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and Transplantation, University of Minnesota, Minneapolis, Minnesota, USA,  6 Department of Medicine, Albert 
Einstein College of Medicine, and Cancer Centers and Programs, Beth Israel Medical Center and St. Luke’s 
Roosevelt Hospital Center, New York, New York, USA,  7 Division of Oncology, Department of Medicine, Stanford 
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Thousand Oaks, California, USA                             

  ABSTRACT 

  Background.  Giant cell tumor of bone (GCTB) is an aggressive primary osteolytic tumor. GCTB often involves the 
epiphysis, usually causing substantial pain and functional disability. Denosumab, a fully human monoclonal antibody 
against receptor activator of nuclear factor  κ  b  ligand (RANKL), is an effective treatment option for patients with 
advanced GCTB. This analysis of data from an ongoing, open-label study describes denosumab ’ s effects on pain and 
analgesic use in patients with GCTB. 
  Material and methods.  Patients with unresectable disease (e.g. sacral or spinal GCTB, or multiple lesions including 
pulmonary metastases) were enrolled into Cohort 1 (N    �    170), and patients with resectable disease whose planned 
surgery was associated with severe morbidity (e.g. joint resection, limb amputation, or hemipelvectomy) were enrolled 
into Cohort 2 (N    �    101). Patients received denosumab (120 mg) subcutaneously every four weeks, with additional doses 
on study days 8 and 15. Patients assessed worst pain severity with the Brief Pain Inventory  –  Short Form (BPI-SF) at 
baseline, at each visit for the fi rst six months, and every three months thereafter. 
  Results.  Clinically relevant pain improvement was reported by 29% of patients in Cohort 1 and 35% in Cohort 2 dur-
ing week 1 and by    �    50% of patients in each cohort at each study visit from months 2 – 30. Median time to clinically 
relevant improvement was 30 (95% CI 16, 57) days in Cohort 1 and 15 (95% CI 15, 29) days in Cohort 2. Results in 
patients with moderate/severe pain at baseline were similar. Fewer than 30% of patients in Cohort 1 and 10% in Cohort 
2 experienced clinically relevant pain worsening at any visit through 27 months. Most patients had no/low analgesic use 
during the study. 
  Conclusion.  Most patients treated with denosumab experienced clinically relevant decreases in pain within two 
months.   
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  Giant cell tumor of bone (GCTB) is an uncommon, 
primary osteolytic tumor, typically affecting the 
epiphyses of long bones of adults 20 – 40 years of 
age [1 – 4]. Patients generally present with swelling, 
reduced joint movement, and increasing pain [3,5]. 
Pain may be activity related, caused by the loss of 
structurally signifi cant bone and mechanical failure 
due to the tumor, or at rest, the result of tumor 
growth, tumor-associated expansion of the perios-
teum, and the response of the periosteum to the 
growing tumor [3]. Although the tumor is classifi ed 
as benign, it tends to be locally aggressive and can 
metastasize, most often to the lungs [1 – 4]. 

 Surgery is the treatment of choice for resectable 
tumors. En bloc excision is curative for primary 
lesions in 80% of cases [4], but must be weighed 
against the need for reconstruction and associated 
complications, required revision surgeries, and pos-
sible recurrence [1,4]. When surgical resection is not 
feasible, radiotherapy is an option [6,7]. However, the 
potential for subsequent sarcomatous transforma-
tion, reported in about 2.5% of patients treated with 
megavoltage radiotherapy, is a concern [3,8,9]. Given 
that the median time for malignant transformation 
after radiation treatment is thought to be 10 years, 
additional long-term follow-up is likely needed to 
evaluate the true frequency of this eventuality [8,9]. 

 Discovery of receptor activator of nuclear factor 
 κ  Β  ligand (RANKL) has contributed to the under-
standing of GCTB pathogenesis [2,4,10]. RANK/
RANKL signaling has been detected in three cell 
populations in GCTB tissue: mononuclear mesen-
chymal stromal cells, mononuclear osteoclast precur-
sor cells, and multinucleated osteoclastlike giant cells 
[2,4,10,11]. Denosumab is a fully human monoclo-
nal antibody against RANKL shown to inhibit osteo-
clast activity [12] and signifi cantly reduce or eliminate 
RANK-positive tumor giant cells [11]. These effects 
inhibit the progression of GCTB, thereby improving 
clinical outcomes [5,13]. In an ongoing open-label, 
single-group, phase II study in 282 patients with 
GCTB, denosumab treatment was associated with 
objective tumor responses, prolonged disease stabili-
zation and time to surgery, and reduced need for 
morbid surgery [13]. On the basis of these fi ndings, 
denosumab (Amgen Inc., Thousand Oaks, CA, USA) 
was recently approved in the US for the treatment of 
adults and skeletally mature adolescents with GCTB 
that is unresectable or where surgical resection is 
likely to result in severe morbidity. This study also 
assessed pain outcomes and analgesic use, which had 
not been systematically evaluated in GCTB patients 
previously. We now report the results of these end-
points that assessed pain and analgesic use among 
the patients enrolled in the ongoing phase II study 
(ClinicalTrials.gov Identifi er: NCT00680992).   

