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Simple Summary: Diffuse-type tenosynovial giant cell tumor (D-TGCT) is a rare disease that can
be located on the knee joints’anterior and posterior sides. Surgery approaching both sides of the
knee is often performed to remove the tumor. However, there is no consensus on whether surgery
on both sides should be performed during one procedure or in two separate interventions. In
this retrospective, cohort study, 191 patients were included from nine sarcoma centers worldwide.
The goal was to compare the short-term postoperative outcomes of two-sided surgeries for D-
TGCTs of the knee, performed in either one or two stages. Surgery on the knee’s anterior and
posterior sides performed in one stage did not result in impaired rehabilitation compared to two-stage
surgery. Additionally, patients undergoing surgery in one stage had a shorter hospital stay and no
more complications.

Abstract: Diffuse-type tenosynovial giant cell tumors’ (D-TGCTs) intra- and extra-articular expansion
about the knee often necessitates an anterior and posterior surgical approach to facilitate an extensive
synovectomy. There is no consensus on whether two-sided synovectomies should be performed in
one or two stages. This retrospective study included 191 D-TGCT patients from nine sarcoma centers
worldwide to compare the postoperative short-term outcomes between both treatments. Secondary
outcomes were rates of radiological progression and subsequent treatments. Between 2000 and
2020, 117 patients underwent one-stage and 74 patients underwent two-stage synovectomies. The
maximum range of motion achieved within one year postoperatively was similar (flexion 123–120◦,
p = 0.109; extension 0◦, p = 0.093). Patients undergoing two-stage synovectomies stayed longer in the
hospital (6 vs. 4 days, p < 0.0001). Complications occurred more often after two-stage synovectomies,
although this was not statistically different (36% vs. 24%, p = 0.095). Patients treated with two-stage
synovectomies exhibited more radiological progression and required subsequent treatments more
often than patients treated with one-stage synovectomies (52% vs. 37%, p = 0.036) (54% vs. 34%,
p = 0.007). In conclusion, D-TGCT of the knee requiring two-side synovectomies should be treated by
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one-stage synovectomies if feasible, since patients achieve a similar range of motion, do not have
more complications, but stay for a shorter time in the hospital.

Keywords: tenosynovial giant cell tumor; TGCT; diffuse-type; knee; synovectomy; one-stage;
two-stage

1. Introduction

Tenosynovial giant cell tumors (TGCTs) are typically monoarticular diseases, emerging
from the synovial lining of joints, bursae, and tendon sheaths [1]. The tumor is composed
of neoplastic and reactive components, both driven by CSF1 overexpression [2]. TGCTs
comprise two main subtypes: localized-type (L-TGCTs) and diffuse-type TGCTs (D-TGCTs).
Both subtypes are histologically identical and are distinguished by their differing radio-
logical pattern and clinical behavior [1]. Malignant TGCTs are considered a third subtype;
however, this is only incidentally reported [3].

D-TGCTs behave locally more aggressively, and disease control is more challenging
compared to L-TGCTs [1,4–6]. This study focuses on patients with D-TGCTs. The incidence
rate of D-TGCTs is estimated to be 5 to 8 per million person years, and has its onset in
a relatively young population, mostly between 30 and 50 years of age [7,8]. D-TGCTs
affect large joints, in particular the knee. Common symptoms are pain, swelling, stiffness,
and limited function; therefore, D-TGCTs can significantly impair patients’ quality of
life [9,10]. These unspecific symptoms often lead to diagnostic delays [11]. Diagnosis
is made through MRI and histological confirmation. D-TGCTs are characterized by a
multilobulated lesion (>5 cm) with indistinct borders on MRI, and can be located both intra-
and extra-articularly [12]. Additionally, its locally aggressive behavior can result in joint
deterioration caused by inflammatory conditions and infiltrative growth.

