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Abstract

We present our experience with ten well-characterized malignant tenosynovial giant cell tumors, including detailed
immunohistochemical analysis of all cases and molecular cytogenetic study for CSFI rearrangement in a subset. Cases
occurred in 7 M and 3 F (mean age: 52 years; range: 26—72 years), and involved the ankle/foot (n = 1), finger/toe (n = 3),
wrist (n = 1), pelvic region (n =3), leg (n = 1), and thigh (n = 1). There were eight primary and two secondary malignant
tenosynovial giant cell tumors. Histologically, all cases showed definite areas of typical tenosynovial giant cell tumor. The
malignant areas varied in appearance. In some cases, isolated malignant-appearing large mononuclear cells with high nuclear
grade and mitotic activity were identified within otherwise-typical tenosynovial giant cell tumor, as well as forming larger
masses of similar-appearing malignant cells. Occasionally, these nodules of malignant large mononuclear cells showed
transition to pleomorphic spindle cell sarcoma, with varying degrees of collagenization and myxoid change. One malignant
tenosynovial giant cell tumor was composed of sheets of monotonous large mononuclear cells with high nuclear grade,
growing in a hyalinized, osteoid-like matrix, with areas of heterologous osteocartilaginous differentiation. Mitotic activity
ranged from 2 to 34 mitoses per 10 HPF (mean 18/10 HPF). Geographic necrosis was observed in four cases. The malignant-
appearing large mononuclear cells were consistently positive for clusterin and negative for CD163, CD68, and CDl1c.
Desmin was positive in a small minority of these cells. Areas in malignant tenosynovial giant cell tumor resembling
pleomorphic spindle cell sarcoma or osteo/chondrosarcoma showed loss of clusterin expression. RANKL immunohis-
tochemistry was positive in the large mononuclear cells in eight cases. Two cases showed an unbalanced rearrangement of
the CSFI locus. Follow-up (nine patients; range 0.5-66 months; mean 20 months) showed three patients dead of disease,
with three other living patients having lung and lymph node metastases; three patients were disease-free. We conclude that
malignant tenosynovial giant cell tumors are highly aggressive sarcomas with significant potential for locally destructive
growth, distant metastases, and death from disease. The morphologic and immunohistochemical features of these tumors and
the presence of CSFI rearrangements support origin of malignant tenosynovial giant cell tumor from synoviocytes.

Introduction

Tenosynovial giant cell tumors, described by Jaffe 1941 [1],
= /;nldre‘xla Foge d are relatively common tumors that typically arise in asso-
olpe-Andrewmayo.edu ciation with the synovium of joints, bursae, or tendon
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HealthCare System, Charlotte, NC, USA behavior [3, 4]. “Pigmented villonodular synovitis” is a
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Table 1 Clinicopathological features

Case Age/sex Location Primary or secondary Treatment Local Metastases Follow-up/
MTGCT recurrence duration

32/M Thigh Primary Resection No Lung AWD/6 months
2 61/M Finger Primary Resection/ radiation No No ANED/15 months
3 60/M Ankle Secondary Amputation No Lung and lymph DOD/6 months

node
4 56/F Leg Primary Resection No No ANED/7 months
5 72/F Thumb  Primary Resection No No ANED/5 months
6 72/IM Pelvic Primary Resection No No DOD/1 month
7 26/F Toe Primary Resection No No ANED/27 months
8 64/M Pelvic Secondary Resection/ chemotherapy/ No Lung DOD/66 months
radiation

9 27/M Pelvic Primary Resection/ Denosumab Yes No AWD/48 months
10 46/M Wrist Primary Resection Recent Recent Recent

ANED alive with no evidence of disease, AWD alive with disease, DOD dead of disease, F' female, M male, MTGCT malignant tenosynovial giant

cell tumor

as “giant cell tumor of tendon sheath.” The morphological
features of tenosynovial giant cell tumor in any location are
essentially identical, with a distinctive admixture of small
histiocytes with rounded, grooved nuclei, larger mono-
nuclear cells with eccentrically placed nuclei, abundant
eosinophilic cytoplasm, and a peripheral rim of hemosiderin,
osteoclasts, xanthomatous macrophages, lymphocytes, and
plasma cells [4-6]. However, the histologic appearance of
tenosynovial giant cell tumor may be quite variable,
depending on the relative proportion of these various cell
types, as well as the extent of stromal collagenization,
pseudoglandular change, and cleft-like spaces [4].

