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RANKL is a key mediator of osteoclast differentiation, activation, and survival. Preclinical data suggest that
aberrant production and activation of osteoclasts may influence proliferation of multiple myeloma (MM)
cells in the bone marrow. Reports have also shown that inhibiting RANKL may have a direct effect on
RANK-expressing myeloma cells and a therapeutic role in treating the disease. In mouse myeloma models,
inhibition of RANKL led to reduced serum paraprotein levels and tumor burden. Based on this hypothesis,
this proof-of-concept, single-arm study investigated whether RANKL inhibition with denosumab could
reduce serum M-protein levels in relapsed or plateau-phase myeloma subjects. All subjects received deno-
sumab monthly, with loading doses on days 8 and 15 of month one, until disease progression or subject
discontinuation. Results of this ongoing study demonstrated that no subjects in either cohort met the pro-
tocol-defined objective response criteria of complete response (CR) or partial response (PR), but that deno-
sumab effectively inhibited the RANKL pathway regardless of previous exposure to bisphosphonates, as
evidenced by suppressed levels of the bone turnover marker, serum C-terminal telopeptide of type 1 colla-
gen (sCTx). Eleven (21%) subjects who relapsed within 3 months before study entry maintained stable dis-
ease for up to 16.5 months. Nineteen (46%) subjects with plateau-phase myeloma maintained stable disease
for up to 18.3 months. The adverse event (AE) profile for denosumab and its dosing schedule in these pop-
ulations was consistent with that for advanced cancer patients receiving systemic therapy. Additional con-
trolled clinical studies of denosumab in subjects with both relapsed and plateau-phase MM are warranted.
Am. J. Hematol. 84:650–656, 2009. VVC 2009 Wiley-Liss, Inc.

Introduction
In 2008, an estimated 19,920 new cases of multiple my-

eloma (MM) were diagnosed in the United States, account-
ing for 1% of all cancers [1]. MM is a bone marrow malig-
nancy of clonal plasma cells and is clinically characterized
by osteolytic bone destruction, renal failure, anemia, and
an increased risk of infections. Although treatments are
available, nearly all MM patients eventually relapse and
subsequently develop resistance to treatment. New agents
are needed to improve treatment outcomes.
Bone destruction is one of the devastating consequences

of MM. Typically, the severity of bone destruction correlates
with tumor burden and prognosis [2]. New insights into the
pathophysiology of osteoclast-mediated diseases suggest
that myeloma cell growth is mediated by cell-to-cell interac-
tion and through release of factors from the bone marrow
microenvironment [3,4]. Osteoclast activity may contribute
to myeloma cell survival, growth, and resistance to apopto-
sis [5]. Controlling further progression of myeloma bone
disease has direct consequences on survival and health-
related quality of life for myeloma patients.
Osteoclast activity that drives osteolytic lesions is regulated

by RANKL, which plays an essential role in osteoclast forma-
tion, function, and survival [6-8]. Conversely, an endogenous
soluble decoy receptor known as osteoprotegerin (OPG) inhib-
its RANKL-RANK interaction to prevent osteoclast formation.
Myeloma cells induce RANKL expression in bone marrow
stromal cells [9], contributing to enhanced osteoclastogenesis
in myeloma bone disease. Furthermore, myeloma cells inhibit
production and induce degradation of the RANKL antagonist
OPG. These effects result in an increased RANKL-to-OPG ra-
tio that favors osteoclast formation and activation.
Despite recent controversial questions about the direct

expression or production of RANKL by human myeloma
cells, the available data suggest that the RANKL/OPG sys-
tem is mainly involved in the activation of osteoclasts by my-

eloma cells indirectly through the bone marrow environment
[10-13]. Although direct expression of RANKL by human my-
eloma cells has been reported in one study [12], others found
that myeloma cells did not express RANKL or soluble
RANKL [10] and microarray studies did not detect RANKL
gene expression in myeloma cells of MM patients [13].
In preclinical studies, the critical role of RANKL in

