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Abstract Malignant giant cell tumors of bone (MGCTB) are
rare, and the diagnosis can be difficult due to the occurrence of
a variety of malignant tumors containing giant cells. To better
understand its clinicopathological features, we have reviewed
our experience with 17 cases of MGCTB. Five cases were
primary malignant giant cell tumor of bone (PMGCTB), and
12 cases were giant cell tumors of bone initially diagnosed as
benign but malignant in a recurrent lesion (secondary
MGCTB, SMGCTB). The patients included six women and
11 men (age ranged from 17 to 52 years; mean, 30.5 years).
The tumor arose in the femur (six cases), the tibia (seven
cases), the humerus (three cases), and the fibula (one case).
Microscopically, PMGCTB showed both conventional giant
cell tumor and malignant sarcoma features. SMGCTB were
initially diagnosed as conventional giant cell tumor of bone,
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the recurrent lesion showing malignant features. Histological-
ly, the malignant components included osteosarcoma (11
cases), undifferentiated high-grade pleomorphic sarcoma
(two cases), and fibrosarcoma (four cases). SMGCTB cases
showed strong expression of p53. Follow-up information
revealed that four patients died of lung metastasis, two patients
are alive with lung metastases, and 11 patients are alive
without tumor. MGCTB should be considered as a high-
grade sarcoma. It must be distinguished from GCTB and other
malignant tumors containing giant cells. p53 might play a role
in the malignant transformation of GCTB.

Keywords Malignancy - Giant cell - Bone tumor -
Osteosarcoma - Fibrosarcoma - Undifferentiated high-grade
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Introduction

Giant cell tumor of bone (GCTB) is a benign and locally
aggressive neoplasm that is composed of sheets of mono-
nuclear cells interspersed with uniformly distributed large,
osteoclast-like giant cells [1]. Malignant giant cell tumor of
bone (MGCTB) is a high-grade sarcoma diagnosed either at
the onset in a giant cell tumor of bone (primary MGCTB or
PMGCTB) or at the site of a recurrent lesion, previously
diagnosed as a conventional giant cell tumor of bone (sec-
ondary MGCTB or SMGCTB) [1, 2]. The high-grade sar-
coma component of PMGCTB often exists side by side with
histologically benign GCTB components. SMGCTB occurs
after surgery, radiotherapy, or both. It occurs more frequent-
ly than PMGCTB [2, 3]. MGCTB is uncommon and
accounts for 1.8-7% of all GCTBs [4, 5]. It can be confused
with other malignant lesions containing giant cells, such as
osteosarcoma, fibrosarcoma, and undifferentiated high-
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grade pleomorphic sarcoma (UPS). To better understand the
characteristics of MGCTB and the features that distinguish
it from other malignant bone tumors, we report the clinico-
pathological features of 17 such cases.

Materials and methods

Seventeen cases were retrieved from the surgical pathology
files between 1990 and 2010 in the Department of Patholo-
gy in Beijing Jishuitan Hospital, Beijing. In all cases, the
tissues derived from surgical operation in the Department of
Orthopedic Oncology were fixed in neutral buffered forma-
lin and processed routinely with paraffin embedding. The
sections were prepared and stained with hematoxylin and
eosin. The histopathological features were reviewed by
three pathologists. Clinical and radiological information
was obtained from the electronic medical records and the
surgeons. Immunohistochemistry was performed by an au-
tomated immunostainer (Autostainer 720, Labvision) using
standard heat-induced epitope retrieval and an avidin—bio-
tin—peroxidase complex method. Antibodies against the fol-
lowing antigens were used: p53, pl6, vimentin, desmin,
CD68, SMA, and myogenin. Appropriate positive and neg-
ative controls were included with each batch of staining
(Table 3). This study was approved by the Ethics Committee
of the Beijing Jishuitan Hospital.