Because of their polymorphous nature, tenosynovial
giant cell tumor were originally regarded as non-neoplastic,
and possibly reactive in etiology [1, 7] [8]. However, in
2006, West et al. [9] showed that rearrangements of the
macrophage colony-stimulating factor gene, CSFI, most
often with COL6A3, were critical to the pathogenesis of
tenosynovial giant cell tumor, findings since confirmed by
others [9-11]. These genetic events are present in only a
small minority of the cells within tenosynovial giant cell
tumor (2%-16%), supporting a “field effect” model of
tumorigenesis [9].

Localized tenosynovial giant cell tumors are benign with
a capacity for non-destructive local recurrence. Recurrences
are more common in diffuse-type tenosynovial giant cell
tumor; metastases are extremely rare [4, 12]. Malignant
tenosynovial giant cell tumor have been defined by Enzin-
ger and Weiss as lesions (1) consisting of benign tenosy-
novial giant cell tumor coexisting with sarcoma (primary
malignant tenosynovial giant cell tumor), or (2) representing
sarcomatous recurrence of previously diagnosed benign
tenosynovial giant cell tumor (secondary malignant teno-
synovial giant cell tumor) [2]. Bertoni et al. [13] defined

these lesions in somewhat less strict manner, including
tumors showing morphological features similar to malig-
nant tenosynovial giant cell tumor even without simulta-
neous or prior tenosynovial giant cell tumor. Malignant
tenosynovial giant cell tumors are extremely rare and rela-
tively poorly understood [4, 5, 13-28].

We studied a series of 10 malignant tenosynovial giant
cell tumors, defined by the Enzinger and Weiss criteria,
with the aim of better understanding their natural history,
morphological and immunohistochemical features, and
molecular genetic pathogenesis.

Material and Methods

This study was approved by the Institutional Review Board
at Mayo Clinic. All available routinely stained and immu-
nohistochemistry slides of 12 cases previously diagnosed as
“malignant tenosynovial giant cell tumor” were retrieved
from our institutional and consultation archives and re-
reviewed by two of the authors (AA and ALF). Prior biopsy
slides from two cases were also reviewed. The number of
hematoxylin and eosin-stained slides per case varied from 8
to 30. Following re-review, two cases were not felt to show
convincing evidence of origin from benign tenosynovial
giant cell tumor and were excluded, leaving a final study
population of ten cases. Clinical information including age,
sex, anatomic location, and follow-up data were obtained by
directly contacting the primary pathologist at the original
institution for consultation cases, or by reviewing medical
records for patients treated at Mayo Clinic. Radiographic
images were reviewed when available. The sarcomatoid
areas were evaluated for growth pattern, cytological fea-
tures, the presence of necrosis, background matrix, and
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Fig. 1 Malignant tenosynovial giant cell tumor of the pelvis in a 64-
year-old man. Axial CT scan showed a poorly circumscribed, large,
heterogeneous soft mass eroding into the hip (a). The tumor formed a
large, destructive, hemorrhagic mass centered on the hip joint and
extending into the surrounding soft tissues (b). The initial needle
biopsy showed bone invasion by typical-appearing tenosynovial giant
cell tumor, characterized by a heterogeneous admixture of small his-
tiocytes, occasional large mononuclear cells, multinucleated
osteoclast-like giant cells, and siderophages (not shown). In addition to
areas of typical tenosynovial giant cell tumor, the resection specimen
showed large areas with a destructive, sheet-like proliferation of large,

unusual histologic features. Mitotic rates in the area of
highest mitotic activity were recorded per ten high power
fields (HPF). Tumors were considered “primary” when
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monotonous, mononuclear large cells producing an osteoid-like hya-
linized matrix (¢ and d). Higher power view of these highly atypical
large mononuclear cells (e). In areas the tumor showed production of
relatively mature cartilage, reminiscent of that seen in chondroid
tenosynovial giant cell tumors of the temporomandibular joint (f).
Other parts of the tumor resembled a fibroblastic osteosarcoma (g). By
immunohistochemistry, the large mononuclear cells were clusterin-
positive, with near-total loss of clusterin expression in sarcomatous
foci (h). The mononuclear cells were negative for histiocytic markers,
including CD163 (i) and CD11c (j)

there was a coexisting benign tenosynovial giant cell tumor
and “secondary” if there was a confirmed prior diagnosis of
tenosynovial giant cell tumor.



