Journal of Bone and Soft Tissue Tumors 2017 Sep-Dec;3(2):2-5

Histopathology of Giant-cell Tumor of Bone - Current Concept

Sanjeev Shah'

GCTB is a primary osteolytic bone tumor which can recur, undergo metastasis, and malignant transformation. Current understanding of

molecular pathogenesis of GCTB particularly RANK on osteoclast-like GCs and RANKL on stromal cells and development of newer

agents such as denosumab and INF-a has tremendously impacted management of patients with GCTB.
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Introduction

Giant-cell tumor of bone (GCTB) is a
benign, locally aggressive, and osteolytic
tumor that causes significant bone
destruction[1]. Copper and Traver were
first to suggest name GCTB. It represents
approximately 5% of primary bone tumors
and approximately 20% of benign bone
tumors. It usually develops in skeletally
mature individual as a solitary lesion in the
epimetaphyseal region of long tubular
bones, e.g, distal femur, proximal tibia, and
distal radius.

Gross Findings

GCTB is reddish-brown friable solid-cystic
fairly circumscribed lesion in the
epimetaphyseal region. It frequently erodes
subchondral bone and reaches upto article
cartilage but does not penetrate it. Shell of
reactive bone formation is frequently
present at the periphery. Cystic spaces
mimicking aneurysmal bone cyst (ABC) are
also present in some cases. In cases treated
with denosumab, the tumor is more fibrotic
with cystic areas and ossification depending

on response to treatment (Fig. 1).
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Histopathology

GCTB consists of admixture of
mononuclear cell (MNC) and GC (Fig. 2).
MNCs are arranged in sheets and are round
to oval to spindle-shaped with round or
ovoid, vesicular nuclei, have central nucleoli
and eosinophilic cytoplasm. Mitotic activity
may be numerous but atypical mitosis is not
found. Numerous multinucleated
osteoclast-like GC are scattered
throughouttumor and may have 50-100
nuclei. According to most accepted theory,
GCs are of MNC origin. Based on recent
studies, MNCs are of two different
types[2]. Neoplastic MNCs are
mesenchymal stromal cells which are
spindle-shaped.CD14(monocytic marker)
positive MNCs around blood vessels are of
monocytic-macrophage origin. Hence,
MNCs are morphologically divided into
mononuclear spindle cells which are
neoplastic and mononuclear round cells
which are reactive. Osteoclast-like GCs are
positively stained with CD4S, which
indicates monocyte/macrophage origin.
This tumor can histological be graded into
three grades according to Jaffe (1940) or
into four grades (Netherlands Committee
on Bone
Tumours), but

GCTB

Metastasis occurs in 2-3% of GCTB usually
after 3—4 years of primary diagnosis. It is
more common in recurrent tumor, tumor
with soft tissue extension, younger patient,
and tumor located in the axial skeleton.
Lung is the most common site of metastasis
[2, 3,4, 5, 6]followed by the lymph nodes.
Metastasis can be single or multiple. It may
regress spontaneously, grow slowly or
rapidly, and rarely be fatal. Histology of
metastatic tumor is usually similar to that of
primary tumor. Increase expression of c-
Myc, p53, and matrixmetalloproteinase has
been detected in the metastatic GCTB
[7,8]. Metastasectomy is the treatment of
choice in the resectable tumors.

Multicentric GCTB

It accounts for <1% of GCTB. It can be
synchronous or metachronoususually seen
in the younger patient (average age 20
years)according to Hoch et al. study, 59% of
patients were younger than 20 years of
age[9]. More common in female and
skeletally immature bone. It is most
common around knee joint, i.e., in distal
femur and proximal tibia, followed by
proximal humerus, distal radius, and bones
of hands and feet. As solitary GCTB, it
involved epimetaphysealregion but minority
are Jocated in the metaphysis. Histological
features are similar to solitary GCTB except
fibrohistiocytic and fibroblastic foci which
are more common in multicentric form
[5,9,10]. Pathogenesis of multicentricity is
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Figure 1: Giant-cell tumor of bone postdenosumab: Areas of cystic
change and fibrosis.

