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Hypercalcemia of malignancy (HCM), caused primarily by tumor-induced bone resorp-
tion, may lead to renal failure, coma, and death. Although HCM can be treated with
intravenous bisphosphonates, patients may not respond or may relapse on therapy.
Denosumab binds the bone resorption mediator RANKL. In this single-arm, open-label,
proof-of-concept study, HCM patients with albumin-corrected serum calcium (CSC) lev-
els greater than 12.5mg/dL (Common Terminology Criteria for Adverse Events grade
>3) despite recent intravenous bisphosphonate treatment received subcutaneous den-
osumab on days 1, 8, 15, and 29, and then every 4 weeks.The primary endpoint was the
proportion of patients with CSC 11.5mg/dL or less (grade <1) within 10 days of deno-
sumab initiation. In a prespecified interim analysis, 15 patients received denosumab
(median CSC = 13.6mg/dL). Time to response and response duration were analyzed
with Kaplan-Meier methods. All statistical tests were two-sided. By day 10, 12 patients
(80%; 95% exact confidence interval [Cl] = 52% to 96%) responded (CSC <11.5mg/dL);
median response duration was 26 days. Ten patients (67%; 95% exact Cl = 38% to 88%)
had complete responses (CSC <10.8mg/dL) by day 10. Denosumab may offer a new
treatment option for HCM. Clinicaltrials.gov identifier: NCT00896454.

J Natl Cancer Inst;2013;105:1417-1420

Hypercalcemia of malignancy (HCM) is
a serious complication that occurs most
commonly in patients with advanced
cancer and indicates poor prognosis (1).

Untreated, HCM can lead to renal failure,

progressive mental impairment, coma, and
death. HCM results primarily from tumor-
driven increases in bone resorption (2-5).
Mechanisms include osteolytic resorption
in bony areas near malignant cell invasion
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n=15

and humoral hypercalcemia, in which para-
thyroid hormone-related protein secreted
by malignant cells promotes increased bone
resorption and renal calcium retention.
HCM is often treated with intravenous bis-
phosphonates, but patients may not respond
or may relapse on bisphosphonate therapy
(6). In clinical studies of patients treated
with zoledronic acid 4mg or pamidronate,
24% relapsed and another 21% had an
incomplete response to treatment (6).

The fully human monoclonal antibody
denosumab binds the bone resorption
mediator RANKL. In phase III studies,
denosumab was shown to prevent skeletal-
related events or HCM in patients with
advanced malignancies involving bone (7-
9). In these trials, patients with breast cancer
had a 52% lower incidence of HCM with
denosumab than with zoledronic acid (10).
This study evaluated denosumab for treat-
ment of HCM in patients who remained
hypercalcemic despite recent intravenous
bisphosphonate treatment, as indicated by
albumin-corrected serum calcium (CSC)
levels, which were calculated as {total serum
calcium in mg/dL + [0.8 x (4 - serum albu-
min in g/dL)]}. We present results of the
prespecified interim analysis from this study.

This open-label, single-arm study was
initiated in November 2009; the cutoff date
for this analysis was June 2011. The study
included adults with solid tumors or hema-
tologic malignancies who had received intra-
venous bisphosphonate 7 to 30 days before
screening. Patients had CSC levels greater
than12.5mg/dL. 3.1 mmol/L; Common

Ongoing
n=4(27%)

Death n =4 (27%)
Othern =7 (47%)

Discontinued study n = 11 (73%)

Analyzed for efficacy and safety
n=15

Figure 1. Study flow diagram. All 15 patients who enrolled in the study and received at least one dose of denosumab were included in the analyses.
Other reasons for discontinuation include adverse events, progression of hypercalcemia, requirement for alternative cancer therapy, and consent

withdrawal.
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Table 1. Baseline characteristics*

Characteristic

Denosumab treatment group (n = 15)

Male sex, No. (%)
Ethnic group/race, No. (%)
White
Black
Asian
Other
Age, y, median (range)
ECOG performance status, No. (%)
1
2
3
4