Malignant Tenosynovial Giant Cell Tumor: The True “Synovial Sarcoma?” A Clinicopathologic,... 245

¢ ‘"
L
y

v A

2

Fig. 2 Malignant tenosynovial giant cell tumor of the wrist in a 46-
year-old man. Areas of both typical tenosynovial giant cell tumor (left)
and sarcoma (right) were present (a). Higher power view showing
small nests of typical tenosynovial giant cell tumor surrounded by a
fibrosarcoma-like spindle cell proliferation (b). Much of the

Immunohistochemistry was performed on representative
formalin-fixed paraffin-embedded tissue sections using
antibodies directed against desmin (Leica, Novocastra, New
Castle, UK, clone DE-R-11, 1:50-1:100), clusterin (Milli-
pore, Temecula, CA, clone 41D, 1:100), CD163 (Leica,
clone 10D6, 1:200), CD68 (Dako, Denmark, clone KP1,
1:50-1:100), CDl11c (Leica, clone 5DI11, 1:100), and
receptor activator of nuclear factor-xB ligand) (RANKL;
Abcam, Cambridge, MA, 1:200). Appropriate positive and
negative controls were used.

Fluorescence in situ hybridization (FISH) was performed
on formalin-fixed paraffin-embedded tissue from eight cases
using a previously reported protocol [29], scoring system,
and a customized CSFI break-apart probe. For FISH ana-
lysis, areas of the glass slides that contained predominantly
sarcomatous-appearing tumor were circled and scored.

Results

Clinical features

The clinicopathologic features of the ten patients with
malignant tenosynovial giant cell tumor are summarized in

Table 1. Cases occurred in seven males and three females
with a median age of 60 years (range 26-72 years). The
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sarcomatous portions of this tumor resembled adult-type fibrosarcoma
(c), although myxofibrosarcoma-like differentiation was also present
(d). Sheets of malignant large mononuclear cells were diffusely
clusterin-positive (e) and negative for CD163 (f)

tumor involved the ankle (n = 1), finger/toe (n = 3), wrist
(n=1), pelvic region (n = 3), leg (n = 1), and thigh (n = 1).
Two tumors were extra-articular and eight were intra-
articular. Two patients (cases 3 and 8) had a prior biopsy
showing benign tenosynovial giant cell tumor, 5 and
15 months before identification of their malignant tenosy-
novial giant cell tumor, respectively. No patient was known
to have received prior radiation therapy.

Radiologic features

On magnetic resonance imaging (MRI), the tumors were
described as large lobulated heterogeneous soft tissue
masses with numerous areas of dark signal on T1 and T2,
and variable cystic changes. Some tumors showed invol-
vement of the underlying bone (Fig. 1a).

Pathologic features

Grossly, the tumors were described as large, fleshy, and
poorly circumscribed with areas of hemorrhage and necrosis
(Fig. 1b). Histologically, all cases showed definite areas of
typical tenosynovial giant cell tumor, with small histiocytes,
larger mononuclear cells with eosinophilic cytoplasm and
intracytoplasmic hemosiderin, siderophages, osteoclast-like
giant cells, foamy macrophages, and hyalinized collagen,

SPRINGER NATURE



246

A. Al-Ibraheemi et al.

Fig. 3 Malignant tenosynovial giant cell tumor of the thigh in a 32-
year-old man, showing both benign-appearing (left) and sarcomatous
(right) features (a). Clusters of highly atypical large mononuclear cells
were present (b) as were fibrosarcoma-like spindle cell areas (c).