Results
Clinical features

The patient series included six women and 11 men, with an
age range from 17 to 52 years (mean age, 30.5 years). In the
PMGCTB group (five cases), one case was from a female
patient, and four cases were from male patients, whose ages
ranged from 18 to 47 years (mean age, 29.2 years). In the
SMGCTB group (12 cases), five cases were from female
patients and seven cases were from male patients, whose
ages ranged from 17 to 52 years (mean age, 30 years). The
tumors involved the proximal tibia (two cases), distal tibia
(one case), and proximal femur (two cases) in the
PMGCTB, and distal femur (four cases), proximal tibia
(four cases), proximal humerus (one case), distal humerus
(one case), graft humerus (one case), and fibula (one case) in
SMGCTB (Tables 1 and 2). None of the patients reported a
history of prior radiation treatment.

Radiologic features

The radiologic features of the PMGCTB were similar to
those of conventional GCTB: osteolytic lesions with
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Table 1 Clinical summary of PMGCTB

Case Age Sex  Site Histology Outcome
(years) (time in
months)
1 18 M Proximal  Fibrosarcoma  NER (79)
femur
2 21 M Proximal  Osteosarcoma  NER (55)
tibia
3 40 M Proximal  Osteosarcoma NER (28)
tibia
4 47 M Distal Fibrosarcoma  Lung
tibia metastasis
®)
5 20 F Proximal  Fibrosarcoma  NER (12)
femur

NER no evidence of recurrence

well-circumscribed margins in the epiphyses of long
bones (Fig. 1). In a few cases, cortical breakthrough,
with or without soft tissue mass, was seen on plain

Table 2 Clinical summary of SMGCTB

Case Age Sex  Site Histology Outcome
(years) (time in
months)
6 21 F Proximal UPS Died (54)
humerus
7 52 Proximal Osteosarcoma  NER (203)
tibia
8 45 Proximal Osteosarcoma  Died of lung
tibia metastasis
(84)
9 25 F Distal Osteosarcoma  NER (36)
femur
10 17 Distal Osteosarcoma  NER (19)
humerus
11 29 Proximal UPS Died of lung
tibia metastasis
24
12 29 F Distal Osteosarcoma  Died of lung
femur metastasis
(100)
13 40 F Distal Osteosarcoma  NER (221)
femur
14 21 M Distal Osteosarcoma  NER (22)
femur
15 27 F Proximal Osteosarcoma  NER (37)
fibula
16 33 M Proximal Osteosarcoma  Lung
tibia metastasis
(112)
17 34 M Graft Osteosarcoma  NER (28)
humerus

NER no evidence of recurrence
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Fig. 1 PMGCTB (case 4). Anteroposterior radiograph of left tibia
shows an eccentric and osteolytic lesion. The lesion is well demarcated
on the metaphysis of the distal tibia

films. In SMGCTB, the initial radiographic appearance
was similar to that of conventional GCTB (Fig. 4a). The
radiographic appearance of SMGCTB showed more ag-
gressive features, with a less distinct margin of the
lesion and more prominent sclerotic components. Corti-
cal breakthrough and soft tissue mass formation were
more common in these cases (Fig. 4b).

Fig. 2 PMGCTB (case 4). a
The characteristic giant cell
tumor area. b The spindle cell
sarcoma area showing active
motitic activity. ¢ The spindle
cell sarcoma invading into the
normal bone cortex. d The
extracellular eosinophilic
collagen mimic the osteoid

Gross features

The gross features of PMGCTB did not differ from those of
GCTB. The tissue was soft and brown, and some areas were
gray red to gray white because of hemorrhage and fibrosis;
cyst formation and a thin bone shell were also often found.
The tumor tissue of SMGCTB was white and soft; in some
areas, it appeared randomly granular, suggesting the produc-
tion of osteoid. The tumor transgressed the cortex and
extended into the soft tissue in some cases.

Histologic features

In PMGCTB, the conventional GCTB features were prom-
inent (Figs. 2a and 3a). The multinuclear giant cells were
sparsely spread in the ovoid/round or spindle mononuclear
stromal cells. The number of nuclei of giant cells ranged
from 50 to 100, and the nuclei of the osteoclasts were
similar to those of the stromal cells. The cytoplasm of
stromal cells was ill defined, and mitotic figures were pres-
ent, but atypical mitosis was not found. In addition to the
GCTB characteristics, malignant features were also present.
In our study, three cases showed fibrosarcoma character-
istics and two cases features of osteosarcoma. In the fibro-
sarcoma component, tumor cells were densely arranged in
long intersecting fascicles, and storiform areas were found
(Fig. 2b). The cells had hyperchromatic nuclei with variably
prominent nucleoli. Mitotic activity was almost always pres-
ent, and atypical mitosis could also be found. Malignant
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Fig. 3 PMGCTB (case 2). a The characteristic giant cell tumor area. b