 Material and methods  

 Patients 

 Interim safety and effi cacy results of this study have 
been recently published [13]. Briefl y, adults or skel-
etally mature adolescents    �    12 years of age who had 
histologically confi rmed GCTB with measurable evi-
dence of active disease were enrolled in the study. 
Patients received denosumab (120 mg) subcutane-
ously at study visits every four weeks, with additional 
doses on days 8 and 15, for up to 30 months. Patients 
were advised to take daily calcium ( �    500 mg) and 
vitamin D ( �    400 IU) supplements. For the patient-
reported outcome analyses, patients enrolled in two 
study cohorts were assessed. Cohort 1 comprised 
patients with unresectable disease (e.g. sacral or 
spinal GCTB, or multiple lesions including pulmo-
nary metastases), and Cohort 2 comprised patients 
with resectable disease whose planned surgery was 
associated with severe morbidity (e.g. joint resection, 
limb amputation, or hemipelvectomy). Patients pro-
vided written informed consent before any screening 
procedures or investigational products were adminis-
tered. The study was approved by the independent 
ethics committee or institutional review board at each 
center and was conducted according to applicable 
regulations and International Conference on 
Harmonisation Tripartite Guideline on Good Clinical 
Practice and applicable FDA regulations/guidelines.   

 Study procedures 

 Patients assessed their pain with the Brief Pain 
Inventory  –  Short Form (BPI-SF) at baseline and 
before treatment on days 8 and 15, every four weeks 
in months 1 – 6, and then every three months until the 
end of the study [14]. Patients rated pain severity at 
its worst, at its least, on average, and now on an 
11-point scale (0, no pain; 1 – 4, mild pain; 5 – 6, 
moderate pain; 7 – 10, severe pain) [15]. The clinical 
relevance of changes in scores was determined on the 
basis of the minimally important difference (MID), 
the smallest difference that patients perceived as 
important and that would have led the clinician to 
consider a change in the patient ’ s management [16]. 
The MID for BPI-SF within this study was conserva-
tively defi ned as 2 on the basis of anchor-based and 
distribution-based methods [17,18]. 

 Analgesic use was determined at each visit from 
concomitant medication records and scored with the 
Analgesic Quantifi cation Algorithm (AQA), an 
8-point scale [19]. AQA scores of  �    2 points were 
categorized as no/low analgesic use, and scores    �    3 
points as strong opioid use. 

 Prespecifi ed endpoints were the proportion of 
patients with a clinically relevant increase or decrease 
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in worst pain ( �    2-point increase or decrease from 
baseline, respectively) and the time to clinically relevant 
increase or decrease in worst pain ( �    2 point increase 
or decrease from baseline, respectively), the propor-
tions of patients with moderate or severe worst pain at 
baseline (worst pain score  �    4 points) who shifted to 
no or mild pain (worst pain score  �    4 points) during 
the study, the proportions of patients with a shift from 
strong opioid use (score  �    3) to no/low analgesic use 
(score  �    2), and the proportion of patients with a shift 
from no/low analgesic use to strong opioid use.   

 Data analyses 

 Pain analyses included all patients who received at 
least one dose of denosumab and had at least one 

pain assessment. Statistical analyses were mainly 
descriptive, and no hypothesis testing was performed. 
Analyses were summarized for Cohort 1 and Cohort 
2. The analyses were based on observed data. Kaplan-
Meier methodology was used to estimate the time to 
pain improvement and worsening.    

