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Abstract Giant cell tumour of bone (GCTB) is a primary
tumour of bone that may rarely, in the absence of malignant
cytological features, produce metastatic lesions, most
commonly in the lungs. Whether these lung nodules
represent true neoplastic secondaries or implants derived
from the primary tumour is not certain. In this study, we
have analysed the morphological and immunophenotypic
features of 19 conventional GCTBs and corresponding lung
nodules for expression of macrophage, osteoclast, prolifer-
ation and tumour-associated markers. A striking morpholog-
ical feature of all GCTBs that produced lung secondaries was
the presence of large areas of haemorrhage and thrombus
formation; mononuclear and multinucleated cells of GCTB
were frequently found within these areas of haemorrhage and

thrombus. A similar pattern of CD14, CD33, HLA-DR and
CD51 expression was seen in macrophages and giant cells in
primary and secondary tumours. Smooth muscle actin
expression was frequently noted in primary GCTBs that
recurred and metastasised. No difference was seen in the
expression of p53, p63, Ki-67, cyclin D1 or Bcl-2 in primary
and secondary tumours. Our findings suggest that most lung
nodules associated with primary conventional GCTBs are
implants derived from tumour emboli formed in areas of
haemorrhage and thrombus formation within the primary
tumour.
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Introduction

Giant cell tumour of bone (GCTB) is a primary tumour of
bone characterised by the presence of numerous osteoclast-
like giant cells and a mononuclear component that includes
proliferating mononuclear stromal cells and infiltrating
macrophages [1, 2]. GCTB has a variable and unpredictable
course, in most cases behaving as a benign, but progres-
sively enlarging lesion which can extend through the bone
cortex into surrounding soft tissues. GCTB frequently
recurs following curettage and can produce metastatic
lesions, most commonly in the lungs in approximately 2–3%
of patients [3–8].

Lung metastases of conventional GCTB are reported to
grow slowly and show some morphological resemblance to
the original primary tumour [1–3, 5, 6]. These tumours are
distinct from lung secondaries of a primary GCTB which
has undergone sarcomatous transformation and contains
malignant tumour cells. Metastatic lung nodules associated
with conventional GCTB can present at the time of initial
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surgery or develop many years after the appearance of the
primary tumour. Although these lung nodules do not
exhibit cytological features of malignancy, it is not certain
whether they represent tumour implants rather than true
neoplastic secondaries.

Radiologically aggressive (Enneking stage III) GCTBs
are more prone to develop lung metastases, and these lung
nodules develop more commonly in patients who have been
treated for recurrent tumours [4–6, 9]. As a consequence, it
has been suggested that the lung nodules could represent
tumour emboli induced by repeated surgery [10]. Vascular
invasion by GCTB has been reported in up to 30% of cases,
although its precise incidence is unclear [2, 6, 10, 11], and
no clear association has been established between vascular
invasion in primary conventional GCTB and the development
of lung nodules [2, 6, 9, 10].

In this study, we have analysed the morphological and
immunophenotypic features of a large series of primary
conventional GCTBs that metastasised to the lung, as well
as corresponding features in the metastatic lung nodules.
We have examined the expression of macrophage, osteoclast
and stromal cell markers as well as expression of proliferation,
apoptosis and tumour-associated antigens in these tumours.
These findings have also been compared to a series of primary
(non-recurrent/non-metastatic) GCTBs. Our aim has been to
determine whether identification of specific morphological
and immunophenotypic features in primary and metastatic
GCTBs may provide a clue as to the pathogenetic mechanism
which leads to lung metastasis in these tumours.

Materials and methods

Tumour specimens were obtained from Istituto Ortopedico
Rizzoli, Bologna, Nuffield Orthopaedic Centre, Oxford and
Royal Orthopaedic Hospital, Birmingham; ethical approval
for analysis of the tissues from all these cases was obtained.
Clinical details of these cases are shown in Table 1.

