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Abstract: Background and Objectives: Tenosynovial giant cell tumors (TSGCTs) are benign soft tissue
tumors that are divided into localized- and diffuse-type tumors, according to the World Health
Organization classification of soft tissue tumours. The diffuse-type TSGCT sometimes behave
aggressively and poses treatment challenges especially in patients with neurovascular involvement.
Symptomatic patients who are not good candidates for surgery due to high morbidity risk may
benefit from medical therapy. Objectives: Drugs that target programmed death ligand 1 (PD-L1) are
among a new generation of medical therapy options, which, recently, have been explored and have
displayed promising results in various cancer types; therefore, we aimed to investigate the PD-L1
status of TSGCTs as a possible therapeutic target. Materials and Methods: We assessed the PD-L1 status
of 20 patients (15 men and 5 women, median age = 39 years) that had been diagnosed with TSGCTs
in a single institution, between 2018 and 2020. The patients had localized- (n = 7) and diffuse-type
(n = 13) TSGCTs. Formalin-fixed paraffin-embedded (FFPE) blocks were retrospectively retrieved
from the pathology department. An immunohistochemical analysis was performed in sections of
3 micron thickness from these blocks. Results: Seventy-five percent of our patients with TSGCTs were
immunopositive to PD-L1 staining. Conclusions: Taking into consideration the high positivity rate of
PD-L1 staining in TSGCTs, PD-L1 blockage may be used as a valuable medical treatment for TSGCTs;
however, further studies are needed.

Keywords: tenosynovial giant cell tumor; PD-1/PD-L1; immunohistochemistry

1. Introduction

Tenosynovial giant cell tumors (TSGCTs) are rare benign tumors. According to the
World Health Organization (WHO) classification, there are two subtypes of TSGCTs, i.e.,
localized and diffuse. Although they are benign, the diffuse-type TSGCTs are aggressive
and may cause significant morbidity [1–3]. They usually originate from joint capsules,
bursae, and tendon sheaths. In the majority of cases, a specific chromosomal translocation
involving t(1;2) (CSF-1 and COL 6A3) results in overexpression of colony stimulating factor
1 (CSF-1) that results in recruitment of CSF-1 receptor positive macrophages, giant cells,
and osteoclasts [4]. According to the Danish 2017 registry, the prevalence of localized-type
TSGCTs is 44/100,000, whereas it is 12/100,000 for diffuse-type TSGCTs [5]. Although
exceptionally rare, malignant transformation may occur, which usually consists of a coex-
isting benign TSGCT juxtaposed with a sarcoma and is called a primary malignant TSGCT
or sarcomatous recurrence of a previously diagnosed benign TSGCT (secondary malignant
TSGCT) [6,7]. Diffuse-type TSGCTs and recurrences may involve neurovascular structures

Medicina 2022, 58, 1270. https://doi.org/10.3390/medicina58091270 https://www.mdpi.com/journal/medicina

https://doi.org/10.3390/medicina58091270
https://doi.org/10.3390/medicina58091270
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/medicina
https://www.mdpi.com
https://orcid.org/0000-0003-1708-0003
https://orcid.org/0000-0003-2443-2505
https://orcid.org/0000-0002-5910-0829
https://orcid.org/0000-0002-4907-8840
https://doi.org/10.3390/medicina58091270
https://www.mdpi.com/journal/medicina
https://www.mdpi.com/article/10.3390/medicina58091270?type=check_update&version=1


Medicina 2022, 58, 1270 2 of 8

and may pose diffuculties in treatment strategies. Surgery may cause great morbidity and
may even lead to amputation in rare cases. Therefore, there is still no consesus regarding
treatment of, especially, some diffuse and recurrent diseases [8]. PD-L1 (Programmed
Cell Death Ligand 1) is the ligand for PD-1 (Programmed Death-1) and is presented on
T cells, B cells, macrophages, and dendritic cells. Activation of the PD-1/PD-L1 complex
reduces antigen-specific T cell activity, and decreases the number of antigen-specific T cells
by inducing apoptosis. There are many studies that have shown increased expression of
PD-L1 ligand in various cancers originating from the lungs, skin, ovaries, cervix, esoph-
agus, breasts, bladder, brain, bone, kidneys, and liver. However, there is only one study
published in English in the literature regarding PD-L1 expression in TSGCTs [8,9].

