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Opinion statement

Denosumab is a RANK ligand inhibitor approved for the treatment of giant cell tumor of
bone. While the role of denosumab in the setting of advanced and unresectable disease is
well established, its role in surgically resectable disease is currently under discussion.
Several prospective and retrospective series on neoadjuvant therapy in potentially resect-
able tumor with high morbidity surgery reported a relapse rate of 10–20% after resection
and 30–40% after curettage. At the same time, less morbid surgery has obvious clinical
advantages for the patient, and several studies have shown the efficacy of denosumab in
downgrading of the surgical procedure. Currently, the role of neoadjuvant denosumab in
operable GCTB is limited to selected cases in which a diffuse reactive bone formation and
peripheral ossification can make an easier surgical procedure, for example, in tumors with
a large soft tissue component. A planned resection may become less morbid when
preoperative denosumab is administered. Whenever a segmental resection is thought to
be indicated at diagnosis, denosumab may be considered in the neoadjuvant setting. A
preoperative course of 6 months is considered safe and effective. Two case scenarios are
presented and critically discussed. Because of the high recurrence rates after denosumab
treatment followed by curettage, we discourage the use of denosumab when curettage is
considered feasible. In this setting, a short course of preoperative denosumab (2–

Curr. Treat. Options in Oncol. (2020) 21: 68

Published online: 4 July 2020

http://crossmark.crossref.org/dialog/?doi=10.1007/s11864-020-00766-4&domain=pdf
https://orcid.org/0000-0003-3406-6705


6 months) may be considered for highly selected cases, for example in pathological
fractures. The role of adjuvant denosumab needs further investigation. Long-term disease
control has been reported in case of non-surgical lesions, even after treatment interrup-
tion, but there is no consensus on ideal treatment duration and dosage for these
scenarios. In all cases, multidisciplinary discussion with oncology, pathologist, radiolo-
gist, and surgeons is mandatory. Patient’s comorbidities, dental conditions, and prefer-
ences, including family planning, should always be taken into account.

Introduction

Giant cell tumor of bone is a benign, locally aggressive
neoplasm that commonly afflicts young adults within
the epiphyseal equivalent of long bones. It most com-
monly arises in the distal femur, proximal tibia, and
distal radius. Clinically, patients present with pain and
joint dysfunction. Radiographically, there is progressive
lucency and cortical expansion or destruction, with or
without a soft tissue component.

It is composed of two predominant cell types: neoplas-
tic mononuclear stromal cells and reactive osteoclast-like
giant cells. The stromal cells adopt a mostly round shape
but can take on an oval or elongated appearance.

The giant cells express receptor activator of nuclear
kappa B (RANK). Themononuclear stromal cells express

RANK ligand, a mediator of osteoclast differentiation
and activation.

Denosumab is a human monoclonal antibody
that specifically inhibits RANKL-mediated forma-
tion and activation of multinucleated osteoclasts
or giant cells [1–3]. This drug has been used in
the treatment of giant cell tumors of bone (GCTB),
showing clinical, radiological, and histopathologi-
cal responses [4–8]. Over the last decade,
denosumab has been studied extensively for GCTB.
Yet, many controversies still exist regarding its safe-
ty, efficacy, and treatment indications. This review
addresses these issues and presents the current
standard for denosumab treatment in GCTB.

Natural history

Most of patients present with giant cell tumor of bone considered a
stage 3 lesion within the MSTS, or Enneking, classification. It is a
benign, locally aggressive lesion. The unique diagnostic and terminology
features of giant cell tumor are the seemingly conflicting nature of a
benign lesion that also has the ability to spread systemically. The most
common site of second-site involvement is the lung. The formal defined
process of metastases follows a stepwise pattern that includes invasion
of the basement membrane and introduction into the blood stream and
then extravasation out of the bloodstream into a distant organ. It is
unclear if pulmonary foci of giant cell tumor follow these same steps.
This has led some to refer to these foci as emboli rather than metastatic
disease.

There are reports in the literature of sarcomatous degeneration of
giant cell tumor, although this is rare [9–13]. These reports are further
complicated by the difficulty in initial histologic diagnosis in challeng-
ing cases. It could be reasonably argued that some of the cases described
as undergoing sarcomatous degeneration may have actually been
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sarcomas originally and the histologic diagnosis was inaccurately re-
ported due to sampling error or other diagnostic limitations.