Calcium level (albumin corrected), median (minimum, maximum), mg/dLt#

PTHrP
Median (minimum, maximum), pmol/L
Patients with PTHrP > 2 pmol/L, No. (%)

Patients reporting symptoms of HCM at baseline, No. (%)

Depressed level of consciousness
Anorexia

Nausea

Vomiting

Fatigue

Other$

Months of prior bisphosphonate use, median (minimum, maximum)
Days from last intravenous bisphosphonate treatment to enrollment, median (minimum, maximum)

Primary tumor type, No. (%)
Hematologic malignancies

Chronic lymphocytic leukemia with Richter’s transformation

Multiple myeloma

Non-Hodgkin lymphoma
Solid tumors

Breast

Non-small cell lung cancer

Neuroendocrine/carcinoid

Renal cell

Head and neck

Soft tissue sarcoma

Presence of bone metastasis at baseline, No. (%)

Concurrent chemotherapy at baseline, No. (%)

12 (80.0)

11 (73.3)
2(13.3)
16.7)
1(6.7)

63 (40-79)

4(26.7)
6 (40.0)
3(20.0)
2(13.3)

13.6 (12.2, 16.3)T%

3.6 (0.8-15.0)
10 (66.7)
9 (60.0)
2(13.3)
2(13.3)
2(18.3)
2(13.3)
2(13.3)
6 (40.0)
3(1,13)
18 (8, 34)

5(33.3)
2 (13.3)
2(13.3)
1(6.7)
10 (66.7)
2(13.3)
2(13.3)
2 (13.3)
2(13.3)
1(6.7)
16.7)
5(33.3)
6 (40)

*

ECOG = Eastern Cooperative Oncology Group; HCM = hypercalcemia of malignancy; PTHrP = parathyroid hormone-related protein

T If albumin is less than 4.0g/dL, corrected serum calcium is calculated as {total serum calcium in mg/dL + [0.8 x (4 — serum albumin in g/dL)1}. If albumin is >4.0g/dL,
corrected serum calcium is equal to total calcium in mg/dL.

¥ The minimum baseline value is below the specified minimum for inclusion because local laboratory screening values were used to determine eligibility and may
have differed from baseline values measured by the central laboratory.

§ QOther symptoms reported by investigators include confusion, lethargy, constipation, dyspnea, general weakness, insomnolence, light-headedness, urinary

frequency, and weight loss.

Terminology Criteria for Adverse Events
[CTCAE] grade 23) at screening by local
laboratory analyses and adequate liver func-
tion. Patients were excluded if they had
benign hyperparathyroidism, hyperthyroid-
ism, or adrenal insufficiency, or were on
dialysis. Patients were also ineligible if they
had received treatment with thiazides, calci-
tonin, mithramycin, or gallium nitrate within
the window of expected therapeutic effect
for each drug (physician determined) before
screening or cinacalcet within 4 weeks before
screening. Concurrent intravenous fluids,
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steroids, and chemotherapy were allowed.
Each site’s independent ethics commit-
tee or institutional review board approved
the protocol; each patient provided writ-
ten informed consent before participation.
Patients received subcutaneous denosumab
120mg on days 1, 8, 15, and 29, then every 4
weeks. Denosumab was discontinued if CSC
was greater than12.5 mg/dL after four deno-
sumab doses or by study day 57. CSC was
measured by local laboratories to determine
eligibility. On-study blood samples were col-
lected on days 1, 2,4, 8,10, 15, 19,23, and 29,

then weekly until day 57 and monthly there-
after until the end of the study, and were ana-
lyzed by a central laboratory. Adverse events
(AEs) were recorded throughout the study.
The primary endpoint was the propor-
tion of patients with a response, defined
as CSC 11.5mg/dL or less (2.9 mmol/L;
CTCAE grade <I) within 10 days after the
first dose of denosumab. Secondary end-
points included response duration (defined
as the number of days from the first occur-
rence of CSC <11.5mg/dL to the last con-
tinuous CSC value <11.5mg/dL) and the
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Figure 2. Median corrected serum calcium (CSC; mg/dL and mmol/L). Error bars represent the 25th and 75th percentiles (Q1, Q3). The dashed
horizontal line represents the protocol-defined treatment response level (CSC <11.5mg/dL [2.9 mmol/L]; CommonTerminology Criteria for Adverse
Events grade <1).The numbers at the bottom indicate the number of patients for whom a CSC value was available at each time point.