Therefore, in this study, we aimed to investigate the programmed death ligand 1 (PD-
L1) status of TSGCTs in order to look for a possible therapeutic usage of PD-L1 blockage.

2. Materials and Methods

Between 2018 and 2020, 20 patients who presented to the orthopedic oncology clinic
of stanbul Medeniyet University Prof. Dr. Suleyman Yalcin City Hospital and who were
diagnosed with TSGCTs in resection materials were included in this study. The patients
were informed about the study. Ethical approval was obtained from the editorial board of
the institution (approval number 2021/0438, 25 August 2021).

Pathological slides which were not technically feasible for immunohistochemical
analysis, patients with incomplete patient data, patients who did not undergo resection,
and those whose blocks could not be obtained were not included in the study. Patients who
had at least one year of follow up and had last control in the last six months were included
in the study. Clinico-pathological characteristics such as gender, age, and follow-up data
(recurrence and outcome) were retrospectively collected from patients’ medical records.
Tissue samples obtained from operation specimens were used to prepare formalin-fixed
paraffin-embedded (FFPE) blocks. Sections of 3 micron thickness were taken from these
blocks for immunohistochemical analysis. Slides were stained for PD-L1 antibody (Cell
Signaling, E1L3N) using Leica Bond Autostainer. Placenta and tonsil tissues were used as
an external control and lymphocytes were used as an internal control.

We categorized the strength of positivity of samples as follows: from 1% to 4% positive
cells as very weak (Grade 1), from 5% to 9% positive cells as weak (Grade 2), from 10%
to 49% positive cells as moderate (Grade 3), and greater than 50% positive cells as strong
expression (Grade 4) [10,11]. PD-L1 expression was classified as positive if a distinct
membranous or cytoplasmic staining with 5% or greater expression was observed; therefore,
Grade 1 was not taken into account as they were weakly stained, as recommended by Zeng
et al. [12]. All slides were reviewed by two experienced pathologists. A chi-square test
was used to determine association between TSGCT type (diffuse/localized) and PD-L1
staining grade among 15 PD-L1 positive cases. The significance level, in this study, was set
at (p-value < 0.05). A chi-square test was also used to determine the association between
tumor size and PD-L1 positivity which involved Grade 2-3-4 immunostaining or PD-L1
negativity which involved Grade 1 immunostaining in our study. The significance level in
this study was again set at (p-value < 0.05). A Mann–Whitney U Test was used to determine
the association between age and PD-L1 positivity or negativity.

3. Results

Clinico-pathological characteristics such as gender, age, recurrence and outcome were
also presented. Seven patients had localized-type TSGCTs and 13 patients had diffuse-type
TSGCTs. There were only 2 recurrences, one from a localized-type TSGCT, and one from
diffuse-type TSGCT (Table 1).
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Table 1. Tumor characteristics.

S/N Patient Age
(Years) Sex

Tumor Type
(Diffuse/

Localized)