To date, surgery is regarded as the backbone of treatment to relieve symptoms and
prevent joint deterioration [13]. Surgery by means of synovectomy aims to remove all
tumors macroscopically to increase the chance of favorable outcomes [14,15]. However,
achieving complete resection may result in iatrogenic morbidity if neurovascular structures
are involved or because D-TGCTs’ extensive growth necessitates large incisions and surgical
exposures. Synovectomies for D-TGCTs are associated with recurrence free-survival of 40%
at 10 years [5,15,16]. The elucidation of the CSF1R driver mechanism led to the use of new
therapeutic modalities, such as CSF1R inhibitors [17–19]. CSF1R inhibitors are indicated
for patients not amenable to surgery but have only limited availability to date. While the
US Food and Drug Administration approved one CSF1R inhibitor, pexidartinib (Daiichi
Sankyo, Tokyo, Japan), for D-TGCTs, the European Medicines Agency and Health Canada
declined market authorization due to an unfavorable risk–benefit ratio [20]. Therefore,
extensive synovectomies still remain a mainstay of treatment. Nevertheless, a consensus
regarding the optimal surgical approach has not been reached [13]. A recent meta-analysis
by Chandra et al. estimated a 1.56 increased risk of recurrence after arthroscopic surgical
management of D-TGCTs of the knee compared to an open approach [21]. Furthermore,
D-TGCTs in the knee often requires incisions from the anterior and posterior sides to
remove all intra- and extra-articular diseases. It remains undecided whether operating
on the anterior and posterior sides should be performed in one or two stages [22–24].
One-stage synovectomies are arguably less invasive for patients, as undergoing only one
surgery requires one recovery period. Hypothetically, a one-stage synovectomy could result
in impaired postoperative recovery and increased complications risk with simultaneous
wounds on two sides of the knee. This study aims to compare the short-term outcomes
of one- versus two-stage synovectomies of the anterior and posterior sides performed for
D-TGCTs of the knee. A multicenter collaboration was initiated to bundle the experiences
and data of several sarcoma centers worldwide.
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2. Materials and Methods

In this international, multicenter, retrospective observational cohort study, patients
that had a synovectomy of the anterior and posterior side of the knee for D-TGCTs between
January 2000 and June 2021 were eligible. All consecutive patients were included from nine
specialized sarcoma centers in the Netherlands, United States, Australia, and Canada.

All patients had histologically confirmed TGCTs located in the knee. Additionally,
they underwent a two-sided synovectomy of the knee performed in one or two stages. In
a one-stage synovectomy, the anterior and posterior sides of the knee were operated on
during the same surgery. A two-stage synovectomy was defined as two separate surgeries,
one addressing the anterior side and the other the posterior side. The separate surgeries
must have been performed within six months to be defined as a two-stage synovectomy.
The order of approach (i.e., first anterior or first posterior) or the surgical technique (open
or arthroscopic) were not exclusion criteria.

2.1. Two-Sided Synovectomy for D-TGCTs of the Knee

D-TGCTs in the knee are often located throughout the joint due to their multicom-
partmental growth pattern [12]. Common locations on the anterior side are the patellar
recesses, the medial and lateral gutter, Hoffa’s fat pad, and the anterior cruciate liga-
ment. Posterior, D-TGCTs are typically located beneath the gastrocnemius insertions and
intercondylar recesses, around the posterior cruciate ligament, and in the Baker’s cyst
around the hamstring tendons. Extra-articular locations often occur with extensive intra-
articular growth.

Total synovectomy of the ventral side comprises removal of the synovium, often
including the entire capsule and the suprapatellar bursa (Figure 1A). In addition, all tumor
around the patella, along the femur, Hoffa’s fat pad, in the posterolateral and posteromedial
spaces, and surrounding the anterior cruciate ligament should be removed (Figure 1B).
Bone erosions are often located in the notch, around the femoral origin of the medial
collateral ligament and the posterior tibial plateau (Figure 1C,D). Parts of the posterior
recesses can be accessed through the ventral approach, but a separate posterior exposure is
commonly required.
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in individual categories. For all data, patients were stratified by undergoing a one- or two-
stage synovectomy. Chi-square, Mann–Whitney U, or Kruskal–Wallis tests were per-
formed to compare independent variables between the groups.  

Finally, we performed subgroup analyses comparing only open one-stage and two-
stage synovectomies. Due to the low incidence of TGCTs, no formal sample size calcula-
tion was performed, and all patients that fulfilled the inclusion criteria were included. 
IBM Statistical Package for Social Statistics 25 (Chicago, IL, USA) was used for analysis.  

Figure 1. Two-sided synovectomy of the knee. An anterior synovectomy for D-TGCT about the knee
is illustrated in figures (A–D). A posterior synovectomy for D-TGCT about the knee, in which also a
Bakers’ cyst is also removed, is illustrated in figures (E–H).

For the posterior approach, a lazy S-shaped incision is made before dissecting the
popliteal fascia (Figure 1E). Commonly, the involvement of the hamstring tendons coincides
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with tumor located in a Baker’s cyst (Figure 1F,G). After deeper dissection and retraction
of the gastrocnemius muscle, posterior tumor in the subgastrocnemius recess appears
(Figure 1H). Additional necessary approaches can be made medial to the semimembranosus,
between the semimembranosus and the popliteal vessel and tibial nerve, and between the
popliteal vessels and peroneal nerve for tibial–fibular joint involvement. The popliteal
artery, tibial, peroneal, and sural nerves, and the small saphenous vein are at risk during
this approach.

During a one-stage synovectomy, patients are turned from a prone to a supine position
or vice versa intraoperatively.

