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Giant cell tumor of the humeral head
treated by denosumab: Implication to
shoulder surgeons
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ABSTRACT

Giant cell tumor is a benign bone tumor that is commonly encountered. The optimal treatment of
a giant cell tumor which causes extensive bony destruction is controversial. Recent studies on the
receptor activator of nuclear factor kB ligand antagonist denosumab may offer a new treatment
option for these patients. We presented a patient with giant cell tumor of the humeral head. He
was initially treated with denosumab and subsequently with the operation. The shoulder joint
was successfully salvaged. But there are potential difficulties that surgeons may face in patients
treated with denosumab.
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INTRODUCTION

Giant cell tumor (GCT) accounts for 5-8% of all primary bone
tumors.l” It usually occurs between 20 and 40 years of age and
is commonly located at the distal femur, proximal tibia or
distal radius. Proximal humerus is a rare site of involvement,
accounting for only around 4% of the disease.”! GCT presents
as a lytic and eccentric lesion at the epiphyseal region of
long bones. The lesion is often expansile and causes thinning
of the cortex. Pain and pathological fractures are the usual
presentations. Histologically, GCTs are composed of two
distinct cell types: Mononuclear stromal cells and osteoclast-like
multinucleated giant cells.b The stromal cells are thought to
be the principal tumor cells. They express receptor activator of
nuclear factor kB (RANK) ligand and recruit monocytes to the
site of the tumor. RANK receptors are present on the surface
of monocytes. RANK ligands bind to RANK receptors and
induce the differentiation of monocytes into multinucleated
giant cells. The giant cells have properties of osteoclasts. They
mediate the bone resorption and are responsible for the purely
Iytic feature seen on radiographs.

Denosumab is a RANK ligand antagonist. It is a fully human,
synthetic IgG antibody that binds to RANK ligand with high
affinity, preventing its interaction with RANK receptor.5% The
first large-scale study of its use was in osteoporotic patients.” In
that study, denosumab was shown to increase the bone density.
Rare but major adverse effects include osteonecrosis of the
jaw and hypocalcemia, which occur in around 2% of patients
receiving denosumab.® Denosumab had been evaluated in a
small scale study in patients with GCT of bone."! In that study,
Thomas et al. showed that 30 of 35 patients had a response
which was defined as more than go% elimination of giant cells
or an absence of radiological progression. However, there is a
little study in the orthopedic literature regarding how this is
relevant to our practice. We present here a patient with GCT
of the humeral head. He was treated with denosumab and
subsequently underwent an extended curettage of the lesion.
The patient agreed for publication of his case material.

CASE REPORT

A 62-year-old man complained of spontaneous onset left
shoulder pain and stiffness for around 2 weeks. X-ray showed
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an expansile and lytic lesion over the proximal humerus
[Figure 1]. The cortical bone was so thin that it could not be
well delineated. Magnetic resonance imaging (MRI) showed
a T2 hyperintense expansile mass. The humeral head was
deformed, but the lesion remained intraosseous. There was no
extraosseous soft tissue component. Open biopsy of the lesion
confirmed GCT [Figure 2].

Treatment options of extended curettage versus wide local
excision were discussed with the patient. He opted for
joint preservation procedures. The patient also requested
to try denosumab as a neoadjuvant treatment after we
presented to him a few recent reports which showed that
denosumab could induce ossification in GCT. Informed
consent was obtained, and the patient received 6 doses of
denosumab (120 mg subcutaneous injection on day o, day 6,
day 13, day 29, day 57, and day 85, respectively). The dosage
and interval were similar to the protocol used by Thomas
et al Clinically, the left shoulder pain decreased although
the motion was still limited. He was put on calcium and
multivitamin supplement, and regular blood tests showed
normal renal function and calcium level. The patient did
not experience any side effect. Regular X-ray showed no
progression of the lesion. In addition, the lesion became
more sclerotic. There was progressive bone deposition in
the tumor, and the cortex became more clearly delineated
[Figure 3a-c]. A reassessment MRI showed no interval change
in size or signal of the lesion.

The patient received operation on day 118 (around 4 months)
after starting denosumab. An extended curettage was
performed through a deltopectoral approach. We opened a
cortical window at the metaphyseal area. The tumor tissue
inside was found to be extremely hard and was significantly
different from the soft texture of the usual GCT. Normally for
GCT, we could easily scoop out the tumor tissue by curette.
But it was not possible in this case. Rongeur and scalpel
were needed to remove most of the tumor tissue until the
subchondral and metaphyseal bone was reached. But the
difference in texture between the tumor tissue and normal bone
was not distinct. High-speed burr was used to lightly debride
the surrounding bony cortex. Hydrogen peroxide (H O)
and water (H O) were used for irrigation. Cement and three
intra-medullary titanium elastic rods were used to fill up the
cavity and also as prophylaxis of fracture. Postoperative X-ray
showed no residual lytic lesion. Histological examination of
the tumor tissue revealed mainly fibro-osseous tissue. There
were interconnected broad trabeculae of bone embedding a
small number of stromal cells [Figure 4]. No giant cells were
present in the sample.