The osteosarcoma. ¢ The residual giant cell tumor adjacent to the
osteosarcoma area

spindle cells could be found infiltrating the normal bone
trabecula (Fig. 2c). In the osteosarcoma component, the
cells were highly anaplastic and pleomorphic with large
hyperchromatic nuclei. Necessary characteristic for a diag-
nosis of osteosarcoma was the production of osteoid by
malignant tumor cells: dense, pink, and amorphous intercel-
lular material to be distinguished from non-osseous collagen
(Fig. 3b). Collagen was linear and fibrillar, appearing
around tumor cells without atypia or other malignant fea-
tures found in osteosarcoma cells (Fig. 2d). In neighboring
osteosarcoma areas, residual giant cell tumor areas were
found (Fig. 3c¢).

In the cases of PMGCTB, between conventional giant
cell tumor areas and high-grade malignant sarcoma, a dis-
tinct line of demarcation as described in the WHO
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classification [6] was not observed. The tumor gradually
transited from the giant cell tumor area to the malignant
area. In the transitional zone, the number of giant cells
decreased, and the number of mononuclear cells increased.
The mononuclear cells were arranged more densely and
their shape changed to spindle, nuclear atypia appeared,
and finally the characteristics of a high-grade malignant
tumor (Fig. 4).

For SMGCTB, the initial lesions were conventional
GCTB without evidence of malignancy. After one or more
recurrences, the histological characteristics became malig-
nant. We found one case with fibrosarcoma similar to con-
ventional fibrosarcoma. Histological features of two cases
were similar to UPS, with striking cytological atypia and
nuclear pleomorphism, frequent and occasionally atypical
mitotic figures. Some tumor cells showed prominent eosin-
ophilic cytoplasm resembling rhabdomyosarcoma (Fig. 5b).
Immunohistochemical stains showed reactivity for CD68
and vimentin, while stains for other antigens were negative,
confirming a diagnosis of UPS and excluding rhabdomyo-
sarcoma and leiomyosarcoma. Staining for p16 was nega-
tive in both UPS and original GCTB lesions (Fig. 8). p53
was diffusely positive in the nuclei of tumor cells in UPS,
but expressed only focally and weakly in original GCTB
lesions (Fig. 9; Table 3).

Nine cases of SMGCTB were osteosarcoma. In one case,
uniform undifferentiated small round cells constituted the
major malignant component (Fig. 6¢); other areas showed a
chondroid matrix (Fig. 6b) as in mesenchymal chondrosar-
coma, but osteoid formation by markedly atypical tumor
cells confirmed the diagnosis (Fig. 6a). Another case of
osteosarcoma showed areas of aneurysmal bone cyst-like

Fig. 4 SMGCTB (case 7). a Anteroposterior radiograph of proximal
tibia shows a conventional giant cell tumor appearance. b Anteropos-
terior radiograph made 4 years after curettage and bone graft shows
osteolysis and ossification changes indicating tumor recurrence
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Fig. 5 SMGCTB (case 9). a
The remnant giant call tumor
from the initial lesion. b The
high-grade undifferentiated
pleomorphic sarcoma in the
recurrent lesion

structure (Fig. 7), and one case invaded into the soft tissue
and nerve fibers.

A remnant of conventional GCTB was found in four of
11 cases (Fig. 5a), suggesting the diagnosis of SMGCT. In
cases without GCTB areas, the combination of malignant
features in the recurrent lesion with the histopathology of
the original conventional CGTB justified the diagnosis of
SMGCTB. SMGCTB can occur after surgery or radiation
therapy. In our hospital, radiation therapy was not used, so
all of our 12 SMGCTB cases occurred without irradiation

(Fig. 8).

Prognosis

The patients had been followed up for 8 to 221 months. One
patient with PMGCTB had developed lung metastasis but is
alive after 8 months follow-up. The remaining four patients
with PMGCTB showed no evidence of recurrence. One
patient with SMGCTB died of UPS. Four patients with
SMGCTB developed lung metastasis, of whom three
patients died. The remaining seven patients with SMGCTB
showed no evidence of recurrence (Fig. 9).