Figure 2: Giant cell-green arrow, mononuclear cell- red arrow.
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Figure 3: Primary malignancy in giant-cell tumor of bone(sacral
biopsy). Green arrow atypical mononuclear cell.

described, ranging from contiguous spread,
iatrogenic seeding of tumor cells, benign
metastasis, malignant transformation, and
de novo formation [10].

Malignancy in GCTB[MGCTB]
MGCTBs are of two categories. Primary
malignancy in GCTB (PMGCTB) is a high-
grade sarcoma that arises side by side with
benign GCtumors(Fig. 3and 4). Secondary
malignancy in GCTB(SMGCTB) is a high-
grade sarcoma that occurs at the sites
ofpreviously treated GC tumors of bone
(Fig. Sand 6). SMGCTB arises in two
clinical settings; postradiation and
postsurgical, which arises many years after
treatment [11,12]. Anract et al. found
higher incidence in the distal tibia and
sacrum [ 13].There have been no cases
reported in the small bones of the hands and
feet or the skull[4]. Bertoni et al. studied 17
cases of MGCTB of which five were
PMGCTB and 12 were SMGCTB. In the
PMGCTB group, four cases were of
osteosarcoma and one case was of malignant
fibrous histiocytoma. In the SMGCTB
group, the histologic classification was
osteosarcoma in nine cases, fibrosarcoma in
two cases, and malignant fibrous
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Figure 4: Primary malignancy in giant-cell tumor of bonewith
metastasis in lung (lung biopsy of patient with sacral lesion same
patientas Fig.3). Greenarrowatypical mononuclear cell.

histiocytoma in one case[11].
Differentiating PMGCTB from an
osteosarcoma rich in GCs is sometimes
difficult but with limited application in
clinical practice. Prognosis for both
PMGCTB and SMGCTB is poor
[11,12,13].

Differential Diagnosis
Chondroblastoma

Seen in skeletally immature individuals with
an open growth plate and are centered in
epiphysis. It is composed of MNCs with
nuclear grooving, shows pericellular
“Chicken wire” calcifications, and
chondroid areas which are not present in
GCTB[3,4]. MNCs in chondroblastoma
stain for S-100 but are usually negative for
p63[3, 14].Sam et al. reported tumor type
specificity for different histone H3.3 driver
alterations in chondroblastoma and GCTB.
In 73 of 77 cases of chondroblastoma
(95%), they found p.Lys36Met alterations
predominantly encoded in H3F3B, which is
one of the two genes for histone H3.3.
Whereas in 92% (49/53) of GC tumors of
bone, they found histone H3.3 alterations

exclusively in H3F3A, leading to
p.Gly34Trp or, in one case, p.Gly34Leu

alterations. The mutations were restricted to
the stromal cell population and were not
detected in osteoclasts or their precursors
[15]. Akpalo et al. found strong complete
membranous staining for DOG1 (SP 31
clone) in all nine cases of chondroblastoma
and its absence in 10 chondromyxoid
fibroma and seven GCTB [16]. Cleven et al.
found focal moderate intensity of staining in
four of 12 cases (33% cases) of
chondroblastoma in chondroblast-like cells
using DOG1-K9 clone on needle biopsy
specimen. As staining was focal, sensitivity
increased to 100% using curettage
specimen. They found all 12 cases of
chondroblastoma showing focal moderate
staining with DOG1-SP31 clone as
compared to Akpalo et al. study[17].All
GCTBs were negative for DOG-1 in both
studies using any of the clones which means
DOGI can be used with caution to
differentiate GCTB from chondroblastoma
if atleast focal staining is found.

Gcreparative granuloma/brown tumor
Contains clusters of osteoclast-type GC
around area of hemorrhage. In contrast, in
GCTB, GCs are usually evenly distributed.
Proliferating cells are spindle-shaped and do

Figure 5: Secondary malignancy in giant-cell tumor of bone.
Greenarrow - osteoid production..