The patient received two more doses of denosumab (120 mg)
after the operation at 1 and 2 months respectively. Upon
follow-up at 2 years postoperation, the patient reported
complete resolution of bone pain. The shoulder could flex up
to 70° and abduct up to 9o°. The patient was satisfied with
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Figure 1: Expansile and lytic lesion over the left shoulder with cortex
poorly delineated

Figure 2: Giant cell tumor showing the multinucleated giant cells in a
background of mononuclear cells (H and E, x40)

Figure 3: (a) X-ray at 1-month after initiation of denosumab. (b) X-ray
at 3 months after initiation of denosumab. (c) X-ray at 4 months after
initiation of denosumab

the functional outcome. There was no recurrence on X-ray
[Figure 5] and MRI
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Figure 4: Posttreatment specimen showing bony matrix with small
spindle cells (H and E, x100)

DISCUSSION

Extended curettage is currently the treatment of choice for
GCTs.b!l But the local recurrence rate is still around 15-27%
even with the use of an adjuvant.™ Wide local excision
followed by endoprosthesis reconstruction is an option to
further decrease the recurrence rate to just around 2%."! But
it is associated with higher surgical risk and all sorts of implant
complications such as infection, loosening, and osteolysis in the
future. Moreover, in the proximal humerus, reattachment of
the rotator cuff to the metallic implant is a challenging issue.
As GCT is, in general, a benign disease, the extent of surgery
should strike a balance between surgical morbidity, functional
loss, and the risk of local recurrence. Our patient was a good
example of this dilemma. Before denosumab treatment,
salvaging his shoulder joint would be extremely difficult
because the cortical bone stock was too little. Fortunately,
he had the progressive formation of bone after denosumab
as shown on X-ray. From the literature, around 65-80% of
the tumor would show a significantly increased fibro-osseous
tissue or new bone formation after denosumab treatment.s
In some specimens, there was even a smooth transition from
the osteoid formation in the tumor center, to irregular woven
bone in the periphery of the tumor, and to the normal lamellar
bone in the normal surrounding tissue.

Our patient represented a good responder to denosumab
treatment. However, stromal cells were still present in the
excised tumor tissue. Mak et al. examined GCT specimens in
an in-vitro study and compared the stromal cell proliferation
rate of patients treated and not treated by denosumab.ld It
was shown that a specimen from patients who had completed
denosumab treatment still showed the presence of stromal cells.
The stromal cells would also continue to proliferate, albeit
rather slowly, once they were no longer exposed to denosumab.
It is clear from this study that denosumab cannot be used as
the sole treatment for GCT. It can only be considered as an
adjunct to definitive operative treatment.
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Figure 5: X-ray 2 years after extended curettage and cementation

However, this patient also illustrated an unexpected problem
after denosumab treatment of GCT. The cellular response to
denosumab was so prominent that the consistency of the tumor
changed. Intraoperatively, the tumor tissue was hard. It could
not be removed by curettage. Instead, rongeur and scalpel were
needed to remove the tumor tissue in a piecemeal fashion. The
usual difference in texture between tumor tissue and bony cortex
became blurred. This posed three surgical difficulties. First,
there is an increased chance of perforation of subchondral bone
resulting in an intra-articular fracture. Classically, GCT has a fleshy
and soft texture, which can be easily distinguished from bone.
Traditionally, it is removed by curettage, followed by a high-speed
burr to remove residual tumor tissue that is still attaching to the
surrounding hard cortical and subchondral bone. However, when
the tumor tissue becomes hard, sharp instruments need to be used.
But the surgeon actually has little tactile feeling to determine how
far and how much tissue should be removed. If one goes too far,
the sharp instruments can easily cut through the subchondral
bone and enter the shoulder joint. If unnoticed, cement may
enter the joint during the subsequent cementation procedure.
Second, there is an increased chance of neurovascular injury.
The axillary artery and brachial plexus are located medial to the
proximal humerus. Usually, the cortical bone acts as a good barrier
to protect these structures as long as the curettage procedure is
done in the intraosseous compartment. However, when a sharp
instrument is used, and the cortex is thin, it may penetrate the
cortex and cut the neurovascular structure. Third, there may be
a risk of increased recurrence. When surgeons sense the danger
of intra-articular perforation and neurovascular injury, the natural
tendency would be to adopt a more conservative approach to
tumor eradication. As a result, there may be tumor tissue left on
the surface of the endosteal bone. The risk of residual disease may
be increased. Fortunately, our patient did not have any evidence
of tumor recurrence on the latest follow-up.

CONCLUSION

We propose that surgical excision alone remains the treatment
of choice for simple GCT cases in which a standard extended
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curettage is feasible. But for advanced GCTs that cause significant
thinning of surrounding bone and difficulty in salvaging the
neighboring joint, trial of denosumab therapy is worthwhile
because, in good responders, satisfactory clinical results can
be achieved. Denosumab has the potential to eliminate osteolysis
and allow time for some local bone reconstitution before
operation. The drug is usually well-tolerated. But surgeons
should also know the potential difficulties in operating on
patients treated with denosumab. They should also be aware
that only around 65-80% of patients may show response to
denosumab. Up to the current moment, there is no large scale
study in the literature to demonstrate any benefit of this drug
in reducing local recurrence in the long-term.
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