Tumor Size
(cm) Recurrence Location

PD-L1
Im-

munos-
taining

Multinucleated
Cells

M

Mononuclear
Cells

Foam
Cells

1. H.S. 42 F Diffuse 8.0 × 5.0 × 4.0 None Knee 52% (4) + + +

2. E.T. 38 M Diffuse 16 × 10 × 3.5 None Hip 3% (1) + − −

3. S.S. 32 F Localized 2.5 × 1.2 × 1.2 None Knee 6% (2) + − −

4. T.E. 55 M Diffuse 2.5 × 2.0 × 0.5 None Ankle 1% (1) + − −

5. S.S. 14 M Diffuse 3.0 × 2.0 × 0.5 None Hip 5% (2) + − −

6. E.T.S. 45 F Localized 2.0 × 1.5 × 1.0 None Finger 45% (3) + − −

7. D.S. 38 F Diffuse 13 × 4.0 × 1.5 Once Knee 12% (3) + − +

8. N.Y. 56 M Diffuse 3.0 × 2.2 × 1.0 None Hip 4% (1) + + −

9. H.C.B. 16 M Diffuse 10 × 8.0 × 2.0 None Knee 4% (1) + − −

10. R.K. 70 F Diffuse 1.5 × 1.5 × 0.3 None Finger 40% (3) + − +

11. G.Y. 38 F Localized 2.0 × 1.5 × 0.5 None Knee 5% (2) + − −

12. L.S. 45 F Localized 2.0 × 1.0 × 0.8 None Finger 9% (2) + − −

13. F.K. 39 F Diffuse 10 × 9.0 × 1.0 None Knee 30% (3) + + +

14. S.A. 40 F Diffuse 1.0 × 0.2 × 2.0 None Knee 6% (2) + − −

15. V.E. 39 F Diffuse 7.0 × 3.0 × 1.5 None Knee 1% (1) − + −

16. M.E 64 F Localized 3.0 × 2.5 × 2.5 None Leg 8% (2) − + −

17. S. G 17 F Diffuse 5.0 × 4.5 × 2.5 None Ankle 10% (3) + − −

18 A.Z. 38 F Localized 1.5 × 1.3 × 0.3 None Knee 50% (4) + + +

19. E.C. 31 F Diffuse 4.5 × 4.1 None Ankle 30% (3) + − +

20. F.M 48 F Localized 1.0 × 0.5 × 0.5 Twice Finger 40% (3) + − −

All our specimens were positively stained with PD-L1 immunohistochemical staining.
However, if the cut-off value for immunopositivity was accepted as 5% according to a study
by Zheng et al. [12], then positive staining was observed in 14 of the total 20 patients (70%).
Five patients were stained as Grade 1, six patients as Grade 2, seven patients as Grade 3, and
two patients as Grade 4. Staining properties of mononuclear cells, multinucleated cells, and
foam cells were noted (Figures 1 and 2). There was no statistically significant relationship
between type (localized or diffuse) and PD-L1 immunohistostaining (Table 2). There were
only two recurrences, one localized-type tumor and one diffuse-type tumor with Grade 3
positivity for PD-L1 immunohistostaining. There was no statistically significant relationship
between PD-L1 positivity or negativity and tumor size (p > 0.05) (Table 3). There was also
no statistically significant relationship between PD-L1 positivity or negativity and the age
of patients (p = 0.826 and p > 0.01)) (Table 4).

Table 2. Tumor type (localized or diffuse) and PD-L1 staining.

Percentage of
Staining Type

Localized Diffuse

PD-L1 immunohistochemical
staining

5–9% 4 (66.7%) 2 (33.3%)

10–49% 2 (28.6%) 5 (71.4%)

≥50% 1 (50%) 1 (50%)
Chi-square test: p = <0.01.
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Figure 1. (a) Positive expression of PD-L1 in mononuclear cells, 400× magnification; (b) H&E 
staining of the same sectional area, 400× magnification. 
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staining of the same sectional area, 400× magnification. 
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Figure 1. (a) Positive expression of PD-L1 in mononuclear cells, 400× magnification; (b) H&E staining
of the same sectional area, 400× magnification.
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Figure 2. (a) Positive expression of PD-L1 in multinuclear cells, 200× magnification; (b) H&E staining
of the same sectional area, 400× magnification.

Table 3. Tumor size and grade.