myeloma-induced bone disease was confirmed in murine
models of human MM bone using RANKL-specific inhibi-
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tors, OPG or RANK-Fc [2,3,5,14–16]. The first therapeutic
study on RANKL blockade in an animal model of myeloma
bone disease was performed by Pearse et al., who found
that RANK-Fc blocked radiographic evidence of skeletal
destruction and markedly reduced tumor burden assessed
histologically and by serum paraprotein in the SCID-hu-MM
mice [4]. In a second study, Croucher et al. demonstrated
that OPG inhibited the development of osteolytic bone
disease and indirectly decreased serum paraprotein
concentrations in a 5T2MM model in which murine 5T2MM
myeloma cells were injected into syngeneic mice [15].
Furthermore, Yaccoby et al. reported that when primary
myeloma cells were injected into a human fetal bone rudi-
ment implanted into mice with severe combined immunode-
ficiency, RANKL inhibition decreased bone resorption and
tumor burden [3]. Cumulatively, these studies suggest that
suppressing bone resorption induced by RANKL may have
therapeutic potential in decreasing tumor burden and bone
destruction in patients with MM in the clinical setting.
Denosumab (Amgen Inc., Thousand Oaks, CA) is a fully

human monoclonal antibody with high affinity and specificity
for RANKL that can bind and neutralize the activity of human
RANKL. To date, phase 1 and 2 clinical trials have shown
that administration of denosumab in MM or breast cancer
patients resulted in reductions in bone resorption based on
changes from baseline in the measured biochemical
markers (urinary N-telopeptide/creatinine [uNTX] and serum
C-terminal telopeptide of type I collagen [sCTx]), in a dose-
dependent manner [17,18]. Recent data demonstrated cor-
relations between the normalization of bone resorption rate
as evaluated by uNTX and the beneficial effects of
bisphosphonates on the complications of bone involvement
in advanced cancer and myeloma [19,20]. A direct link
between the rate of bone resorption and the frequency of
skeletal complications in metastatic bone disease was found
in breast cancer and other tumors [19,20]. A current ongoing
phase 3 denosumab oncology program is evaluating the
effects of denosumab treatment for RANKL inhibition in
advanced cancer patients with established bone metastases
to reduce the clinical sequelae of these bone lesions.
The purpose of this proof-of-concept study was to evalu-

ate the effects of denosumab in a single-arm trial on the
production of serum M-protein among relapsed and
plateau-phase myeloma subjects.

Results

Patient disposition and baseline characteristics
Subjects were enrolled from February 2006 to December

2006, and the primary analysis of this ongoing study was con-
ducted through August 2007 after all subjects had the opportu-
nity to receive a minimum of six 28-day cycles of denosumab.
This time frame provided a sufficient period to detect and mea-
sure significant and durable decreases in M-protein levels.
A total of 96 subjects with relapsed (n 5 53) or plateau-

phase (n 5 43) MM were enrolled at 16 centers in the
United States and Australia. Of the 43 plateau-phase sub-
jects, one did not receive any dose of denosumab and was
excluded from the efficacy and safety analyses (Fig. 1).
The mean ages of relapsed and plateau-phase subjects
were 63 and 61 years, respectively. Patient characteristics
are listed in Table I. Approximately half of relapsed subjects
(51%) had an Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 1. In the plateau-phase
cohort, 42% of subjects had an ECOG-PS of 1. The major-
ity of relapsed subjects (79%) and plateau-phase subjects
(53%) had received �3 prior therapies. Previous
bisphosphonate exposure was 34% and 51% in relapsed
and plateau-phase subjects, respectively.

In the relapsed cohort, 43% of subjects completed four
cycles of dosing; 19% completed six cycles. The primary
reason for discontinuing the study was progression of
underlying cancer (68%). Three subjects (6%) were still
receiving denosumab treatment at the time of this analysis.
The median time on-study was 3.1 months (range, 1.0–
16.6 months). In the plateau-phase cohort, 79% of subjects
completed four cycles of dosing; 65% completed six cycles.
The primary reason for plateau-phase subjects discontinu-
ing was progression of underlying cancer (44%). Seventeen
(40%) subjects were still receiving denosumab treatment at
the time of this analysis. The median time on-study was
8.2 months (range, 1.0–18.5 months).