Morphological findings in haematoxylin–eosin-stained
sections of 19 primary cases of conventional giant cell
tumour which metastasised to the lung were examined. In
17 of these cases, histology of the lung nodules derived
from these tumours was also available for examination. A
tissue microarray (TMA) containing 70 sample cores
(2 mm) of these primary and secondary GCTBs was made
using a computer-guided instrument TMAMaster (3DHistech
Ltd, Budapest, Hungary), and sections of the TMA were cut
and processed for immunohistochemistry. ATMA containing
80 sample cores of 40 primary GCTBs which had neither
recurred nor metastasised was similarly made and processed.

The immunophenotypic features of primary and secondary
tumours were studied using a panel of monoclonal antibodies
directed against macrophage (CD14, human leucocyte

antigen-DR (HLA-DR)), osteoclast (CD51), blood vessel
endothelial cell (CD31, CD34, factor 8), lymphatic endothe-
lial cell (podoplanin and LYVE-1), smooth muscle actin
(SMA) and proliferation (Ki-67), apoptosis (bcl-2) and
tumour-associated (cyclin D1 p53, p63,) markers. Immuno-
histochemistry was carried out using a NovoLink (Leica-
NovoCastra) polymer peroxidise detection kit. Monoclonal
antibodies used in this study are shown in Table 2. Immunos-
tained TMA slides were taken to whole-slide scanning using
a Mirax Scan (3DHistech), and spots as digital slides linked
with patient data were scored and analysed. All markers were
scored as weak (+), moderate (++) and strong (+++),
depending on the number of positive mononuclear cells
and their intensity, setting up threshold values as <5%, 5–20%
and >20%, respectively (Table 3).

Results

Morphological findings in primary and secondary GCTBs

Morphologically, all primary and recurrent GCTBs which
produced lung nodules contained both giant cell and
mononuclear cell components typical of GCTB. Morpho-
logical features varied not only between tumours but also in
different areas of the primary tumour. In general, osteoclast-
like cells were numerous and widely scattered throughout
the tumour. Focally, areas of spindle-shaped mononuclear
stromal cells predominated and were associated with a
variable degree of collagen formation; in some areas,
proliferating stromal cells were disposed in a storiform
pattern. Osteoid and/or woven bone formation bymononuclear
stromal cells was seen, and spindle-shaped mononuclear cells
showed variable, occasionally frequent typical mitotic activity
(one to 15 mitotic figures per 10 high-power fields (HPF));
none of the tumours showed marked cytological atypia or
features suggestive of malignancy. Aneurysmal bone cyst
formation was seen in five of the tumours. The tumours were
highly vascular and frequently contained dilated thin-walled
blood vessels.

A prominent feature in all primary GCTBs which
produced lung nodules was the presence of large areas of
haemorrhage with formation of thrombus that in some cases
was undergoing organisation and contained both giant cell
and mononuclear components of the tumour (Fig. 1a, b).
Vascular invasion at the periphery of the tumour was seen
in three of the 19 tumours.

GCTB lung nodules were generally small. They
contained a variable number of osteoclast-like giant cells
and a proliferation of mononuclear cells which showed
typical mitotic activity but no nuclear atypia (Fig. 1c). In
general, the number of giant cells was fewer than in the
primary tumours. Cytologically, the metastatic lung nodules
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were relatively bland, and there was no marked nuclear
atypia. None of the lung nodules exhibited a high mitotic
rate or showed cytological features of malignancy.