PD-L1 Immunostaining p

Grade 1 Grade 2-3-4

Tumor size
<5 1 (20%) 9 (60%)

0.152
>5 4 (80%) 6 (40%)

Chi-Square Test: p < 0.01.

Table 4. Tumor grade and age.

n Average ±
Ss

Min-Max
(Median) p

Age
Grade 1 5 40.8 ± 16.27 16–56 (39)

0.826
Grade 2-3-4 15 40.07 ± 14.53 14–70 (39)

Mann–Whitney U Test: p < 0.05, p < 0.01.

4. Discussion

A tenosynovial giant cell tumor is a proliferative and inflammatory type of tumor
that originates from the synovium of joints, bursae, and tendon sheaths [11]. Jaffe et al., in
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1941, used the term pigmented villonodular synovitis, bursitis, and tenosynovitis for these
lesions [12,13] with a slight female dominance, as in our study.

Localized-type tumors usually affect patients in the fourth and fifth decades and
usually occur around the digits (85%), while diffuse-type tumors predominately occur
within major joints, and 75% of cases are in the knee joint, with a propensity for patients
less than 40 years old [14].

In this study, three out of the seven localized-type tumors were detected in the digits
and six of the nine tumors in knees had been affected with diffuse-type tumors.

Intra-articular forms create discomfort with repeated swelling and bleeding into the
joint, thus, causing restricted range of motion and joint degeneration in the long term [15,16].
Marginal excision for localized-type and total synovectomy for diffuse-type TSGCTs is gener-
ally preferred whenever feasible [17,18]. Recurrence risk increases with incomplete resection,
bone and muscle, tendon, or neurovascular involvement [19,20]. It is usually impossible to
have microscopically negative margins in diffuse-type TSGCTs. Therefore, multiple operations
in some patients are inevitable due to recurrence which increases morbidity. In addition, scar
tissues around the major neurovascular structures make surgery even more challenging [21,22].
External beam irradiation is another treatment option. It has been used mostly in inoperable
cases and persistent recurrent disease; however, sarcomatous transformation and pathological
fractures are major possible complications [20,23].

Although very rare, tumors may undergo malignant transformation. Prognosis for
malignant TSGCTs is extremely poor with common lymph node and lung metastases. The
mean survival is only 22.5 months [24].

Microscopically tenosinovial giant cell tumors have a lobular architecture with fibrous
bands traversing the lesion. They consist of large histiocytoid cells with eosinophilic
cytoplasm and eccentrically placed nuclei, foamy histiocytes, mononuclear stromal cells,
hemosiderin-laden histiocytes, and osteoclast-like giant cells [15–17].

West et al. demonstrated that translocation, involving the 1p13 locus of some mononu-
clear and multinuclear cells (2–16% of the cell population), caused hyperexpression of CSF-1
that eventually caused recruitment of macrophages bearing CSFR-1 receptor which, in turn,
differentiated into multinuclear cells and created the so-called multinuclear landscape of a
TSGCT [25].

All patients with TSGCTs display elevated levels of CSF-1. A Phase 1 study using
intravenous emactuzumab (anti-CSF1R monoclonal antibody), in patients with locally
advanced diffuse-type TSGCTs, reported 86% objective response rate with 7% complete
response and 79% partial response. The most common adverse effects were facial edema,
asthenia, and pruritus [26]. A Phase 2 study of twice daily oral nilotinib reported a 90%
rate of stable disease with no complete or partial response in patients with inoperable
or relapsing PVNS or PVNS only resectable with mutilating surgery. However, 41% of
patients required treatment modification due to adverse effects [27]. There have been
ongoing studies, especially in recent years, on the medical treatment of TSGCTs in selected
patients whose surgery would result in major morbidity [28]. CSF-1R inhibitor tyrosine
kinase pexidartinib is the first approved systemic therapy for patients with tenosynovial
giant cell tumors; however, it may cause potentially life-threatening mixed or cholestatic
hepatotoxicity [29]. Imatinib mesylate (IM) blocks the CSF-1 receptor and it has also
been associated with one- and five-year progression-free survival rates of 71% and 48%,
respectively. The most common adverse effects were fatigue, edema, and nausea [30].