either in a previous biopsy from the same location or
admixed with the malignant component (Figs 2a, b, 3a).
The malignant areas varied in appearance. In two cases,
isolated mononuclear cells with high nuclear grade and
mitotic activity were identified within otherwise-typical
tenosynovial giant cell tumor, and formed larger masses of
similar-appearing malignant cells with brisk mitotic activity
(Fig. 1c-e, 3b, 4d). In seven cases, these nodules of
malignant mononuclear cells gradually evolved into pleo-
morphic spindle cell sarcoma, sometimes showing myxoid
change and resembling myxofibrosarcoma, and in other
cases showing more abundant collagen production, as seen
in adult-type fibrosarcoma (Fig. 2b-d, 3C, 4f). One malig-
nant tenosynovial giant cell tumor was composed of sheets
of monotonous, large, eosinophilic cells with high nuclear
grade, growing in part in a hyalinized, osteoid-like matrix,
with areas showing overt heterologous osteocartilaginous
differentiation (Fig. 1f and 1g). Skin invasion was present in
one case (Fig. 4a). Small histiocytes, siderophages, and
foamy macrophages were greatly reduced in number in
sarcomatous areas. A variable number of osteoclasts were
present in malignant areas, with some tumors showing
clusters of very large osteoclast-like giant cells (Fig. 3e).
Mitotic activity ranged from 2 to 34 mitoses per 10 HPF
(mean 18/10 HPF) in the malignant-appearing areas. Geo-
graphic necrosis was observed in four cases. Destructive
invasion of bone was present in one case (Fig. 1c).

SPRINGER NATURE

Occasional desmin-positive malignant large mononuclear cells were
present (d). Clusters of very large osteoclast-like giant cells were also
seen (e) and the sarcomatous areas were diffusely positive for RANKL

®

Immunohistochemistry

In all cases, areas of benign tenosynovial giant cell tumor
showed three distinct cell populations: (1) numerous small
histiocytes showing diffuse expression of CD163, CDG68S,
and CDl11c, (2) larger clusterin-positive mononuclear cells,
and (3) scattered desmin-positive mononuclear cells,
sometimes showing dendritic morphology. This cellular
heterogeneity was largely lost in malignant tenosynovial
giant cell tumor, which universally contained foci com-
posed almost exclusively of clusterin-positive, malignant-
appearing mononuclear cells, lacking expression of CD163,
CD68, and CDl11c (Figs. 1h-j, 2e, 2f, 4c, 4e). Desmin was
occasionally positive in malignant-appearing large mono-
nuclear cells (Fig. 3d). Much smaller numbers of benign-
appearing histiocytes (positive for CD163 and other mac-
rophage markers) were present in malignant-appearing
areas. Osteosarcoma-like, fibrosarcoma-like, and
myxofibrosarcoma-like foci were essentially entirely nega-
tive for clusterin, desmin, and histiocytic markers (Fig. 4g).
Seven cases were tested for RANKL expression, and in all
cases scattered positive large mononuclear cells were pre-
sent within areas of benign tenosynovial giant cell tumor. In
malignant areas, RANKL was positive in both the large
mononuclear cells and in spindle cell sarcomatous foci, with
variable intensity (five cases with moderate to strong
expression; two cases with weak expression) (Fig. 4f).



Malignant Tenosynovial Giant Cell Tumor: The True “Synovial Sarcoma?” A Clinicopathologic,... 247

(13 238
:.3! :%’Jgt

«-vn‘,ur, ‘ e
34 e S o
DA e DA
DS e o) o
i.:\ £\ O’:.‘ X ‘?!i\q ;‘-6 : el o lig%
L.:& &“% # "";"‘ “ o o gm
: r"»&,h"ﬂ ‘s TP

W’%‘g s

Fig. 4 Malignant tenosynovial giant cell tumor occurring in the ankle
of 60-year-old man, with extensive invasion of the overlying skin (a).
Areas of benign tenosynovial giant cell tumor were present (b), con-
taining rare clusterin-positive large mononuclear cells (c¢). In contrast,
nodules of malignant large mononuclear cells (d) were much more
diffusely clusterin-positive (e). In addition, this tumor showed

Molecular cytogenetics

Likely owing to specimen fixation, only two of eight tested
cases were evaluable by FISH; both showed an unbalanced
rearrangement of the CSF locus (cases 3 and 4) in 25% and
30% of the cells, respectively (Table 2) (Fig. 4h).