Treatment

Prior to the introduction of denosumab, the management of localized disease
has historically been surgical. The extent and nature of surgery is dependent on
multiple factors, including the age of the patient, anatomic location and extent
of the lesion, and soft tissue extension. The goal of surgery is to remove the
entirety of the tumor through either an extended curettage, which implies
extending the zone of the osseous or soft tissue bed past the perimeter of the
lesion or resection of the tumor. The choice is largely dependent on location. As
most of these lesions occur near joints in the appendicular skeleton, the goal is
to spare the native joint. For cases within the axial skeleton (spine, skull base,
pelvis, sacrum), the proximity of vital anatomic structures can relabel these
tumors unresectable. Unresectable does not mean non-operable; it simply
changes the nature of the intervention from one attempting to completely
remove the neoplastic cells to one in which debulking is preferential. In these
cases, additional adjuvants have been utilized, such as bisphosphonate-loaded
cement [14]. En bloc resection is an option and has shown decreased local
recurrence rates [15]. If en bloc resection is chosen, joint reconstruction is
typically undertaken with a megaprosthesis. Megaprostheses result in lower
joint functionwhen compared to joint preservation, and their survival decreases
over time. In light of this, joint preservation procedures are preferred.

Surgery is typically either an extended curettage or resection. Curettage
includes mechanical curettage and also adjuvant therapy, which includes ar-
gon beam, hydrogen peroxide, polymethylmethacrolate, ethanol, or liquid
nitrogen. Adjuvant therapies are utilized to decrease the risk of local recurrence.
There are multiple reports in the literature indicating improvements in local
recurrence, but there are no randomized trials comparing them. Local recur-
rence rates are high with ranges from 20 to 50% without local use of adjuvants
[16–18]. Recurrence increases local morbidity due to bone loss and soft tissue
damage from prior procedures. Challenging anatomic sites include the spine,
pelvis, and peri-articular regions in which curettage would either destabilize the
joint or create significant incongruity. Non-operative management is pursued
when there is unreasonable expected surgical morbidity. This is surgeon- and
patient-dependent and must be made on a case by case basis.

The introduction of denosumab has altered the perception of this pathology
as well as the way surgical decision-making is approached. In 2013, denosumab
was approved by the FDA for use in patients with giant cell tumor who were
determined to be either inoperable, when surgery would result in unacceptable
morbidity or in metastatic disease. This approval was based on the results of
multiple phase II trials. Several studies reported substantial clinical, radiologi-
cal, and histological response to denosumab treatment [4, 19••, 20] (Table 1).
Pain reduction, improved function, andmobility are typical for patients treated
with denosumab [5, 8]. Radiological changes included reduction in tumor size,
central sclerosis and bone formation, peripheral bone formation, and shrinkage
of soft tissue components [3, 6, 21, 22]. Also, complete healing of pathological
fracture was seen during the course of denosumab treatment [7]. Histologically,
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a marked regression or complete absence of multinucleated giant cells is seen,
and reduction of the spindle/stromal cell population has been reported. Reac-
tive, woven bone formation and abundant collagenmatrix are described, and at
the periphery of the lesions, osteoid formation is generally observed [1, 3, 7, 21,
23]. Although these changes were consistently present in most studies on
denosumab, this was not reflected in reduction of local recurrence, in the
neoadjuvant setting [24, 25•, 26–28]. A possible reason for this is that reactive
collagen matrix and osteoid formation within the neoplasm that is seen after
denosumab treatment make it more difficult to distinguish tumor from normal
tissue. Consequently, tumor tissue can be left behind during intralesional
excision/curettage and will eventually give rise to recurrent disease after
denosumab treatment interruption [29]. Although there are no results from
randomized trials, comparing surgical treatment of GCTB with and without
neoadjuvant denosumab, recurrence rates in the neoadjuvant cohorts are very
similar to historical data on GCTB treated only surgically [25•, 30, 31]. A
systematic literature review reports a pooled weighted recurrence rate of 9%
(95%CI 6–12%) [25•]. Long-term results of a phase II trial with denosumab in
more than 500 cases showed the results for 157 surgically treated patients: the
recurrence rate was 27% overall, 34% for patients treated by curettage, and 12%
for those who underwent resection [19••].