 Results  

 Patients 

 A total of 170 patients in Cohort 1 and 101 in Cohort 
2 were included in the analysis; over half the patients 
in each cohort were female. More patients in Cohort 
1 than in Cohort 2 had recurrent disease (Table I). 
The median age of the patients was 33 years in 

  Table I. Demographic and disease characteristics and pain and analgesic use scores at baseline.  *    

Characteristic
Cohort 1  †   
(N    �    170)

Cohort 2  ‡   
(N    �    101)

Demographic and disease characteristics
Female, n (%) 102 (60.0) 57 (56.4)

Location of target lesion, n (%)
Lower extremity (tibia, femur, fi bula, or patella/knee) 14 (8.2) 57 (56.4)
Sacrum 42 (24.7) 4 (4.0)
Lung 42 (24.7) 2 (2.0)
Pelvic bone 23 (13.5) 12 (11.9)
Upper extremity (radius, humerus, or metacarpus) 11 (6.5) 17 (16.8)
Vertebrae (cervical, thoracic, or lumbar) 21 (12.4) 3 (3.0)
Skull 7 (4.1) 0
Pelvis (soft tissue only) 2 (1.2) 0
Other 8 (4.7) 6 (5.9)

GCTB disease type, n (%)
Primary resectable 0 63 (62.4)
Primary unresectable 48 (28.2) 0
Recurrent resectable 0 38 (37.6)
Recurrent unresectable 122 (71.8) 0

Prior GCTB therapies, n (%)
Surgery 130 (76.5) 44 (43.6)
Radiation 42 (24.7) 6 (5.9)
Intravenous bisphosphonates 32 (18.8) 10 (9.9)
Chemotherapy 24 (14.1) 2 (2.0)
Oral bisphosphonates 7 (4.1) 1 (1.0)

BPI-SF worst pain score,  §   n (%)
No/mild pain (0 – 4) 86 (50.6) 45 (44.6)
Moderate pain (5 – 6) 26 (15.3) 20 (19.8)
Severe pain (7 – 10) 50 (29.4) 29 (28.7)
Missing 8 (4.7) 7 (6.9)

AQA score,  ¶   n (%)
No/low analgesic use (AQA score    �    2) 114 (67.1) 87 (86.1)
Strong opioid use (AQA score    �    3) 56 (32.9) 14 (13.9)

    AQA, Analgesic Quantifi cation Algorithm; BPI-SF, Brief Pain Inventory-Short Form.   
   *  Demographic characteristics of patients in Cohorts 1 and 2 have been reported [13];   †  Cohort 1 
comprised patients with surgically unsalvageable disease;   ‡  Cohort 2 comprised patients with surgically 
salvageable disease whose planned initial on-study surgery was associated with severe morbidity; 
  §  BPI-SF: 0    �    no pain, 1 – 4    �    mild pain requiring mild analgesics (e.g. acetaminophen or NSAID), 
5 – 6    �    moderate pain requiring aggressive analgesic intervention, and 7 – 10    �    severe pain requiring 
aggressive analgesic intervention [14,15];   ¶  AQA: 0    �    no analgesic use, 1    �    non-opioid analgesics, 2    �    weak 
opioids only, 3    �    strong opioids  �    75 mg oral morphine equivalents/day (OME/day), 4    �    strong opioids 
 �    75 – 150 mg OME/day, 5    �    strong opioids 150 – 300 mg OME/day, 6    �    strong opioids  �    300 – 600 mg 
OME/day, and 7    �    strong opioids    �    600 mg OME/day [19].   
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Cohort 1 and 34 years in Cohort 2. At baseline, mod-
erate to severe pain was reported in 45% of patients 
in Cohort 1 and 49% in Cohort 2, and strong opioid 
use was reported in 33% of patients in Cohort 1 and 
14% in Cohort 2.   

 Pain improvement 

 Pain reductions were similar in the two cohorts. 
Among the 113 patients in Cohort 1 and 75 patients 
in Cohort 2 with baseline BPI-SF pain scores    �    2, 
29% in Cohort 1 and 35% in Cohort 2 had a clini-
cally relevant decrease in pain during the fi rst week, 
and 42% in Cohort 1 and 66% in Cohort 2 had 
a clinically relevant decrease in pain by month 1 
(Figure 1). At least half of the patients had a clinically 
relevant decrease in pain by month 2 in Cohort 1 
and by month 1 in Cohort 2. The cumulative propor-
tions of patients with a clinically relevant decrease in 
pain were similar in the two cohorts: 77% in Cohort 
1 and 79% in Cohort 2. Kaplan-Meier estimates 
showed that the median time to a clinically relevant 
decrease in pain was 30 [95% confi dence interval 
(CI) 16 – 57] days in Cohort 1 and 15 (95% CI 15 – 29) 
days in Cohort 2 (Figure 2). 

 In the 75 patients in Cohort 1 and 47 patients in 
Cohort 2 with moderate or severe pain at baseline, 
48% of patients in Cohort 1 and 80% in Cohort 2 
had a shift from moderate or severe pain at baseline 
to no or mild pain by month 2.   

