, patients had various follow-up times and
different tumour statuses at the beginning of IM treatment: some pa-
tients were already operated upon, varied IM treatment durations,
diverse IM doses and dissimilar previous and subsequent treatments.
Second, this study lacks information on clinical symptoms and quality of
life. Also, it lacks data on the long term follow up of these patients
showing the combined effect of multimodality treatment in TGCT pa-
tients. Tap et al., 2019 showed a correlation between TVS and improved
patient symptoms and functional outcomes in a randomised phase 3 trial
with pexidartinib, another systemic treatment in TGCT and the only
available approved drug by the FDA in TGCT [18]. Lastly, to evaluate
IM-treatment as a whole, histopathologic characteristics per patient pre-
and post-treatment would have been helpful.

This study confirms the moderate radiological response of IM in
diffuse-type TGCT. PET-CT is regarded a valuable diagnostic tool to

L™

B 1914

Fig. 2. PET-CT assessment of patient corresponding with the patient in Fig. 1 and patient 11 in Fig. 4. A) Baseline PET-CT scan showing marked increased FDG
uptake around the right knee with a SUV-max of 27.7. B) PET-CT scan after 3.4 months of IM treatment with a significant decrease of FDG uptake with a SUV-max of

8.4 (70% reduction). Background activity is noted in the calf muscles.
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Fig. 3. A&B Short term follow-up, fused axial PET-CT
images of both knees corresponding with patient 17
in Fig. 4.

C&D Long term follow-up, PET-CT assessment of pa-
tient corresponding with patient 24 in Fig. 4.

A) Baseline fused PET-CT axial slice showing high
FDG uptake around the left knee with a SUV-max of
22.9.

B) PET-CT axial slice after 1.6 months of IM treatment
with a marked decrease of FDG uptake with a SUV-
max of 12.0 (48% reduction).

C) Baseline PET-CT transaxial slice showing abnormal
high FDG uptake in the left knee with a SUV-max of
19.1.

D) PET-CT transaxial slice after 21.8 months of IM
treatment with a significant decrease of FDG uptake
with a SUV-max of 2.5 (87% reduction).
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O Poor clinical response followed by surgery
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Fig. 4. Follow-up from start of IM treatment including reasons for stopping IM treatment, PET-CT response, and MR Imaging response.

Table 5
PET-CT response versus MR Imaging response.

Progressive disease No PET-CT evaluation Total
MR Imaging response Partial response 4 0 0 6
Stable disease 6 2 0 4 12
Progressive disease 0 0 1 0 1
No MR Imaging evaluation 1 3 0 2 6
Total 11 7 1 6 25
Table 6
PET-CT response versus MR Imaging response in knee lesions only.
Progressive disease No PET-CT evaluation Total
MR Imaging responserowhead Partial response 4 2 0 0 6
Stable disease 2 1 0 3 6
Progressive disease 0 0 0 0 0
No MR Imaging evaluation 0 3 0 1 4
Total 6 6 0 4 16
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quantify the biological activity of TGCT. It can therefore be used in the
assessment of the biological response in targeted systemic treatment of
TGCT. There is a significant rate of grade 3 adverse events due to IM,
administration should be discussed by a multidisciplinary team and
administered at a medical oncology institute or tertiary cancer centre.
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