Effect on bone resorption
Denosumab substantially suppressed bone resorption in

both relapsed and plateau-phase MM subjects, as meas-
ured by sCTx (Fig. 2). From a median (Q1, Q3) sCTx base-
line value of 0.219 ng/mL (0.099, 0.339), the median per-
cent reduction of sCTx in the relapsed cohort was 69.5%
(n 5 43) at cycle 4 and 65.8% (n 5 12) at cycle 7. From a
median (Q1, Q3) sCTx baseline value of 0.118 ng/mL
(0.074, 0.230), the median percent reduction of sCTx in the
plateau-phase cohort was 46.5% (n 5 39) at cycle 4 and
49.2% (n 5 28) at cycle 7. The median reduction was
affected by a high percentage of subjects with sCTx levels
below quantifiable limits: 12% (6) of subjects at baseline,
41% (18) at cycle 4, and 62% (8) at cycle 7 for the
relapsed cohort, and 10% (4) at baseline, 45% (18) at cycle
4, and 55% (16) at cycle 7 for the plateau-phase cohort.

Disease-related endpoints: Relapsed group
No relapsed subjects had evidence of reduction in serum

M-protein level in the range of CR, PR, or minimal
response (MR). However, stable disease was observed in

Figure 1. CONSORT diagram.
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11 (21%) of subjects in this cohort, with a median duration
of 2.6 months (range, 0.7–16.5 months).
The percent change in serum M-protein level from base-

line at each visit is presented in Fig. 3A. Maximum reduc-
tions in serum M-protein level at any time while on study of
�25% were observed for three subjects (6%) and of <25%
for 19 subjects (36%). However, these reductions in serum
M-protein were not maintained for a minimum of 6 weeks
and did not meet the criteria for CR or PR. The median
(95% CI) duration of progression-free survival was 2.7
(2.53, 3.48) months (Fig. 3B).

Disease-related endpoints: Plateau-phase group
Subjects in the plateau-phase cohort did not have evi-

dence of reduction in serum M-protein level in the range of
CR, PR, or MR. Nineteen (46%) had stable disease with a
median duration of 10.2 months (range, 0.7–18.3 months).
Maximum reductions in serum M-protein level at any time
while on study of �25% occurred in 7 (17%) and <25% in
20 (49%) plateau-phase subjects (Fig. 4A). These reduc-
tions in serum M-protein were not durable and did not meet
the criteria for CR or PR. The median (95% CI) duration of
progression-free survival was 8.0 (5.32, not calculated)
months, where the upper 95% CI was not calculated as
subjects were still on treatment (Fig. 4B).

Exploratory endpoints: Patient reported outcomes
Of the 45 relapsed and 37 plateau-phase subjects who

continued to cycles 3 and 5, respectively, 33 (73%) and 22
(59%) reported pain at baseline. In relapsed subjects, 11
(24%) demonstrated category improvement in pain at cycle
3, 20 (44%) demonstrated no change, and 14 (27%) dem-
onstrated worsening in pain category between baseline and
cycle 3. In plateau-phase subjects, 10 (27%) demonstrated

improvement in pain at cycle 5, 21 (57%) demonstrated no
change, and 6 (16%) worsened.
The greatest improvement in pain was seen among sub-

jects experiencing moderate pain at baseline. Of 8 relapsed
subjects with moderate pain at baseline, two had no pain at
cycle 3, three had mild pain, one had moderate pain, and
two had severe pain. Of five plateau-phase subjects with
moderate pain at baseline, two had no pain at cycle 5, one
had mild pain, one had moderate pain, and one had severe
pain (Table II).
No clinically significant change in mean Functional

Assessment of Cancer Therapy-General (FACT-G) scores
(total, physical, functional, emotional, and social well-being)