2.2. Data

All data were retrospectively collected from patient medical records and pseud-
onymized before transferring to the principal investigators. The following data were col-
lected: patient demographics, prior treatments, preoperative clinical presentation, date(s)
and type(s) of surgical interventions, length of hospital stay counting from the day of
surgery till the day of discharge, postoperative range of motion up to one year, the need
of walking aids, surgery-related complications, radiological progression, and subsequent
treatments. For two-stage synovectomies, the length of hospital stay and surgical duration
of the two separate surgeries were added together. In addition, radiological progression
was measured from the date of the second intervention to the date of progression for
two-stage synovectomies to avoid immortal time bias.

The primary aim of this study was to compare short-term outcomes between one-
and two-stage synovectomies, such as surgical duration, length of hospital stay, post-
operative range of motion within the first year after surgery, and complications. Sec-
ondary outcomes were radiological progression, clinical improvement, and the need for
subsequent treatments.

This study was performed according to the Declaration of Helsinki and was approved
by the Institutional Review Board from the Leiden University Medical Center.

2.3. Statistical Analysis

Continuous data were described by medians and ranges, and categorical data by
the number of observations and percentages (%). Rates were calculated for the available
data in individual categories. For all data, patients were stratified by undergoing a one-
or two-stage synovectomy. Chi-square, Mann–Whitney U, or Kruskal–Wallis tests were
performed to compare independent variables between the groups.

Finally, we performed subgroup analyses comparing only open one-stage and two-
stage synovectomies. Due to the low incidence of TGCTs, no formal sample size calculation
was performed, and all patients that fulfilled the inclusion criteria were included. IBM
Statistical Package for Social Statistics 25 (Chicago, IL, USA) was used for analysis.

3. Results

Between January 2000 and June 2021, 191 consecutive patients underwent a one- or
two-stage synovectomy of the anterior and posterior side of the knee for D-TGCTs. Of these
191 patients, 117 underwent a one-stage synovectomy and 74 a two-stage synovectomy.
No significant differences were found between age, gender, and admission status (i.e.,
therapy naïve or prior treatment) between the two subgroups (Table 1). However, the
participating sarcoma centers differed in their preferences for performing one- or two-stage
synovectomies. Three sarcoma centers performed only one-stage synovectomies, one center
performed only two-stage synovectomies, and both methods were used in the remaining
centers (Table 1).
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Table 1. D-TGCT patient baseline characteristics.

Features
One-Stage

Synovectomy
Two-Stage

Synovectomy p-Value
N = 117 N = 74

Age, median (range) 39 (14–74) 37 (14–65) 0.717

Gender
0.46Male 57 32

Female 60 42

Centers

<0.0001

LUMC 20 19
RUMC 17 19
MSH 31 -

AUMC 6 17
MAYO 11 6
MCW 15 -
RPAH - 12
UCD 10 -

UCLA 7 1

Prior treatments * N = 113 N = 73

0.548

None 54 39
Yes 59 34

Synovectomy 56 33
Systemic therapy 4 1

RSO 2 4
EBR - 2

Unknown 4 -
* Sum of observations can be more than the total number of individual patients; RSO—Radiosynoviorthesis,
EBR—External Beam Radiotherapy.

Of the 191 patients, 10 underwent a second one- or two-stage synovectomy, totaling
201 interventions. These interventions were comprised of 126 one-stage and 75 two-stage
synovectomies. The preoperative range of motion, including a flexion of 120 degrees and no
extension lag, was equal, and the surgeries in both groups were performed around the same
period (Table 2). The one-stage synovectomies were performed either completely open,
completely arthroscopic, or with both techniques combined. Conversely, most two-stage
synovectomies were performed solely open, and a combined technique was only used in a
few cases (p < 0.0001). The median interval between the first and second intervention of
two-stage synovectomies was 2 months (range 0–6 months). The length of hospital stay
was longer for patients undergoing a two-stage synovectomy (sum of two admissions)
(p < 0.0001) (Table 2). Postoperative knee flexion motion measured across multiple time
points postoperatively was equal at 3, 6 and 12 months postoperatively, and the maximum
range of motion reached within the first year after treatment was not different between
the two groups (Figure 2, Table 2). Complications occurred more often in the patients
undergoing a two-stage synovectomy (p = 0.095), although this was not statistically sig-
nificant. In both groups, superficial wound infections and wound healing problems were
the most common complications. Three deep wound infections occurred after two-stage
synovectomies. Six patients required walking aids at six months postoperatively, consisting
of elbow crutches and canes. Four of these six patients underwent a one-stage synovectomy
(2%), and the others a two-stage synovectomy (3%). At one year, only two patients still
used a cane, one from each group.
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Table 2. Surgery characteristics of all interventions.