 Pain worsening 

 Of the 143 patients in Cohort 1 and 89 patients in 
Cohort 2 who had baseline worst pain scores  �    8, 
the proportions of patients who experienced a clini-
cally relevant increase in pain score at any study visit 
ranged from 6.9% to 30% in Cohort 1 and from 
0.0% to 8.2% in Cohort 2. 

 The estimated median time to clinically relevant 
pain worsening was 23.2 months for Cohort 1. The 
median time could not be estimated for Cohort 2 
because few patients (16/89) experienced clinically 
relevant pain worsening during the study.   

 Changes in analgesic use 

 At any study visit, up to 39% of the 56 patients in 
Cohort 1 and up to 40% of the 14 patients in Cohort 
2 who had strong opioid use at baseline reduced their 
analgesic use to no/low analgesic use. Of the 113 
patients in Cohort 1 and 86 patients in Cohort 2 who 
had no/low analgesic use at baseline,  �    5.0% in 
Cohort 1 and  �    5.3% in Cohort 2 shifted to strong 
opioid use during the study.    

 Discussion 

 Denosumab treatment appears to be effective in 
decreasing pain in patients with both resectable and 
unresectable GCTB. Most patients in both cohorts 
experienced rapid and clinically relevant improvement 
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in pain, and the proportion of evaluable patients expe-
riencing improvement in pain was consistent across 
visits. A large majority of patients had no pain worsen-
ing during the study. Importantly, pain improvement 
did not appear to be associated with increased analge-
sic use, as fewer than 6% of patients in either cohort 
shifted to strong opioid use during the study. Our fi nd-
ings are consistent with those of an earlier phase II 
proof-of-concept study in which 26 of the 31 GCTB 
patients with baseline and post-treatment assessments 
had reduced pain or improved functional status with 
denosumab based on investigator report [5]. 

 The origin of pain in GCTB is multifactorial. In 
GCTB, nociceptors are activated by mechanical 
stress resulting from tumor-related pressure and tis-
sue deformation, by the periosteal reaction to these 
stressors, and by production of prostaglandins, 
endothelins, and other noxious factors by the tumor 
cells [20,21]. GCTB-related pain may also be related 
to osteoclast-mediated acidifi cation of the extracel-
lular microenvironment resulting in depolarization 
of sensory neurons and transmission of pain signals 
to the spinal cord [21]. Giant cells are responsible 
for the aggressive osteolytic activity observed in 
GCTB [4,5]. 

 Denosumab-related osteoclast suppression 
reduces tumor-induced osteolytic activity, an effect 
which is manifested as substantial decrease in the 
metabolic activity of these tumors upon PET imag-
ing [13], as well as elimination of giant cells and 
replacement of neoplastic mesenchymal stromal cells 
with new woven bone upon histological analyses [5]. 
On the basis of this mechanism of action, the drug 
would reasonably be expected to impede pain in 
patients with GCTB. 

 Several tools are available to measure patient-
reported pain outcomes. In our study, the BPI-SF 
[14], which has been shown to be a valid measure of 
pain in cancer and is one of the most widely used 
measurement tools for assessing pain, was used to 
assess pain severity. The BPI-SF is not specifi c to 
bone pain and therefore may also refl ect non-GCTB-
related pain. Thus, the BPI-SF may underestimate 
the effect of denosumab on bone pain. Further, the 
use of the single item  “ worst ”  is supported by the 
recommendations of the Initiative on Methods, 
Measurement, and Pain Assessment in Clinical Trials 
(IMMPACT) for assessing pain in clinical trials [22]. 
We focused on individual responder analyses rather 
than changes in group means, consistent with the 
IMMPACT recommendations [23], because they are 
easier for interpretation by clinicians. 

 To our knowledge, this is the largest prospective 
study of the effects of treatment on pain in patients 
with GCTB. While bisphosphonates have been used 
as treatment for GCTB, very little information, 
mostly from retrospective series and case reports, has 
been reported addressing the effect of these agents 
on pain in GCTB [24 – 27]. In a retrospective case-
control study, 24 patients with GCTB received peri-
operative treatment with intravenous and oral 
bisphosphonates and were followed for an average of 
48 months. All patients reported a reduction in pain; 
the mean visual analog pain score improved from 7.7 
to 3.3 [25]. Similarly, little published information is 
available on pain response in patients with GCTB 
treated with radiotherapy. In a small case series, fi ve 
patients with GCTB and pain and/or neurological 
defi cits were followed for 30 – 107 months after inten-
sity modulated radiotherapy (IMRT) [28]. Of the 
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