Figure 6: Secondary malignancy in giant-cell tumor of
bone(chondroblastic osteosarcoma, same patient as Fig.S).
Greenarrow -osteoid production.
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FISH for t(16;17) present in osteoblasticdifferentiation. Dual increased
A GCTB Stromal Cells Ozteociast précursors . . .
primary ABC may be osteoclastic activity and decreased
helpful[18,19]. osteoblastic activity increases bone

GC-rich osteosarcoma
Tumor grows with an
infiltrative pattern. Contains
cytologically malignant
MNCs.

Basic sciences

Although GCTB is
considered as a benign
tumor; it does recur locally,
can metastases and undergo
malignant transformation. To
understand pathogenesis, cell
of origin and potential
therapeutic targets;
significant research has been
done regarding its cellular
environment,
immunohistochemistry of its
constituent cells, molecular

m profiling, and cytogenetic
Denosumab

findings.

Activated Glant Cell Formation inhibited

Receptor activator of
nuclear factor kappa ligand

idenosumab inGCTBwith permission reference 21.

[Figure 7: (a) Mechanism of increased bone resorption ingiant-cell tumor of bong
(GCTB): Central role of thereceptor activator of nuclear factor kappd
(RANK)/RANK ligand (RANKL) interaction, (b)proposed mechanism of action of

(RANKL) and various
chemokines
Stromal cell secretes various

not resemble nuclei of osteoclast-type GCs.
Serum PTH level should be done to exclude
a possibility of hyperparathyroidism
particularly if multicentric lesions are found.

ABC

Difficult to distinguish between primary

ABCand cystic GCTB of bone. If 1 cmx1
cm area of classical GCTB is present, it is
GCTB with extensive ABC like change.

chemotactic factors and
chemokines monocyte chemoattractant
protein-1 and stromal-derived factor-
1which attracts monocytes from the blood
in the tissue. Monocytes and macrophages
fuse and forms osteoclastic GCs.
Monocytes and GC express RANK receptor
and stromal cells express RANKL.
Interaction of RANKL and RANK activates
osteoclasts. Various chemokines and
cytokines also disruptes
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reduction in tumor cells.

-

Figure 8: Post denosumab marked fibrosis and ossification with Figure 9: Post denosumab osteoid production with reduction in Figure 10: Post denosumab residual focus of tumor with

tumor cells. mononuclear celland giant cell.

resorption and osteolysis[20,21].
Denosumab is a fully human monoclonal
RANKL antibody (IgG2) which targets and
binds with high affinityand specificity to
RANKL, preventing its bindingto RANKL
on the surface of osteoclast precursors and
osteoclasts, thereby inhibiting osteoclast
differentiation, activation, and
survival[20,21]. Daniel et al. examined
histological changes and RANK and
RANKL expression by
immunohistochemistry in 20 cases of
recurrent or unresectable GCTB treated
with denosumab. They found remarkable
decrease of 90% or more in tumor GC, a
reduction in tumor stromal cells and
increased proportion of dense fibro-osseous
tissue and/or new woven bone, replacing
areas of proliferative RANKL-positive
stromal cells(Fig. 8, 9, 10) [22, 23, 24, 25].

Angiogenesis and INF-a

As GCTB expresses many angiogenic
growth factors, antiangiogenic agents such
as INF-a and pegylated (PEG)-IFN can be
used in its treatment.

Discussion

GCTB is a primary osteolytic bone tumor
that can cause substantial morbidity due to
local recurrence, metastasis, and malignant
transformation. GCTB tumors
containosteoclast-like GCs that express
RANK and stromal cells that express
RANKL, a key mediator of osteoclast
formation, activation, function, and survival.
Excessive secretion of RANKL causes an
imbalance in bone remodeling in favor of
bone breakdown. Current understanding of

molecular pathogenesis of GCTB and
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development of newer agents such as

denosumab and INF-a has tremendously GCTB.
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