Treatment and follow-up

One case was too recent for meaningful follow-up. Follow-
up information, including treatment information was avail-
able for the remaining nine patients. All patients had tumor
resection. Two patients received post-operative radiation
therapy to control local disease. One patient received four
cycles of post-operative chemotherapy with ifosfamide,
adriamycin, and cisplatin. One patient received seven cycles
of denosumab. Clinical follow-up (9 patients; range

myxofibrosarcoma-like differentiation (f), with near-total loss of
clusterin expression (g). Fluorescence in situ hybridization, performed
on a sarcomatous focus of the tumor, showed the tumor cells to have
retained a single 3° CSFI signal (red), while losing the 5 signal
(green), indicating an unbalanced rearrangement (h)

0.5-66 months; mean 20 months) disclosed local recur-
rences in 3 patients (0.5, 6, and 21 months after initial
diagnosis), and pulmonary metastases in 3 patients (6, 6,
and 29 months after initial diagnosis). One patient with
pulmonary metastases also had lymph node metastases. At
the time of last follow-up, four patients were alive without
evidence of disease, two were alive with disease, and three
patients had died of disease.

Discussion

To the best of our knowledge, the first case of malignant
tenosynovial giant cell tumor was described by Castens
et al. [14], in their 1979 report of a 48-year-old woman with
a sarcoma arising from a pre-existing tenosynovial giant cell
tumor of the foot. Subsequently, fewer than 40 cases have
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Table 2 Previously reported malignant tenosynovial giant cell tumors

Study No. of Sex Age (s) Location (s) Metastases Follow-up
cases

Castens et al. [14] 1 F 48 Foot Thigh, groin AWD

Ushijima et al. [15] 1 M 59 Knee Thigh, lymph node AWD

Nielsen et al. [16] 1 M 67 Knee Pelvic, sacrum DOD

Abdul-Karim et al. [5] 1 F 43 Knee No ANED

Shinjo et al. [17] 1 F 72 Hip Bladder, pelvis, DOD
lung

Bertoni et al. [13] 8 3M/5F 12-79 Knee, foot, cheek, thigh 4 lung, 1 lymph 4 DOD
node

Kalil et al. [18] 1 F 21 Ankle Lung and lymph DOD
node

De Saint Aubain Somerhausen 6 I M/5F 21-58 Hand, wrist, thigh, elbow, knee, sacrum, 1 lung, 1 lymph 1 DOD

et al. [6] paravertebral node

Layfield et al. [19] 2 1M/1F 24-65 Hip, knee No 1 DOD

Wu et al. [20] 1 M 27 Forearm No ANED

Bhadra et al. [21] 3 1M/2F 53-67 Knee,leg No 1 DOD

Oda et al. [22] 1 F 53 Sacrum Lymph node AWD

Li et al. [23] 7 3M/4F 39-78 Ankle, knee, forearm, suprapopliteal, 1 lung, 1 lymph 1 DOD

supracubital, leg, thigh node

Yoon et al. [24] 1 M 29 Temperomandibular joint Lung AWD

Imakiire et al. [25] 1 F 56 Knee Vertebra, pelvis AWD

Kondo et al. [26] 1 F 58 Buttock Lung AWD

Theunissen et al. [27] 1 M 66 Wrist No ANED

Richman et al. [28] 1 F 55 Leg Lung, lymph node DOD

Alexiev et al. [32] 1 M 57 Knee Lung/pleura AWD

ANED alive with no evidence of disease, AWD alive with disease, DOD died of disease, F female, M male

been reported in the literature [4, S5, 13, 15-28], as sum-
marized in Table 2. Applying the strict criteria for malignant
tenosynovial giant cell tumor proposed by Enzinger and
Weiss [2], we have identified ten cases of malignant teno-
synovial giant cell tumor, representing only a tiny fraction
of the tenosynovial giant cell tumors seen in our institu-
tional and consultation practices. In general, the clin-
icopathological features of our cases are similar to those of
previously described malignant tenosynovial giant cell
tumor, with most tumors occurring in the lower extremities
of middle aged to older adults; we did however observe a
male predominance, in contrast to prior reports that have
consistently noted these tumors to be somewhat more
common in women [4, 13, 21, 23]. Radiographically,
malignant tenosynovial giant cell tumor appeared as large,
lobulated soft tissue masses with numerous areas of dark
signal and variable cystic change on T1 and T2 MRI scans;
a subset of tumors demonstrated involvement of the
underlying bone.