Features
One-Stage

Synovectomy
Two-Stage

Synovectomy p-Value
N = 126 N = 75

Preoperative range of
motion, degrees,
median (range)

N = 108 N = 45

Flexion
Extension 120 (30–150) 120 (90–140) 0.63

0 (0–20 †) 0 (0–15 †) 0.83

Median year of
surgery (range) 2015 (2002–2021) 2013 (2002–2020) 0.02

Surgical technique N = 123 N = 75

<0.0001
Open 58 (47%) 67 (89%)

Combined a 51 (42%) 8 (11%)
Arthroscopic 14 (11%) -

Length of hospital
stay, days, N = 124 N = 71

<0.0001
Median (range) b 4 (1–13) 6 (3–26)

Maximum range of
motion N = 114 N = 49

PO c, degrees, median
(range)
Flexion 123 (75–145) 120 (95–140) 0.109

Extension 0 (0–30 †) 0 (0–10 †) 0.073

Complications * N = 123 N = 72

0.095

Yes 29 (24%) 27 (36%)
Wound healing

problems 10 9

Superficial wound
infection 8 12

Deep wound
infection

Joint stiffness - 3
Hemarthrosis 1 2
Neurovascular

damage 3 3

Thrombosis 3 2
Other 1 -

9 1
a Combined comprises arthroscopic synovectomy of the anterior side and open synovectomy of the posterior
side; b for two-stage synovectomy, the sum of both surgeries is calculated; c PO—postoperative. † The number
of degrees equals the degrees of extension lag; * sum of observations can be more than the total number of
individual patients.

Median follow-up for patients undergoing a one-stage or two-stage synovectomy
was 45 and 59 months, respectively (p = 0.047) (Table 3). The progression rate for patients
undergoing a one-stage synovectomy was 37%, and the progression rate was 52% for
the two-stage group (p = 0.036). However, this finding was no longer significant after
performing a Kaplan–Meier analysis (log-rank test p = 0.080) (Figure 3). Additionally,
patients undergoing a two-stage synovectomy required subsequent treatments significantly
more often than after a one-stage synovectomy (54% vs. 34%; p = 0.007). Patients were
mainly retreated by a repeat synovectomy (Table 3).
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Table 3. Postoperative course.

Features
One-Stage

Synovectomy
Two-Stage

Synovectomy p-Value
N = 117 N = 74

Median follow-up,
months (range) 45 (1–200) 59 (3–203) 0.047

Radiological
progression N = 115 N = 73

Yes 42 (37%) 38 (52%) 0.036
Months till
radiological

progression, median
(range)

18 (5–101) 17.5 (6–115)

New treatment after
synovectomy N = 117 N = 74

No 77 34
Yes * 40 40 0.007

Synovectomy 21 17
EBR 11 11
RSO - 3

Systemic 6 3
(Tumor) prosthesis 4 8

Tumor status at final
follow-up † N = 77 N = 34

No evidence of
disease 53 19

Alive with disease,
watchful waiting 18 10

Alive with disease,
(planned) treatment

Dead of other disease 5 1
1 -

* Sum of observations can be more than total number of individual patients; EBR—External Beam Radio-
therapy; RSO—Radiosynoviorthesis; † for patients not undergoing a subsequent treatment after a one- or
two-stage synovectomy.
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Figure 3. Postoperative progression-free survival; Kaplan–Meier analysis.

At six months and one year postoperatively, pain and swelling were the symptoms that
most frequently improved compared to the preoperative status. While stiffness commonly
improved in patients undergoing one-stage synovectomies (34% at one year postopera-
tively), it only improved in three patients at six months (7%) and in one at one year (2%) of
the patients undergoing a two-stage synovectomy (Figure 4).
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Figure 4. Symptoms improved at six months and one year postoperatively.

Subgroup Analyses

After comparing only open one-stage and two-stage synovectomies, patients achieved
a similar range of motion within the first year after surgery (flexion 125–120◦, p = 0.126;
extension 0◦, p = 0.253), and the median length of hospital stay was equal (6 days); however,
the distribution was significantly longer for patients undergoing two-stage synovectomies
(p = 0.008) (Supplementary Table S2). Additionally, complications occurred more frequently
following a two-stage procedure, although this finding was not significant (36% vs. 22%,
p = 0.069) (Supplementary Table S2).
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4. Discussion

There is a need for new therapeutic modalities, which are in development; meanwhile,
surgery remains the standard treatment for TGCTs. A complete (anterior and posterior)
synovectomy is often indicated in diffuse-type TGCTs of the knee, but consensus regarding
the ideal surgical procedure is lacking [13,25]. This is the first multicenter study with a
large cohort comparing the short-term outcomes of one- and two-stage synovectomies
of the anterior and posterior sides of the knee [23–25]. Patients undergoing one-stage
synovectomies achieved an equal range of motion postoperatively, but stayed shorter in
the hospital and had fewer complications. Thus, one-stage synovectomies are preferred
over two-stage synovectomies if feasible.