TABLE I. Demographics and Baseline Characteristics

Relapsed cohort (N 5 53) Plateau-phase cohort (N 5 43)

Women, n (%) 13 (25) Women, n (%) 26 (60)
White, n (%) 39 (74) White, n (%) 35 (81)
Mean age, years (SD) 62.9 (9.2) Mean age, years (SD) 61.1 (11.4)
Time from initial MM diagnosis (years), n (%) Time from initial MM diagnosis (years), n (%)
<2 6 (11) <2 16 (37)
2 to < 5 23 (43) 2 to < 5 13 (30)
5 to < 10 22 (42) 5 to < 10 9 (21)
�10 2 (4) �10 5 (12)

Staging at diagnosis, n (%) Staging at diagnosis, n (%)
I 11 (21) I 15 (35)
II 18 (34) II 14 (33)
III 22 (42) III 14 (33)
Unknown 2 (4)

Disease status before study entry, n (%) Disease status before study entry, n (%)
On therapy (refractory) 21 (40) Stable 0–6 months 25 (58)
Off therapy (relapsed) 32 (60) Stable > 6 months 18 (42)

ECOG performance status 5 1, n (%) 27 (51) ECOG performance status 5 1, n (%) 18 (42)
Median (Q1, Q3) creatinine Median (Q1, Q3) creatinine
SI (lmol/L) 88.4 (70.7, 106.1) SI (lmol/L) 79.6 (70.7, 106.1)
Conventional (mg/dL) 1.0 (0.8, 1.2) Conventional (mg/dL) 0.9 (0.8, 1.2)

Median (Q1, Q3) albumin-adjusted calcium Median (Q1, Q3) albumin-adjusted calcium
SI (mmol/L) 2.4 (2.4, 2.5) SI (mmol/L) 2.4 (2.4, 2.5)
Conventional (mg/dL) 9.7 (9.5, 10.0) Conventional (mg/dL) 9.6 (9.4, 9.8)

Median (Q1, Q3) beta 2-microglobulin (lg/L) 3.5 (2.3, 4.5) Median (Q1, Q3) beta 2-microglobulin (lg/L) 2.5 (2.1, 2.9)
Prior therapy, n (%)a Prior therapy, n (%)a

Bortezomib 23 (43) Bortezomib 13 (30)
Radiotherapy 21 (40) Radiotherapy 7 (16)
Autologous stem cell transplant 32 (60) Autologous stem cell transplant 23 (53)
Thalidomide 39 (74) Thalidomide 24 (56)
Lenalidomide 16 (30) Lenalidomide 2 (5)
Bisphosphonates 18 (34) Bisphosphonates 22 (51)
Corticosteroid 52 (98) Corticosteroid 38 (88)
�3 prior MM therapies 42 (79) �3 prior MM therapies 23 (53)

Median (Q1, Q3) sCTx levels at baseline (ng/mL) 0.219 (0.099, 0.339) Median (Q1, Q3) sCTx levels at baseline (ng/mL) 0.118 (0.074, 0.230)

ECOG, Eastern Cooperative Oncology Group; Q1, first quartile; Q3, third quartile.
a
Data were collected only as part of medical history forms supplied by subjects and may underestimate actual use.

Figure 2. Median percent change from baseline in sCTx. Percent of subjects
with sCTx levels below quantifiable limits include 41% (18) at cycle 4 and 62% (8)
at cycle 7 for the relapsed cohort, and 45% (18) at cycle 4 and 55% (16) at cycle
7 for the plateau-phase cohort.
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occurred from baseline to cycles 3 and 5 for relapsed and
plateau-phase subjects, respectively (Fig. 5). Mean Euro-
Qol-5 Dimensions (EQ-5D) health utility scores remained
constant from baseline to cycles 3 and 5 for relapsed
(0.73) and plateau-phase subjects (0.81), respectively.