The natural history of malignant tenosynovial giant cell
tumor is aggressive with high potential for metastasis to
regional lymph nodes and distant locations. Of the pre-
viously reported cases, 12 (30%) patients developed
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pulmonary metastasis [4, 13, 17, 18, 23, 28, 30], 8 (20%)
had lymph node involvement [4, 13, 15, 18, 22, 23, 28], 6
(15%) developed distant metastasis to thigh, pelvis, ver-
tebral, and sacrum [5, 14-17, 25, 30], and 33% died of
disease [4, 13, 16-19, 21, 23, 28, 30]. Similarly, in our
series, three patients had lung metastases, one developed
lymph node metastasis, and three died of disease. The
etiology of malignant tenosynovial giant cell tumor is
unclear, although some previously reported cases occurred
following therapeutic irradiation, an association not noted in
the present study.

The morphologic appearance of the sarcomatous com-
ponent in our cohort varied, echoing previous reports which
have described “fibrosarcoma-like,” “myxofibrosarcoma-
like,” “malignant fibrous histiocytoma-like,” “giant cell
tumor-like,” and “osteosarcoma-like” patterns [13, 20, 23].
The “giant cell tumor-like” pattern reported by Bertoni et al.
[13] appears to correspond to cases consisting chiefly of
clusters of malignant large mononuclear cells. In all cases,
we observed areas that retained the overall cytoarchitecture
of benign tenosynovial giant cell tumor, but showed in
addition malignant-appearing mononuclear cells with high
nuclear grade and mitotic activity, present as isolated cells
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within otherwise benign-appearing zones and forming
nodules and sheets of varying size. In a subset of cases,
these nodules of malignant large mononuclear cells transi-
tioned into areas showing morphologic features of myx-
ofibrosarcoma or adult-type fibrosarcoma. One unusual
malignant tenosynovial giant cell tumor was composed of
sheets of monotonous, eosinophilic, large mononuclear
cells with high nuclear grade, growing in part in a hyali-
nized, osteoid-like matrix, and in other areas showing het-
erologous  osteocartilaginous  differentiation. The
morphological features of this tumor were somewhat
reminiscent of the chondroid tenosynovial giant cell tumors
that may be seen in the temporomandibular joint [31],
although with clearly malignant cytology.

Only a relatively small number of studies have studied
malignant tenosynovial giant cell tumor by immunohis-
tochemistry [4, 23, 26, 28, 32] and, in general, these studies
have not attempted to specifically define the immunophe-
notype of the various cell types that comprise these lesions.
For example, Alexiev et al. [32] and Kondo et al. [26] have
reported malignant tenosynovial giant cell tumor to be
positive for CD68 and/or CD163 (both studies) and clus-
terin (Alexiev), but do not state whether these results pertain
to the background histiocytes or the large mononuclear
cells. Li et al. [23] noted two cases of malignant tenosy-
novial giant cell tumor to contain occasional desmin-
positive cells, felt to represent malignant tumor cells.
Desmin-positive dendritic cells are seen in many ordinary
tenosynovial giant cell tumor, in particular those of diffuse
type [4, 33], and appear to represent a subset of the
clusterin-positive large mononuclear cells [34].

For these reasons, we have attempted to carefully dis-
criminate the immunophenotypes of the large mononuclear
cells and other cell populations in malignant tenosynovial
giant cell tumor. Our results strongly suggest that the
malignant cells of malignant tenosynovial giant cell tumor
are derived from the clusterin-positive large mononuclear
cells found in benign tenosynovial giant cell tumor and in
normal synovium, and thought to represent synoviocytes.
The large mononuclear cells and normal synoviocytes have
been previously shown to have an identical immunophe-
notype in most instances, with uniform expression of
clusterin (a chaperone glycoprotein involved in lipid recy-
cling and apoptosis [35-37]) and podoplanin, more variable
expression of desmin, and absent expression of CD163 [34,
38]. In contrast, we did not observe expression of
macrophage-related markers (CD163, CD11c, and CD68)
in the large mononuclear cells present in benign-appearing
zones of these tumors, or in clusters of malignant large
mononuclear cells. Desmin was occasionally positive in the
malignant large mononuclear cells. Desmin expression is a
variable feature of the mononuclear cells of tenosynovial
giant cell tumor, and although occasional cases contain very