While most previous studies focused on different techniques used during two-sided
synovectomies (open or arthroscopic), this study is the first to compare the effect of one
or two stages [22–25]. Since simultaneous surgery on the anterior and posterior side
of the knee is more invasive for patients, this can lead to discouraging surgeons from
performing a one-stage synovectomy in some cases. Although prolonged rehabilitation
may not be desirable in some cases (e.g., elderly patients), the typical population affected
by D-TGCTs is relatively young, as also shown by this cohort and in accordance with the
literature [7,8]. Younger patients can cope better with invasive procedures in general [26].
Patients undergoing one-stage synovectomies had an equal range of motion at 3, 6 and
12 months and achieved the same range of motion within the first year after surgery
compared to patients undergoing two-stage synovectomies (median flexion 123 degrees
with full extension). In conclusion, patients undergoing one-stage synovectomies do not
have an impaired recovery and achieve the range of motion required to perform activities
of daily living [27].

On the other hand, for two-stage synovectomies, the range of motion was measured
after the second intervention, and the median interval of 2 months between the first and
second surgery was not taken into account. In this period, patients are still recovering from
the first intervention, resulting in prolonged rehabilitation for patients undergoing a two-
stage synovectomy. Besides more extended rehabilitation, patients undergoing two-stage
synovectomies also had to stay longer in the hospital due to two separate interventions.
The length of admission was not affected by the invasiveness of one-stage synovectomies.
Repeated admissions for surgery and longer lengths of hospital stay have a negative impact
on TGCT-related medical costs [10]. Additionally, prolonged rehabilitation results in a
longer return to work time and daily activities such as sports.

Approaching the anterior and posterior sides of the knee surgically simultaneously
did not result in higher complication rates following one-stage synovectomies. Contrari-
wise, two-stage synovectomies led to higher complication rates following two separate
interventions, although not significantly. Compared to the study of Mastboom et al., the
total complication rate in this cohort was relatively high (28% vs. 12%) [5]. Selection bias
may have been introduced since only patients were included with D-TGCTs located on the
anterior and posterior side of the knee, resulting in a cohort with more severe presentations
and requiring more invasive surgeries.

Radiological progression, a secondary outcome, occurred more frequently after two-
stage synovectomies, although this finding was not significant after a Kaplan–Meier analy-
sis. In addition, patients undergoing a two-stage synovectomy required repeated treatments
more often. However, local surveillance and treatment regimens may have biased these
results, since local recurrences are not always symptomatic and do not require treatment in
every case.

5. Limitations

Since patients were not randomized to either one- or two-stage synovectomies, some
biases may have been introduced. First, sarcoma centers significantly differed in performing
one- or two-stage synovectomies. Some centers performed only one approach, which
could introduce information bias toward this approach. Secondly, bias is possible by
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surgeons or patients who prefer one of the two interventions. Finally, indication bias
might have been introduced by sarcoma centers performing both procedures. Complete
arthroscopic approaches were only performed in one-stage synovectomies, which could
suggest that this treatment group included less severe cases. When looked at in more
detail, no considerable differences were found per center between the disease status at the
time of surgery (primary or recurrent disease) for patients undergoing one- or two-stage
synovectomies (Supplementary Table S1). Unfortunately, no more data were available
to assess disease severity based on tumor size, tumor localization, or patient-reported
outcome measurements. Nonetheless, results regarding the short-term outcomes were not
different after analyzing subgroups of patients treated by solely open procedures.

The authors agree that removing D-TGCTs arthroscopically is technically challenging
and requires a lot of training to achieve complete tumor resection [28]. Thus, removing ex-
tensive D-TGCTs located anterior and posterior arthroscopically should only be performed
by sarcoma centers with skilled arthroscopists.

Due to the retrospective multicenter study design, no standardized follow-up schemes
were followed. This may have resulted in different rates of radiological progression and in-
dications for subsequent treatments per center, since local recurrences can be asymptomatic
and do not always necessitate treatment.

Finally, no prospective data were collected due to the retrospective design. Therefore,
no validated classification criteria could have been compared, such as tumor volume score
used to measure radiological progression or patient-reported outcome measurements to
quantify the health-related quality of life.

A randomized controlled trial will minimize the risk of these biases, and validated
measurements can be integrated. Although this would be the ideal study design to compare
both approaches, performing a prospective trial for a rare disease such as D-TGCT is
challenging but not impossible [11].