Safety
Safety data were available for 53 subjects in the relapsed

cohort and 42 of 43 subjects in the plateau-phase cohort
(Table III). The pattern of adverse events (AEs) with deno-
sumab therapy in this heavily pretreated population was
consistent with the pattern seen in advanced cancer
patients receiving systemic therapy. No neutralizing antide-
nosumab antibody was observed in either cohort. Grade 3,
4, or 5 AEs occurred in 17 subjects (32%) in the relapsed
cohort and in 12 subjects (29%) in the plateau-phase
cohort. No AE of hypocalcemia was reported in the
relapsed cohort and median serum calcium values ranged
from 9.50 to 10.90 g/dL (2.39–2.72 mmol/L) throughout the
study in this cohort. Two subjects (5%) with plateau-phase
myeloma reported hypocalcemia and median serum cal-
cium values ranged from 9.30 to 10.20 g/dL (2.33–2.55
mmol/L) throughout the study in this group. Fractures were
observed in two subjects (4%) in the relapsed cohort and
in four subjects (8%) in the plateau-phase cohort.
Fifteen subjects (28%) in the relapsed cohort had treat-

ment-related AEs and 2 (4%) had treatment-related serious
adverse events (SAEs), dyspnea and gastritis. Sixteen sub-
jects (38%) in the plateau-phase cohort had treatment-
related AEs and 2 (5%) had treatment-related SAEs (exer-
tional dyspnea and hypophosphatemia). Deaths occurred in
4 (8%) subjects in the relapsed cohort and 1 (2%) subject
in the plateau-phase cohort. None were considered treat-
ment-related.
AEs with frequency > 10% are shown in Table III. The

most commonly reported AEs in the relapsed cohort
were anemia (19%), upper respiratory tract infection
(17%), and fatigue (15%). The most commonly reported
AEs in the plateau-phase cohort were upper respiratory
tract infection (29%), fatigue (19%), and headache (19%).
In the relapsed cohort, one diagnosis of osteonecrosis of
the jaw (ONJ) was documented during a scheduled den-
tal exam 9 days after initiating denosumab treatment in a
subject with 2 years of prior exposure to zoledronic acid.
The investigator reported the ONJ event was most likely
of several months duration and not related to denosu-
mab.

Discussion
In this proof-of-concept study designed to determine if

denosumab, an inhibitor of RANKL, had the potential to
reduce serum M-protein levels in subjects with relapsed or
plateau-phase myeloma, there was no protocol-defined
objective response (CR or PR) during the study. However,
denosumab effectively suppressed the RANKL pathway, as
evidenced by reductions in the bone turnover marker sCTx
in populations that were heavily pretreated with antimye-
loma therapies.
In light of the aggressive nature of advanced MM dis-

ease, both cohorts were treated with monthly injections of
denosumab and loading doses on days 8 and 15, to rapidly
achieve a steady state of denosumab concentration in cir-
culation and to maintain a constant level of maximal sup-
pression of osteoclast activity. Based on pharmacokinetic
modeling, loading doses on days 8 and 15 would be
expected to achieve a steady state within the first month
[17,18,21]. These exposure levels were tested in this study
and demonstrated good tolerability and safety in both
cohorts.

Figure 3. Primary endpoint: relapsed cohort. A: Best serum M-protein percent
change from baseline at any point during the study. Values presented are the best
response at any time on study. Reductions were not maintained for �4 weeks. No
patients met the objective response rate of complete response (absence of M-pro-
tein) or partial response (�50% reduction of M-protein from baseline) within 4–6
weeks after initial observation. Positive value represents an increase in serum M-
protein and negative value represents a reduction in serum M-protein. B: Progres-
sion free survival.