large numbers of such cells, mimicking a myogenic sar-
coma, most do not. It is unclear why some synoviocytes in
tenosynovial giant cell tumor show this “double positive”
phenotype and others do not, but diffuse desmin expression
does not seem to be a common finding in malignant teno-
synovial giant cell tumor. Finally, clusterin expression is
entirely lost in areas showing spindle cell sarcomatous
morphology, a phenomenon suggesting “dedifferentiation”
in these foci.

As tenosynovial giant cell tumors very frequently contain
osteoclast-like giant cells, we evaluated these tumors for
RANKL expression. RANKL is perhaps best known for its
role in the pathogenesis of giant cell tumor of bone, where
is its highly expressed by neoplastic mononuclear stromal
cells and stimulates recruitment of osteoclastic cells from
blood-born mononuclear osteoclast precursor cells that
differentiate into multinucleated osteoclast-like giant cells
[39—41]. RANKL expression does not appear to have been
previously evaluated in tenosynovial giant cell tumor,
although overexpression of RANKL is known to be present
in rheumatoid arthritis, where it is thought to be produced
by synovial fibroblasts [42]. We identified scattered
RANKTL-positive mononuclear cells within areas of benign-
appearing tenosynovial giant cell tumor, with much more
diffuse expression in malignant areas. Clusters of very large
osteoclast-like giant cells were seen in some malignant
tenosynovial giant cell tumor, although not in the numbers
seen in giant cell tumor of bone. One patient in this series
has been treated empirically with Denosumab, reportedly
with stabilization of his locally unresectable disease.

The synoviocytic origin of the malignant cells in
malignant tenosynovial giant cell tumor is also supported by
the genetic findings of this and other studies. As noted
above, the neoplastic nature of benign tenosynovial giant
cell tumor has been supported by recent studies showing
recurrent genetic abnormalities including frequent rearran-
gement of 1pl1-13 and the CSFI locus [9, 43—45], with
in situ hybridization localizing these rearrangements to a
small minority of mononuclear cells within the tumor [9,
45]. Double immunolabeling experiments for CSF1 and
CD163 have demonstrated little overlap between cell types
expressing these markers, indicating that the neoplastic cells
of tenosynovial giant cell tumor do not show a macrophage
phenotype [9], a finding also supported by the present
study. Huang et al. [46] have demonstrated CSFImRNA
expression by in situ hybridization in five of six studied
cases, with CSF] rearrangement in one case. Our finding of
unbalanced CSFI rearrangement in >25% of cells in two
successfully evaluated cases provides further evidence that
the malignant component of malignant tenosynovial giant
cell tumor is derived from CSFI rearranged, clusterin-
positive synoviocytes. The presence of CSFI rearrange-
ments and CSF1 overexpression in malignant tenosynovial
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giant cell tumor also suggests a potential role for inhibitors
of CSF1 and CSFRI1 in the treatment of patients with this
aggressive disease; CSFRI1 inhibitors have shown some
promise in the treatment of patients with unresectable
benign diffuse-type tenosynovial giant cell tumor [47].

In summary, we have studied the clinicopathological,
immunohistochemical, and molecular cytogenetic features
of ten strictly defined malignant tenosynovial giant cell
tumor, the largest series to date. Our study confirms the
highly aggressive behavior of these very rare sarcomas and
strongly supports their origin from synoviocytes. Although
there are obviously excellent reasons not to propose the
terms “‘synovial sarcoma” or “synovial cell sarcoma” to
replace the term “malignant tenosynovial giant cell tumor,”
recognition of the synovial nature of these lesions and the
role of CSF1/CSFR1, and possibly RANKL, in their
pathogenesis furthers our understanding of these tumors,
and may ultimately prove to have therapeutic implications.
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