6. Conclusions

A synovectomy of the anterior and posterior sides of the knee is often required to
remove all advanced D-TGCTs macroscopically. This retrospective multicenter study
showed that one-stage synovectomies do not result in impaired rehabilitation compared
to two-stage synovectomies. Additionally, patients undergoing a one-stage synovectomy
had a shorter length of hospital stay and no more complications than patients undergoing
two-stage synovectomies.
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Author Contributions: Conceptualization, Geert Spierenburg, L.v.d.H., H.G. and M.A.J.v.d.S.;
Methodology, M.A.J.v.d.S.; Formal analysis, G.S.; Data curation, G.S., F.G.M.V., A.M.G., P.C.F., M.T.H.,
D.M.K., R.B., R.L.R., S.W.T., J.I.P., E.J.G., N.M.B. and B.H.W.B.S.; Writing—original draft, G.S., H.G.
and M.A.J.v.d.S.; Writing—review & editing, F.G.M.V., J.S.W., A.M.G., P.C.F., M.T.H., D.M.K., R.B.,
R.L.R., S.W.T., J.I.P., E.J.G., L.v.d.H., N.M.B., B.H.W.B.S. and M.A.J.v.d.S.; Supervision, L.v.d.H., H.G.
and M.A.J.v.d.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Leiden
University Medical Center (G19.127 approved on 28 November 2019).

Informed Consent Statement: Patient consent was waived as data was collected in routine clinical
practice, there was no additional patient burden and all data was pseudonymized.

https://www.mdpi.com/article/10.3390/cancers15030941/s1
https://www.mdpi.com/article/10.3390/cancers15030941/s1


Cancers 2023, 15, 941 11 of 12

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: G.S. and M.A.J.v.d.S. report research funding from Daiichi-Sankyo to the
department of Orthopedic Surgery of the Leiden University Medical Center outside the submitted
work. F.G.M.V., J.S.W., A.M.G., P.C.F., M.T.H., D.M.K., R.B., R.L.R., S.W.T., J.I.P., E.J.G., L.v.d.H.,
N.M.B., B.H.W.B.S. and H.G. declare no conflict of interest.

References
1. De St. Aubain Somerhausen, N.; Van de Rijn, M. Tenosynovial giant cell tumour. In 5th World Health Organization Classification of

Tumours of Soft Tissue and Bone; IARC Press: Lyon, France, 2020.
2. West, R.B.; Rubin, B.P.; Miller, M.A.; Subramanian, S.; Kaygusuz, G.; Montgomery, K.; Zhu, S.; Marinelli, R.J.; De Luca, A.;

Downs-Kelly, E.; 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. USA 2006, 103, 690–695. [CrossRef] [PubMed]

3. Al-Ibraheemi, A.; Ahrens, W.A.; Fritchie, K.; Dong, J.; Oliveira, A.M.; Balzer, B.; Folpe, A.L. Malignant tenosynovial giant cell
tumor: The true “synovial sarcoma?” A clinicopathologic, immunohistochemical, and molecular cytogenetic study of 10 cases,
supporting origin from synoviocytes. Mod. Pathol. 2019, 32, 242–251. [CrossRef] [PubMed]

4. Van der Heijden, L.; Gibbons, C.L.M.H.; Dijkstra, P.D.S.; Kroep, J.R.; van Rijswijk, C.S.P.; Nout, R.A.; Bradley, K.M.; Athanasou,
N.A.; Hogendoorn, P.C.W.; van de Sande, M.A.J. The management of diffuse-type giant cell tumour (pigmented villonodular
synovitis) and giant cell tumour of tendon sheath (nodular tenosynovitis). J. Bone Jt. Surg. Br. 2012, 94, 882–888. [CrossRef]

5. Mastboom, M.J.L.; Palmerini, E.; Verspoor, F.G.M.; Rueten-Budde, A.J.; Stacchiotti, S.; Staals, E.L.; Schaap, G.R.; Jutte, P.C.; Aston,
W.; Gelderblom, H.; et al. Surgical outcomes of patients with diffuse-type tenosynovial giant-cell tumours: An international,
retrospective, cohort study. Lancet Oncol. 2019, 20, 877–886. [CrossRef]

6. Mastboom, M.J.L.; Staals, E.L.; Verspoor, F.G.M.; Rueten-Budde, A.J.; Stacchiotti, S.; Palmerini, E.; Schaap, G.R.; Jutte, P.C.; Aston,
W.; Leithner, A.; et al. Surgical treatment of localized-type tenosynovial giant cell tumors of large joints: A study based on a
multicenter-pooled database of 31 international sarcoma centers. J. Bone Jt. Surg. Am. Vol. 2019, 101, 1309–1318. [CrossRef]

7. Mastboom, M.J.L.; Verspoor, F.G.M.; Verschoor, A.J.; Uittenbogaard, D.; Nemeth, B.; Mastboom, W.J.B.; Bovee, J.V.; Dijkstra, P.D.S.;
Schreuder, H.W.B.; Gelderblom, H.; et al. Higher incidence rates than previously known in tenosynovial giant cell tumors. Acta
Orthop. 2017, 88, 688–694. [CrossRef]