Currently, there is an increasing focus on programmed cell death protein (PD-1) and
its ligand (PD-L1) as an area of clinical interest for cancer treatment. Inhibition of the PD-
1/PD-L1 axis has hindered proliferation and induced remission in various human cancers.

Programmed cell death protein 1 (PD-1) and programmed cell death ligand 1 (PD-L1)
were discovered in 1992 and have been shown to have an important role in cancer immune
escape [31]. The balance of positive and negative signals are as important as the activation
of cytotoxic T lymphocytes for the development of antitumor immunity. Negative signals
are usually generated by surface molecules such as cytotoxic T lymphocyte antigen 4
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(CTLA-4) and PD-1. PD-1 is an inhibitory receptor that is a member of the CD28 family and
has an important role in tumor immune escape. Recently, anti-PD-L1 treatment has been
investigated in various cancer types [32,33]. PD-L1 is the ligand for PD-1 and is presented
on T cells, B cells, macrophages, and dendritic cells. Activation of the PD-1/PD-L1 complex
reduces antigen-specific T cell activity and decreases the number of antigen-specific T cells
by inducing apoptosis. There are many studies that have shown increased expression of
PD-L1 ligand in various cancers originating from the lungs, skin, ovary, cervix, esophagus,
breasts, bladder, brain, bone, kidneys, and liver [34–39].

According to Zheng et al., PD-L1 was positively expressed in 52.5% of all patients (21
out of 40 patients) which has been the only study about the PD-L1 status of TSGCTs [12].
Among the patients, mononuclear cells, multinucleated cells, and foam cells with positive
PD-L1 expression were observed in 52.5%, 25.0%, and 17.5% of the patients, respectively.
As compared with their study, in our study, 75% of all samples displayed PD-L1 expression
and, among them, mononuclear cells, multinucleated cells, and foam cells with positive
PD-L1 expression were observed in 20%, 70%, and 30% of the patients, respectively.

A tenosinovial giant cell tumor is caused by translocation involving the 1p13 locus
comprimising a subset of lesional cells that cause hyperexpression of CSF-1 resulting
in recruitment of mononuclear and multinucleated giant cells with other mixed-type
inflammatory cells. Therefore, PD-L1 positivity of both mononuclear and multinuclear
cells is important.

In our study, there were only two recurrences, one localized-type tumor and one
diffuse-type tumor, with Grade 3 positivity for PD-L1 immunohistostaining. Therefore, it
was not possible to draw a conclusion based upon two cases, but PD-L1 positivity might
have a role in recurrence. Although Zheng et al. [12] found a statistically positive correlation
between PD-L1 positivity and tumor size, no statistically significant difference was found as
comparing with tumor size and PD-L1 immunopositivity in our study, which might be due
to positive expression of PD-L1 in 75% of all patients as compared with 52.5% expression
according to the study by Zheng et al.

Inhibition of PD-1/PD-L1 has hindered proliferation and introduced remission in
various human cancer types; therefore, there has been a new increased focus on PD-1/PD-
L1 blockage in many tumoral cases. Based on our results, further evolution of medical
treatment for PD-L1 blockage is warranted.

5. Conclusions

Despite improvements and developments in medical therapy, research is still being
conducted to find the best possible treatment with the highest efficacy and fewest side
effects. A new generation of drugs that target PD-1/PD-L1 display promising results,
especially, in recent studies for various cancer types. According to our results, it may be a
valuable therepeutic option for TSGCT treatment, in which surgery may pose significant
challenges and morbidity, and may even lead to loss of an extremity. However, more
studies are needed before a definitive decision is reached.
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