Table 3 Antibodies used for immunohistochemical staining

Antigen Antibody  Source  type Dilution

pS3 DO0-7 Leica Monoclonal 1:100
antibody

plé G175- Zymed  Monoclonal working

405 antibody fluid

vimentin V9 Leica Monoclonal 1:500
antibody

desmin ZC18 Zymed  Monoclonal Working
antibody fluid

CD68 PG-MI Zymed  Monoclonal 1:400
antibody

SMA 1A4 DAKO  Monoclonal 1:300
antibody

Myogenin  F5D DAKO  Monoclonal 1:200
antibody

g@” NS W
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Fig. 6 SMGCTB (case 14). a The typical osteosarcoma structure. b
Some areas show the chondrosarcoma features with mucoid chondroid
matrix. ¢ Densely arranged small cells without definite differentiation
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Fig. 7 SMGCTB (case 12). The osteosarcoma with aneurysmal bone
cyst structure

Discussion

GCTB was originally described by Jaffe et al. and Lichten-
stein et al. They classified GCTB into three categories:
grade I (benign) without appreciable atypia of stromal cells,
few mitoses, none abnormal; grade II (intermediate) with
stromal cells showing only slight or more marked atypia, but
not enough to justify a diagnosis of malignancy; and grade
III (malignant) with obvious features of malignancy [7, 8].
However, this grading system is difficult to apply in practice
and is unable to predict the clinical behavior and prognosis
of this tumor [9]. Thus, this grade system is not used any
more.

Fig. 8 Expression of vimentin (a) and CD68 (b) in SMGCTB

@ Springer

i’.
.’.-

F;

P
“w
£
:‘

L
s
v an
7 A

e
e
N -

A
"

o

‘53‘

1 2

0

Fig. 9 Expression of p53 in GCTB (a) and SMGCTB (b)

In Jaffe’s grade system, grade III represents malignant
GCTB. The nomenclature and diagnostic criteria of malig-
nant GCTB were further elaborated by Hutter et al. and
Dalin et al. [10, 11]: Malignant GCTB is a sarcoma either
in a pre-existing GCTB or in conjunction with it. Their term
malignant GCTB included several types of giant-cell-rich
tumor, such as osteosarcoma, UPS, metastatic or recurrent
GCTB, and de novo malignant transformation of formerly
conventional GCTB [3, 12]. To better describe malignant
GCTB, Unni [2] introduced the name “malignancy in giant
cell tumor” and subdivided it into primary and secondary
malignancy in GCTB. The PMGCTB are those lesions in
which a high-grade sarcoma component is present de novo
in conjunction with GCTB, while SMGCTB is a high-grade
sarcoma occurring as a recurrent lesion at the site of previ-
ously treated GCTB. According to this definition, PMGCTB
and SMGCTB must include a high-grade sarcoma compo-
nent. Some lesions need to be differentiated from MGCTB.
Some features of GCTB do not justify a diagnosis of
MGCTB. This can be pseudoanaplasia in the GCTB [22].
In addition, hemorrhage and necrosis are not uncommon in
GCTB. The mononuclear stromal cells adjacent to the hem-
orrhage and necrosis show mild nuclear atypia, with en-
larged and hyperchromatic or condensed hyperchromatic
nuclei because of pyknosis. In some areas, only densely
arranged mildly atypical spindle cells occur without giant
cells, features insufficient to classify the lesion as malignant
(similar to grade II as Jaffe described). Mitotic activity may
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be increased but without pathological mitosis. None of these
features justify classification of the lesion as malignant.
Reactive bone formation is often found at the border of the
tumor. It is more regular and mature than malignant osteoid,
and it is surrounded by mature osteoblasts, features that help
to distinguish them from osteosarcoma cells. Furthermore,
MGCTB needs to be differentiated from other malignant
tumors containing giant cells such as osteosarcoma and
UPS. Sufficient sampling to explore the GCTB features is
helpful to distinguish it from the PMGCTB and other ma-
lignant tumors. The key points to differentiate between
SMGCTB and other malignant tumors are the GCTB history
and the recurrence information.