proportion of patients who experienced
a complete response (CSC <10.8mg/dL
[2.7 mmol/L]) by day 10, consistent with
previous studies (6). Patients analyzed
received at least one dose of denosumab.
This interim analysis was prespecified to
occur after at least 10 denosumab-treated
patients received at least two doses of den-
osumab and provided a serum sample for
day 10 assessments. Descriptive statistics
were employed, with 95% exact confidence
intervals (CIs) for proportions of patients.
For time to response and response duration,
Kaplan—-Meier estimates were employed,
with 95% confidence interval values calcu-
lated using the bootstrap method. All statis-
tical tests were two-sided.

Fifteen patients in the United States,
France, and Poland were analyzed (Figure 1);
Table 1 summarizesbaseline patientcharacter-
istics. The patients’ median age was 63 years;
80% were men. Five patients had hema-
tologic malignancies; 10 had solid tumors.
The median CSC level at baseline, measured
by the central laboratory, was 13.6mg/dL
(3.4mmol/L) (range =12.2-16.3 mg/dL [3.1-
4.1 mmol/L]. Patients’ performance status
was poor (Eastern Cooperative Oncology
Group status 22) in 73% of patients; 60% of
patients had HCM symptoms at baseline.

Twelve of the 15 patients (80%; 95%
exact CI = 52% to 96%) responded to
denosumab treatment with a CSC level
11.5mg/dL or less; all responses occurred
by day 10, and median time to response was

jnci.oxfordjournals.org

8 days (95% CI = 5 days to not estimable)
(Figure 2). The median duration of response
was 26 days (95% CI = 7 days to not estima-
ble). By day 10, 10 patients (67 %; 95% exact
CI =38% to 88%) had a complete response
(CSC <£10.8mg/dL). Over the course of the
study, 11 patients (73%) had a complete
response, with a median time to complete
response of 9 days (95% CI =5 to 35 days).
The median decrease in CSC from baseline
at day 10 was 2.7 mg/dL (0.68 mmol/L).

Fourteen patients (93%) experienced
AEs; 12 (80%) experienced serious AEs.
Eight patients (53%) experienced fatal
AEs, none of which were considered den-
osumab related by investigators. Seven
patients (47%) discontinued the study or
denosumab treatment because of AEs,
none of which were considered treatment
related. The most common AEs were nau-
sea, hypercalcemia associated with cancer
progression, and pyrexia; each of these
occurred in three patients (20%).

In this proof-of-concept study of patients
with advanced cancer and persistent hyper-
calcemia after incomplete response or relapse
after recent bisphosphonate treatment, den-
osumab effectively lowered serum calcium
to grade 1 or lower (<11.5mg/dL) in 80%
of patients. The response was maintained
for a median of 26 days, a clinically mean-
ingful outcome given that patients entered
this study with hypercalcemia of grade 3
and greater within a median of only 18 days
after receiving the last dose of intravenous

bisphosphonate. The safety profile of deno-
sumab observed in this study was similar
to that reported previously for denosumab
and is consistent with an advanced cancer
population.

This study also had some limitations.
The study population was narrowly defined
as patients who had persistent or relapsed
HCM despite recent treatment with intra-
venous bisphosphonates, the current stand-
ard of care for HCM. It would not have
been clinically appropriate to conduct a ran-
domized controlled trial to compare deno-
sumab with a treatment that had already
proved ineffective for these patients; accord-
ingly, a single-arm trial design including
a small sample size was employed. These
interim results suggest that denosumab may
offer a new treatment option for HCM in
this challenging population.
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