In the TMAs of the control group of 40 primary GCTBs
which neither recurred nor metastasised, osteoclast-like
giant cells were generally numerous, and there was a
variable proliferation of mononuclear stromal cells and

Table 1 Details of metastatic giant cell tumour cases

Sex/age at diagnosis Site Onset of lung metastasis (months) Follow-up

F/25 Radius distal 11 Alive at 6 years

F/37 Femur distal 37 Alive at 17 years

F/19 Radius distal 48 Alive at 9 years

F/16 Vertebra 15 Alive 6 years

F/23 Radius distal 14 Alive at 6 years

M/22 Vertebra 14 Died from causes related to growth of primary GCTB

M/62 Femur distal 23 Alive at 10 years

F/32 Ischium 25 Alive at 27 months

M/27 Humerus proximal 11 Alive at 12 years

M/39 Fibula proximal At diagnosis Died from causes other than GCTB at 66 months

F/23 Femur distal 44 Alive at 8 years

M/22 Radius distal 14 Alive at 17 years

F/29 Femur distal 33 Alive at 13 years

F/27 Femur distal 5 Alive at 39 months

M/30 Femur distal At diagnosis Alive at 62 months

M/40 Femur distal 13 Alive at 30 months

M/41 Femur distal 72 Alive at 12 years

F/24 Tibia distal At diagnosis Alive at 12 years

F/27 Vertebra L4 At diagnosis Alive at 8 years

Table 3 Antigenic phenotype of mononuclear and multinucleated
cells in primary and secondary giant cell tumours of bone

Antigen Mononuclear cells Multinucleated cells

CD14 ++/+++ –

CD51 + +++

HLA-DR +++ –

Ki-67 +/++ –

CD68 +/++ +++

bcl2 + +

SMA ++/+++ –

p53 + –

p63 + –

Her2 – –

cyclinD1 + +

CD34 +a –

CD31 +a –

LYVE-1 – –

Podoplanin – –

CD33 ++/+++ +++

A similar immunophenotypic reaction was seen in all primary and
secondary GCTBs

+ weak reaction, ++ moderate reaction, +++ strong reaction
a Blood vessel endothelial cell staining only

Table 2 Monoclonal antibodies used in this study

Antigen Antibody Source Dilution

CD14 NCL-CD14 Novocastra 1:50

CD51 NCL-CD51 Novocastra 1:150

HLA-DR CR3/43 Dako 1:20

Ki-67 Mib-1 Dako 1:200

CD68 KP1 Dako 1:1,000

bcl2 oncoprotein 124 Dako 1:40

SMA 1A4 Dako 1:50

p53 Do7 Novocastra 1:200

p63 A4A Thermo Lab Vision 1:150

Her2 CB11 Thermo Lab vision 1:200

Cyclin D1 SP4 Thermo Lab Vision 1:100

CD34 Q Bend 10 Dako 1:20

CD31 JC 70 Dako 1:20

LYVE-1 Anti-LYVE-1 IMM Oxford 1:250

Podoplanin D 240 Sigma 1:100

CD33 WM-54 Dako 1:25
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collagen within these tumours. The number of mitotic
figures per 10 HPF was highly variable, with some tumours
containing up to 10 mitotic figures per HPF. Small areas of
haemorrhage were seen in 16 of these tumours, but none of
the tumours contained large areas of haemorrhage; no

evidence of thrombus formation was seen in any of the
control group tumours.

Immunophenotypic features of primary and secondary GCTBs

Results of immunohistochemical studies are shown in
Table 3. Mononuclear stromal cells in both primary and
secondary GCTBs strongly expressed HLA-DR and SMA
(Figs. 2 and 3). SMA expression by mononuclear cells was
variable in primary GCTBs, but in some tumours, partic-
ularly recurrent GCTBs, SMA was strongly expressed.
Frequently, the same degree of HLA-DR and SMA
expression was seen in both primary tumours and lung
nodules (Fig. 3). Expression of the proliferation-associated
marker Ki67 and the proto-oncogene cyclin D1 was noted
in mononuclear cells in both primary and secondary
tumours. No difference was seen in the expression of p53,
p63 and bcl-2 in primary and secondary tumours; no
appreciable Her2 membrane staining for the epidermal growth
factor receptor type 2 was noted in any of the cases tested.