8. Ehrenstein, V.; Andersen, S.L.; Qazi, I.; Sankar, N.; Pedersen, A.B.; Sikorski, R.; Acquavella, J.F. Tenosynovial giant cell tumor:
Incidence, prevalence, patient characteristics, and recurrence. A registry-based cohort study in Denmark. J. Rheumatol. 2017, 44,
1476–1483. [CrossRef]

9. Gelhorn, H.L.; Tong, S.; McQuarrie, K.; Vernon, C.; Hanlon, J.; Maclaine, G.; Lenderking, W.; Ye, X.; Speck, R.M.; Lackman,
R.D.; et al. Patient-reported symptoms of tenosynovial giant cell tumors. Clin. Ther. 2016, 38, 778–793. [CrossRef] [PubMed]

10. Lopez-Bastida, J.; Aranda-Reneo, I.; Rodríguez-Sánchez, B.; Peña-Longobardo, L.M.; Ye, X.; Laeis, P.; Fronk, E.M.; Palmerini, E.;
Leithner, A.; Van de Sande, M.A.J. Economic burden and health-related quality of life in tenosynovial giant-cell tumour patients
in Europe: An observational disease registry. Orphanet J. Rare Dis. 2021, 16, 294. [CrossRef] [PubMed]

11. Bernthal, N.M.; Spierenburg, G.; Healey, J.H.; Palmerini, E.; Bauer, S.; Gelderblom, H.; Staals, E.L.; Lopez-Bastida, J.; Fronk, E.M.;
Ye, X.; et al. The diffuse-type tenosynovial giant cell tumor (dt-TGCT) patient journey: A prospective multicenter study. Orphanet
J. Rare Dis. 2021, 16, 191. [CrossRef]

12. Murphey, M.D.; Rhee, J.H.; Lewis, R.B.; Fanburg-Smith, J.C.; Flemming, D.J.; Walker, E.A. Pigmented villonodular synovitis:
Radiologic-pathologic correlation. Radiographics 2008, 28, 1493–1518. [CrossRef] [PubMed]

13. Healey, J.H.; Bernthal, N.M.; van de Sande, M. Management of tenosynovial giant cell tumor: A neoplastic and inflammatory
disease. J. Am. Acad. Orthop. Surg. Glob. Res. Rev. 2020, 4, e2000028. [CrossRef] [PubMed]

14. Spierenburg, G.; van der Heijden, L.; Mastboom, M.J.L.; van Langevelde, K.; van der Wal, R.J.P.; Gelderblom, H.; van de Sande,
M.A.J. Surgical management of 144 diffuse-type TGCT patients in a single institution: A 20-year cohort study. J. Surg. Oncol. 2022,
126, 1087–1095. [CrossRef]

15. Palmerini, E.; Staals, E.L.; Maki, R.G.; Pengo, S.; Cioffi, A.; Gambarotti, M.; Picci, P.; Daolio, P.A.; Parafioriti, A.; Morris, C.; et al.
Tenosynovial giant cell tumour/pigmented villonodular synovitis: Outcome of 294 patients before the era of kinase inhibitors.
Eur. J. Cancer 2015, 51, 210–217. [CrossRef]

16. Patel, K.H.; Gikas, P.D.; Pollock, R.C.; Carrington, R.W.; Cannon, S.R.; Skinner, J.A.; Briggs, T.W.; Aston, W.J.S. Pigmented
villonodular synovitis of the knee: A retrospective analysis of 214 cases at a UK tertiary referral centre. Knee 2017, 24, 808–815.
[CrossRef]

17. Verspoor, F.G.M.; Mastboom, M.J.L.; Hannink, G.; Maki, R.G.; Wagner, A.; Bompas, E.; Desai, J.; Italiano, A.; Seddon, B.M.; van
der Graaf, W.T.A.; et al. Long-term efficacy of imatinib mesylate in patients with advanced tenosynovial giant cell tumor. Sci. Rep.
2019, 9, 14551. [CrossRef]

18. Gelderblom, H.; Cropet, C.; Chevreau, C.; Boyle, R.; Tattersall, M.; Stacchiotti, S.; Italiano, A.; Piperno-Neumann, S.; Le Cesne, A.;
Ferraresi, V.; et al. Nilotinib in locally advanced pigmented villonodular synovitis: A multicentre, open-label, single-arm, phase 2
trial. Lancet Oncol. 2018, 19, 639–648. [CrossRef]