Figure 4. Primary endpoint: plateau-phase cohort. A: Best serum M-protein per-
cent change from baseline at any point during the study. Values presented are the
best response at any time on study. Reductions were not maintained for �4
weeks. No patients met the objective response rate of complete response (ab-
sence of M-protein) or partial response (�50% reduction of M-protein from base-
line) within 4–6 weeks after initial observation. Positive value represents an
increase in serum M-protein and negative value represents a reduction in serum
M-protein. B: Progression free survival.
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Some subjects in both cohorts maintained stable disease
in this study. Eleven subjects (21%) with myeloma who
entered the study with progressive disease maintained sta-
ble disease for a maximum of 16.5 months (median dura-
tion: 2.6 months) and 19 subjects (46%) with plateau-phase
myeloma maintained stable disease for a maximum of 18.3
months (median duration: 10.2 months).
The majority of subjects with relapsed and plateau-phase

myeloma demonstrated maintenance or improvement in pain
during treatment with denosumab, with the greatest improve-
ment among subjects experiencing moderate pain at base-
line. Subjects in both cohorts also showed maintenance of
health-related quality of life (HRQoL) in the domains of physi-
cal, functional, social/family, and emotional well-being, as
measured by FACT-G. The EQ-5D scores, where 0 indicates

death and 1 indicates perfect health, did not change from
baseline for relapsed or plateau-phase subjects.
Use of denosumab does not appear to be associated

with toxicities. The AEs observed in this study were gener-
ally consistent with the disease characteristics of advanced
MM. No AEs of renal insufficiency or hypocalcemia were
reported in relapsed patients, despite previous exposure to
bisphosphonate therapies. One subject was diagnosed with
ONJ shortly after enrollment. This subject was exposed to
2 years of zoledronic acid and received only two doses of
denosumab 120 mg SC before discontinuation. A screening
dental exam 9 days after the initial dose of denosumab
revealed ONJ at the site of a previous tooth extraction. The
investigator indicated that the condition was probably of
several months duration and that a causal relationship with
denosumab was unlikely.
There are limitations to the current study. Foremost, this

is a single intervention study in a disease where combina-
tion treatment is the predominant approach. Also, the sin-
gle-arm nature of the trial prevented comparison with an
untreated group, making it difficult to interpret less obvious
changes in disease status such as the stability in serum M-
protein. Moreover, in MM populations that are heavily
treated, acquired drug resistance may develop on the sur-
vival of myeloma cells during their exposure to antimyeloma
therapies and limits detection of treatment effect [22,23].
Additionally, the open-label design may bias treatment
outcomes, including reporting of safety events and patient-
reported outcomes of pain and other quality-of-life
dimensions.
In conclusion, denosumab inhibited the RANKL pathway

in this study as evidenced by reduced sCTx levels in both
relapsed and plateau-phase myeloma cohorts and may
represent an alternative bone targeting agent to bisphosph-

TABLE II. Patient-Reported Outcomes: BPI-SF Pain at Worst Category Shift Between Baseline and Follow Up for Relapsed Patients
(Baseline to Cycle 3) and Plateau-Phase Patients (Baseline to Cycle 5)

Pain category at baseline

Pain at worst category for relapsed cohort (Cycle 3)
Pain at worst category for

plateau-phase cohort (Cycle 5)

No pain Mild Moderate Severe Total No pain Mild Moderate Severe Total

No Pain 7 2 2 1 12 13 2 0 0 15
Mild 4 10 4 3 21 4 7 1 1 13
Moderate 2 3 1 2 8 1 2 1 1 5
Severe 0 0 2 2 4 0 0 2 2 4
Total 13 15 9 8 45 18 11 4 4 37

Rows provide distribution of patients across pain categories at baseline and columns provide distribution of patients across pain categories at cycle 3 for relapsed
cohort and cycle 5 for plateau-phase cohort. Number of patients reporting improvement in pain from baseline appear in medium gray-shaded cells. Number of patients
reporting no change in pain from baseline appear in dark-gray shaded cells. Number of patients experiencing worsening in pain from baseline appear in light gray-shaded
cells.