Histologically, in MGCTB, the reported sarcoma types
include fibrosarcoma [15, 16], osteosarcoma [17, 18], UPS
[19], and undifferentiated sarcoma [20]. In our cases, the
malignant components included fibrosarcoma, osteosarco-
ma (one case with undifferentiated component), and UPS.

In SMGCTB, the original diagnosis is GCTB, but the
recurrent secondary tumor is malignant. In some cases,
residual giant cell tumor elements can also be found,
justifying a diagnosis of SMGCTB. In other cases, the
patient’s hospital history needs to be investigated to make
the diagnosis of SMGCTB. In our cases, osteosarcoma
was the major malignant tumor type. Sakkers et al. [21]
proposed a theory about the malignant transformation of
GCTB treated by curettage and bone grafting, stating that
in this situation, the reparative proliferation occurring at
the border of the dead bone might serve as a nidus for the
formation of a malignant tumor. Currently, curettage and
bone grafting constitute the routine surgical treatment of
GCTB, and this may also be the element that favors
malignant transformation.

Regarding the immunophenotype, the giant cells express
RANK, CD51, and CD33 but are negative for CD14. The
mononuclear cells express RANK, CD51, CD33, and CD14
[26, 27]. These cells are believed to derive from blood
monocyte-macrophage lineage cells and infiltrate the tumor
by chemotactic factors secreted by spindle-shaped stromal
cells [28, 29]. GCTB is frequently regarded as a polyclonal
tumor. Cytogenetically, telomeric associations are the most
common chromosomal aberrations [30], but other genetic
alterations have been reported. Moskovszky et al. found an
elevated number of individual-cell aneusomies in recurrent
GCTB compared with nonrecurrent cases. Eusomic polys-
omy has been seen in several tetraploid nonrecurrent cases,
and balanced aneusomy has been found more frequently in
diploid recurrent than in diploid nonrecurrent cases. These
findings suggest that chromosomal abnormalities superim-
posed on telomeric associations might be responsible for the
aggressive behavior of GCTB [31]. The expression of pro-
teins involved in cell cycle regulation/oncogenesis, such as
p53, p63, ki-67, cyclinD1, or Bcl-2, are not predictive for

the clinical behaviour of GCTB [32]. We found the expres-
sion of p53 in UPS stronger than that in original GCTB,
which suggests that it may play a role in the malignant
transformation of GCTB.

Clinical and radiographic information are of limited val-
ue for the diagnosis of MGCTB, especially for PMGCTB.
According to Compannacci et al. [13] radiographic features
allow grading of the GCTB as three types: quiescent (type
I), active (type II), and aggressive (type III). Clinically
aggressive behavior of GCTB has suggested a surgical
staging system with stages 1-3, respectively, representing
the clinically latent, active, and aggressive forms of GCTB
[14]. However, these stages do not correspond to histolog-
ical benign or malignant features. In our study, five cases
were diagnosed as PMGCTB by histology, while the clinical
and radiographic features suggested a diagnosis of benign
GCTB.

As in another study, we found MGCTB often to involve
the distal femur and tibia [23]. The preponderance of gender
is controversial in different cohorts. In our study and in
another report [4], there is a male preponderance, but in
other reports, a female preponderance was described [23].
The age distribution in MGCTB reports also varies. In our
study, the mean age was younger than what was reported
earlier [4].

The prognosis of MGCTB is still indefinite because of its
rareness and short follow-up of MGCTB. Most reports
consider the prognosis as poor, and most of the patients
die rapidly [24]. Anract et al. [6] reported poor prognosis
of MGCTB with a 5-year survival of 50%, despite the
combination of surgery and chemotherapy. Similar to the
report of Nascimento et al. [25], we found PMGCTB to
have a better prognosis than SMGCTB. However, Anract et
al. [6] observed equally poor outcomes in PMGCTB and
SMGCTB.

In summary, we report a series of cases of MGCTB and
describe its histological characteristics. Because of its rare-
ness, the diagnosis should be made carefully, and the lesion
should be differentiated from other primary malignant sar-
comas. Genetic abnormalities and other factors related to
malignant transformation should be further investigated.
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