http://doi.org/10.1073/pnas.0507321103
http://www.ncbi.nlm.nih.gov/pubmed/16407111
http://doi.org/10.1038/s41379-018-0129-0
http://www.ncbi.nlm.nih.gov/pubmed/30206409
http://doi.org/10.1302/0301-620X.94B7.28927
http://doi.org/10.1016/S1470-2045(19)30100-7
http://doi.org/10.2106/JBJS.18.01147
http://doi.org/10.1080/17453674.2017.1361126
http://doi.org/10.3899/jrheum.160816
http://doi.org/10.1016/j.clinthera.2016.03.008
http://www.ncbi.nlm.nih.gov/pubmed/27041409
http://doi.org/10.1186/s13023-021-01883-5
http://www.ncbi.nlm.nih.gov/pubmed/34215312
http://doi.org/10.1186/s13023-021-01820-6
http://doi.org/10.1148/rg.285085134
http://www.ncbi.nlm.nih.gov/pubmed/18794322
http://doi.org/10.5435/JAAOSGlobal-D-20-00028
http://www.ncbi.nlm.nih.gov/pubmed/33156160
http://doi.org/10.1002/jso.26991
http://doi.org/10.1016/j.ejca.2014.11.001
http://doi.org/10.1016/j.knee.2017.03.011
http://doi.org/10.1038/s41598-019-51211-y
http://doi.org/10.1016/S1470-2045(18)30143-8


Cancers 2023, 15, 941 12 of 12

19. Tap, W.D.; Wainberg, Z.A.; Anthony, S.P.; Ibrahim, P.N.; Zhang, C.; Healey, J.H.; Chmielowski, B.; Staddon, A.P.; Cohn, A.L.;
Shapiro, G.I.; et al. Structure-guided blockade of CSF1R kinase in tenosynovial giant-cell tumor. N. Engl. J. Med. 2015, 373,
428–437. [CrossRef]

20. Lamb, Y.N. Pexidartinib: First Approval. Drugs 2019, 79, 1805–1812. [CrossRef]
21. Chandra, A.A.; Agarwal, S.; Donahue, A.; Handorf, E.; Abraham, J.A. Arthroscopic versus open management of diffuse-type

tenosynovial giant cell tumor of the knee: A meta-analysis of retrospective cohort studies. J. Am. Acad. Orthop. Surg. Glob. Res.
Rev. 2021, 4, e21.00217. [CrossRef]

22. Colman, M.W.; Ye, J.; Weiss, K.R.; Goodman, M.A.; McGough, R.L., 3rd. Does combined open and arthroscopic synovectomy for
diffuse PVNS of the knee improve recurrence rates? Clin. Orthop. Relat. Res. 2013, 471, 883–890. [CrossRef]

23. Kerschner, A.; King, D.; Vetter, C. Clinical outcomes of diffuse PVNS of the knee following arthroscopic complete
synovectomy ± posterior open resection. J. Orthop. 2021, 28, 34–40. [CrossRef]

24. Chen, W.M.; Wu, P.K.; Liu, C.L. Simultaneous anterior and posterior synovectomies for treating diffuse pigmented villonodular
synovitis. Clin. Orthop. Relat. Res. 2012, 470, 1755–1762. [CrossRef] [PubMed]

25. Mollon, B.; Griffin, A.M.; Ferguson, P.C.; Wunder, J.S.; Theodoropoulos, J. Combined arthroscopic and open synovectomy for
diffuse pigmented villonodular synovitis of the knee. Knee Surg. Sport. Traumatol. Arthrosc. Off. J. ESSKA 2016, 24, 260–266.
[CrossRef] [PubMed]

26. Davidge, K.M.; Wunder, J.; Tomlinson, G.; Wong, R.; Lipa, J.; Davis, A.M. Function and health status outcomes following soft
tissue reconstruction for limb preservation in extremity soft tissue sarcoma. Ann. Surg. Oncol. 2010, 17, 1052–1062. [CrossRef]

27. Laubenthal, K.N.; Smidt, G.L.; Kettelkamp, D.B. A quantitative analysis of knee motion during activities of daily living. Phys.
Ther. 1972, 52, 34–43. [CrossRef]

28. Chang, J.S.; Higgins, J.P.; Kosy, J.D.; Theodoropoulos, J. Systematic arthroscopic treatment of diffuse pigmented villonodular
synovitis in the knee. Arthrosc. Tech. 2017, 6, e1547–e1551. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1056/NEJMoa1411366
http://doi.org/10.1007/s40265-019-01210-0
http://doi.org/10.5435/JAAOSGlobal-D-21-00217
http://doi.org/10.1007/s11999-012-2589-8
http://doi.org/10.1016/j.jor.2021.10.001
http://doi.org/10.1007/s11999-012-2288-5
http://www.ncbi.nlm.nih.gov/pubmed/22359272
http://doi.org/10.1007/s00167-014-3375-9
http://www.ncbi.nlm.nih.gov/pubmed/25308157
http://doi.org/10.1245/s10434-010-0915-5
http://doi.org/10.1093/ptj/52.1.34
http://doi.org/10.1016/j.eats.2017.06.029
http://www.ncbi.nlm.nih.gov/pubmed/29354472

	Introduction 
	Materials and Methods 
	Two-Sided Synovectomy for D-TGCTs of the Knee 
	Data 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