Fig. 2 Expression of SMA by mononuclear cells in a primary GCT
and b corresponding lung nodule

Fig. 1 Areas of a haemorrhage and b thrombus formation containing
mononuclear and multinucleated cells in a primary conventional
GCTB and c corresponding lung nodule in this case
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As previously noted [12, 13], macrophage-like mononu-
clear cells in primary GCTB expressed CD14, CD33 and
HLA-DR and the osteoclast-like giant cells in GCTB
expressed CD51 and CD33 but did not express CD14 or
HLA-DR. Fewer mononuclear cells expressed CD51 com-
pared with CD14 and CD33.Mononuclear and multinucleated
cells in lung nodules showed a similar pattern of expression of
macrophage and osteoclast markers (Figs. 3 and 4).

Both primary and secondary tumours were highly vascular
and contained numerous small blood vessels which were lined
by endothelial cells that expressed CD31 and CD34. There
was no expression of the lymphatic endothelial cell markers,
LYVE1 or podoplanin in primary GCTBs.

An identical pattern of expression of HLA-DR, SMA, p53,
p63 and bcl2 was seen in mononuclear stromal cells in the
control group of 40 primary (non-metastatic, non-recurrent)
GCTBs. Giant cells in these tumours, as expected, expressed
an osteoclast phenotype (CD51+/CD33+/CD14−/HLA-DR−).
A similar pattern of vascular endothelial marker expression
was also noted in these tumours.

Discussion

It is known that the pulmonary metastases that develop in
patients with conventional GCTBs are usually solitary or
few in number and that these tumours grow slowly and
have a long doubling time [4–7]. Surgically unresected lung
metastases in such cases have been reported to remain
stationary or even spontaneously regress without therapy
[5, 6, 14]. These observations have been interpreted by
some investigators to support the concept of “benign
metastasis” whereby the lung nodules are thought to result
from implantation of tumour emboli that have seeded to the
lung from a primary GCTB [7, 10, 11]. The morphological
and immunophenotypic findings in the primary GCTBs and
corresponding lung nodules that we examined in this study
would be in keeping with this pathogenetic mechanism of
metastasis from a conventional GCTB.

A striking morphological feature of all the primary
GCTBs which were associated with lung secondaries was
the presence of numerous large areas of haemorrhage

Fig. 4 Expression of CD51 in a primary GCTB and b corresponding
lung nodule

Fig. 3 Expression of HLA-DR in a primary GCTB and b
corresponding lung nodule
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within the tumour. Morphologically, in all the cases of
primary GCTB that we examined, there were areas of
haemorrhage and thrombus formation; these thrombi were
at various stages of organisation; in some early thrombi,
there was prominent ingrowth of fibrous and granulation
tissue into the thrombus, and both mononuclear stromal
cells and giant cells were commonly seen in or around
small vessels within this reparative tissue. These areas of
haemorrhage and thrombus formation were distinct from
blood-filled spaces associated with aneurysmal bone cyst
change, which was a prominent feature in only a minority
of the primary GCTBs we examined. In contrast to the
group of primary GCTBs which had metastasised, the
control group of primary (non-metastatic, non-recurrent)
GCTBs did not show thrombus formation. There has been
no systematic analysis of haemorrhage and thrombus
formation in GCTB. Secondary changes, including areas
of haemorrhage and ABC change, have been reported by
some observers to be frequent and noted in up to 15% of
cases [15].

Pathogenetic mechanisms which have been proposed for
the formation of lung nodules that develop in the context of
conventional GCTB include proliferation of a subpopulation
of neoplastic cells which have metastatic potential in an
otherwise benign or locally aggressive tumour and origin from
tumour emboli derived from the primary GCTB [9–11, 14]. It
has been noted that most metastatic GCTBs are detected a
year or more after initial surgery to the primary [4, 6, 7, 14].
As surgery would result in haemorrhage and thrombus
formation within the bone, it has been proposed that any
residual GCTB not removed at the time of surgery could
grow into this thrombus and then break off, in this way
leading to an embolic metastasis in the lungs [10, 11].