TABLE III. Adverse Events

Event, n (%)
Relapsed

cohort (N 5 53) Event, n (%)
Plateau-phase
cohort (N 5 42)

Summary
All adverse events 47 (89) All adverse events 41 (98)
Serious adverse events 14 (26) Serious adverse events 6 (14)
Grade 3, 4, or 5 adverse events 17 (32) Grade 3, 4, or 5 adverse events 12 (29)
Adverse events leading to discontinuation of study drug 4 (8) Adverse events leading to discontinuation of study drug 1 (2)
Study drug-related adverse event 15 (28) Study drug-related adverse event 16 (38)
Study drug-related serious adverse event 2 (4) Study drug-related serious adverse event 2 (5)
Death 4 (8) Death 1 (2)

Frequency >10%
Anemia 10 (19) Upper respiratory tract infection 12 (29)
Upper respiratory tract infection 9 (17) Fatigue 8 (19)
Fatigue 8 (15) Headache 8 (19)
Arthralgia 7 (13) Pain in extremity 7 (17)
Back pain 7 (13) Diarrhea 6 (14)
Diarrhea 7 (13) Peripheral edema 5 (12)
Dyspnea 7 (13)
Nausea 6 (11)

Figure 5. Patient-reported outcomes: Change from baseline FACT-G scores for
relapsed patients (baseline to cycle 3) and plateau-phase patients (baseline to
cycle 5).
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onates for treating skeletal morbidities. Although RANKL
inhibition did not lead to cytotoxicity in these relatively drug-
resistant populations, the stabilization of disease observed
in some subjects raises the possibility that cytostatic effects
through alteration of the microenvironment could influence
the growth of myeloma cells. Given the safety profile of
denosumab in this study, combinations of chemotherapy or
other therapy with denosumab may warrant further study,
as does exploring the value of a single-agent intervention
with denosumab in patients with plateau-phase myeloma
disease.

Methods
Subjects. Eligible subjects were �18 years old, diagnosed with

relapsed or plateau-phase MM, had measurable M-protein levels, an
ECOG-PS of 0 or 1, and a life expectancy > 3 months. Relapsed sub-
jects must have received �2 prior treatment regimens, relapsed follow-
ing a response to any conventional MM therapy (including autologous
stem cell transplantation [ASCT], immunotherapy, radiation therapy, or
other investigational agents), and had evidence of more than ±25%
change in M-protein within 3 months of study entry. Plateau-phase sub-
jects must have responded to their most recent MM therapy (including
ASCT or other investigational agents) and had residual serum M-pro-
tein levels that were stable for at least 3 months (less than ±25%
change in M-protein). Key exclusion criteria included subjects with
newly diagnosed MM, known neoplastic central nervous system abnor-
malities, prior allogeneic stem cell transplant, and treatment with oral or
intravenous bisphosphonates within 2 weeks of enrollment.

Study design and treatment. This was a phase 2, multicenter, open-
label, single-arm, two-cohort, proof-of-concept study of denosumab for
the treatment of MM. This study was designed to estimate the objective
response rate (CR or PR) of denosumab in relapsed and plateau-
phase cohorts of MM subjects.

Subjects with either relapsed or plateau-phase MM were adminis-

tered denosumab as a single dose of 120 mg subcutaneously (SC) on

days 1, 8, and 15 (loading doses) of cycle 1 (28 days), and then on

study day 29 (day 1 of cycle 2) and on day 1 of every cycle (28 days)

thereafter. All subjects were instructed to take supplemental calcium

500 mg and vitamin D 400 IU daily. Subjects continued to receive

denosumab until the investigator or Amgen recommended discontinua-

tion, the subject decided to discontinue for any reason, or disease pro-

gression.
The effect of denosumab on the bone turnover marker sCTx, a

breakdown product of bone type 1 collagen (PPD kit; Nordic Bioscien-

ces, Denmark), was evaluated in both cohorts. Serum samples were
collected at baseline and during treatment.

The authors of this article collaborated with Amgen Inc. (Thousand
Oaks, CA) in the design of the trial. The trial was conducted according
to federal regulations and the International Conference on Harmonisa-
tion Tripartite Guideline on Good Clinical Practice. Approvals from
appropriate research ethics committees were obtained from each par-
ticipating study center. All subjects gave written informed consent
before participating. An external Data Monitoring Committee monitored
subject safety during the trial.