Attention has now turned to the use of denosumab in cases for which
surgery should not result in undue morbidity. An open label phase II trial
investigated the influence of neoadjuvant denosumab on surgical downstaging
in primary and recurrent GCTB. Patients were included if planned surgery
would produce significant functional compromise. They found that most pa-
tients either had no surgery or a less morbid surgery than planned. Joint

Table 1. Showing the most important recent studies reporting on (neo)adjuvant denosumab treatment for operable giant
cell tumor of bone

Year No.
pts.

Age
(mean)

Pre-S
treatment
time
(months)

Post-S
treatment
time
(months)

Follow-up
(months)

LR
(%)

Level of
evidence

Rutkowski P et al.
[22]

2015 222 34 6 8 13 15 II

Muller DA et al.
[29]

2016 25 35 3.9 6 23 4 IV

Traub F et al. [7] 2016 20 28 9 6 no 30 15 III

Agarwal MG et al.
[27]

2018 52 – 6 no 27 44 III

Rutkowski P et al.
[33•]

2018 89 31 6 6 23 21 III

Puri A. et al. [28] 2019 44 27 5 no 34 29 III

Chinder et al.
[32]

2019 42 27 3 no 32 43 III

Chawla S et al.
[19••]

2019 157 34 9 6 6 58 27 II

Pts, patients; S, surgery; LR, local recurrence
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preservation was achieved in 96% of patients for whom joint replacement was
anticipated. There was a 15% local recurrence rate for those who underwent
surgery. For the patients who underwent surgery, they were on denosumab for a
median time of 14.2 months [22]. Several other studies mention the advantage
of surgical downstaging after preoperative denosumab treatment [7, 21, 27, 28].
However, with very high recurrence rates in the cohort of patients treated with
denosumab and curettage, some authors [24] discourage intralesional surgery
after denosumab treatment, especially in hands and foot [32]. On the other
hand, peripheral ossification of an initially completely lytic tumor with cortical
thinning can make a segmental resection technically easier and less morbid [7,
27, 33•].

Unresolved problems

It is here that a distinction in tumor extent is important in denosumab duration
and relation to timing of surgical intervention. For tumors in which the goal of
neoadjuvant denosumab therapy is downstaging and formation of a sclerotic
rim to formborders to demarcate the extent of a curettage, consideration should
be given to surgery within the first few months of treatment. While a sclerotic
rim can be protective, it also may be home to a nidus of neoplastic stromal cells
that contribute to increased local recurrence. In contrast, for tumors in which
the surgical plan involved wide resection, consideration should be given to
extended denosumab therapy in order to provide maximal calcification of the
tumor. Response to denosumab is determined based on clinical, radiographic,
and histopathologic features.

Another consideration relates to the role of denosumab in the adjuvant
setting. The dose in the first proof of principle trial was 120 mg every 28 days
with a loading dose on days 8 and 15 of the first month. Patients who had
complete tumor resection (cohort 2) received adjuvant denosumab for six
doses after surgery.

In the real life use of denosumab, there is a lack of consistency in those
administering denosumab in the adjuvant setting and those that do not. The
utility of dose, frequency, and duration remains to be defined. Also, while
denosumab is generally well tolerated, severe adverse effects have been reported
and include osteonecrosis of the jaw (ONJ) (7 cases, 3% in the resectable
group), atypical femur fracture (4 cases, G 1%, all occurred after 48 months of
denosumab treatment, none in resectable cases), and four (G 1%, two resectable
cases) had hypercalcemia that occurred after treatment interruption (all oc-
curred between 4 and 9 months after the last denosumab dose, two cases were
recurrent). It is important to underscore that ONJ was mainly observed in
patients with prior dental conditions [19••].