Some support for this concept of benign metastasising
GCTBs, initially proposed by Huvos [10], is provided by
our immunophenotypic findings in which we found that the
immunophenotype of mononuclear stromal cells in lung
metastases of GCTB recapitulated that of the primary
tumours from which they were presumably derived.
Mononuclear stromal cells in both primary and secondary
GCTBs showed a similar expression of SMA and HLA-DR.
We also found no significant difference in the expression of
proliferation, apoptosis and tumour-associated markers by
mononuclear cells in primary GCTBs and the corresponding
lung nodules which developed in these patients. p63 has been
proposed as a specific marker for GCTB [16], and our
findings show that it was expressed weakly by some but not
all mononuclear cells in primary and secondary GCTBs.
Most primary and secondary GCTBs are diploid [17]; only a
minority of GCTB cases have been found to show
cytogenetic abnormalities, and no clear consistent genetic
abnormality has been identified in conventional GCTBs
associated with lung metastasis [17–19]. Telomeric associa-

tions can be identified in most cases of GCTBs [20], and it
has been proposed that disturbed telomere maintenance may
play a role in the pathogenesis and behaviour of GCTBs. It
has been concluded on the basis of an analysis of doubling
time and flow cytometry data that most cases of GCTB and
their pulmonary metastases are of spontaneous regression or
growth cessation type. These metastatic tumours show less
expression of the proliferation marker Ki-67 than continuous
slow-growing and rapidly growing metastases. Other studies,
however, have reported no consistent difference in the
mitotic index [1, 2, 15] or in expression of proliferation
and other tumour markers in primary and recurrent GCTBs
associated with lung metastasis [21–25]. We noted that the
immunophenotype of giant cells in primary (non-metastatic
and metastatic) GCTBs and lung nodules was identical,
indicating that the osteoclasts are essentially reactive cells
recruited by receptor activator of nuclear factor-κB ligand-
expressing mononuclear stromal cells [13]; the role of
osteoclast specific proteases, such as cathepsin K [26], in
lung nodule formation has not been determined, but it would
be expected that this enzyme would be similarly expressed
by osteoclasts in primary and secondary GCTBs.

The presence of organising thrombus and invasion of
granulation tissue by mononuclear and giant cell components
of GCTB was a consistent finding in the primary GCTBs
which metastasised. This finding suggests that most lung
nodules associated with primary conventional GCTB are
implants derived from tumour emboli that originate from
thrombi in areas of haemorrhage within the primary tumour.
These tumour thrombi could propagate and grow into venous
channels of small- to medium-sized arteries and thus account
for the finding of tumour within vessels at the periphery of
GCTBs. It is possible that, in some cases, thrombus-
containing GCTB becomes detached and enters the circula-
tion, resulting in one or more emboli that become implanted
within the lungs. Such tumour implants would presumably
form in the same way as they do in other benign/locally
aggressive tumours that exhibit vascular invasion and are
associatedwith lung nodule formation (e.g. chondroblastoma).
No lymphatic vessels were found within primary tumours,
thus indicating that lymphatic spread of GCTB does not occur.

Lung metastases of conventional GCTB have been
shown to occur more commonly in aggressive tumours
with soft tissue extension or local recurrence and are rarely
seen at initial presentation, appearing on average 3.5 years
after diagnosis [4, 5, 14]. True malignant GCTBs account
for less than 5% of cases in most series and in 70% of cases
are radiation-induced sarcomas [1–3]. Our finding that the
lung nodules do not morphologically show malignant
features and have the same immunophenotypic features as
primary GCTBs accords with the suggestion of Huvos that
these lesions may be iatrogenically produced following
curettage [10]. Noting the presence of numerous large areas
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of haemorrhage within the primary tumour, in addition to
the cytological features of the mononuclear cells, should be
useful in the assessment of lung nodules that develop in
GCTB.
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