Endpoints. The primary endpoint was the proportion of subjects
achieving an objective response rate (CR or PR). A secondary end-
point was overall response rate (CR, PR, or MR). Response meas-
ures were based on changes in the level of serum M-protein, meas-
ured on or between days 20 and 23 of each cycle. A CR required
the absence of M-protein in both serum and urine, a PR required a
�50% reduction of M-protein from baseline, and an MR required a
25–49% reduction of M-protein from baseline. To confirm responses,
the subject was required to complete a serum M-protein test, skeletal
survey, and 24-hour urine collection for urinary M-protein within 4–6
weeks. A bone marrow aspirate or biopsy was also required to con-
firm potential CR. Stable disease was defined as not meeting the cri-
teria for CR, PR, or MR, and no progression of disease. Progression
of disease for patients not achieving CR was defined as >25%
increase in serum M-protein, an investigator’s determination on clini-
cal assessment, or death from underlying progression of cancer. Ex-
ploratory objectives included the effect of denosumab on bone turn-
over markers and progression-free survival, defined as the time from
study day one to date of the first documented disease progression or
death (whichever comes first).

To evaluate the effect of denosumab on PRO, subjects completed

three self-administered PRO assessments at baseline and before each

visit receiving denosumab. The Brief Pain Inventory-Short Form (BPI-

SF) assessed pain severity on a scale of 0 through 10 with 0 denoted

as ‘‘no pain,’’ 1–4 as ‘‘mild pain,’’ 5–6 as ‘‘moderate pain,’’ and 7–10 as

‘‘severe pain’’ and has been validated in MM patients [24,25]. The

27-question FACT-G evaluated HRQoL domains of physical, functional,

social/family, and emotional well-being on scales of 0–28, with higher

scores representing better HRQoL [26]. The EQ-5D questionnaire con-

sisted of six questions; the first five questions had a three-category

response scale on HRQoL dimensions of mobility, self-care, usual

activities, pain/discomfort, and anxiety/depression, and the last ques-

tion used a 20-cm vertical visual analog scale scored from 0 to 100

asking the subject to ‘‘mark your own health state today’’ [27].
Statistical analysis. A sample size of 45 subjects per cohort was

planned to allow the study to have an 80% probability of concluding

that denosumab was efficacious with a true response rate of 25%. The

final analysis was conducted after the last enrolled subject had an op-

portunity to complete six 28-day cycles of treatment and evaluation

(�168 days after the first dose). The primary endpoint of subjects

achieving an objective response rate (CR or PR) was summarized

using a two-sided 90% confidence interval in each cohort and calcu-

lated using the methodology addressing a single proportion [28]. The

secondary endpoints of overall response rate (CR, PR, or MR) and CR

rate were summarized in the same manner as the primary efficacy end-

point. Time-to-event analysis for progression-free survival was con-

ducted using Kaplan–Meier methods. Subjects who did not progress or

die while on study were censored at their last contact date.
The PRO dataset included all subjects who had baseline and at least

one post-baseline PRO assessment. PRO data are reported until 50%
of subjects had dropped out. For longitudinal analysis only, data
through cycle 5 for the relapsed cohort and data through cycle 8 for
the plateau-phase cohort have been considered for interpretation
because >50% of subjects in each cohort remained on study at the be-
ginning of these cycles.

The safety dataset included all subjects who received �1 dose of
denosumab. Safety was monitored by evaluating incidence and severity
of AEs, and toxicity grade shifts in laboratory values. All AEs were
coded using the Medical Dictionary for Regulatory Activities, version 9
or higher. The frequency and percentage of subjects who developed
neutralizing antidenosumab antibodies was tabulated by study visit.
Vital signs and laboratory values were summarized descriptively by
study visit. Follow-up survival data are to be collected by clinic visit or
telephone every 3 months for up to 5 years from the start of denosu-
mab treatment.
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