Neoadjuvant denosumab case presentation

Case 1. A 52-year-old female was referred at our institute for pubic pain. A CT
scan was performed, and a large purely lytic lesion, with extension into the
soft tissues, was demonstrated in the left pubic rami (Fig. 1). A CT-guided
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biopsy was performed confirming a GCTB diagnosis. She was started on
denosumab within a clinical trial [19••]. CT scan after 3 months on
denosumab treatment showed shrinkage of the tumor, peripheral ossifica-
tion, and increased central matrix production (Fig. 1b). Patient was asymp-
tomatic and continued monthly denosumab administration without any
side effect or delay in treatment. CT scan after 31 months showed further
improvement (Fig. 1c). She was then proposed for surgery. A resection was
performed and she received pre-planned adjuvant denosumab (6 doses).
Postoperative CT scan demonstrates resection of the pubic rami. After 5 years
of follow-up, patient is well and free of disease recurrence (Fig. 1d).

Case 2. We present an 88-year-old male with 1.5 years of progressively wors-
ening right knee pain. Imaging revealed an expansile lucent lesion in the
metaphyseal region of the proximal tibia (Fig. 2). Workup revealed a
slightly elevated PSA, a significant smoking history (100 pack year), and a
normal SPEP. Additionally, he underwent a CT scan of his chest, abdomen,
and pelvis which revealed a right lower lobe nodule. A subsequent PET/CT
revealed an avid 2.2 cm right lower lobe nodule (SUV 5.1). Fine needle
aspiration of his lung nodule revealed a well-differentiated adenocarcino-
ma, for which he underwent stereotactic radiation as definitive therapy. He
underwent biopsy of his tibia lesion, which revealed a giant cell tumor of
bone. Treatment options were discussed with the patient regarding his right
tibia giant cell tumor. Given the extensive involvement and proximity to
the joint surface, as well as his superimposed osteopenia, there was concern
that an extended curettage would leave him with inadequate subchondral
bone and possibly damage his tibial tuberosity. Alternatively, a proximal

Fig. 1. A 52-year-old female with a giant cell tumor of bone of the left pubic rami. a The CT scan at diagnosis shows a large purely
lytic lesion, with extension into the soft tissues. b CT scan after 3 months on denosumab treatment (120 mg/month) shows
shrinkage of the tumor volume, peripheral ossification, and increased central matrix production. c CT scan after 31 months on
treatment shows further increase of the previously mentioned radiographic changes. d Postoperative CT scan resection of the pubic
rami was performed after 42 months of denosumab treatment.
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tibia replacement was discussed, which would likely require rotational flap
coverage and a prolonged rehabilitation. We also discussed medical man-
agement with denosumab with the intent of improving his pain and
providing consolidation and improved sclerosis of his tumor. He received 4
cycles of 120 mg denosumab subcutaneously, plus additional doses on
days 8 and 15 of the initial cycle. He had an excellent clinical and radio-
graphic response. He has continued withmedical management and regular
follow-up to monitor his clinical and radiographic response as well as his
tolerance of denosumab.
There are a few pertinent points related to this case. The first is the

location and extent of the tumor. When the surgical intervention is not
expected to cause significant morbidity, it should be considered as first
line treatment. In this case, the tumor occupied the entire proximal tibia
metaphysis and was compromising cortical integrity, leading to pain and
reasonable concern for progression to a pathologic fracture. In this
situation, a resection procedure would be favored to an extended curet-
tage, in order to perform the best oncologic procedure and decrease the
risk of local recurrence. A proximal tibia replacement has a unique
complication profile, specifically in terms of wound healing and integ-
rity and function of the extensor mechanism. In this situation, especially
in an elderly patient with a concurrent lung adenocarcinoma diagnosis,
medical management with denosumab should be strongly considered.
The duration of therapy in this situation has not been well defined. We
will continue with medical therapy with close monitoring of symptoms.

Fig. 2. Plain X-ray of the knee – AP imaging before (a) and after (b) initiation of treatment. Lateral imaging before (c) and after (d)
initiation of treatment. Note the metaphyseal/epiphyseal equivalent location and the cortical expansion and destruction medially
and posteriorly at diagnosis. Note the reconstitution of the medial cortical bone as well as thickening of the subchondral bone and
intralesional ossification resulting from treatment effect.
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If symptoms continue to be well controlled, consideration could return
to surgical intervention if there is sustained radiographic evidence of
downstaging.
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